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ABSTRACT

The digestive gland epithelium of Littorina saxatilis is

composed of digestive ang, secretony cells., Digestiva activity
in -both types of cells has been shown to také place in & con-
sistently rhythmxg pattern. Such phasic act;v;ty is more
pronounced in‘digestive* 1l1s where three phases of digeatiaq
are recognized. The digestive acdtivity is seen to be closeiy

correlated with and dependent on the periodicity of the tide.

1

RAA ultrastructural study on the digenetic trematodes, —
. \ .
Cryptocotyle -lingua and Microphallus similis, revealed fthat

the bgdy walls of the larval siages are simi;ag,in BaARYy ree
TN

gpects. In both instances, endocytotic activity appears to

be the primary methed of food acquisition.

Observations on the effects of trematode larvae on the
.‘digestive gland cells, suggest that M. similis ;poruqysta
destroy more cells -than do G, lingua radiac. ¥hile the nature
of cell deterioration as induced by aithcr parasitn wuu found
to be similar, the damaga appeared to occur~marc xapidly in
digeativa calls<affectod by M. simills aponncyutG‘ A pre~
requisite to the paraaitolbgiaal study prcunntod in this dia~
sertation, was a thorough understanding of the morphologioal
and histpchcnical fentures of the uninrnotealdigtativu giﬁnd
cclla’for eaich of the phases of digestion.
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* the food~laden digestive glanb. The role of the latter

" cent to"the tubules of this gland,

CHAPTER I ) ' © .

oD ." BY WAY OF INTRODUCTION

- e ¢ 4 ¥

L R 10 L4
. Gastropods are of interest to parasitologists because

¥ they act as obligatory intermediate hosts for digenetic tre-

matode larvae. Good reviews of current knowledge on the ef- -
fecta,cfijheapfparasitic larvae on the snail host'are to be
found in Cheng and Snyder.(19624), Fretter and Graham (1962, ,
Wright (1966), Cheng (1?67). Robson and Wil;iams.(lg?la.

1971b), and® Erasmus (1972)., ‘ .

¥
&

The patholééies induced £y thé trematode larvae range g
from minimun alterations to gross physiéiogical and beha- ;
vioral changes, castration and death. The most common ni%oa |
for physical and metabolic modifications are the gonads and

during digestion, allows it to serve 28 a high source of

energy, therebi'ﬁroviding a suitable location in which most
,digenetic larvae ¢éan underge major development. %ﬁi larvee
usually occur in” the visceral haemocosl, immediately adja-

/
The overall influence of parasites on the digestive

gland varies, depending on such factors as parasite sise,

mobility, toxicity and host reaction. An 1m1w.tim of A
such variation is obtuinmd from papsrs by Kepdall nud - i%
Ollerenshaw (1963) and Davis and Parley (1973) v rew ' ’“’,2:.*
ported mfn;?um deterioration in the di&ns*ivu slficienoy of ‘ (;;;
infeoted snails, In oontrast, Ress {1936} and J!Iﬂﬂ {1963} :%l
LT
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demdnstrated that not only i thers interference with
natural abgorption of food, but that in cartam instancea,
the gut becomes totally obliterated. )

A prerequisite for the study of parasitic effects on |

the digestive gland 1§ a ti;orouglz mdersma;ding of the ana«
tomy md physiology of this structure, Merdsoy (1971), in
an ultrastructural exemination of the intertidil prosobranch,
‘Littorina littorsa, revealed the existence of phasic ac-
tivity for the digutiw cells of thig gland, While he&;ma
unable o cortelate any gpecific phase of the digestive oy~ .
cle with an impozed tidal rhythm of feeding as had. besn done

' previously for the bivalve lagaes rubra (Morton, 1956), the

. ryltmm of his work to the study of umtod»gutrapéd
rih'tmnlhipi at once beoome apparent. It amoda very likely
thet what some authors termed "po.raaitic oﬁ'aotu" of the di-
gortive -cells, représsnted at least in some instances, the .
state of the cell in ane of its charecteristic phases of the
digestive cycle. Preliminary work by Davis (1972) suggested
that a fesding and digestion oyole which could be correlated
with tide periodiocity, might prevail ‘in the interfidal pro-
webrsmsh Litberics suzatilis. If this proved to be ths case,
then the specific phases of digestion could be isolated by
sollsoting the periwinkles at different times over the tide
oyale, and the parasitic effeots could be studied for eech
of the digestion phasss. In this way, the confusion that

A
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exists betweanm_ *parasitic effects” and rhythmic activity can

¢ !

be resolved, - ) .

| Davis (19‘}2) suggested ‘that the most ‘common parasites

of 'L, sa.xatilis. g_lmtccoj;_zl __fg_._x;gy_g_ and Microphallus m@___i,g_
" nave differing effects on their host. , The former, charac-.
" terizad by & redial stage, enjoys“ & harmonious relationship
with the gastroped. It causes no alteration in digestive ef-
ficiency and increases its host's growth rate and longevity.
This cohditidn contrasts to that of snails infected by K.
sil:ailis sporocysts which show a decrma in longevity. This
dissertation will examine the relative influsnces of the two
parasites on the digestive gland cells of L, saxatilis at
" the light and electron microscope levels, in an sffort to
batter understand their differing effects, ‘ The deseriptiom
is préceded by an in-depth norphologiéal analysis of .the
rhytheic activity diaplayed by non-perasitised digestive
gland cells., In addition, a study of the redial and sporo-
cyst tegument, i.,s. the ocuter body well -of the pardsits snd .
also the region which makes the most intimate contact with
host cells, is offered in mptcr III.

This ﬂmdy fully avails iteslf ot e existing infor-
'ﬁimmmmwmmﬁuamw
%0 tho ‘soclogioal muyuin of this bost sl itw dipmesn
parssites as presented hy m';'lt (1972), HMmlly, it s
tributes to a wider resssrch project ou the hokd.pureslise



- — ¥ -

[}
-

. association in the family Lij:térinidao. Other sspects of
- this work have been investigated by Lambert (1967), Lapbert
—: and Fazley (1968), Platt (1968), Davis (1972), Davie and

" Farley (1973)‘and, Merdsoy and }?ai'ley' (19*}3). '
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CHAPTER II

-
————— e @ L

‘ THE HOST¢ DIGESTIVE GLAND CELLS
- ) OF UNINFECYED LITTORINA SAYATILIS
! INTRODUCTION

The northern rough pariwinkla, Littorina saxa ﬁg
(01ivi) 4s'an intertidal pmgobmnch gastropod unique amoqg .
the Littorinidae because of its viviparity. It is'widely
digtributed-and has been reported from the rodky shores of
Europe, the British Igles and North America.‘ ranging on the
Jatter continent from Baffin Island to New Jersey. ‘

Extensive studies hdve shown that there are nw;;m
subspecies and varieties of L. gaxatilis (Fiachor«-l’ittto et
al., 1960, 1961, 1963, 1966, 1968; Jamez, 1968a). These,

* together with other Iittoririds and their digenesn parasites
~ have been reviewed and clagsified by James (1968D).

While there ave'various reports of L, paxatilis from
S the Atlantic coast of Hova Sootin (Gowsnlooh and ayes, ’
' 1926; Bousfield, 1958), only recsatly has & more datailed
investigation been undertaken, revealing notable aitterences

in anstomiocal ocharacters smong varieties of this Wiw an

observed from nine separste populmiions in aud aroynd
Halifex (Davis, 1972). In addition, Mu (1978) sondveted
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logical survey and axamination:of"the digenean;.mma ag- 1 |

. sociated with ‘these ga.stropods. moﬁtiw in Davis’ wrk |

. - Pportaining to host age, distribution. numbers, reproductive ]
patterns and ftading habits,-.as well as data on the paréf

"ﬁ e, T
aitna. provided the necessary background for the present ‘;
siudy.

N . - i |
Co 'Various aspacts qi;v_i'hé gepbral éeology, biology au'd; "
v physiology of L. saxatilis have been reviewed Ly Fretter and, |
Graham (1962), Wilbur and Young (1966) and Purchen (1968). . |
.Hubcr! of this species are mogt :egmon in semi-sheltered - . |
hibitats, but can ccour in reduced number¥ where exposure is
greater. They are émnmily found in rock crevices and “
cracks, ranging in poniltidn rmu about M.L.W.S, (mean low R
p water Tpring) to B.H.W.S. (extreme high m*.mr spring) do-.
. pending in large part on the nature of the shore and the
> T tide ' of thy rsgioq. 4% Blue Rooks, for example, L.
) ccoupies a very narrow band in the syupralitioral L i
-sons and is aompletely mm:t-d for uo more than 14« 2 |
- hours at sach high tide. Their food emsim mainly of |
ir mwmmwmwmmmm.. | o
RutsoRgroia o0, algal detritus snd distoms in the sum- C

- E ol

»

x
"R o
5

r.
>

| ( &M#W&Miﬂtﬁﬂdh!mmmthnnt
? " wupgaay of e mm, and sehasquently passes it ulong
.’Z" , / rough the Aigestive system. A network-of brenching . .
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- ' tWes surrounded b@’ connec'hve htt:‘: occupxes the graater :
i s Y q:z

yart of the msceral hump; and o,pens $0° the stomach by way

- ‘ B , aQ
‘ . of. two main ducts. The tubules are cpllactively r&ferred to
%9 as the da.gestz.ve gland and it is th:.s structure which re-

presents the seat of d:.gestmn in the molluse, -

o

Y PN » 4 A e )
’ COnsiderab[le work has been done on the d:.gagtive gland

- - co eplthelimn of gastropod molluscs (Krijgsman, 1926; Graham,
“ ] - 19393 Fretter, 151*3; Morf;oux 9558, 1955b; Pugh, 3;953:' ‘ ;e
“«' 'Andraws, 1965:“ Schmeckel and Weckslen, 1968)‘ !Ehe"dige;s-l . / :
S tive. d:werhqula of bivalve molluses have J.:.kewi\se been
- closely examiried (Young, 19261 Owen, 139551 19564 “”
W Ballantine and Morton, 1956; Sumner, 1966a, 1966b) and
‘“curren'b 11tena.ture suggeats that more “workers are faausmg
, their a‘htentmn on the bivalves (McQuistcn, 1969; ‘Mnrﬁon,
. 19691 19705 omen, 15701 Pa, 1971). e e
S P | m \
- . Many authentxes believe that the digestiye epithe«
v . Ilum of mallus%a is composcd of two cell typea%n the diges-
: ” *biva ‘cell and tha excretory or secretory cell (9W 19323
k Morton, 1955a. 1955bv Owein, 1955 19565 Pugh, 19631
i lmdrews, 1965: Sumner, 1966z, 196615)., The digestive.cell
o is invariably characterized by.a ¢olumnar or club-shaped ap-:
. ‘pearance and is equipped with z;l‘;hosa gtructures which render
., intracellilar digestion pbs;ib]:a.m The excretory.cell is
ST identiﬁod ‘by ite smaller siu, triangular shape when viewsd

p ' ~“in cross sac“(:ian. and a densaly staining cytoyinm that re-

n

-



Veala a highly alaborate m*hmrk of rough endoplaa:g;.c reti-

culum as obsemved i'rom e}.actron micragraphs. %,:,

=

" More than ;@ﬁgzeell %ypes havée been raported from -the
Wt g ‘*

ﬂigestiva ep;,t'heliﬁm of certain mollusc species (Marﬁé‘ja,#

1964 Schmwlgal and Wecksler, 1968; Sugawara, -1969)." - -

However. a tgnderzcy by some authors to describe many dif-

f?

femnt call types in the epithelium and to present dz.ffer-
" ent daacriptions for celly which are, obnously idéntzcal.

may be atiributed to the fact tha:b norkerg overlook the
1£kelihaod or phasie /;:ctw,ity. This posszb:.lity is en~. °
Ba,nond whmfn consider twt identical cells fron a single.
ﬂiﬂdml day be ouw/of. phasa with. sach other (Purchon,
1971), hence a gxutﬁr variety of cells may seem to exist
within the single organiu than in fact occurs. )

Phuic wtivity was described by Hillat {1937) for

the pulmonate Jorunna tomentoss and latbr by Worton (1955a,
1955'&) who identified successive phues or absorption, in-
tmaullmr digestion and tmgnmttﬂm in the &iggstin
cells of di:ttcrm’c puimonste ::phci.um llarton 51956) also
desonstirated that the feeding and the :phaaic aativity of [
the digestive mystem in the intertidal bivalve Iasaea _z_;u_l;_r_,g‘
could be corrslated with tide ocycle. Recent \:brk. on phasic
sotivity in molluscs has deslt exclusively with bivalves
(Morton, 1969y 19705 MoQuiston, 1969) Owen, 1970) éx~
gept for a stuly by Merdsoy and Farley (1972), where phasic

n
£

"M
i

[
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activity was reported from, the digestive gland cells.of the

intertid&i littorinid ga,s:bz:opod Littorina littorea, This -

éctivity. howev;r, ecould not be correlated yith the state of
the Hide. Davis (1972) [ in a preliminary jinvestigation,

hoted ‘that the feeding activity and digestive functions of

the intertidal profobranch Littorina saxatilis could be cor-
related with the tide cycle. This chapter offers a come
prehensive study of the digestive gland cells of Littorina
saxatilis, tracing their structural variation over the tide
cycle,

- v

Ae
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VoL mimnms 'AND METHODS oo
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i Saven ind::v:.duala of Li-btorina g'hilzs were tollected - .
] a.t hourly intervals throughou:b the tide cycle from the supra-n

®
T

littoral zona of a shel:&ered rocky shore at Blue Rocks,
Lunenburg ﬁ‘ounty. Nova Scotia, After crushing the shalls. _—
thesnail bodies weie Femoved, transferred tocold sen water
and aminqd brie:tly under a dzssecting microscope. fod °
visceral humps of infected gnails were subsequanﬂy dissec-
ted and the tipa digcarded. One to tvm cubic millimeter
‘portions of +the digeat.wq diverticula were then cut from

the humpe and prepared for light and electron microscopy.

o

1
; !

I':lght Microscopy
- Por examination with the light miaroscape, *bhe tissues

: were Tixed in Masson's modiﬁcation of Bouin's fluid (Poot,
1933); for four days, than mshed in 70 percent ethanol for
one day. Following dehydmtioxz 1n ethanol, they were am-
bedded in Paraplast embedding medium (Sherwood Medical In~
dustries Lid., St. Iouls, Misaouri. U,S.A,) and sectioned -
at six to seven microns, Sections taken from thé same .
block wers cut serially snd mounted on three slides. They
wers then examined after ataining with sither Heldenhsin's
iron hasmatoxylin stain, Goapri'a aldchyda _fuchsin, counter-

- stained in Halmi's ’arichrm (ca.naran and Steals, 1959), or
aooording to the mgllory* i‘wx'iyla Stain Method, It is ime
poriant to nphnligu that of the three staining techniques
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S m&ﬁaxazs‘ﬁnﬂmnons o

ST T Seven ind;w:.duala of itturga gtilx were collected°

. a.t hourly in’cervals throughowb the tiz‘d‘é? cyela from the supra-s,,
littoral zone of & sheltered roaky shore a:; glue Rocks, ,
Iwnenburg County, Nova Scotia. After crushing the shalls, .
the snail bodies were removed, trgnsiterrsd to'cold sen water
and examined briefly under a dissecﬁngf microscope: The -
viacaral humps of infectad snails were subsequently die;e;uc.
'!:ad and the’ 'bipa discardad. One to 'cm: cubic millimeter

\ portions of the digastwe diverticula were then cut from E

the humps and prepared for light and electron microscopy.

o

i
3
f

_ Iight Microseopy
"E'or examination wi.th tha light icroacape. thc tissues

r were fixed in Masgon's modificution of Bouin's fluid (I-‘oot.
] n 1933); for four days; thun 'washed in 70 percent atnanol for
one day. Following (Iehydration in sthanol, they were em-
¥ bedded in Paraplast  embedding medium {Sherwood Medical In-
dustries Ltd,, St. Iouis, Miaaouri. U,S.A.) #nd sectioned -
at six to seven microns. Sections taken from thé same
block were cut merially and mounted on thres slides. They
wers then examined after suining with either Heidenhain's
_ iron hasmsatoxylin stain, Go@m's nldthydq fuchsin, counter-
- T statned in Halmi'e {trichroms (Cameron snd Steels, 1959), or
nosording to the ml‘llory'ri‘riplu Stain Method, It is im-
portant to mpha;im that ‘of the three atainipg technigues

n&ﬁ
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.o . ﬁ:employad“, "the_last proved to be most effective. This 1@ i
— primar:.ly dne to its aba.ls.ty to differentiate cellular com-
uponents on xbhe basa,s ‘of ’che:.r aoloring propartiae and also
. _ because of its relat:.vc eage in handl:mg. . BY thm method,
nuclei atam red ' c&nnect:.ve tissue 1ight blue, diges’t:iva
g gvacuoles 'garymg eshades of blne and RNA ‘intense rad.

L]

Pd

@ Eluctron Micrascopx . E ' .

%

1
l
J
|
4
i
1
|
1
1

Pt

o ™ In preperation for electron mmroscopy, the tiggues
~ were iz.xed in'lh percent glutaraldehyde buffered in :!‘iltared
\ o ' _ gea \vater et pH 7.3 for one hour, They wers then rinaed andl
’ - " stored in Millonig's sodiwm phosphate buﬁ;’ar for mrtyaaigh
hours Tha tissues were subgeduently pustrixed for tvm
hours in €0 d 8.9 percent osmium tetroxide solution in
Millonig s buffer (pH 7.3). After dehydmtion. the mater=
* ial was embedded in rviaraglg.sa. Sectionse were o’bta\nincct with
Co= glasé knives on an L,K.B, ultritome and were picked {p on
“ coppe_r“ gridg (70 and ioo mesh), The sections were doubls
stained with alcoholic uranyl acetats (Sﬁmmk and Ward,
1964) for fiftesn minutes and with lead citrate (Reynolds,
1963) ‘for ten minutes, All gections wers sxamined in &
Zeiss E,M, model 9S, Preliminary observations with the
" 1light microscops of tpick gections using the toluidine
blue staining methiod (Trusp st alery 1961} slways preceded
) final sectioning, This helped in block orientation, as wel.
- as with localization of rslevant structure. (For a mors de.
tailed elaboration of the techniques used, ses Appendix I),

9 13
- L
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=empfloymi. the last prmred to b8 most effective. This :i.gfz
primar:.ly due to its a.ba.l:.ty +6 different;a:te; cellular com-
»’ponents onﬁtrge, basig:of thgir colror;n;g properties and also
“becéuse of its relative eage in handlingr By this method,
nuclai _sfain red ' aﬁnnac'bmver tisaue 1ight blue. digestivye

e ,egvacuoles garying vshades of. 'blue and RNA ‘intense red.
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Elactron Microseom . ' . .
= I:repnratmn for electron mieroscopy, the tiggues

were hxed in’ l& percent glutaraldehyde buffered in’ riltered

, Bea vater at pH 7.3 for one hour. They wers then Finsed and

stored in Millonig's ao&ium phospha‘bn bm'rpr for forty-eight

. hours, The tmsuea were subseduently postﬁ;xcd for two

’ hours in co a 0.9 percent ommium tetroxide solution in
Millonig g buffer (pH 7.3). After dehydration, the mater-
ial was embedded in Maraglass. Sections were o’bttinod with
glasa knives on an L,K.B, ultrttana and wers picked ip on
copper grids (70 snd 100 mesh), . The sections were double
gstained with alcoholic uranyl acetates (S'lfmpak md Ward,
1964) for fiftesn minutes and with lead citrate (Reynolds,
1963) ‘for ten minutes, All sections wers examined ina ’
Zeiss E.M, modsl 95, FPreliminary observations with the
light microscope of thick mections using the tolui.dink
blus staining methiod (Trump st alcy’ 1961) mlways preceded
final gectioning, This helped in block orisntation, as well
ag with localization of relevant structure, (Por a mors de-

tailed elsboration of the techniques used, ses Appendix I).
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OBSERVATIONS -

‘ ! ﬂ ~ Light Microaéogy;' - :
, The digasiive gf?tand of L, saxatilis is compbsed of two
lobes, each of which opens into éa gseries 51: H.’ind’ tubules,
The glanduiar e;éitlieliﬁ is made up of the digestive and
searatgry calls. the morphology of which is similar to that
dﬁacribed for other prosobranch gaatropods (Grahﬂm 1932y

} Pugh, 1963: and Merdsoy and Farley, 1972)¢ -

Tl

sacrﬂt(’ry 0911 . ’ ‘ N ) :L 1 4 @

7

. Ths s@ci:retqry{‘ galls appear triangular in section;
They uamlly occur in the erypf‘ts ot *the digestive tubules.
al'bhpugh they may be present singly among the digea*bwa
cells, Variations in their size and shape ocour during the
. tide cycle, dut this is attributed not to any intrinsic
change in such cells, but hecause of differences in com= '
pmuion by the addacorﬂ: digestiw ‘calls v:hose cellular con-

tents, and thus cell volumes, fluctuate with tide haight e

(nee Delow),

\

The cytoplasm appears homogenepus and stains a deep .
red with the lﬁllary technique and an.intense purple by the
tldohydhgu«:hain method. A large nucleus is positioned
halfway from the apical border (Fig. 2.1). Morphological
, thangps such as a reduction in spherule number or an alter-
ation in cell atr;xotwq.vwhiah’ ¢ould be correlated with
tide helight, wers not obmerved. . "

-
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Digestiva Cell . T

o

¢ . -

¢ : i N - “
The d:.ges’b.we cell is larger ‘bhan the secretory cell’

and m characterized by a variety of Vaezcular atructurn
whose staining intensity, distribution, size and number

.fluctuate relative to time of collection over the tide'cy-

‘ throughout the digéstion cycie.

ale. A~nucleus.( soméwixa% smaller than that of the secretory -

cell 1s located basally, mmedzataly ad 3acent to the basal

lam:.na g

~

* Distmc'h changes batween hour y mtemls are a.pparﬂnt
and a rhy*l;hme d:.gestion cycle-is d tactnd for these cells. “
. Such actxva.ty can be categomzed into three phases: ab-
sorp‘tlon, dagastiorx and excretion (fragmentatian). ,Bimilar
to 'tha;t desecribed for other gastropods (Morton. 19552, 195501
Merdsoy and Farley, 1973). milp the separate phases are
easily identifiable, intarﬁﬁgﬁfgé a:l;ages can be observed

-

Phagic Activity of ‘ghe Digestive Cell -
1. Absorption

At the sta::t of absarptim. the cells appur distinct
and columnar Their flat borders stain :mtansely and a ’
series o:t vacuoles of diameters 1 - 3 jm, whoaa contmtu |
gtain light-blue by the Mallory technique ara absa:rmd in

the apical third of the cells, Purple-staining éx,nclmona, |

A = & N
o
- 13 - , . L.
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”4' as revaalqd by the alﬂehyda-i’ucésin technique, correapend in
/' position to the above yegicles, In dontrast, thé basal ro-
7. “'glons of the c‘ella appear free of structures with only an

. _ocoasional trace of’ minuﬁe structures extending as’ far back -
‘as tha nue}euu (F;ig. 2.1, 2.2),

2. Digastipn

s
2

‘2,“ é‘%.}* »

Ed

~ As ingcstion continues, the tubule lumen becomes re~.
ducad in cli.a.m‘hn?»F The individml cells appear more dis-
tended and also aamewhn'h shorter. !L’hey are packed with
- vacuoles and their contents stain va shades of blue by
the Mallory method and purple with the aldehyde~tuchsin tech-
nique, These vacuoles extend as much as /3 - 1/2 ’basally
" . in the sarlier stages and up to 2/3 basally towards the
later part of this phase. Fusion between the smaller
yacudles im observed in the anterior-middle rcgignaxa,x;d
their diameters rm’ge from 20 ~i25 pa. (Fig. 2.3, 2.4).

b

Although the pigmented apical bordor, a.s describad for
the absoyption phasé, prevails during this stage, the '
staining becomes considerably less intox(m with the passage
of time, Also, 'éhora ogcur numerous colored vesicles in
the basal region, but these becoms less widupraad? disap~
* pearing coupletely towards the and of the phase.

)

"y Excrotion {(Fragmentation)

£

[

Vacuoles gradually become reduced in number and more



- gorption phase,
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=

concentrated in the apical 1/3 - 1/2 region, although they '
are ol::serveé in the basal area as well. Ultimately, very
few (2-3) large, vacuoles remain (Fig. 24 5s 2.6, 2.7).

.These are characterized by a homogeneous ‘and densely-

staxnmg material, smllar to that present in the lumen..

'S:tgns of dlsordev' and possz.‘ble i’ragmentai;:t.on are present.

a;ltﬁough the latter condition is not clearly evmant. Cap-

J
tainly varyang degrees oﬁacuﬂa’*tmn preva:.l. the more ex-

treme cases bes.ng o’bserved towards the end of the eycle
(Fig. 2.8, 2.9). At -b}ug tinme, the cella beggtn to assume -

their original columnar appearance as described for the ab-

-
»

Z

" Electron Microscopy \
. ,
Secretory Cell -
The examinationt of large numbers of electron micro=-
graphs -supports and at the same time élgboratas the findings
with the ligh;t x‘nicroscope! ) ‘

The secretory cellé appear pyramidal in shape, backed
by a basal lamina and bands of smoo'eh~muscle and are charac«
terized by;m extensive network of granular endoplasmic reti-
culum (Pig,'2.10, 2,12). The flattened cicternae assume
concentric and curvilinear forms in the middle and basal
parts of the cell, while in the apical regions they appear
as éparsely scattered profiles which &t times are agranular,

-4

{




&

) 0
u s Il
. -
\ ¢ [
; . - © . o
a ! - ] - s
L B . ( - R I3
>

° i -

Certain mierogra'pﬁs would: suggest that during the excretory

phase the éndﬁplasmic ra'biculum is more fragmented and also ‘
more swollen tlian in the absorption and digestion phages, .
espeeially‘ along,g,:hhe peripheml marging (Ea,g» ‘2. 12), There

18 no evidence of a gfyééllm in *bhe apical zone, but a -
nmicrovillua border is clearly preaent (Fig. 2.11, 2.12), .

The individual microvilli are sbout 31 pm, in length and 1
pm. in diametam Nunerous dense ‘granules ranging from 3 16
jm. in diame'ber, which appear spherical and are enclosed
within a tightly applied lmi-b;mg membrane occupy the*an-
terior-middle area. Such granules resemble the zymogen -
granules of axocrim secretory cells in higher organima.
Material of staming density similar to the above stmc-huus

is often seen concentratsd batween the micmvil}.ig aspocially

during the sarlisr phase of digestion (Fig., 2,11), ' Signa or
pinocytosis or pinocytotm vegiclss are not detac*!;cd at a.ny
time, Mﬁ:ochondria., varying in shape, from long alongaé"ed

structurss to smaller spherical forms are present throughout

the.pell, but are.primarily concentrated in the apical.part,
(rig. 2‘.«11} 2,12), 'In the basal region, there pceur one and
sometimes two or three Golgi complexes, Their oisternxe
which may appesar curved in gaa-ﬁibn are distended at the
periphersl margine and give rise to a a‘erica of eleciron
lucent vesicles which are sbout 800°% in dimmeter. Wnile
suoh vesioles are - found priurily aroxmd the Golgi. APPArs-
tus, structures of similsr size and sfaining pi‘oﬁrtios ap-

e

t
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. pear in other parts of the cell. : ' . <

’
~ ' P

The nucleus varies.in shape, but is most often elon-

" gated and slightly lobed. It is large whén compared -to

that of the digestive cell (Fz,g.g 2.10) and also contains a
large. cmtrally—posxtmned nucleolus. .The nuclear sap ag-; o
pears modera:f:ely granula.r and densely staining chroma:bin is )
disposed along 'l;he nuclear envelop. . Nmnerous@’non-membmnous

1a.ma11ate& J.nc‘lusmns z.ﬁentz.eal to the calecium s:pherrbes Te=

ported for Helix pomatiaz by Abolins-Krogis (1965) and for

Littorina littorea by Merdsoy end Farley (1973) are visible
in thé%%basal and middle regions (Fz.g. 2, 10, 2.12). A%
, bimes’ they appear as large empty cavities with only some .

e

remnants of material. - This is probably attributable to loss .-

ord

of such-material during sectioning because of differences in

cutting properties between it and other'components of the

~ cell, Occasionally, lipid spherules can be seen,

With the possible exceptions of the granular eudopluamw
retmulm and the ogcurence of @.enaely s’ca:ming material be-
tween the microvilli in the carlier stages of digestion, no
definite correlation could be tiade ’batwaan structural °

vams.t:,on in th:.a cell and t:.me of collaction.

]
» 12
* 4 -

) Digestive 'cell , .

-

As observed with the light microscope, the digestive

~clsr‘:l.l varies in shape, appearing long and columnar in the

i

| .

LB
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absorption phase ang gradually more dxstended and shorter ’

. . a8 d:.ges’tzipn proceeds, During t"he excretory phase, “the cell

revarts to J.'!:s more elongated form. Wﬁz,le there 15 ¢lear -
evidence of vacudlat.wn and possible dlsorgamzatmn mthm
the cell at 'zﬂus 'time, 'ﬁhere .'I.B’ no indication that the cell

b

.

-

membrane Tuptures. ' .

The basal membrane also lies'on & homogen;aous“basal
lamina whose inner and outer limits are poorly defined..
Distally, separate[desmosamas attach to the adjscent celg,s

and in general, there seemsr to be little 1nterfoldmg be~

-

twaen cells, . The flagellium, originating from the apzcal re-.;

g.’wn; pro;]ecta into the lumen, This surface also bears a
brugh ’border, the microvilh of which a.re covered by a
characteristic surface coa:b “along their tips. The number
ﬂa.nd size of the microvilli vary, depending on the phasé of ’
digestion (Fig, 2.13). The length of the individual yillus
iw sbout 15 ym, during the gbsorption stage, becoming re-
duced by Ls much a8 4 pm, -in the late dig&s’i;i:nn and excre-

tory phases, It average diameter is about 1 pm.

Considerable membrane activity éecura in the distal
eytop e during ‘the 'abmrp‘civa and early digestive phase{s‘
(Pig. 2.1%), Pinooytosis is iaking place, with a gradual
cinc:m se and ultimately a complate stoppage during the ex:
'cmtp/ry phase. At the same f"y;ima. mmax;auh pinocytotic

* venioles with an electroen density smimilar to t{mt of the

o

Il
" o

o
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. 1umen content can be seen. Th:ﬁmge‘ in diameters from o

5 L . and vary in mprpho ogy from simple spheres to
doughnut_-shaped vesicles. To explain the foma.tz.on of the
1atter structures, it is believed 'bhat the surface membrana
on erbher side of a microvillus invagina*&eﬁ such that the .
\ ;:eysﬁiting folds fuse! m}:h each q‘bher to form & goughnu:t»

sheiped inclusion. TI';; lumen content is now enclosed be- . .
een an inner and’ oute’r»membz;ana. with a bit of pa;:i’v&
ytopla:sm contained in the centre (Fig. %}#)1

I

M:Ltaclféndna are common, but become’ vigibly recluced in '

» « o}

number as d:ngesi:mn proceeds, While they are acat'bered
thraughoq;a the cell, they are most heavily gon¢3n*ératad in.
the apical region, especially during abgorption, aﬂarly di=
v gestion and late excretion. Lipid drap.l;ts exigt through-
] out the cell and their number increases as digestion pro« -
- ceeds, reachmg a, pa&k during the late 41gestiva and excred
‘ tory. phages, 4 oraover, they are usually in “¢loss AEEOGiR-

. "7 tion.-with ce ”éﬁ‘&argt vmuofgeﬂ (see -below). Glycogen
C o
- - .rosettes have been detected in “the middle region during the
(N digestive phase, ” ‘ '

"il’h# bagal regi.an of the cell gantains a8 nucleus which
is emaller and more regular in shape than that of the - ‘
gecretory cell. It is characterized by an electiron dense
nuclear sap in which numerous &urk granules ure scattered,
The nucleolus is located centrally. y Several Golgi cx;mpuxu

«t?
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n oecur in the ad;acent cytoplasm ‘and their clsternae appear
_ distended at the margmal ends, glvmg \rise to a series of
. ves:,cles ranging from 1~ 3 pm, ;.n dismeter (Fig. 2.15).

The presence of parallel membranes ‘within the alstended re-"

g:.ons of "the saccules, as’ Well as in ‘the associated vesi~

cles, makes this type of Golgi unique in gastropeds "Bhixs

far, A- s:.milar, complex however, ‘has already been reported ,

from the-bivalve Cardium ednle (Owen, 1970). ‘Other vesiclea
consz.dem‘bly larger: (6 ;xm. in d;ame'ber) have also begn ob~

" served: m/%ha cell “(Fig, 2,11). The latter are composed of

medium-dense granules which appear homogeneous and are en~

El 4 - q & mn S
eloged within a unit membrane. Fragmentary profiles of
endoplasmic reticulum are sometimes visible in’the digestive

éﬁllu - ; % - :)‘

o

By far, the most conspicuous characteriét‘j@ of ‘the
d'igha*bi'va cell isct'he presence of a wide variety of mem~=
brane—bnnn& vas:u;las. Thege structures correspond to those
alraady examined with the light micrascope.a.nd will now be
described in greater detail. To facilitate reading, ‘the
naerows.tclc:; Iguva {mm arranged by iype according to their
contents and morphological characteristics, sinilar to, the
scheme adopted by Owen {(1970). | , oy

TYPE 1 -

This type of vesicle has been observed primarily

-

-~

¢
"y
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. *‘"during the absorp%iox"x phage in the al‘J‘J.cal reglon* It is

1

most often. sphermal and.’ varies yfx da.*ameter from ahout .

f

lp 15 ym. The visxble content of th:.s ve;s:r.cle is charac~ . -,
temzedﬁ} a moderately elec’tron aense granulanty which -

- Ed

2 a'ppeaz'sg to be prlmamly seattered along »the per:.phery, v

¢ - el
. <o
4 2

&
N ' ﬂ,‘ ] 5 gﬁ
-0 e B (Rl »11)%. L 8 EEe o :
vP’ -~ A Tv A ° - ° e “; :JC '
. 4

4 3 - >
:a ‘e TYPE 2 N ’ a+ . a - -
< & ¢

. - \ i - “ ! “ .
; ! Tm.s type of- vesmlm occurs primarily m fhé aplcal :

e B t}u.rd of'the cell duting the absorption dnd digestion

’ ‘ phases. It iy charactem!zved ‘by a moderately derrse granu=
- ' larity Which may be unevenly distributed or mey oncupy the
i . entire interior of the ves:.cle (Fig. 2.11, 2.16). In ad=-

-

- s - ditior‘i‘, bits of membrane. as well as mmute spharules. have
° . & aisc beenf\é,etected. Fusion between Type 2 vaeuales is
S cbmmon, eorié“equently the;r.r diameters caﬁ g‘ange from 10 - 30
; pm. Théy seem to coalesce vq,th pinoéyta'bw and Type 1
- : vasicles during abSorption and ere also assapxated with

g
» s 2

. ", lipid droplets during the digestion phase.
. I3 * . EY » [/} "” .

a . atiE 3 o . L
. . e =L , . PR
Thls type of vekicle:is éapecialiy predominant during
. the d*sﬁv& phk‘tn
. . ’ the cell. It is characterized. in some cases, by a

mularxsty similar to jhat ofsType 2 vesicles, Numerous.. -

the 1owar basal and mid-regions ot'”

, dense and somdwhzt larger gramglas. as wéll as °

-
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" “bits of membrane can alsc be observed from,these vesicles.
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* Type 3 vesicles are oftenin close astogiation with Golgi

f
- ¥

—

- A8, 'far back as the nyucleus:. 'rhe %sicleﬂ are - irreguur in

complexes, and it is ‘l:elievbd that the Golgi vesicles are
ultimataly absﬁrbe& by them, fnsion, has also; '»haen ob-~

served botween thase vesicies and xlz;aéc of Typa 2, as well

as hetwean thcmselves. ﬂzhus, the variat;,pna ‘one obsarves c

e :{ga

in their contents and electron densitiemgay be e conse-

1

~

quence of the numerous aasomatiuns nhicﬁ they ham.

Their diameters range from 7= 40 ym. am’iﬁﬁis mlation .
" -is to be éxpem;ea (Fig. 2.14, 2. 17). . -
u”:* i , ) i ! .
TYPE & T -
! . . “IE‘: "3;5;“ st . .

 These vegicles are present, almgsf uxalusfvely during
the excretory phase and are located mainly in.the mid and
apical parts of the .aén. gi-i:h ug’h’ Xhey can occur basally

B

"shaps and their contoxxtgs Mch are in the form q:r‘ra fine :
slectron~lucent g&mﬁ:riiy, are usually noncentrated in

the middle portions. Unlike the othar yesicleg, fusion is -
limited and in, Bou caa&sh “$rigte nckbrahes are ruptnrad. .
'rhuir diameters rmga fran about 7 - 50 ym,, the smanar
vesicles uamny accurring at the cell extrcnities. In
general, t.hair ¢lose aonta«:t with lipia droplets, their

empty appearance and tj}air Iarg.? .size, make them sasily

identifiable (Fig.2.18; 8,19y, 5. - .

Pl ¢
-~

e
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. A diagram of ‘t;hé epiﬁ; &¢lial cells of the digesti.n fio
o

gland of L. saxatilis fs shmm in Fxgnr& 2.20. 'dhile th&

characterj.stlc struetures off “these cells are incorparated
into the diagram, their v%r}nng quant:.tative and qualite=
tive propart:.es, usually a,ssaciated with one or mors of
the digestive phases. have been- da.sregarded, A sUmmary,
of the physica‘l alterations of such giructuras both in the

‘digestive and secretory cellp showing how th€se relate to

phasic activity, is offered in Table 1. ' Moreover, the

g'phasie activity ad or:.gxmlly recordad from the J.igh‘!;

mn.croscopy findings’ for ‘the diges?%ivs cell and later con-
fi’med through the electron m:.c;‘ugraﬁhs. :talls into & de~

h» finite soguance s one which is mll correlated to the .
.periodicity of the tide (Table 2.2). This becomss even

-

more obvious when collection :;:ims are arranged into groups
of two’and the pércentagée numbers of snail& for each of the
phases are plotted against the height of the tide (Pig« 2+421).

B
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Table 2.2 Number of individualm of L.

saxatilis displaying the

, . ) X ﬁu.wo,ﬁm phases of digestion throughout the iide cycle. ‘ |
Collection No. , Hours (AST) Ht. tide above No, in pumou.w.ﬁda No. in diges~ No. in ex~ Total
T : chart datum {(ft.) phase . -tive phase cratory
- . o ‘ . , uﬁﬁuu ‘

17 0830 2 T S 0 e 5
- T %&o 0 6.9 S 3 F 7
3 v, 1630 B9, . 0 k4 .0 7
n 4 11330 ¢ 4.3 - 1 5 o 6
Y5 12130 2.7 o - 7 °o 7
L6 -t 131300 ¢ 15 <. 0 : 5 1 6
I AR Cae o T e 6 °o 6
8 _ 15130, 1.1 o 0 i 2 '8
. 9 S 1630 8 .. . o 2 " 6
Y - 17130 T3a o o 7 7
o1 1ease T T g - s o . - 2 s 7
SR 19130. - 63 . 1 oo 3 3 7
H S 4 e ey - ' {
N o o ¢ . i
; ..T _ﬁq ,5, - . B L . N - -k ; :
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Figure 2,21 c : M
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Percentage of I.ittorina, saxa:bilisia.n each phase of di-
gestion, plotted against height of tide. _ Collections have
been arranged in groups of two and water levels averaged
for each group of twn collectians. . . o
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1 veves Sails’ in absorptive phase o (
2 «sssv 8nails in digestive aphase L. T
3 +sess Bnails in excretory phase~ | . 7 b
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t:In gé}xerél, the present findings are ;h'agreemen;: withj
those of others who report two cell types from the diges-
i:ive glands of molluscs. The secretory cell described in i
 this s’cudy resem‘bles “the- "B" cells of P, gg " {Pugh,
., . 1963), the exeretory cens of J?,,. canal:.eula'ba (Andrews,
,‘ 5 .the basophil célls of Anodonta (Sumner, 1966), and
the “C" cells of. _*I_‘_. granosa «{Schmeckel and. Vecksler, 1968},

.\ - as well as the secretory cells of L. rubra (McQuiston, -

1

Tw

Althuugh vam S f c’c»;ons have been attnbutad to.
this or similar such cells, “the ul‘l:rastruemra of the cell
under consideration is such as to render a secretory role -

g most lx.kely, The importance of an extensive granulér en= _
T dopiasmic reticulumn, &s can be aeen espac;ally during the \.
absorptiw and: dxgcstive phase in L, saxatﬂm. hag been .
" well illustmted t‘qr b-ﬁher secretory cells (Fawcett, 1965)‘
; + The apparent fragmentary and swollen appearance of thzs
”argtmelle during the excretory stage may represent a.n en&
to protein synthesis and at the same time, a period f‘b?"ne-

a
<
1

organization and preparation for the new feeding and di-

' gestion cycle, Distension of endoplasmic reticulum cw-h C
‘ 'f:trm".n in secretory cells trgm Tasaea rubra (gdcauistc;n, f
1969) har'x tlik,:wisg been adsociated with the‘ completion of

the digaitiva cycle. The nunmerous dark gramzlag. deseribed
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ffom thé lo‘wer middle and apical regions closely ﬁes”emble ’

the zymogens of exotrine secretory cells in the pancreas -
and sala.vary glands of hz.gher orga.nwms (Boell, et al,,
1965). Moreover. the s:.mx.lanty .m electron densmty of
these granules ﬁnd the ma;temal eoncentrated betweeg the
mmcrovmll:, fsugges‘bsn 'ﬁha't guch granules may be releaged

inte the lumen, possibly becoming activated when they come

}n contact with the appropriate triggerinn' agents, The

v

¢

p.resence of such material, between the mcroviih during |

~the absorptme and up to a‘bout the mid-Jigestive phase,
\ corresponds “to ‘the time when extracellular digestion in

> “the stomach lumen ord:marlly occurs. Although no direct

assoe:.anon can be shown between the Golgi complexas of

these cells and the endoplasmie re'bicuﬂ.m. the :pmbabilrhy

-

¥

‘of its involvement in the cellular metabolism further sup~

ports the ‘possibili‘ty of & secretory func'hmn for this
cell, as does ’R;he presence of '!:he large nucleolus | j
(Novmkoff and Holtzman, 1970). ] [

The change in appearance of the &1gaa1:ive cell over
the tide cycle, from a long columnar gtate in the - absorp~
v tive phase, o’ a shortqr and more d:.stenda& form in the
digestive phasé, and again to a mors elongated structure
in the excretary stage, has already been discussed snd
attributed to the presence or absence of fpod (ses OBSER~

S B e
" VATIONS ~ Light Microscopy)- ‘Baganse ‘of the mﬁ:‘pholbgy of
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g " . this ¢ell, it is believe& that. the food passes across the
v apical horder and ia ul‘txmately aontained wrbhm the

" r
I3

< varmue digestive vacuoles.- ;"

- ‘ : Srevm:al mterpreta.tmns mave been prapased; with re-
spect %a how the food is achuired and ultmately processedﬂ
by the dz.gestn.ve cells of molluses, and pino~ or phagocy- .
tosis appear the. most common .methods . by which thg dz.ges?::.ve'
vells sbsorb the food (Sumner, 19655 19665 Merdsoy and
Farlay, 19;’3“}. I’t is generally bélieved ’ﬁha'l: the ensumg
vesic]’.es*’ fuse with larger dlgestwe vacuoles Jocated sub-
aapically, anq in this way perform the function of a trans-
port mechanism. .An alternative to -ﬁhis method, proposed

by MeQuiston (1969} for.Iasae rubra. is that the pino-

cytctic vesitles ey actually* represent prof;.les of. tubules
whicheonnect the lumen 'to large food" vasuoles. Ber:ausp of
‘the presence of doughnut-shaped veésicles simildr tc; 'éhose o
~ showm for Littorina 1:.ttorea. (Merdsoy and Farley. '1973),
- and as a result of fusion hetveen these sphm:‘if:al "pino-
oytotie vericles Znith Type 2 vacucles during absorption
and early digestion, the findings sﬁpporf; the otcurrence
of pinocyta'bic activity. The pinocytctic vesicles can be
eompnrud. to Stage 1 endocytotic vesic.les described by .
Meuleman (1972), The large number of mitochondria at
theae winges of digestion, eéspecially as observed from
the aploal reglon, suggests the ;mcaaaity for & much .
~ ' needed supply of energy du‘ﬁh(; the intense membranse
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this cell, it ig believed that the food passes across the
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Several mterpretatz.ons ‘have been praposed with re-
spect to how the food is aqi;uzred and ul‘!;ima:bely proeessed

by the dz.gestz,ve calls of molluscs, and pino~- or phagocy- P

tosis appear the most common .methods.by which 'l;he digestive
vells absorb the food * (Sumner, 19655 19663 Merdsoy and |
Fa:r:lay; 1973) It is generally héheved that the ensuing'
ves:f.cles fuse with larger digestwe vacuoles located sub-
apica.lly, anq in this way perform the function of & trans-
port mechenism: An alternatilve tq'ﬁhis method, proposed
by ‘MeQuiston (1969} for. Insaea rubra. im that the pino~
eytotic vesmlas may actually repregent proflles of. tubules
whicheonnect the lumen %0 large food vacudles, -Because -of
the presence of 'doﬂughnubahapad végicles similér %o those .
shown for Littorina nttorea (Merdsoy and Farley, 1973),
and as a rasult of fusion batween these sphnrit;a.l pinoe
oytotic vasiclea yith Type 2 vacuqles during absorption
and early digestion, the findings sﬁppor-é the’occﬁrrence
eor pinocytotic éaﬁivity. The pimcy'butic‘ vesicles can bas
aon;p;md to Stage 1 endocytotic veaicleé described by .
Meuleman (1972), The large number of mitochondria at

:l:hths stages of digestion, aapgciia;lly as observed “from

the sploal region, suggests the nscessity for & much .
needed supply of energy duﬁ?g the intense membrane
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-, activity. .

The sequence Tof, dlgestmn oi‘ food once ‘inside the
vacuoles, as’ wéll as the mechanism by wh:.ch dnzymes are '

- ) synthesn.zed angd transported to the appropmate srl;es. is

t -

, a toplc whxch 18 as. yet not clear.

oot

Y 4 ' .In principle, it is agreed that foad vesicles, are a }
. . ‘eommon feature of digestive cells in all malluac**s. Based F
., on their ?morphology amz the natnre of their contents,. the
fiﬁdings show that tilex;e\ﬁﬁcut four types of vesicles. N
; Their‘?iiiilaritg} in 'stéining properties and elesctron deixu
"sities, as well as the ex uent 6t fusion which was obsemd
between them, «suggests that what in fact prevazls is a

P singular structure which goes through four stages.

s

In the present study, the Type 1 veswles may well pe-
present the earliest stages of food ac:cumul,atim, the scant
"~ distribution otf material within them, hWowever, makes it
e, di:f‘,i’icnlé to say w%t’h cer;:ainﬁy that they are not ac:éually
preliminary Type 2 forms. They are on the average the
o ‘am‘alls;st of the macrovesicles and are present in the apical
5 .regions primarily during absorption, their absence ;om
cqnspicuouply obvious from the more %af;al parts of the
cell ar{d during the later stages. In addition, they
clasely resemble the Type 1 vasiclaa in the digestive cells
of e. edule (Owen, 1970). The Type 2 vesicles resemble the

vacuoles characterized by the "graen granules® in digestive

»
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The sequence oﬁ dlgestmn o:f :!;‘oa:i once ‘inside the

vacuoles, as well as the mec‘ham.sm by whxch dnzymes are L

synthes:.zed an(i traﬁsported to the appropmate srtes, is

1
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a top:.c whlch is as yet not c¢lear.
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In prmcn.p e, it is agreed that food vesicles are a

Ed

“eommon feature of digéstive cells in all mallusca. Baged

.. on their morphology and, the na.ture of '!:herr contents,. the

ijindings show that there occur four types of vesicles.

.

Their Similarity in ‘staining properties and electron daﬁ-u

"sities, as well as the ex ent of fusion which was observ'ed

between theém, - suggests that what in fact prevaxls is a
singular structure which goes througha four stages.

In the present study, the Type 1 vesicles may well re-
present the earliést stages of food accumulation, the scanty

’ distrlbutmn of material withm them, IKowever, makes ii:

vdifficult to say with certamty that they are nut actually

prelimmary Type 2 forms. They are on the averaga the
smalle_;st of the macrovesicles and are present in the apical
regions primarily during absorption, their absence ining
conspicuously obvious from' the more basal parts of the

cell and during the later stages. In addition, they

closely resemble the Type 1 vesicles in the digestive cells
of g.’g'_d_ug;_g_ (Owen, 1970). The Type 2 vesicles resemble the °
vacuoles ’charactcrizegi by the "green émnulit" in ﬁiguatiye
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pells from S. putris (Sumner, 1966), as well ds the large ,
vacuoles deseribed from the apical region, of’ Anodonta
(Sumnox*, 1966), They are also s:.milar "in their electron:
density %o the phagalysosowes z‘apovted by Mcquzston, (1969)
and . to Typs . 2 veswles examned by Owen {1970).

carrying out feadmg experimen’és,, “these authors shlmed that‘
such a;ruc eg are indeed food-containing vacuoles, The, -
oceur?arﬁ; membranous elements in Type 2 vegicles as de-
scrihed hera, is probably attmbutable to the mner s;‘:herea

of the doughnut-shaped pinocytotm vesicles, and to the

nanﬁrai&;ué material ac‘quire& after fuging.with Type 3 .
vesiclas. Such fusion may also help to /axplain the %ari-l
a’cion in electron dens:.ty of Type 3 vesicles or of &n&- /
madiatc forms betmen Type 2 and Type 3

Macrovesicles which reseux‘ble the Type 3 vesicles i:;.va
besn described by MeQuistoh (1969) and Owen (1970). These
authors maintained tlét Golgi vesicles in digestive cells
were actually lysosomes which fused with larger macrow-

vesicles to give rise to phagolyscsomes. Theé possibility

that the Golgi vesicles are in fact primary lysosomes is
enhanced by the findings of McGQuiston (ag reported by oven,
1970), who showsd that in the intsrtidal bivalve lasaea
rubrs, the Golgi vesicles exhibited a positive test for
sold phosphatawe metivity, It is widely accepted that the
Golgl vesmicles may participate in snzyme elsboration (Hill,
19653 nom{mm. 1965” and that in tdome caseg, they may
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"be the"source of primary 1ysns¢5mes‘ (De Duve and Wéatiau:;,
1966).4 It is noteworthy\ﬁﬁat in the pregent work. Type 3
,macrovesicles are always -in close,, proximity to the Golgi.
'eomplexes and espee;ally to thelr ’Ves:l.cles. It is 1n.kely—

~ that the Golgz. ves:.cles ‘are an fact lysosomes which tbecome o
: absorbed by the Type 3, vesw,les. It must be«pointad out,’

however, that Whlle there 'is a resemblanee ‘beiween the com-
*poszta.on of -the peripheral margins o? the Golgi bodies and

their vesicles, to the contents of th& Type 3 vesicles, i.e,

the membranous elements, i-b cannot be ascertainaﬂ that these
b:d:s of membrane are epntribwtzed salely by. the Golgl

N = v

vesz.cles. ' . ,

d F
e

It is significant that Tyiwe 3 vearcles oceur primarily
dur.mg the d:.gestmn phase, & permd when {l'ype 2 vesiclaa
are present and ldden with food. This suggests tha'b a pre-
dominance of activity occurs at different periods during
the tide cycle and that the characteristic apf§amance of
the cell at any one timp is not an indication of its age,
as has been suggested for the pulmonate Biomphalaria
p_:reiffarm {Mﬂuleman. 1972), but rather of a specitic phase
during the procass of .digestion.

o »

* mhe reduced vacuolar' ‘content of the large Type k&
wvesicles auggasta that this might repregent the :I_ut forms
-of the combined Type 2 - Type 3 struciures, thus m&klng
tlQo entdr of digestion. The contents, which appear to be °

-
s
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elect:mn lucent are quite hkely the by~producta of diges-'

. ut;.on and mll ultimately be extruded from the cell. _ The.

apparent absence celiular fragmentation a%\thus the re- -

. b
tention of the/cell membrane suggests that the matenal

sl

must be released from ‘the cell by other mearis. . Because . :
the vacublar membrangs are ruptured in some casas, there 13
a possibilxty that ‘the nastas, wh:.ch are now either m the
" form of a liquid or a tinely partmulate matter, are ex- o
: creted by simple diffusion, or by a typa of reverse pino-
cytnsia- The presenca of mmute spherules in the lumen. as
‘ well as the’ apical cancantration of mi'l:ochon&ria at guch
" “ . time, supparts the latter possibili*ty. Lip:t.d drapleta ap-
st pear “to be mosﬁ a.htmdant during the excretory phase.
‘ Similar obaemtions were made for different mollusc spocies
i by other warkers émmuiatbn, 19695 Mardaoy and Farley, 1973)
It is pasaible that such lipid drapleta gall ultmately con-
tribute towards the synthesis of new stréyctures ag the next

. digeation ¢yc1¢ comas in*t:o effect, B

-« d

Rhythmig Teeding and digestion as related to tide cy~
®_ . ole, h;.vq been demonstrated in the intertidal- bivalve
- Isssen rubrs by Morton (1956} but could not be showm for
the prosobranch gaﬂtropod Littorina 11ﬁtoraa oruaoy and
Farley, 1972). While phamic activity was rocnrded for the
“Intter.species, it showed no correlation with the tide cy=
cle, This is probably & result of the position that Lo

win
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1ittbrea ﬁcccupifes on the lower lew;eﬁis of the simre. The

srra:,ls are suﬁnferged Jor-many hours' duing -the tide pemod
and 'L'he time intervals “bétween faedmg angd non-feeding are
not snff:.clently long to mgke such a,ctiv:.ty dependent on
the t»me. “In gom:rast, L. saxahlis oecuples a vaiy narrow
baﬂd in the supra.httoral fringe of the. shore and ‘even ori

3}

sprmg hlgh tides ‘l;hey are eompl,gj;,@lm*snbmerge& :for no.

longer ﬂthénﬂ‘bwo hours per tn.de cycle, Their habxtat. there-
fore, makes them most %uitable for a study of phasic ac~

Ed
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Fleld observatmns on L\. ‘saxatilis. shbwed ‘that the da- n
gree °'bo which the digestive ‘gland is collapsed or full is *‘:,‘,

A

} d:.rectly» related “to the amoynt of fqod present in the dx«-

gestwe» tuh@es, and this m turn_ was obsezwed to be cone

a.,@,respons:z to the gerlodmz.ty of 'L*he 'b:uie, is enha.need by
the fmdmgs of Dam.s 61972}, ﬂhose s*budz.es showed {:ha*b 'bhe
ssna.ils gra.ze at hz.gh tlde, remainz.ng active untu,l the rock
surfabes become dry« The snails subsequently become in&g«- ’
tive and do not feed again antil tnax dre submerged by thé

énexf: fload ti&e.  Davig also, descm‘had the gross morpholoe -

gieal al-keratmns %f the digas*b:.ve gland dumng the tide

: cycle, noting as wall the paakage and ultimate ehaugpa of

food £romsthe gut“ " Speh obsem‘aions closely parallsl pra-

sent ;fmdinga and the. combimd raaulta. in conjunction with -
- ? L) A ‘éz

- ~
5 [ ¢ -

@4

*
e

u trolled by the tide. The fact that such a cycle is actually -~ -

=
¥+
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"'bhe“‘cailular changes ar the zhgntive epith&lim are shown

dmgmmmatically 4n Figure 2.22. ~In ‘brieﬁ at high tide plus
2% _hours, faecal pellete are being voided from-the rectum.:|

*

M; the same “bime, fooﬂ 13 'ﬁeing absorhad by the digestive i .

[

’ cel]’.a from the. stomaah contents. At high tide plus six ‘

hours, fmecal pellets ara na longer viﬂsiblg in the rectun,

and the digestive ¢ells arn packed with d:.gestive vacuoles,

At high tide plus ninﬁ hoﬁmsg the raod in the stomach has -
dimini,shed and faecal pell&'ts onc;?again accunulﬂtq in the .

= rectym, anarous empty-wloakmg #acuuies are nou visible J'P

-«

the digemtive celis. Finslly at' about high tide plus eleven

hours. all :t‘ood‘is absent :ﬁrm ‘the stomach. The digaaﬁve '
cells consist largely of ampty-looking vacuoles and faecal
pelletd are gacked in the mctm. "

In swmary, the digestive gland epithelium is composed
0f tWo types of cellss & digestive cell and a secretory
n;ll. I.igh';»microseopy and cleatrm microscopy reveal that
the digm’eivg gell is so aquippeﬁ as to make intracellular
digestion poseible. In contrast, the morphology of the

sscratory cell is ainiiur to the exocrine se;:rgtory cells

higher organisms and iz bhelisved :to have & re-
_secrstory function. Digestive metivity in both types
of colls luw béen observed to take place in a consistqnﬂy
rhythum ptttnm. Such phasic activity is more pronounced
in the digestive cell where three stages of digestion are
ﬂrucémittd: shsorption, digestion and excretion. Diges-

i

&

o

¥
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i Adnd Y A
tive activity is seen to. bg%lusgly;cqr;'elateg with and de~
pendent on the per;:odicit;i of the tide..

~

Ix} a study of the effec'bs of ra.ve species of -digenean

- iitrematodes on the cllgestlva glanc‘t of’ Lie smtxlxs. James

(1965) descrz.bed the digest:.ve ep:.thehmn at the light:
microscope level. *rhe fact that he &:.cl not stress tha sig-
niﬁcance of phasic activ:,ty tends 'l:o make his work some~

‘what: incomplete. ~Moreover, queatmns can be.raised whether

the "d:.srupted" cells he deﬁcnbed a.re a conseq_uencu of
paramtlsm or are actua:lly rapx:esentatwe of a later phase
in ‘the digestive progess. tnlike James, Mnulomarx (1972)
takes into acc“ount the state of the cells when considering
the émsitieﬂi&fiuen;:esl.‘ but‘ since the fpulplonat&
Biomphalaria pfeifferi is a constant feeder, all stages of
digestion are represented by the cellm at any one time. As
in James’ work, the actual effects of the-parasite were not
as;ertained since the ultrastructure of a)pargaitize& cell

. may assume the character or appearance of a cell normally

ass?qiategi with some phase of digestion. n 2,
: H

L. saxatilis lends itselft an to a parasi‘tol;gicm‘. -
study concerned with the effects on the digestive gland.
All the digestive gland cells are in the same phase, at any
one time, thus the different phases can be igolated by re-
moving the snails from the shore at spac:x:t‘ie times dnrj.ng

tha “tide cycle. Prior to such an investigation, however,

o0y
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Fi gy__re 2.1 . . L n “a .
cmss sect:.on of dzgestiva gland tubules of L. Lt

saxatilis in the absorptive phase. - Note the heavily pig~

mented apical border, as well as the concentration of di~ -

- gestive vacuoles in the apical third of the digestive cells. -
*  Note, too, the intensely stained secretory cells. The )
_ Mallory's Triple Stain- Method rénders the nuclsi red, tle
connact:.ve tigsue light blue, the d:xgestive va.cuahs ”
) varymg shades of blue and RNA mtens’l! red, g
Jab - apiecal l;ordez' o lu = lumen’ ’ T ’
'DC ~ digestive cell-: ) SC = secretory cell
" (Bouin's, Mallory's Triple Stain) - {é;ﬁ?s , ) ~
. . Figure 2.2 - S |

Cross section ¢f a digestive gland tubule in' the sb -
sorptive phage taken at a higher magnification. B

Y

T

dv - digest:we vacuole . . ' o .

G

{Bouin's, Mallory's Triple’ Sta.m) C i x50

[P
l”’






Figure 2.3 L S * a
" Cross sectien of a dxgest:zve gland tubule of B

saxatilis in the late absorptmn, very early dlgestmn
phase. "The apicéal border is very heavily pigmented. The

[y

digestive vacuoles are small to medium in size (L -5 um.). ‘

They are ‘loogely &1stributed, extending further basally
than in the prevmus *&wo fzgures. ,

nu - nueleus ' ¢ - 0 e . ‘ '
{Bouin's, Aldehyde Fuchsin) . © X720

¢ ’ 2 ' ) 4 ®
Figure 2.4 . 2 > “

Cross sect:.cm of a d:.gest;ve gland tubule in the di~
gestmn phase. Note rbhe number of food-~laden vacuoles. in

. the digestive cells, Gcales'cenee of vacuoles takes place

at this time, Note also the minute colored granules in ‘the
basal region (arrows). ‘ ) I ‘

‘ (Bouin's, Kallory's Triple Smgn) - . xks0 :
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Cross. section of & dlgestzve gland tubule’shDW1ng cells .
_ in the very late stages.of digestion. . Note the réduced nume -
ber of digestive vacuoles concentrated in the apical half
-and the beginnings of‘large empty-look;ng vacuoles 1n.the
" basal'regions of the dlgestlve cells (arrows).
SC - secretory -cell : ’ y

-

(Bouln s, Mallory" s Triple Stain) ' ) x400

E .
- - o © -~ v '
) o ‘
+ ® o
’
«
:

Eigure 2,6 , . - K
Cross section of dzgestmva gland tubules in the sarly

- mid - excretory<phase. Note the presence of only ; 3

large digestive “vacucles in the digestive cells. (See also

- Pigure 2.7). . i '

#

.ct = connective tissue

W -

(Bouin's, Mallory's Triple Staln) x210

Figure 2.7 (Figure 2.6) e

Portion of Figure 2.6 takeﬁ at Q higher magnification,
(Bouin's, Mallory's Triple Stain) : X500






¢
vFigureza
‘ .Cross section of dzgestive gland tubules during thc
‘la:ba excretory ;ﬂaase. Note the absmcc of - dignti:n .
vacuoles and the predominance of 1argu unpty-wlonm ’ ﬂ
* vacuoles contairing the indigestible residues, The apical
borders do not stain heavily and' thera is only a slight
bluish coloration within them, poasi‘bly reprasenting the -
last remnants of dzgesﬁible maferiul. Note also material '
degtined to be excreted from the lumen of the lrhammh.~
se - epithelial lining of the stomach o ,
sl - stomach lumen o y -
° . \ . Co
' (Bouin's, Mallory's Triple Stain) CLox178

A

i
-~

’ F}.Egﬂ 212 ' ) J '
Groas section of dz.gaetivu gland 'bubulaa in m late
, exeretory phase taken at higher mgnificatiom Arrows
‘point to greenish residue contained yi;bhin the vacuoles.

(Bouin's, Mallory's Triple Stain) X375
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Figuﬁeﬁa:lo o e : S
Eleetron micrograph of the basal partlons of secretory
and digestive cells of L, saxatilis- in the early absorptivé
stage, Note extensive granular endovplasmic reticulum in
the secretory cell at this time. Triangles denote posaible

remnants of prev1ous digestive cycle,

bl - basal lamina ., ger - granular endo-
, ¢s - calcium spherite ° blasmic reticulum
DG ~ digestive cell 1i « lipid
I - n -~ nucleus '
_ ; - . 86 - sefretory cell
o . X7,380
. - / ,
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/ ‘
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F:Lgure 2, 11

dur:.ng the absorptive phase.

N retoryl zymogen granules and material of ‘similar optical

%iensm«concentrated between “the microvilli of the secre~
The seeming, granuiarity m the apical areas .

of -the d:.gestrve cells, représents large uumbers of pino~-

Aplcal portlons oi‘ -secre“tory "and - digestive cells .
Note large number of. (sec-

torf éﬁelJts‘
Arrows point fo zymogen granule concentra.hon,
v - vesicle oi' uniden-
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‘Electron micrograph of tsecretory call during the .
late digestive, early excretory stage. Note fragmented

‘endoplasmic reticilum and distended cisternae. {arrows). ..

Note absence of dense granulanty between the merovilli. .

cs ~ caleium spherite -

1li - lipid

‘m - microvilli
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mi - mitochondrion,
n « nucleus

¢ nu = nucleolus
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.. Electron micrcgraz;h of the apica}.’ portion of the di-

gestive cell during the excretory stage. )
sencé of /piu%ytopic vesicles, but presence of mitochondria.
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JFigure 2. 15

® L

f‘lec"tron mmregraph shomng cltaracterlfstw Galgl cOomm~

N
b

plex of a digestive cell during the dzgestmn phase.

to be a ui‘ormlng Type 3 vesicle,

stage of a budding Golgi vesicle.

Ga = Golgi apparatus
Gv - Golgi vesicle
T3 - type 3 vesicle )

A

7

-Note
membranous striations in the swollen pempheal margins of -

the Golgi apparatus as well as in the dalgl vesicles.
too, the close proximity of this organellé 4o what seeng
Arrow points to the early

Note
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" Figure 2.17 -

Gy ~ Golgi vesiele&{

R & §
T2
T3

.

-

£

s

1

+

Electron micrograph of a digestive éelllin7the mid~-
stage of digestion showing fusion {arrow) betweén 3
vesicles, Note abupdance’of‘lipi& droplets.

lipid
type 2 vesicle

type 3 vesicle
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: Electron micrograph of a digestive ¢ell in the mid-
stage of digestion showing Ffusion {arrow) betweén T3
vesicles, Note abundance of lipid droplets. - o,

Gy - Golgi vesicd.e@: ‘ ) - R a -y
. 1i - lipid ' ' ﬁ w
T2 - type 2 vesicle
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. Electron micrograph -of the apical regimé of diges- _/
tive cells in the excretory phase. [Microvillj are reduced -
. in gize and ‘endocytosis is absent. Lipid is 1lsss sbundant
_than in mid and basal areasy
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Diagram of the d:.gestwe and sec,retary cell .of the -
dlgestlv-a gland epithelium in Litbtorina gaxatilis, '~ -

? 1

<bm - basgement membrane - ' n - nucleus -~ . .
cs - caleium spherite ) nu - nucleolus :
Ga - Gc)!irgi apparatus . pv - pinocytotic vesicle
ger - granular endoplasmic sd - septate desmosome
©+ retigulum " T1 - type 1 vesicle '
' Gy~ Golgi vesicle , T2 - type 2 vesicle
1i - lipid ' : T3 - type 3 vesicle .
m =~ microvilli - - g type I vesicle
mi - mitochondrion ! . 28~ zymogen granile h
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. Figure 2.22 . ,3 I

. A.series of diagrams showing the Qaséage of food- through

: the gut and the digestive zland cells in thtorina saxatilms
in relation to the tide. cyc‘le. ; , s

Pl

. Righ tide plus two and one haif hours. .‘i'hé ‘snails ave.
. submerged, active and feed:mg. Faecal pellets are being
* voided. The digestzveggiand is iv/ the absorption phase.

-2, High tide plus six hours., The snails are expoged and |

. jnactive. The mueus rod which is located in the stomach .

at the posterior end of ‘the rotating food mass is now

va.srblg The food gradually decreases in the oasophagtis (

until there is none lef't, Few faecal pellets can -be ob=

served. The digestive gland is now in the digestion
phase, i t 6

a0

3+ High tide plus nine hours. %he snails are-exposed ar;d
) inactiw?‘e’. The rectum w being f:,lled with fecal pellete
- -as the stomach contents are processéd. The mucus rod is
most prominent’ at this time. The d:.ges'tive gland is-in

the very late d;gestwrg, early excretary phase,

b, Hign tide plus* eléven- hours. . The' 'snails are exposed and
' indctive, They are soon to be submérged by the next
flood tide. ‘Phere iz no £o6d in the stomach by the end
of this period. Faecal pellets are now packed in the
rectum. The dxgesmve gland is in th@ excretory phase.

dg = distal stomach p@ - postemar oaaophagus

i- intesﬁine po - proximal stomach

mr - mucus rod : r - ractum s
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CHAPTER IIT =~ °

THE‘PARASiTESS AN ULTRASTRUGTURA& STUDY OF THE TEGUMENTS
T OF CRYPTOCOTYLE LINGUA REDIAE AND
" MICRO FﬁifﬁUS SIMILIS SPORGGYSTS o |

L INTRODUGTION = R
1;} . i T " » P

Digenetic trematodes requirethO or more hoats 1n arder
to complete the;r life ¢yqles.‘ Brlefly, the eggs af the )

‘$adult par381te are passad.off in ‘the feces of the final 3

host and are elther 1ngested by a snail or hatech into ¢i- Gﬁﬁf "

11ated, pyrzform~shaped miracxdia whxch.enter»the gastropod

‘ by actlve penetratxon. Once inside, they transform into

elongated sacs wmth no apparent internal structure. and it

is these "primary’ or mother sporocy&is which give rise to

‘daughter sporocygts~and/br xed;ae. The latter formg be-

come lodged wmfhzn.the connective tissue of the Jdigestive - .
gland tubulés and give rlse to cercarmae. Gercarzae ul~
txmately”ﬁ?!e out of their mqlluscan,host and evantually

reach a final host where they develop into sexually mature

V

-«

forms. .

o v ”~
- e

The 1ife cycles of Cryptocotyle lingua (Stunkard, 1930)
and Mlcrophallus similis (Stunkard, 1957) are considered en
the followang pages in the forms of schematic repraaent&-
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Microphallus similis: q o
- ‘ ] v - 4 2 : . ) ’C‘
; . | DEFINITIVE HOSTS:
o sea birdss -terns

" sea gulls '

T adult fluke

» 3
o
o3 N ( R 8

2ND INTERMEDIATE HOST
EATEN BY DEFINITIVE HOST

" i

‘[ -2ND INTERMEDIATE HOSTS:
shore crabs: . Carcihides
&(\’ . MAEnAs
metacercaria | H
\ 4
\ » s
GERCARIEE PENETRATE
. 2ND IN“ERMEDIATE‘HOST
i | - 4

15T INTERMEDIATE HOSTS:
i

/
molluses: borina
' TitEorea:
’ ; Irl ttorina

T gazatilis
W

mirdcidium
mother gporocyst
daughter—spnrocyst

cercarla ‘
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There are many morphological and phys;ologldalufeatures
whxch muat'have evalved in nrder to have allowed sn or: .
ganism to haeome.adapted for a’ parasitza exlstence. & |
structure whfﬁh has neée;ved coas;ﬁerable atﬁentlon and con-
tinues to be the subnect of many 1nvastlgat1ons is the °
, helminth cuticle (Lee, '1966], IﬁS'lmportance is selfwevi-
"dent in g0 far as 4t represénts ‘that fegion which makes -
eantact “with the hosi.’ Reééntly,iié‘has been discussed in
’ f the llght of certain immﬁnological faetbrs (Smyth, 1973). -

In contrast, to the]nematode cuticle which is a hléﬁly
f% protexnaceous, nonallvzng uaver;ng (Jamuar, 1966; Kan and '//?
navey, 1968a, 1968b), the platyhelminth euticle or tegu- ’
ment is a cytoplasmic I%yerf(Threadgald, 1963}, xt,l%esr

~

on a basal lamina and is connected-by protoplasmic pro-
cesses to tegument or parenchymal cells which rest in ‘the
general’parenchyma bf the body, Vhile the epider&is of u
the adult stages of 'both the Trematoda {Threadgold, 1963, ‘, *
19685 Bogitsch, 19684 _Hﬁlt@n ;n& Iyness, 1971) and the -
Cestoda (Rothman, 19633 Threadgbl&, 19654 imms&en. lﬁéﬁ) —
have been examined extensively, there has been relatavely
little work done for the develoggng stagen of -these hemu
ﬂmlhtha; In the éaée of larval Dig@&eé, a few studies
N . feature more prominently t@éﬁ others., 'Bils and Martin

“ (1966), Rees (1966) and Krupa et Bl (19671 1968) examined

‘ s ‘tho redial tegumenﬁ, while James et al (1966), Stareh and

A}
N
3
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_Welseh (1970) and Blbby and Rees (19?1) prOV1ded des¢rip-

- ¥

~
,»5610"
A
/

s

tlons of the sporoeyst tegumen%

“~
¥

Th;s study pr0pbses to examine the ultrastructure oﬁ»

- the teguments of ggyptoqotzle llngua rediae and Micrgghaggg »
51m1115 sporocysts as abserved fram their host Iattorlnaa '

N -

saxatllis.

in the light of what - xs already known.from

*otheﬁrorganlsms.
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‘. UATERTALS AND METHODS ° -

1nd1v1&nals Q$ thtorina saxafllls were collected évery .
‘ twa houré thﬁoughdut the tide cycle from the supralittoral

zone of’a sheltersd rocky shore at,Blue Rocks, Lunenburg !
Gaunty. Nova., Saatla. The shells were erushed at oncey an&
the snail bod;es were removed znd transferred to a petrl

‘dish containzng cold seawwater“fwhereupon they were examznﬁd‘

—

immedla*ely for parasitic Lnfectlon under a dissecting mi-
. ’ eroscoye. heV%arasxtes were ldentlfxed and two l -2 sq. :
. samples of that portion of the wisceral hump most
ﬁeavily infected were 1sa1aﬁed frpm the rest of ?he viscera.

o Ton >snails, - five infected wzth Crvntocotyle 11ngua and five

L
in aated with,MIcrophallus y&FillS were :recovered at each

anterval.ana @rocess&d xﬁ‘prﬁnaratlon for 1ight and elec- .
tron miﬁroscopy. In adaltxon, a number of 1nTected snalls
were returned intact tg the laboratory where they were 1m- )
madiately diggected, Subsequently. the developlng stages

. of 0, linzua and I, similis were idolated from their host
; A

-

: and studied in the living state.

Light Micreéaoﬁi | ’, - ]

" For examination with tho light,micrascope, the tissues
were flxed in MaQSOn s modification of Bouin's fluid (Foot.
1933) Tor four days then washed in ?O‘percent ethanol for
one day. Fbllowmug dqhydratinn. they were embedded in
Paraplast, embedding nediun (Sherwood Medlcal Industries

] A




b, preceded ffn?l °sedtionmg. Th;m nhelpad m z.danti:t‘y ‘%;ha\t
P

’ lpickea up ox; fomvﬁr«eoatedv copper gm.d’s (?0 mésh ¥, Thé e,

. - néss of sm:x %o seven mqrbns. Rlbboned sectm £ of 'ea,eh ,° .
n L

ere mcuzrteﬁ *on sildes and examnéd a ter /@ :mg

Feow

.
L 3 L

- well 38 w:.th a Namarski, ~1nterferﬂance mcroscope P
’ GJ@“‘ : s n‘u : o : R h i -
. 6E1ectr‘bn Mlcroscopy F TR ) ot .
v v, L & - !
;. I“n preparatwq for ,eleqt:pon mieroscnpy, -t:he t;ssues

n V(\,‘ VY a Lo

a

stored in cold hu;‘i‘efr (mllonzz s phosp?a&ea buffe ) for o '

fprty—e:,ght h?urs. *, The tissues. were subsequen*tly wsta L s

A »

v &y

& it

f@xe& ozozf two, hours ingold 0.9 percent osmium tet oxlde -

- o~ g . , . -

so‘}:utlon il Mlilonig 8 blxijxfer (pH 7 3), After *&eigy ratitm} Sy

N ’ ® ~ o

L Jas:-l.g-r‘ﬂ"'v“-’-»awr“'

sectn.enSo were double stamed ws.tuh alcq%alm ur,anyl acetate,
' (Stempimn& Ward, 19611») foz‘ ﬁf”teen mmwtes and wr!:h lead
c:.d:ra,te (Reynolds. "1963% for ”ten mmutea. All seatmns "o
N gwera exammed on a zmss E.H. model 98, ?relmiqa.ry *ligﬁt

P

e microseope observatmns of thzckrsectwns using the talu- :
e idme ‘blue sﬁamx@aethod {Trumpf ot 'al.q. 1961) always‘ 4 -

LY 7

A

ﬁ &egion qf *he ;:arasa,‘bé to be vleWed m*hﬁ the el g,ctrgn .o, R
i '4,'{ o h 4 ‘ - {?‘
rv'\ ‘ »:o’ i < ‘ 4;« “uu“ . o * B N 4 . ¢ . ,"':‘* }
\ ,..~ . R : l 5 A ’ .,)xl s ° ¢ ) \

“ &

e tamed mth glass Imwe%on a.n L, :(.ﬁ; }x;tratome and were "7 et
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P sucker +the pharynx anci the mtestme (F1g. 3. 1}.
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. crjmtocotyle lmgua red:.ae are pale grey sausagenshaped”

*

and grow to a length of 0. 5 - l 5 mm. When studied inawhole

N mount‘ the most conspmuous structures are the anterxor

‘The ’birth
‘pore, loca*bed ventra.lly ang mmediately pos-&emcr m the

1 Lk

-

suckerr and the excret@ry i;ores in the caudal third of the

hody are not vislbie.

' \ ment can be segn fr«m Flgura 3 1, the most mature erganisms

P

V, \.o ¥ e ik

i
f ‘ .
» ?f " I - |
[T E - 9
\ A | ‘)’ ) @ e @ .7 hd - N
» ; - \;L £ Fi . 5 ¢ - . - b :
' " I a\ . - P A voa “’ , a " 4
/ \\, {

L4

q -
* located in the candal part of the mda.a (Fl«&‘. ? 1,3, 2}« -

s .
© a0 ¢ 5 e
¢

mempnallus smalw sz:oracysts aré rpale-wm,te :m

cblour. . These oval-shaped organisms are ' immébile and in

gelneral lack “the high degree of structural development, ob=
' gerved from redxae of Ce __s;._;x_g;ug_ -Fhey. range from 100 « |
. 600, pm, in 1ength, &nd ‘when fully haburd, uazually ccmtain

-

v 10 & 12 cercariae (E‘lg, 3 3, 3.@). . | .o

,
- v
o N *

\ N B - [ &
-

o s ] N
L, TEGUMENT S - § . .

- . & ptacotyla .l:mg .,' L, - ; +
4 - ’ -
The '!;egument af G. mgu__a_ recuaa can.amts a:t‘ an dutar

bésal, lamin:a\ (Flg. 3 5¢_ 3¢ 6) and ig | coi\tmuoua wrth tegu«

&

N
-, &
=t &

E Y

4
A ? &
1 B .
b4 ® r

mfferent stagas of cercamal develop~-

‘“f occurring An the' apwal regmn, aﬂd “the embryom,c far‘ns R

¢

" syncy%ml anucleated cytcplasbim layer’g which aresta ema |

- orgenisns whmh dxsplay consa.demble momhty in‘their h@sts .

¢
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mentrcells lying in the general<parenchyma by means of
perxcdicrcyuoplasmxa connéctions (Flg. 3.6). '

?
r ¥

The' tegunent surface is tﬁro@n into numerous folds

- “

along Which there occurs a series of extéhsions that .are
oécasionally /branched. (Fig, 3.6, 3.9, 3.10). " These pro-

5
bl

jections. -range from 0.5 = 140—pm 1n smze and vary in
their distrabutxon denslty. bexng-most abundant tawards
ghe mid posterior regzons and.mnre gparseiy scattered 1n

. w

the anterior zone.. . - ’ :

a1 . o
-

PR . a -

[ Sm—

The thlckness of the: tegument is between Oflj 1.0

Pt andAls chatacterized by & llght«granularatyfln places.g

- It containa qu mtochanama, various umdentifxe@mem-
wgt

branbus bodies, glycegen pdrticles of the beta ‘variety -
(150 - 200° A) and the oecasxonal ;ip;d incluslcn (Fig. ;

i
r
1

3‘6. 3,10, 3 123, In add&tlon. membrane~bound veglcles -
possihly the product of endocy50$xs. éontaln matermal of"
medlum-heavy"eleatrOﬁ aenslty similar to that'fuund at;
_various -stages m*t:hm mhe invagifeted apical- piasmamem—
brane (Fiz. 3.8, 3. io, 3*1?}, Material c0n81derably more
alactron denge can be seen enclosed w;thin the txp5~af

tha microvilli (Fig. 3.6, 3 7)s as well as ln mxnute cyto-‘

v
i a - ‘ M 1& »
1 4
N [

Whe ua@al mambrane yeﬂtsfan a high wdnloting bmséi

*

r

1a1§5.m wi*teh\ wm@n iy charen @zemidesma@mes at vegnior ine |

i

LIRY
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tervals (Fxg. e ?. 3.10). The laming, . whose contaurs cor-

respondfto the general topography of the outer plaSma memp»

P

brane, ia;&morphous, about 0.1 - C. Z,pm. thlck;and separates

the euter 1ayer from.the mnsculature and’ tegument cells

s

;lyangalmmedxately beneaﬁh it (F;g. 3.10). “Occasionally,

1nvag;natlons of" the*basal lamina can be see% (Fig. 3,6)

and these prabably repreSent the sites of confznu1ty be-

*
o

tween, the outer syneytlal area’and the ‘tegument cﬁlls& T a

i
v, - y

7 Below' the baéal lamzna is an outer layer éf é;rcular
musci?‘and .an innér’one of longztudznal musgle (Fig, 3. lO),
Matoahondrza, glyecgen partlcies and lipid globulea can

P
-

often .be seen gmbedded in the sarcolemma of‘the muscle»
}cellsw Thls highly develope& musculature»na doub% ex-
plains the notility d*sblayed.by ﬁhe redlae wnthln their .

S t vk »

a

N -~
i

o

13 " ]

N
1 < %

s e
3

. The tegumeﬁt»ealls, wh;ch gerierally Lie ﬁéneath, but

Py

«

closely*applxed to the musculature. ‘can also be seen 1n~‘

‘ ft@rSpersed between thefmusule eells (F\g 3. 5)ﬂa Thexr

byl

v’"\endgylasm;c rat culum and ;saiaﬂed rzbusomea ean uaually‘
’erbe~hbg§erd, wh&le pr@files,pf granular E‘RJxand Galgx oo

iarge size and “the intzmate*conkaet whxoh thay have witn

eaeh other make At:diffi cult to study them 1ndivadualny.

They arekcharacterlzed by elongated nuclei, each passesﬁing
@ e@ndensed chr@métln gramites (Fig. .11), Mitochandria.
glJcogen paﬁtzcles and rasettas.(alpha and heta) cmoo%hw

w t |

- v

{ :
A

5

e
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. hodiea are leas common (.Fig. 3. 5. 3.10, 3 11) Eiect’ﬂbn
dense granules within elosely applied cell mémbranes, o
ranging ‘From 500 . 20000 A in diameter are observed m some -
prepa.ra%ims, ‘ Their electron dens:.ty is similar to material
_ previously reported to be contained within .the m;lcrovil?/‘r

- ‘tips (Fig.aj o). - L Lot LW

%
i

t

?Ihﬂe the gporocyst tegmnen-b of M.: ,smiéis is bas:,- s
- oally simiar to thgt of C. ti ingua - mdlae. cermin* dlffer-

S
. aneea do exist. . It too, is composed of ars oui;er syncy‘l;lalz e

" anucleated eyteplasmia layer which rests én a basal lamina
and is-joined o a subtegumerxt region by a Fumber of proto~
3 13 i ‘ .

~ plasmic connat:tmns: (F:zg.

a 7 ' s
- ] ; ti { b < hd 4 i
‘ b

The. sporobyst ‘tegmnent dmpl 8 3 falrly regular t@pe»

I

1

graphy in contrast_ to the Mghl convolited redigl surl .
.- face, althonga,inyagznéfea posket-ﬁmk formatiops can. be
seen at t:.mes {Fig. 3.17#)‘. It 'varies \ih t*hickneas frnm .

+ 7.0 pmy'and its apmal. mem‘brane Asg characﬁemzed by

¥

A 4 -
A
A

f

a a semeg of* fanger-—like mvaginatmns ranging from 0,1 =

§
[

4

‘the gurface &rea but also represent the Bi‘t&$ of. endocyw A

totie arct:.vi?;y. "Ihair temina;l ends usu&lly a,ppear swan;en‘ ‘
) @&r

m %E’ig. 3,13.’3.11@, :;-u:f.ﬁ).~ i e

" M 1 Ve

|
i‘ - |
! . 4 I’, , ! - (ks | o, 0

d,,mémghalfufs similis cLoL e

- ,9-6 1M in lengm (Fig, 3:1,3)‘ ﬁ‘hese ‘not onl:sr ini:rease '

» -
. -
N N Ly N * [}
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. m*t@ the subtegument and pmvuies Por the presence of,‘

s
s, -~ -

R

@he -matrix of the tegument z.sfccmposed of é vamable
3
but usually eleetran-lucent ground sy stance. It conthins"
dense granules {. 1 - <5 pm. in dmm er) bmmd By closely

]

applied membranea (F:Lg. 3.13) and pmocytatw vesicles

[P 3

pow

whose dlameters a;ange from .02 - 05 ym, and whwh §re aur-

. @

rounded by a very light granular caa'b {Flg. 1. 16}. Ahundant‘

, m:.tochondria and the @enasmnal lipid mciusion as we3.1 as
myelinated membranous whorls ca!h also bef seen, from ‘Bhl& -

- region (Fig. 3.13,1 3. 14, 3.16), Glycngen particles az‘e p;z'en

s

sent but-less common j:han Ofn 't:he,redlal tegwent , {Fxg.ca.?.é).

E - -
[ . T . a 4 - B
£

I

+ ¢ The ‘basal, 1amina is amoyphous, measures 1&0@ - 6009 4

tion “‘(Fig. j 13, 3.1&}« ﬁccasionally, it pbojeets slig tly

\v‘i

4

ﬁridges whlch ensure a continmty bemeen the two cytoo oo
P » L

aﬁd*.separa.teg tﬁ syneymal layéer fram the subtégumxent pcr~ )

plasmc\ ;regmns (Fmg. 3 13)4' ’ o t ]

- ¥
o

e a,u" Immedla'&ely below and ad:lacent to thq basal lamina is

a lposely arranggd outer layer cf circular muscle f:gbers
and an :mner qne of longmudmal fibers.q sThege are poorly

s -

&eveloped. espemally sa :m the cass, of the older spome-'

-

" ¢ 4] v !

Lt i ‘

Benea‘&h the musz;ulature and’ sepami;ed from the braad;
chamber (germmal cells) by a digtmct mne»r houndary is

the subtegument cellular regwn. Unl‘ike the. sf:egumant )

“
o
| 2 v » * ¢ ¥ 3
~

4

“ 4 @

", cysts wm.ch are a:kmw!: to- release '&hez.f/éraamq.e (Fig. 3.13).
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. cells of O. ;_:_?_._xggu__g._ the subtegmnen‘t does not appear %o be
o c.omposed ‘of separa*be and elearly defmed cells, rather 1'f;
' ’ assumes the form of & nneleated smyuum (Fig. 3 13, hwr.
) . The qy{leated regions appear denseﬁ“ “than the rest of the

L wtnplaem* Saa.splaymg %eensz.derabla grmular en-’ .
T 'dcplasmie* femculum (Fig¥ 3,13, 3.lh 3.15) as»wall as free .
- ) polyribospmes (Fig. 3. .W). . This contrasts with the dif- °

| fuae retiéulate cy‘coplasm around thém. The ucleatod por— |

PREN

P

" ' *I;he cy‘hoplasmw matemah . Jr&ore often. however,
{ . o podml-»like exténsions emanate and eannec*t; them with qther -

‘
N -

. K,,/ " nueleated areas or pro ject into the suz*rounda.ng cy-koplasm.
w0 - - thus allov;ing for fum,m af the 'two' cyto}lams (?J.g. 3.3.7)
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Glycogtm partit:las and rosettes, :.tochandrm. elec- \ ),
t trcn ‘dénaes granules smxlarf b%hose descmbed fram the . “

[ k) e w

. . i
t ¢ -
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& o tagument, numeraus lzpm mclusions and the occas.ional : o
T - strand of smooth endoplasmic retwulum ag:‘e oftgn obaerved‘ B
. lﬁ*y {Fig. 3;;13, 3;«14. 3; 17). - Galgn. boéxes charae'ﬁemaed ~by o

' S. short roundea c:.ste e wmch gare rgla‘trvely eilactron s

So L lucent and in t}m ea of" which thefe are numamus clear |
. . vaaxcles, al.sp pmvail in thm nuc.‘!.{; d reg:wm (Fz.g, 3 17’ i )
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e, The tegument of C. _gg_g_t;_ rediae and M. smilis eporo- - :
s 8@ StS& conforms “to the baslc organizat:.on of this structure -
o *; " as. aescrihed previously for the d;f,ferant trematoda stages St

e (Threadgold. 1963; Bz.g.s and Mart‘m, 1966; _Dee,, 1966, and

f "' - . for cestodes hreadgoid. 1962c 1968; Rothman. 1963; P .
QJK‘\/ ~Lumiifr{,fl9éérf e, ) ‘. T w‘ ’IA

- : ' R in bcthﬁbrganlsms. then?pical membmane g:Véa rise to T ' f s

a ser:es*“of mnu‘tmtruc‘bures; far;;lmg elongated; sﬁﬁeﬁmés )

| SRS bram:hed pm;;eetmns in »zjefhae; and fmgr'er-lzka mvaginations "
. m the sporocysta. mheir role in muraamngf the exposed ! -

»ﬁ‘fs W surface area-. as we,ll asJ pa::tie:.patmg in® endocytosis. at - | R ﬂ

f’ ’ ! I‘J;qe'ast m the sporocyats aﬂd p‘bas:.bly m the rediae, is, ' ; ’; ; o
U “ ‘quite . apparen‘b. Moxiemrgrw ‘their funef:ians can be' compamed L
ST | -, . Mto those of the ‘m:.erotricnes des&mbed from cestédeg ‘ . S

T ’” .. [Phireadgold) 1962.; -Rothnan, 1963) and ‘vvémous other japwal Lo e
e - ,im:egular mes mclvdg:ng m:!.chVJ.llL. branehe& processea. e

o S surface prd;tec:l:zons, etc.y ' as, ‘Teported from Mhex ‘t:rematode “ .
: “"?f 3.a”:r:vae (Rees‘ 19661 Krupa arf;‘aln l%?t

R L e o i,
; - o 2 ’v; e 19?1)’ "; . ,fpb C e , K
. | 4‘ & t o a "y Qg[: ,,‘ {,/ h g_: N ltf\” ):5
R Gchagen paz“‘h;z.ciee.
s e pl,a;,ring )ugh metabollc a,otimty were abaerved fﬁcm the
. Y
e e oA taguments o:f be‘ah parasi*bes. s Th- additidn, the mitoehdnﬂria AL
1 ” ‘ » ) ) N . )
Ty ’ S in the tagmnent& pmbably provmo th"'ss eriérgy necaasary 't‘nm,@ W
a f " 4,
e v L f\:ﬁ « w t % -,
"~ '] . et ¥ g 3
: *}mg . the extenswa membrane acmvi*&y, The m!a.al *tegment cbm.,w R
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e M\% "o the presence cﬁ A func'bioning gut wh:ach assumes to some ex-’

=4
©

7 . Bome. workers who imtially sapara’i;ed the parasxtes frqm ’

o

. . * their.liosts, thus complietely ,faa.lmg to observé pinocy- -
totic "“-{f&m (Regs, 1966) or mfrely"assumng tne occur= | ‘ “ e

\ AP invagiuatmng of ‘the hicrovillis’ border‘ SRS
> ’V‘ﬂ ¢ * k-

et marr.ts aytoglaam of the sporocysts ccntam smooth oxxc;oplv.

. oy

v -
> Y

vt tains rav;er mi‘toehondria. and th:.s mi,éht he explained by

tent- the role of food acquigition, . m thxs way relieving \" :

@

»

ter they "had “been removed from their hos (James et al.. k,,,
196“6; Krup;a et al.. 19671 Rees, 196 Reader. 19?5). _ f

L3

’

N 5Ita intarfacé. and examines. the parasites in tha::r netive
. environments. i.e, jmmedzatelgy adaa,t:ent to hest tz:ssue, "

' Because the parasi a5 werg not rsolateci ﬁ'om their’ i"uod -

[

‘ su’bstmte. pmocytfszgs and vpirxocytom vesz.cles' ~were xeadily
- observed‘ !mx?.s coxz:brasts wi'bh '?;he obsarva.tions reported,by "

I~

" i

n 7

L modi.fié&’bians (Krupa: &t al.. 106 Reader. 1972)‘ eyg.

‘ ~ j \ N
m redial tegumezrt gells and the nucleated snbtcgu

“ PR}

., petieulum aharactarista.c p:r calls participdtmg in the A
_ #ynthesis. of lipida, and alsq gr&nular gndopl#mic rq]tj,a ;e
culm imown 1o be a.saaciatad with protein synthasim The

proemc% of dance grahuua contained m.thin ﬁght-&’:;.tﬁng
4 v . r T ) ’i‘\ - - h ' ‘1\ s

the toguman'b of *t:he entire burden of 'food a;bsorpt;on. b, T

1 3
mmcc of plnoeytosiys on bas;{s of various structurdr - ' - .
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membraneé, as ohserved fram “the tegument and subtegument re-

‘glons 1n bnth parasltes, may represenf a form<df secr&tany :
' product. Because material of similar electran dmeity ha,s '

be%gn ogaerved from tha tips of redial microvilli, and also

”becausa ef the prasenca of Gclgi ‘bod;ea such granules may.

_indeed.be a %Jpe of secretory producﬁ funotmonally rela:t*cd

° to the Galg:g body an.l‘/or to the .granular »endpplasme re=
v
’txculum. The presence of axial filaments in tlie,mz.crovilli

b,

anhtheir possible asaomation with the preﬁuction of ena
w{xes has already beef coneidered in the case of the rat

-

ovxduct and jejunum ep:.thelmm (}Iansen and Heman, 1962 -

' as cited by Brown and Bertke, 1969). Electron dense

granules similar te zymogen-h,ke granules have been re-
ported. from adult (Burton. 1964 Threadguld, 196?f Ha.ltbn

0_‘and anesg, 1971) and - 1apval trematodes (Southgate, 19703 @

1]

& setretory role., ! e 0

Bibby and Rees,-1971) and ‘:bhesq Have usually beemassigﬁed

-

+
1

¢ =

Alkaline phosphatase ias heen shown %o have an im-
por“han‘t functwn in eagbghydrate métabolizm (Von Brand, i‘
1952). Ité presence in the tegummt of other laml tre-
matoaes has beeri demonstrated (Gheng, 1964, James a»l: tl..'
1967: . Readery’ 1972)'and associated, with &n incraaau of
glycogen and glucoaq in the pamaﬁze and a ccrreaponding

i .
decrpa,ge from the host. It has not Been definitqu ahmm.

however, that it is the densé granules discussged ‘abovs 1

< .
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which représen’t the sourée of such an enzyme; ' -

< al

’ Krnpa et,a “‘noted the ‘presence. ‘of acid phosphatase | -
in lysasomes of G. _@593._ reda.a.l tegumen*b »cells. Thesea' l .
struc;ures may correspond to the dense" granules observed
1n the vediae of -, __gg__,and sporocysts ‘of M; sxmllis.- s
Likewisa, Reader (1972) reported the presence of thejenzyme !

. in the cytoplasm of the=redxa1 tegutent of Sphaeridotrema

. glebulus, natmng*mts abundance in the;ccres of ¢ m;cro- .
villi. It was also observed in what tha authot” referred to ~
as *mmall lysosome-like bodies”, K 1 g

9 :
w -

‘Theﬁefmust be both influx andﬁéfflux across the apical
tegumant mamb?anes of the parasises. mGreover. because the -

germinatlve cells deVeldp in;dlrgct response to the avaxl—
L abmlipy of f yod for the parasztes. it bécomes 1ncreasing1y
- clear that %ons;derable nutrient must go %hrough the tggu- '

¢
1

ment in order ﬁo raach the braga‘chambaru Unlike sporo, |

<ysts, where a%% food'must pass aeross tHe wﬁll, the fune= - f :
gg_ping gux of the r@dlae provxdes an additxonal sourcefox

«

the acqui81t1qn and proceasing of foad. However, because

t

the'intestins does not cont;nué 0 develop in‘proporﬁmon to:

the rest of the body, t ultimateiy c0mes to- -oceUpy only a “: _
? fraction of .the total volume 1n the mature redia- (Stunkard.
1930). $hereﬁore’ the radia too, must gradualiy-rely more

haavlly on the tegument for the acqulsiﬁman og xts food.

ps

- dspeciaily in the older forms. .It is also reaaaﬂabla to
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‘. the sporoeysts. Ohservatwns indica‘ﬁe that *am;acytaéia

are tetally dependerﬂg on- st’mh a mechamam fax fomx pro- ‘.

v M .
a - 3 ¢ - "
a 4 - O - -
- - ' . -
x ~ v - .
% “ <
f -

- axpect tha'(z there should ‘be an, mcrea.se in micravzni emd

‘membrane actlvity :.nt the pustarmr th,’m& oi‘ 'l;he body; éa

has been observed, smce th:.s is the re’éitm where» ambryo-»

17 ~ o !
° @

gene:ﬂs 19 taking plac:e and’ one which reéaires cons:.derable ,

energy. - o - . -

~ -
> -~

¥ - Fmallyf an asnect of dzgastm}q whmn warrants cluser

-

A{
attentmn and "has thus far been n glected concerns whéthez‘””‘
an imposed rhythm of :t‘eemng acc}Zs in the parasites aimilar
to_ that”shown for L. sgxaﬁ:.l:.s / ( Ghapter 2), and: one that )

can be. covrela‘!;ed to the dxge;%/tmve state of the host. It -

. is only recently tha'b the quésj::.on “of %he possible effacts

of host nutr:.tion on -a wom bﬂrden has been raiseéd (Wrigh‘h,
1971) The results of sﬁEh é“tudn,es mlghlt eventualiy help e
to explain the relatiVe degrees of adaptation by different

paras:_t s o thén,r haﬁ*hs, on the bas:as oi:‘ regulatad or un- ',~

o

0lled feedmg. b e ., |
.0 . -[ : . |
In-. smnmary, -the tggument of C. a.ngua radma and M«
similis sporocysts cor;farms to Lts oﬁganlxzatzon ag daacribed
for d:.genean trematoden By [other workers. In Both in-
s'bances, thfs apx.cal membrana gwes ,r%.se to g Bm:‘iéa n:t‘

mﬁute structures, *f'rhese asswnee *bhé :E’orm oL' branched pra-
ecf:’mns T tpe red:.ae and fmgemlilsa iny &inaﬁions in

’

. is cammon in both organiama‘ While My ‘similisg sp}:roaysts .

¢

‘v-b'i:
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curement, Ce . mg reda.ae also p‘d?sseas a :Eunetionmg gv.tu ?
T vﬂrxich, %o some e:gtent, re:ﬁ;ihves the tegument of i‘ta ‘role of ; “r
e ‘ food absorption. A basal, 1dmina separates tna tegmnant frmn .
o tegument .cell in C. ___g_zm._ red_taa #and from a syneytial sub- )
) . tegument region in . smzhs sporocysts. cytoplasmlc - "
< ., connectmns ensure a ccnstant exchangé between the t‘egume;rts >
. and the subtegwnent area.s. The tegumen'b is régarded as an -
) . N
* _ impurfam:t ;structure since it is tha*& regmn of the para.si'te -
.~ which.makea the mo?t intimate cpnta,ct ‘with the h&st. -
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Pigure 3.1 . ' -

Presh mount of Cryptocotyle lingus redia contiining
the different stages of cercarial development. A progres-

sion in cercarial complexity can be traced through the
redia from the early embryonic stages in the caudal region
to almost mature forms in the apical region.. Note the
corrugated body wall and the greater thickness especially
fn the mid-basal portions (arrows). It is in these re-
£lons that major differentiation is taking place. Note
too the relatively small gut (intestine) in relation to
the rest of the body. Partioulate matter of hoat origin
can be qbserved within the intestinal lumen.

es - cercarial eye spot " p - pharynx
{ « intestine ( Nomargki Interference)
os - orsl sucker

! . x320

< -

o
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Figure 3.2

Presh mount of a mature C. lingua cercaria. Note the
broad, long rhapalocercous tail, eye spots and oral sucker,

es - eye gpot
o8 - oral sucker \\\
( Nomarski Interference)
x240

Fi e 3, \

Fresh mount of a mature Microphallus similis cercaria.’
Nots the characteristic stylet and the oral sucker.

ep - excretory pore Pg - penetration glands
os -~ oral sucker 8 - gtylet
( Nomarski Interference)

x252 .

Pigure 3.4

‘L, Fresh mount of M. similis daughter sporocyst containing

eveloping cercariae. Note the stylet of an immature cer-
caria, Unlike the C. lingua redia, there is no gut present
in the sporocyst. The apparently clear layer immediately
under the tegument is an artifact.
¢ « cercaria s - stylet
(. Nomarski Interference)
x252
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Figure

Cross section of C. lingua showing the different re-
gions of the redial nall and tha position of the parasite

with respect to the host cells,
ad - apical border

¢bl - cercarial basal lamina ™m -
CER - ccrcaria‘ . rt -
¢t - cercarial tegument SC -
hbl - host basal lamina

gc - gland cell sg -
n - nucleus te -

rbl - redial basal lamina

redial muscle
redial tegument
secretory cell of
host digestive gland
secretory granule
tegumont‘cell

x10,000
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Pigure 3.6

Cross section through the redial body wall showing
the invagination of the dbasal lamina (arrow). This re-
presents the site for cytoplasmic continuity between the
syncytial tegument and the tegument cell. ,

bl - basal lamina

11 - lipia

mi - mitochondrion .
sy - secretory vesicle
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Fi s 3.

Cross section through the redial tegument showing sur-
face projections which enclose material of medium dense
granularity, possibly the product of endocytosis (arrows).

Note too, very small dense granules from the tips of the . -
microvilli (thin arrows), The latter may have a secretory
function.

bl - basal lamina hd - hemi-desmosome
het - host connective tissue P - surface projection
x14,400
; o ’
%
Fimure 3.8

Bnlargemont of part of Figure 3.7 showing apical pro-
Jections with medium dense granular material contained
within thenm,

S
x111,340

ot
. o
Y

Pigure 3,9 T

Cross section through the apical membrane of a redia
showing poasible method of phagocytosis of host tissue.
Note the invaginated outer memdrane and the characteristic
folding of a surface projection (arrow) engulfing extra-
cellular material. Note too, the characteristic branching
of a surface projection, '

x102, 550
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Figure 3.10

Cross section through the body wall of C. lingua redia.
Mitochondria, glycogen particles and vesicles containing
varying concentrations of material occur in .the tegument,
The latter may represent the endocytotic vesicles, the
Jormation of which has been described in Figures 3.7 - 3.9.
Note the highly folded basal lamina and the way its topo-
graphy corresponds to the contours of the apical membrane.
Note too, the highly dcyeloped musculature composed of the
outer circular and inner longitudinal fibers., Glycogen
particles and rosettes, profiles of smooth and granular
sndoplasmic reticulum and dense secretory granul,s con-
tained within closely applied membrsnes, similar to thome
located in the tegument can be observed.

hd - hemi desmosome
Im - longitudinal muscle
mi - mitechondrion
gar - smooth endoplasmic

am - apical membrane

bl - basal lamina

cm - circular muscle

ev - endoocytotic vesicle

ger - granular sndoplasaic reticulum
reticulum sv - gecrstory vesicle
€ - glyvogen particle t - tegument

&r - glycogen rosette
xh4, 500

Pigure 3.11

flectron micrograph showing & nucleus from a redial
tegument cell, Note the slongated apparance of the nucleus
and also the characteristic condensed chromatin.

1 - 1lipid n - nucleus
’ x7,200
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Figure 3.12 - , ' ,
Tangential section through the redial surface of Ce
* 1ingua taken at high magniﬂcatg% Hote the abundant
‘" glycogen particles as well ag-Ahe prnnco of what is quite
prodabdbly endocytotic vesicles, Thel/variation displayed by
» . ¢ ‘these structures in their cloc;:\rbn dengities, may actuhlly
be a reflection of the different states of digestion.
Note the numerdus membranous elements of unidentified

L Y

origin (arrows). ~ ) 2

ev - endocytotic vesicles'
€p - glycogen perticle
! . x71,000
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Cross section of M. sjAjlis showing the different re-
gions of the aporocyats wall and the position of the para-
site with rumct to host 4digestive gland cells and pha-~
gouytic cells. Note that the apical membrane gives rise

« to finger-like inveginations and does not dleplay highly
folded topography as ls characteristic of the C. lingum

" redial tsgument. Note the presence of denss. secretory
grenules losed within tight-Titting membranss. Ndte
to0, mg;ziu:h more poorly developed musculature than that
charactristic of C. lingus rediae. Heavy arrows indicate
the location of a cytoplammic connection between the
tegunent and subtegument regions.

. &p = apical border )
abfu = amorphous ‘border upuntm brood chubor from sporo-
‘ ; syst subtegmment. J
af - apim inwginations . mi - mitochondrion ;
Bl - tagal Ismine n - nucleus )
’ UBR - cerearia FC - phagocytotic: oell
, om « olreviar mucle SC « sscretory cell

w_= adouytotic vasicle * 8¢ - secretory vesicle
o
a - Gyoagn particles t - tegument
- Wld o
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Cross section of M. gimilis sporocyst body wall, Note
the sléctron dense region within which the nuclei are em-
bedded in the subtegument. Note too, the pseudopodial~like
extensions from the dense cytoplasmic areas and how they
make contact with each other (alsc seen in Fig. 3.17).

Unlike the tegument cells of C. lingua rediae, the
nuclel do not contain condensed chromatin along the inner.
membrane. The nuclear plasm is characterized by a homo-
geneous medium-light granularity intersperzed in places
wlth larger and more electron dense granules.

BC « brood chamber pe ~ pseudopodial~-like
bl - basal lamina . extension
11 - lipid pi ~ pocket-like inva-
n - nucleus gination of apical

. | membrane

t - tegument
x5,220
Pigure .15
1]

Cross section of a nuclets from M. similis sporocyst
subtegument., Note extensive granular endoplasmic reti-
culum and mitochondria surrounding the nucleus.

gor - granular endoplaemic reticiilum
mi - mitochondria n - nueleus

- x22 » 310

e
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Figure 3.16

Cross section of apical invaginations and tegument of -
M. similis sporocyst. Note endocytotic vesicles displaying
characteristic light outer granularity and pinching off the
terminal ends of the invaginated, finger-like protrusions.
Note also the large number of mitochondria and the empty-
looking membranous inclusions.

ai -~ apical invagination gp - glycogen particle
ev - endocytotic vesiple < mi - mitochondrion
ger ~ granular endoplasmic reticulym

x34,760

wf

-
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Figure 3.17

Cross section of the subtegument of an M. similis sporo-
cyst. Note Golgi bodies in the region of the nucleus. Their
cisternae are’ distended at their margins, ‘giving rise to
large electron lucent Golgi vesicles. )

The arrows in the inset point out the location where
the Golgi bodies occur in relation to the outer structures
and regions of the sporocyst. Fusion between adjacent
dense cytoplasmic regions is shown in the inset and is desig-
nated by the symbol F. The identical feature iz shown in
Figure 3.17 only.at a higher magnification.

F -« fusion between adjacent dense cytoplasmic regions
Gb ~ Golgl body

Gv - Golgl vesicle

€p ~ glycogen particles

gr - glycogen rosatte

ser - smooth endoplasmic reticulum

x28,480
x3,240 (inset)
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CHAPTER IV

THE INFLUENCE OF CRYPTOCOTYLE LINGUA AND MICROPHALLUS
SIMILIS ON THE DIGESTIVE GLAND CELLS OF LITTORINA SAXATILIS

INTRODUCTION
The host parasite interacfions betwesn the parasitic

larvae of digenetic trematodes and members of the phylum

of scienti
tiated and carried out in an effort to assist in establishing

Mollusca have generated numerous lnvestigations on the part
!%;i The work presented in this chapter was ini-

_certain general principles governing the dynamics of such

interrelationships. .

Examination methods for studying hostuparasite ags0-
ciations are undoubtedly varied, dbut for convenience sake
they can be broadly categorized as follows: 1)1 ecological
relationships, 2) biochemical and physiological relation-
ships using quantitative methods, and 3) relationships at
the tissue level. Many investigations have focused their
attention on ecological relationships, both in the field
(Rotschild, 194la, 1941b; Lysaght, 19413 Berry, 1962;
Sinderman and Farrin, 1962; Farley, 1967; James, 1968a,
1968b; lambert and Farley, 1968; Davis, 1972) and under
controlled laboratory conditions (McClelland and Bourns,
1969; Meuleman, 1972). These studies considered the ef-
fects of infection in the host on such processes as re-
production, growth and survival, and take into account

!

vt
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such variables as host sex, age and size. In éontrast, the
biochemical and physiological studies are fewer in number
{Vernberg and Vhrnbérg. 19673 Duerr, 19673 Wattes, 1070;
Davis and Fhrley,‘l973); alﬁhough relevant investigations
concerned with the biochemistry and physioclogy of digenean
treamatodes (Friedl, 196l1a, 1961b3y Cheng, 1963a; Vernberg
and Hunter, 1963; Reéd, 1968) or individual uninfected
molluse spacies (Fretter and Graham, 19623 Wilbur ahd
Young, 19563 1968; Emerson, 1967: Purchon, 1968
’Lawrence and Giese, 1969) hgve 1ikewisalcantributed eXw
tensively towards a better understanding of both groups of

organisms and their influences upon each other,

By far the most common types of studiés on trematode-
mollusc interactions are thoss in which histological and
histochemical methods have been employed in attempts to
determine the forms of damage induced by the parasites qni
their hosts, and the naturs of the exchange of materials
betwesn the respective organisms, The early pioneer work
1n‘thi¢ field was performed by Faust (1920), Agersborgh
(1924), Hurst (1927), Rees (1931), Rees (1935), and the
last deoads has witnessed the output of a vast amount of
1iterature on the mubject (Cheng ahd Snyder, 1961; 1962a1
1962by 19631 Cheng, 1963b; 1963c) 1565: Cheng and Burton,
1966; James, 19651 Porter, 196%3 19703 Reader, 1971a,
1971b). This has.been reviewed comprehensively by Wright
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(1966) and by Cheng (1967). It is noteworthy that up to the
_ present time there have been-no studies in d-ptﬂ'on the of-
fects of parasites on their molluscan hosis at the ulira-
str&cturgl level. Only Meuleman (1972) has considered this
method of examination, and her work is relatively brief in
this respect. It 1s alsc fair to say that most of the em-
phasis thus far has been placed on the effects of the para~
sites on the digestive gland. This is to be expected,
"gince as mentioned previously (Chapter I), it is in the in-
terlobular haemocoel of the digestive gland that most tre-
matods larvae ultimately lodge and tap their host's energy
resources often~times to the ﬁoint of exhaustion.

Rees (i§3§) propossd that there are thres main causes
of damags to the digestive gland - first, physiologlcal de-
gradation due mainly to the utilization of the host's food
reserves or to the accumulation of the parasites’ toxic
substances (Cheng and Snyder, 1962a; Hurst, 1927; Rees,
1936)3 second, mechanical damage resulting from pressure
of the parasites’ germinal sacs on the lumen of the diges-
tive gland and the formation of a 'blocking layer' which
interferes with the normal passage of food through the di-
gostive gland (Rees, 19365 James, 1965)s third, direct
ingestion of digestive gland cells, attridutable primarily
to the redial larvae, since unlike sporecysts, they are
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equipped with a rudimentary gut and muscular 'pharynx’:

(Rees, 19363 Cheng, 1963c; Porter, 1970s; Reader, 1971a).
It is quite possible that any or all of these factors may

be in operation for different asscciations, depending on the
organisme involved (James, 1965; Rees, 1936). ’ \

Much attention has been devoted to recording gross
morphological and ct;mposiftion changes in the parasitized
digeative gland. Less time however, has been spent in .
trying to determine the exact pattern or sequence of events
at thc} cellular level, i.e., the range of differences or
changes which exist between an infected, but relatively
healthy cell and a parasitized and totally degenerated cell.
In this connection, it is important to pay heed to the di-
geative cells in their actual proximity to the parasites,
since a cell which is iuodi:toly contiguous with the para«
site's surface may exhibit considersble variation both in
content and structure when compared to other cells which -
are mersly ‘neardy’. The problems of studying the extent
of damage in digestive gland cells as induced by digenetic
trematode larvae, become compounded when we recall the pre-
sence of phasic aotivity in the digestive gland cells of
molluscs (Chapter II) and especially when all states of di-
gestion may be represented in a single individusl (Purchon,
1971).
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In the past, the concept of phasic activity has boo;m
studied . in bivalves but totally neglected in the cass of
gastropods. Morsover, nd ‘research has been conducted on
the effects of parasites in their mellugcan hosis in re-
lation to such phasic activity. The progent work will ex-
amine the effects of _g_; lingua and M. similis ”op the diges-
tive gzland cells at -!éhe host~parasite interface level (i.e,
that region where host cells and parasite surtacgs”ﬁi‘re in
di/rect contact with sach otheg) and will attempt to cope
/Qith those variables which result from the existence of
] // phasic activity. |



- 88 -

£ 3

MATERIALS AND METHODS

P o

Six individual snall samples of Littorina saxatilis.
wers collected from the supralittoral fringe of a Smi-sl;ll-
tered rocky shores at Blue Rocks, Imanbfxrg County, Nova
Scotia, between October 8th, 1971 and September 28th, 1972, °
In an effort to study the effects of Cryptocotyle lingua
and Microphallus similis on the digestive gland cells,
sultably infected or uninfected snalls were selected and 2~
series of histological, histochemical and ultms-tructml
techniques were smployed, the procedures of which are de-
soribed delow. ‘ b

o

A clear pattern of rhythmic t“c‘ti.vlty for the digestive
gland cells imposed by the periodicity of the tide having
alrsady been established (Chapter II), specimens were col-
lected from the shore at two'hour intervals over a half or
complete tide cycle (see Tadle 4.1). When the m;ils ware
removed from the rocks, the shells were crushed and the
bodies were rinsed in cold sea water and then checked for in-
fection, Only uninfected individuals which would serve as
se snails infected by one of the applicable
ites were retained.

N
The digestive gland was cut off from the rest of the /
viscera and dissected into two, sometimes three 1 - 2 cudbic

tillhdt-r parts. These portions were subsequently immersed
ri‘l
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in separate vials which contained the app:;opx;i‘a%e Tixatives,
The vials were positioned into one of three wooden racks, de~

‘pending on whether the tissue wags a) uninfected, b} in-

fected with C. lingua rediae or c) infected with M. similis
sporoeyati. PWhilo all the n;aterial for any particular test

was treated in an identical manner, this method of isolating
th; different categories of tissues eliminated any confusion

regarding what was to be examined.

Light Microscopy

) Tisgsues to be examined with the light microscope were
fixed in appropriate fixatives, dehydrated in ethanol,
cleared in benzens and embedded in Paraplast (melting point
gé - 57°C). Serial sections, cut at a thickness of 7 pm.
were stained, dehydrated, cleared :S,nwtwo changes of xylol
and mounted either in Permount p;lex; Variations from this
procedure will te pointed out :{n the following- paragraphs.

Both conventional, as well as phluia microscopy were used.

For general routine investigations, tissues fixed in
Masson's modification of Bouin's fluid (Foot, 1933) for
four days ‘and washed in 70 percent ethanol for one day,
were stained by the Mallory's Triple Stain Nethod (l;mtin.
1964)- ¢

LY

Proteins:s In order to identify the presence of and the

changes in total protein content in the digestive gland
s

-

o

/



-91.-

cells, the Mercury-Eromophenol Blue method was employed
(Bonhag, 1955) after initial fixation in Bouin's fluid (Fb;t.
1933). (4 comprehensiveoanalysis of &1l the histological
and histochemical methods used can be found in Appendix I).

g;g;g} Two histoch;mica;.mathods wers employed rog purposes
of identifying lipids. Bound liplds were detected arter the
tissues were fixed in Baker's formol calcium and stained by
the Acetone-Sujan Black mothod (Pearse, 1968).

In order to localize and identify neutral fats, tissues
were fixed in formalin sea water at & - 5°C and then embedded
in Cryoform. Sections were cut at a thickness of 15 um. on
an American Optical kryostat (Model 840) st ~20°C and stained
by the 0il red O method (Lillie, 1944) as recommended by
Pearse (1968).

”carbobxdrate: For the demonstration of carbohydraicuconu
taining substances, the Periodic Acid-Schiff (PAS) (after
McManus as cited by Pearse, 1968) reaction was employed on
Paraplast-embedded tissue. One group of specimens was fixed
in Baker's formol-calcium (Pantin, 1964), and another in
alcohol at -73°C. To ensure that the positive PAS reaction
wags due to the specific oxidation of glycols, sections were
exposed to Schiff's reagent without prior oxidation in
periodic acid.

-
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'NGlyoogon"was demonstrated both with the PAS reaction and )
the Best's butmina technigue (Ruthman, 1966). 4s for the de~
tection of other carbohydrates, the, tissues were fixed in
Baker's formol-calcium or alcohol («73%C). Controls were
treated with saliv@ﬁor 10 percent malt diastase in 0.9 per=
cent NaCl for 45 minutes at 37°C in order to snsure that it -
was 1ngned glycolen which was being tested, In addition,
samples of Guinea pig liver were tr;ated concurrently in a
similar manner. The latter acted as a known standard and
thus provided 8 comparative basis for the higtochemical

methods.

Por the identification of glucose, a modification of
the method of Okamoto, Kadota and Ooyama was employed (Pearse,
1968), Tissues were fixed for 24 hours in methly alcohol
saturated with barium hydroxide at 3°C. Unlike other pre-
pared -tissuss, sections were mounted on glycerine-albuminized
sli ut were not flattened with water, in order to avoid
displacement of the hexose.

~a

Bngymes: In preparation for the cxanin;tion of nuclei acids,
tissues were fixed in Lillie's acetic-alcohol-formalin at
8°C for 24 hours (Pearse, 1968), and were subsequently
stained by the Pyronin-Methyl Green technique (Jordan and
Baker, 1955). Controls donsisted of sections treated, be-
fore staining, in ribonucleass at 1 mg/ml in distilled

water for one hour at 37°C. '
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Tests for acid phosphatase (Gomori, 1950) and alkaline
phosphatase (Gomori, 1946) were performed as outlined by

. Pearse (1968). Tissues were initially fixed in cold bufflersd

formalin-gsea water at 4 - 5°C and embedded in crwitorn. They
were then cut on the kryostat (~zo°c) at a thickness of ap-
proximately 15 ym., incubated in the appropriate sodium B~
glycerophosphate solution and treated with an 0.0004 M lead
nitrate solution for acid phosphatase, or 2 psrcent calcium
cobalt solution for alkaline phosphatase,

In o%der to localize the precipitates which resulted
after the tiscues were incubated in the suﬁstratc media,
sections were immersed in a solution of ammonium sulphide,
Sections which were not exposed to the sulphide during the
normal course of staining served as suitabloacontrola.

A resume of all the histochemical technigues applied ,
appsars in Table 4.2,

\jf -
Electron Microscopy !

All infected tiss&ca examined with the electron micro-
scope were treated in a manner similar to that already de-

Nt

scribed in Chapter 1I for the unparasitized snails. As de-
fofe, preliminary observations of thick sections (1.2 ﬁ-.)
using the Toluidine Blue staining method (Trump ¢t al., 1961)
preceded final sectioning. Because of the difficulties en-
countered in obtaining large ultrathin sections, mainly due
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to the cutting problems presented by the calcium spherules
in the secretory cells, studies were performed on thick sec-
tions wnder the light microscope, and extra-fine trimking
techniques were employed. Only in this way, was it possible
to 1dcnt;;y and isolate the host-parasite interfaces and\lt
the canc"fian recognize the various pathological states (see
next paragraph)., Further elaboration of the ultrastructural
procedures can be found in Appendix I.

>

Genersl Procedures

On the basis of the results obtained in Chapter II, it
became firmly established that a rhythmic cycle of digestion
occurs in the digestive gland cells of L., saxatilis., Studies
on infected digestive gland tissue revealed that there are
three distinct pathological states throughout the phases of
digestion, both for digestive cells infected by C. lingua,
as well as for thome affected by M. similis. (For a further

clarification on the criteria used in categorizing the
pathological states, see OBSEAVITIGNS -~ GENERAL PATHOLOGY).

In an effort €o acquire a rough approximation of the re-
lative numbers of cells displaying the various pathological
states for each of the phases of digestion, a routine study
was performed on sefially-sectioned infected tissues from
specinens comprising Sample 1. All digestive celle forming
part of a digestive gland tubule and at the same time having
contact with the outer walls of larvae of sither parssite
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were counted and placed in one'nf three categories according
to the deéree_of damage exhibited. Because digestive cells
are approximately 100 - 110 pm. in length, counts were made
from svery sixteenth section and then only from tubules lo-
cated in regions 6{ the sections not previously examined.
This ensured that the same cells were not being counted more
than once. An étte?pt to count at least 100 cells per speci-
ﬁen was made, but dup to the presence of the eccasional ex-
tremely heavily infec%ea or lightly infected organieﬁ, this

was not always possible.

' While the above findings on the extent of damage of fhu
digestive glani cells were achieved by means of conventional
histological technique, they were corroborated and consider-
ably expanded by the observations made from electron micro-
‘graphs (see OBSERVATIONS -~ ULTRASTRUCTURE OF THE INFECTED
DIGESTIVE GLAND CELLS). It was only after a vivid elucida-
tion of the morphology and of the changes induced in the
structural integrity of the digestive gland cells of C.
lingua and M. similis, that it became possible to undertake
the histochemical work (Samples 2 -« 6). An outline of the
various tests and proesdures which collectively gq#m the
framework of this study is offered in Table 4.2,



OBSERVATIONS

bENERAL PATHOLOGY ’ A,
’ The sequence of morphological changes in paraait%fggﬁ/j
digestive cells, as observed under the light microséope, ap-
peared to be the same for both C. lingua and M. " 1lig in
spite of the differing methods of infection '#Ad distribution
within the hogt (Fig. 4,1 - 4,3), Below is = general de-
seription of the pathological changes which ensue in the di-
£estive cells as a conbequenae of infection. Because of the
'cyclic form of agtivity characteristic of diéestive cells, .
the description is in%ention 1lly broad and is meant ;o en-
compass all phé%es of digestibn. The specific effects on
the cells during thcrindividual phases will be considered mors
fully under those observations concerned with histochemical
and ultrastructural findings. ) ‘

In the early stages of irnfection, no visible effects
are detected, but as time passes the nuclei become displaced -
and migrate towards the apical end. Graduslly the distal and
lateral walls of thess cells break down. Occasionally, a
new distal membrane replaces the old one, giving the cells
a box-like or squamous appearance. Upon degeneration of
the lateral membranes, adjacent groups of parasitized cells
may become aoonfluent and assume a syncytial appesrance.

The secretory cells do not undergo a similar breakdown
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pattern, rather they seem to increase in number in the re-
gién.of infection, cccupying portions of the epithelium where
once digestive cells prevailed (Fig. 4.4 - 4.5). The sec-
retory cells will be considered in greater detail in later

gections,

; For purposes of clarification and also to provide a
steady frame of reference, the digestive cells were grouped
into three categories, according to the severity of damage
which they exhibited. The morphological conditions de-
seribed above, i.e. which could properly be attributed to
all vhases of digestion, were used as the main criteria for

c¢lassification of the cells.

State 1. This state of pathology includes those cells which
do not show any structural éhangaa as observed by the use of
“routine histological methods. The reason-tfat they are
placed in this category however, is because they happen to
be immediately adjacent to the parasite and thus qualify as
»infected” cells. (Cells which form an interface with the
parassite’s outer surface)., Present findings are not meant

to imply that there are no parasitic effects when more sensi-
tive methods of detection are employed (e.g. histochemioal
or ultrastructural techniques). (rig. 4.6)

‘

State 2. The nuclei from cells in this category become dis-
lodged from their normal dasal positions and migrate apioally.

e
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At such time, the basal regions of the cells stain faintly or
not at all by the Mallory's Triple Stain Method. The cells
in this state appear somewhat compressed and assume a gquamous

appearance (Fig. 4.6).

State 3. Cells in this state usually show a degeneration of
the lateral as well as the apical membranes. This category
is reserved for those cells which have lost their general in-
tegrity. Nuclei and other cellular contents may be shed into
the lumen of the digestive gland tubule, and often tﬁ;‘remw
nants of such cells contribute, by fusion with adjacent de;
generating cells, towards the formation/of a temporary syncy-
tial layer (Fig. 4.6). 1In the latest stages, the syncytium
itself breaks down until no further evidence of digustiya

cell structures prevail,

[

The quantitative study‘pronontud in the following para-
graphs is based on the classification scheme described above.
A further understanding of the extent of damage, as manifested

Yby infected cells can be obtained from Figures 4.7 and 4.8,

In the case of Cryptocotyle ;;ggggk(Tnblc 4,.3), a greater
number of cells was recorded from State 1 tﬁtn from State 2
for fhc absorptive phase (45.0 percent vs. 30.7 percent) and
the digestive phase (41.5 percent vs. 31.5 porctd%). An
‘jdentical number of cells however, displaying States 1 and 2
were counted for the excretory phase (35.5 pcrconi). When
States 2 and 3 are compared, it is clearly evident that
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fewer cells are characterized by the more severe forms of
pathology. The respectiv; percentfages are 30.7 percent vs.
24.3 percent for the absorptive phasae, 31.5 percent vs,

27,0 percent for the digestive phase and 35.5 percent vs.
29.0 percent for the excretory phase, Thusy, the number of
cells characteéized by pathological State 1 are most numerous,
while those displaying pathological States 2 and 3 become
progressively reduced. The exception is the relative num-
bers between State 1 and State 2 ering the excretory phase.
This ;ay be explained by the fact that fewer specimens were
collected during the excretory phase (378) in relation to the
other two phases and t%is might not have been a high enough
number upon which to base conclusions. However, when the
averaged totals of all phases are considered, a trend pre=-
vails because 42,1 percent of the cells occur in State 1,

31.7 percent in State 2 and 26.2 percent in State 3.

For cells infected by Microphallus similid‘f!ﬁble 4.4)

quite the opposite appears to be tho case, since a larger

proportion of the cells are characterized by the more sevére
forms of pathology. This is obvious when, as above, we come
pare the relatié; numbers of cells in State 1 and Stata’3 -
for the absorptive (16.8 percent ve. 63.2 percent), diges-
tive (19.1 percent vs. 51.6 percent) and excratory phases

‘(18.0 percent vs. 67.2 percent), Since thers is no excep-

tion to this trend as was found for cells infected by C.

-
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lingua, the averages obtained when the phases were considerad
collect‘ivaly. are to be expected and gg;‘cleaz:ly reflectsd in
terms of percentages: 18.6 percent -o;i’ Viﬁe_cena in Stats 1,
24,9 parcent in State 2 and 56,5 percent in State 3. The
results, therefore, presented in Table 4,5 showing an in-
verse relationship between the numbers of cells in State 1
and State 3 for the two parasites (18.6 perc&it of the cells
for M. similis vs. 42,1 percent of the cells for C. im .
in State 1, and 56.5 percent of the cells for M. similis ,
and t;nly 26.2 percent of the cells for €. lingua in State 3,
are in accordance with the above findings. Finally, it is
interesting to note the consistency which exists in the re-
lative percentage values, representing any one pathological
state for each of the phases, e.g. State 1 - M, gimilisg:s
16.8 percent, 19.1 percent and 18.0 perceht for the absorp-
tive, digestive and ixcratony phases respectively {(Table
4.5). This tendency is generally appicable to both para-

=

sites. .

In sumsary, it appears that in the case of L. lingua
the greatest number of digestive cells display only the

_mildest form of disorder and that progressively fswer cells

show the more severe states of pathology. Thi con;craata
with digestive cells infected by M. similis which appear

to be highest in the more severs states of pathology. The
results therefore indicate that M. similis sporocysts in-
duce greater damage to the digestive gland than do C. lingua
rediae. f
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HISTOCHEMISTRY OF INFECTED DIGESTIVE GIAND CELLS

Having studied the general morphology of normal and
parasitized digestive gland ¢ells by the use of conventional
histological methods, attention will now be focused on histo~
chemical changes resulting from infections with Cryptocotyle
;;gégg,and Microphallus similis.. fo describe more preéis&ly

ths actual condition of the digestive cells, reference will
be made to the applicdble phase of digestion, and when pos-
sible, to the state of pathology as determined on the basis

of morphological criteria presented in the previous section.

Histochemical methods were employed in order to compare
the qualitative differences in cellular ;onatituants--i.e.
proteins, lipids and carbohydrates in parasitized and unpara-
sitized cells, The chniceg of tests were based on their
abilities to reveal gross changes in cellular composition
and are in general, similar to the methods applied by other
workers who examined the state of the infected digestive
gland in gastropods (Cheng, 1962; 1963a, 1963b; Cheng and
Snyder, 19613 1962a, 1962b; 1963; James, 1965: Porter,

' 19671 1970; Reader, 1971a).

Because of the importance of acid and alkaline phospha-
tase to carbohydrate metadolism (Von Brand, 1952; Cheng,
1964), a routine study of these ensymes was performed,

¥ -4

%i measure of activity of cells, particularly with re-

spect to protein synthesis, is the abundance of cytoplasmic
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and nuclear RNA. In order to acquipe some insight into
dhanges in the synthetic activity of the digestive gland cells,
a8 test was performed on the nucleic acids - RNA and DNA.

An outline of the procedure employed for the various
. tests was presented in the section concerned with Materials
and Methods.. An elaboration of these techniques is offered
in Appendix I. Finally, a review of all the histochemical

results is presented in Table 4.6,

Protein (MercuryuBromophenol Blua)f The uninfected secre-
tory cells appear to stain a deep reddish-purple during the
aﬁsorptive phase and reddish-blue in the digestive and oxu“
eretory phases, In contrast, the digestive callgkdisplay a
purple or brownish tinge throughout all phases of digestion.
Only the basal regions of the cells stain light-blue during
the digestigékpgase suggesting the presence of proteins.

Both parasites are highly proteinaceous, as {e ‘sbserved
from the intensity of the blue staining reaction with mer-
cury-~-bromophsnol blue., They cause little apparent change in
the staining properties of the secretory cells, although a
slight shift from reddish~purple to blue takes place in
cells parasitized by M. similis, Both parasif%s zause the
elimination of the light blue granularity from\,;qt basal
parts of digestive cells which are in the digestive phase
and in pathological States 2 and 3 (Pig. 4.9 - 4.10). Signs
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of protein elimination are observed for those cells dis-
playing pathological State 1 and infected with M. similis.

RNA ~ DNA (Pyronin-Methyl Green): The nuclei of unpara-
gitized cells stain purple-red with pyronin, and ghis is
mainly due to the intensity of staining of the nuclaolit
Secretory cﬁllé‘cantain large amounts of RNA and this is
reflected throughout all phases of digestion with only a
light decrease during the excretory phase.

" In contrast, digestive £ells stain only slightly ﬁith
pyronin in the basal regigns during the absorptive and di~L
gentive phases and to an even lesser extent when they are in,
the excretory phasge. s & s

Infected mecretory cells, showing a lower content of
RNA are usually located next to digestive cells displaying
pathological State 3. A marked reduction in cytoplasmic,
RNA occurs from the basal portions of digestive cells in
pathological State 2 during the ébaorptive and early digea-
tive phases, while digestive cells in State 3 apparsntly
have little or no stainable RNA (Fig. 4.11).

Numerous phagocytes characterized by large nuclei can
be seen surrounding and often encapsulating the parasites
(Pig. 4.12). This is more pronounced in those snails in-
fected with M. similis. Of interest also, iz the fact that
the methyl green stain for DNA is more visible from the brood
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chambers of both parasites and less from the body walls,
This is probably a reflection of the extensive nuclear divi-

sions which occur in the former region.

. Carbohydrates (PAS, Best's Carmine, Okamoto-Glucoge): Since
unparasitized secretory cells stain only negligibly by the
PAS method they cen be considered relitivaly‘free of carbo-
hydrates. In contrast, uninfected digestive cells display
considerable amounts of carbohydrate within their cytoplasms
as can be deduced from their capacity to stain reddish-purple
after application of the PAS technique (Pig. 4.,13a, 4.13b).
The digestive cell’s apical membrane stains intensely througpd
out digestion, and only slightly less so in the excretory //

_phase. A PAS-positive, filamentous-like subatance stalng//,
moderately and can be observed extending from just with%ﬁ
the distal border to about 1/5 of the cell’s length (Fig.
.13, 4.13b), This material is prominent during the ab-
gorptive and thes early digeative phases, fading slightly in
the late digestive and excretory phases. In the lower basal
and middle régions of the cells, the PAS~positive material
is scattered in clumps (Fig. 4.13a, 4.13b) somewhat dif-
fusely, showing a decrease in ;taining intensity as the cells
pass from the absorption through the digesative and into the
excretory phase. The most dasal part, i.e. that region im-
mediately adjacent to the nucleus is characterised by a
light concentrated form of PAS-positive granular material,
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and shows no consistent change during the process of diges-

tion, -

-

For those sections which received prior treatment with
saliva or malt diastase, the staining is ssen to persist in
the apical region, dbut is markedly reduced in tha,ui:ddlg and
lower half of the basal portion, and to some cxtout.: /injth? .
most basal part (immediately adjacent to the nucleus - Fig.
4,14, 4,15) of the digestive cells. This, therefore, sug;

gosts that the latter areas consist primarily of glycogen.

§

Glycogen assumes the form of granular clumps and is especially
widespread within the meshwork of connective tissue covering
the digestive gland tubules.

Digestive cells infected with C. lingua rediae and dis-
playing pathological States 1 and 2, show a marked reduction
in glycogen content throughout the digestion cycle. In con-
trast, there occurs an increase in other PAS-positive mater~
ial from the basal regions of the digestive célls (Fig:‘ 4.16).
In the case of those cells which can be identified as being
in pathological State 3, the glycogen content is absent and \
a decrease or total elimination of other PAS-positive sub-
stances likewlise occur,

-

Digesative cells parssitized by M. similis sporocysts
show an overall marked reduction in giycocm, an well as
other PAS-positive material from the apical regions during
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pathological State 1. Similar to cells infected by C. lingua,
there is a corresponding increase in carbohydrate content in
the most basal regions at this time. Whilk some carbohydrate
may be visible in the apical regions during the absorptive
phase, 1essdprevails during the digestive state, and only
very minimal amounts occur when the calls are in the excre-
tory phase. Cells infpathnlogical State 2 show a total abe
sence of glycogen dnrhng all phases of digestion. Some PAS-
positive. maxerlal is evxdent in the absorptive phase but

this appears to be absent during the digestive and excreto
phases (Fig. 4.17). Thus, less carbohydrate is detected in
the basal regions at this time than in cells infected by C.
1ingua rediae and displaying pathological State 2, Cells in-
fected by M. similis and characterized by pathological State
3 show negligible traces of carbohydrate during the absorp-
tive and early digestive phames, particularly predominately
in the basal regions.

J
Both parasites reduces, and at times, totally exhaust

the glycogen content of the connective tissus, although this
gsems to be more acute in the case of M. gimilis. From the
findings obtained by the Okamoto method for glucose, it ap-
pears that this hexose is always closely bound to the outer
walls of the parasite when present in the connective tissue.
Becauss of the fdint staining achieved by this technique,

however, no definite statsments can be made regarding the

”//////P~N‘\\
I
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distribution of glucoss,

-

Concurrent with the diminution of glycogen and othenr
carbohydrates from the digéstiJQ cells, it appearswihat thers
is an increase of glycogen in the parasites. wWhile embry-
onic forms do not display much PAS-positive material, an ine.
tense reaction foé'giycogen can be seen from mature care

cariase, especially in the tails and oral suckers,

Bound Lipids and Neutral Fats (Acetone Sudan Black, 0il Red 0):
The acetone Sudan 3lack technique for bound lipids renders

the uninfected digestive gland cells a deep brown-black

color. Both the secretory and digestive cells stain intensely
by this method but in the case of the latter cells, the a-

pical membrane, the area just within the distal border, and - .
the digestive chuolaa are mors heavily stained, while the

rest of the membrane is slightly less stained.

1

There is no fluctuation in staining intensity in diges-
tive cells except in the region just within the apical hordir
which appears very dense during absorption and less so as
digestion proceeds thraugh the digestive and excretory phases.
While the intensity of color does not change within the
vacuoles, their number varies in accordance with the phasic
sotivity which is known to be taking place (Chapter II).

In the case of frozen Cryostatecut ssctions stained
with 0il Red 0, neutral fat assumes the form of bright, red
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droplets. These appear smaller égd fewer during the absgsorpe-
tive phase, increasing in size and number mainly 1n $£§ﬁ%asa1
region%vduring the late digestive and especially in the ex-
cretory phases. Neutral lipid is more scarce in the sacré-
tory cells, showing no fluctuation in quantity over the di-

gestive cycle.

For cells infected with either i, gimilis or C. lingua
larvae, it was not possible to detect any changes in staining
intensity for the various stiructures by the acetone-Sudan
Black method. It ccoms that t%e only certain alterations

are of a morphological nature, i.e, a gradual or complete
breakdown of cellular structure, depending on the pathological
states which the cells are in. The sequence of damage al-
ways begins with the vacuoles located most basally, and de-
pending on the severity of the damage, may be followed by
elimination of the more apically distributed vacuoles and
ultimately of the apical border itself.

Because of the thickness of the Cryostat-cut sections
(15 um.), it was not possible to identify the actual patho-
loéical states for the digestive cells. It sesms, however,
that in the presence of both parasites, there is an in-
crease of neutral fat in the host's digestive cells,
usually in the basal most regions, and this gradumlly spreads
aplically with %he intensity of inchélon and heightened de-~
gree of pathology (Pig. 4.18). On occasion, & complete ab-
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gence of neutral fat can benobserved for digestivé cells, L

even during the excretory phase,iand this is believed to beiﬁi
AN

applicable to cells which can be classed in pathological

State 3. ’

[

AN
Acid and Alkaline Phosphatase (Lead Nitrate, Calcium Cobalt)s
Acid phosphatase (Gomori, 19503. as observed urnder the iight
microscope, occurs in minute quantities in the uninfected
digestive cells. The presence of this enﬁﬁhe is indicated
by a finely granular deposit of black precipitate and is
Sound primarily in the basal regions. Alkaline phosphatase
{Gomori, 1945) activity is likewise expressed in the form of
granulation but it appears as somewhat larger, brownish-
black deposits which are more widespread in tﬁ% cytoplasm
(Fig. 4.19). Because of the thickness of the sections, using
the Cryostat technigne, it was not possible:to differentiate
between digéstive and secretory cells.i Likewise, no consis-

tent changes in enzyme concentration could be noted during

the digestion cycle.

3

While both C. lingua and . gimilis larvae display con-
giderable alkaline phosphatase activity especially in their
body walls (Fig. 4.19), less acid phosphatase is present.

e to distortion problems resulting from differential
cutting and staining properties between host and parasites,
changes in snzyme concentrations within the digestive gland
cells could not be directly attributed to either parasite.
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Thug while changes in the rate of szy%hesis or secretion of
these enzymes may possibly take place within the digestive
giand cells, the application of the preaent/%qwrniqua did not-

make their detectzan.p0851ble.



SYMBOLS FOR TABLE 4.6

P -~ protein
RNA « RNA .
CBH - carbohydrate . .
- Gl - glycogen _
~~ Bl - bound lipid
N1 - neutral lipid
AceP - acid phosphatase
AlP - alkaline phosphztase

++ intense reaction
+ moderate reaction )
- no redction or negligible reaction

¢ positive test, but not certain if
there is a change in component being
tested, with respect to other patho-
logical states °

a apical -

b basal
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ULTRASTRUCTURE OF THE INFECTED DIGESTIVE GLAND CELIS

ES

Cells Infected with Cryptocotyle lingua

In studying the ultrastructural changegfof'thn diges~
tive cells, it was first necessary to identify the cells in
théir respective states of pathology basel on the scheme
proposed earlier. This was accomplished by initial examin-
ation of thitk sections under the light mié;oscopea AS men-
tioned garlier, howov:r, such a classification could not be

applied to secratory cells,
s-Jretory Cell

Secretory cells whose basal laminae form interfaces
with the outer walls of C. lifigua rediae and which are
Mg 1ly located immediately ad jacent to digestive cells ex-
hibiting pathological State 1, show little change in their
cellular conctitutiona. In contrast, cells affected for
longer periods and usually located near digestive cells

.displaying pathological State 2, are racterized by some

deterioration in their cellular compositio

The nuclel take on a folded appearance and give rise to
blunt pseudopodial~like extensions {Fig. 4.20). Zymogen
granules appear to be reduced in number and material of

electron density similar to that of the zymogens and usually

seen in the apical and microvillar region in uninfected cells,
(Chapter 11 - Fig., 2.11) is likewise absent (Fig. %.21).
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. In the more regressed state, it appears as if the E.R.
cisternae are vesiculated, showing extreme signs of this con-
dition as the state of* the cells deteriorates still further
(Fig. #.22), At this time, many free, unattached ribosomses
can be seen in the cytoplasm (Fig. 4.22). As Qbservad from
the micrographs, mitochonria appear more swollen or elon-
géxed ‘than normal and at@timag_show signs of rupturingf
(Fig., 4.22), Small nuclear profiles which are separate from
the main nucleus can be seen and thése probably represent
cross sections of the nuclear extensions previouwsly dis-
cussed, The possibility, hadkver. that at least in some in-
stances they are vacuoles which have become detached from
the nucleus, cannot pe excluded. IA addition, a dense granu-
lation can be abserved €t times. A shrivéiliﬁg and advanced
kary&lysis appears to take place in the latest stages of de-

generation (Fig. 4.23). Autophagic vacuoles can be seen

[

h/fproughout all stages of pathology and these seem to in-

/
crease in number as the cell degenerates (Fig. 4.20, 4.24),

Digestive Cell

L3

Pathological State 11 In general, cells displaying patho-
logical State 1 as originally observed under the light micro-
scope, show little evidence of morphological change at the
ultrastructural level. There is,however, an increase in
1ipid droplets (Fig. %.25) primarily in the basal regions,
and thig is especially apparent during the absorptive and



¥ ]

e’

- 119 -

digtsti;u phases, ‘In cells displaying a slightly more severe
form of pathology, the cisternae of the Golgi bodies appear
more distended and also ‘show aigns of vesiculation (Fig.
4{26)$"Moreovar. the normal characteristic striation pat-
tern of these organelles sand their associated vusiclea
(Chapter II -~ Fig. 15.2) is no longer as readily visible,
although the vesicles themselves can still be observed.

A

Putholggiﬁal State 2- At this time, marked chariges begin to .
appear-at all lavels, Initially, there is a gradual increase
in lipid droplets in the basal regions, but as the pathology— -
becomes more seversa, thé amogpt of lipid decreases. The
nuclel are altered inushape and become reduced in size. .
“.There appears to be an increase in the number of Type 4
vesicles as early as the absorptive phase, and this persists
throughout the process of digestion (Fig. 4.27).\ In con-
trast, there is a reduction in Type 3 vesicles and éhc
latter are usually smaller than normal when they are pre-
sent (Pig. 4.27). Judging from the prevalence of pinocy-
totic vesicles, there does not seem to be too much inter-
ference with 'the uptake of nutrients during the nbéorptivc
and digestive phases (Fig. %.28), although there does ssem
to be a decrease in these vesiclés as the cells show avi-
dence of very lats pathological States 2 or sarly patho-
logical State 3 (Fig. 4.29)., Vacuoles contalning. small
membrane-~-bound vesicles and electron dense granules can .
also be seen, primarily in the basal regions during the di-
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gestion and excretiory phases. These probably assume thi
role of phagolysosomes (Fig. 4;27, 4,28),

Pathological State 3 Cells in this state may continue to
show evidence of lipid droplets especially during the ab-

® ©

sorptive phasse,

" A cloudy or grainy effeat is now characteristic of
“digestive cells, and this can be seen during é&l phases of
digestion and from all\regiuna (Fig.#ﬁ.ZI. 4,30}, The in-
ternal framework is totally deteriorated and the cytoplasm

. shows extensive vacuolation. The mitochondria appear_

swollen and display varying degrees of cristolysis (Fig. 4.31).
At such time,\the nucleus displays an irregular topography

and can be observed to he very shrivelled (Fig. 4.32).

Because of the breakdown in the outer cellular mem-
brane, fusion between cells is evident and & syncytial con-
dition ultimately predominates. No Type 3, and only the
remnants of Type 4 vacuoles, prevail (Fig. 4.30, 4.32)., Ine
‘stead.nphafolysgfomas, ag described for cells in p&thological
State 2, are common (Fig. #.32). - .-

Cells Infected with Microphallus similis

Secretory Cell .
\

~
Unlike those cells parasitized by C. lingua rediae,

secretory cells infected by M. gimilis sporocysts do not

AN
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" display acute morphological alterations (Fig. 4.33 ~ 4,36)
until the cell-parasite associations has existed for & cone
siderably longer period of time.

Chanzes in secretory cells do not appear until the dd-"
Jacent digestive cells cre alrnxdé‘exhibitlng severe break-
down during pathological State 2‘0r early pathologieal State
3. At first, an accumulation of lipid can be observed
throughout all thases of digestion (Fig. 4.36), little in-
erease in this co~ponent is apparent however, as the
severity of damage seems to become more internise, Evidence
suggests that the granular E.R, cisternae become more di-
lated and that poss;bly the nucleoli become disp;rsed,
giving rise to isolated concentrations of dense granules
in the nucleoplasm (Fig. 4,37)., At this time too, phago=
somes, similar to the ones described for secretory cells
paragitized by Q. lingua redise‘are also visible (Fig. 4.37).
It is only in the latest stages of pathology that extgnsive
vesiculation of the E.R. prevails (Fig. 38). This is most
prominant during the absorptive and digestive phases since
in uwnparasitized organisms, the cells in the excretory
phase generally possess less granular £.R. (Chapter Ii -
Pig. 2.12). At such time, many free, unattached ribosomes
are visible from the cytoplasm, and mitochondria appear elon-
gated and show evidence of cristolysis (Fig. 4.38). The

nuclei assume a highly folded appearance, and the extensions
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which arise may break off, giving rise to detached vacuoles,
More likely, however, is that the nuclear extensions ware
cut in cross section, thus giving the impression that the
small, nuclear profiles have become isolated (Fig. 4.39).

.

It is Qf special interest t:;t a far greater number of
calcium spherules can bg observed from secretory cells af-
fected by M. gimilis sporocysts.ﬂand these sasm to increass
up to a certain point, as the pathology becomes more severe
(Fig. 4.40), In contrest, zymogen granules are especially
prominent in the earlier stages of pathology (Fig. 4.35)
but bocome reduced in number as cellular distortion is in-
creased (i.e. in those cells which were adjacent to diges-
tive cells exhibiting the characteristics of pathological

State 3) .

Digestive Cell '

Pathological State 1 In contrast to digestive cells para-
sitized by C. lingua redise, celle infected by M. similis
gporocysts show a decrease in the number of Typs 3 vesicles
during the digestive and excretory phases. An increase in
lipid globules is svident from the basal regions during all
phases of digestion (Pig. 4.34), and there is no interferencs
as yet with the call's’aﬁ}lity to sbsorb food through pino-
cytosis (Fig. 4.41).
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Pathological State 2 The degenerative chariges observed in

digestive cells at this.time are considetably more advanced
than for thcse cells parasitized by C. lingua rediae,:when
the latter are categorized in pathological State 2. Pinb-
cytotic activity is absent and apiégl borders bréak down
(Fig. 4.42)., At this time, there iz a marked reduction in
Type 3 vesicles and a corresponding rise in Type 4 vesicles
duying the digestive and excretory phases. In éddition.
empty~looking, irregulzrly shaped vesicles, possibly modi-
ficatiéng;Pf Typa“ﬁ vesicles are common (Fig. 4.43). Mito-
chondria &Eually appear swollen and show signs of sxtensive
cristolysis (Fig. 4.43). In addition, large vacuoles,
simlilar to the phagolysosome; described earlier from diges-
tive cells infected with C. lingua rediae, are common at
this time (Pig. 4.43). Now too, the nucleus begins to take
on a folded appearance and eventually becomes reduced in
size, The cisternae of the Golgi bodies display irregular
foldings and the characteristic striated-like Golgi vesicles
now appear to be sbsent or reglace& by empty-looking
vesicles (FPig. 4.44),

=

i
Pathological State 3 This state of pathology displays a

complete breakdown in cellular composition. In general,
the findings are similar to those observed in digestive
cells in the late pathological State 3 and parasitized by
C. lingua. The internal framework shows total deteriora-
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tion, The most common feature throughout all phasea ar\di-
‘gestion is the predominance of phagolysosomes (Fig. 4.4s,

b.46). MNow, it is no longer possible to describe Epa apical

and basal ends, since a breakdown of cell membranes occurs

at both poles (Fig. 4.45, #.46). The fusion of lragnontod .
bits of digestive cells are a common feature (Fig. 4.47),
as are isolated nucleatgé profiles otrdigestivn cells (rig.
4.39). Occasionally, nuclei are still visible in the en-
suing syncytivm which forms, and at such times they sppear
highly irregular 1njshapa and much reduced in size, (Fig.

4.%7),



s - 124 -

DISCUSSION

Al

A preliminary quantitative investigation was conducted

on the infected digestive gland cells of Littorina saxatilis.

This was done in an effort to shed some light on the extent
of damage to the digestive gland, which ;nuld properly be at-
tributed to M. similis sporocysts or C. _igg_~‘radiaé.f It
must be pointed out here that throughout thls ¢hapter, the
term ;1nfectad‘ usually applies to those dxgestxve gland
cells which are contiguous with the parasite’s outer surface
and which can therefore be said 1o share an interface with

the trematode larva. -

Many in;estigations have demonstrated that in the case
of infected snails, the sequence of structural degeneration
of digestive gland cells, as observed under the light micro~
scope, appauré to follow a similar pattern %frespeptfve of
which parasite is inducing the damage (Rees, 1936{ James,
19653 Wright, 1966). The present findings suggest that
this is also applicable to digestive cells infected by C.
lingua rediae and M. similis sporocysts. Digesti;e cells
were therefore categorized into one of three pathological
states, The criteria used in so grouping them was based on L
the extent of morphological alterations or disruptions that
they manifested, as raevealed under the light microscope
using hiltologiqtl techniques.



The results indicate that the majop}ty of digestive
cells infected by C. lingua rediae display only the mildest
form of disorder and that progressive£§ fewer cells can be
recorded as the severity of damage becomes more acute, In
contrast, a larger percentage of digestive cells infected by
M. similis sporocysts, exhibit greater degrees of cellular
disruption. This suggests that M, similis is more damaging

ta its host.

The observations presented in this study reflect dif-
fering life styles and needs of M. similis and Q.ii;gggg in
the same host species. Unlike M. gimilis sporocysts, C.
%;ggggbrediae are motile and éo no? become permanently con~-
centrated in one region, but rather, are uniformly distri-
buted throughout the tubules of the digestive gland. By
virtue of their ability to move, it is possible that they
may be gapable of responding to some type of host signal
that governs the duration which they remain in one spot,

In this way, the specific length o; time during which the
rediae can form an interface with the digestive cells and
tap them of. nutrition, may be controlled. However, since
some cells were ;dantitied as being in cxtranciy degenerate
condition, i.e. pathological State 3, total and irreversible
deterioration does occur in some digestive cells infected
with C. lingua rediae, and these cannot be disregarded. In
this respect, it ie possible that L. saxatilis possess a

k]

£l
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surplus of digestive cells and are thus able to 1osé a cepr-
tain proportion of the organ to the parasite, a suggestion
put forth by Sinitsin (1931) and Davis and Farley (19723).
It is interesting to note that C. lingua infects only
sexually spené=adu1ts {Davis, 1972). Taking this into con;
sideration, if the statemeééxby MceClellsrt and Bourns (1969)
is correct that “it is more e:mensive in Autritional terms )
for a sdail %o produéé eggs than it is to produce éércariae",
then infected snails no longer have need for that portion
of the digestive gland which may have beqﬁ’&%quired to supply
additional nutvition at the time when L. saxatilis were pro-
ducing their young. }Such factors also help to explain why
no reduction was detected in the digestion rate or in the

assimilation efficiency for L. sexatilis which were para-

sitized by C, lingua (Davis and Farley, 1973).

Unlike C. lingua rediae, M. similis sporocysts are not
motile and thus remain concentrated in one region of the di-
gestive gland. They reproduce asexyally in a rapid manner
and gradually replace the digestive gland cells completely.
A “"blocking layer™, similar to that reported by Rees (1936)
and James (1965) isolates the more distal parts of the di-
gestive gland from its blood and food su;ply. It is, there-
fore, not surprising thdt the host dies in as little as
four monthe after initial infection (Davis, 1972). More-
over, cercarial development is rapid in M. similis sporo=-

cysts and once the tegument ruptures all the mature cercariae

-y
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are released simultaneously. This contrasts sharply with

C. lingua where cercariae emerge via specialized birth pores.
. In general, these findings support Davis' (1972) contentions
that C. lingua enjoys a more co%iifible agsociation with its

N

hogt than does M. gimilis, {

Wh%;e the quantitativerwork suggested that M. similis
roduged more extensive damage_to the digestive-gland, it
was only after the application of histochemical and’ultra-
structural techgi@ues that it became possible to understand
the seguence of alterations which was taking place in the
digegbive ;sland cells and the relative rates bf degeneration
which the cellé were undergoing, depending on the parasite
with which they were'infected. At all times, however, it was
necessary to consider the significance of phasic activity
and the possibility that the digestive cells vary in quane

titative and qualitative respects depending on their phase

-

bivalves has| received considerable attention {(Morton, 1956;
Morton, 19695 19701 Mequiston, 19691 Owen, 1969) but only
one such study has thus far been documented for a gastropod

molluse, Littorina littorea (Merdsoy and Farley, 1973). Be-

cause of the position of L. littorea on the lower levels of
the shore, Merdsoy and Farley (19%3) were unable to ghow a

correlation between the different phases of digestion and
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the periodicity of the tide. In contrast to L. littorea, L.
saxatilis occupies a narrow band on the supralittoral fringe
of the shore and is submerged for no more than two hours per
tide cycle. As a result, by collecting the snails at specific
times, it was possidble to identify the distinct phases of
digestion and to correlate them to the different tide levels.

In-a study on the digestive cells of L. saxatilis,
James (1965)-indicated that there was a gradual decrease in
*food vacuoles™ and an increase in “excretory vacuoles® in
starved or parasitized snails, The vacuoles which James de-
scribed are comparable to the Type 3 and Type 4 vesicles . <
discussed in the present dissertation. Mareov;r, their,
numbers (Chapter II) are seen to fluctuate over the tide cy-
c¢le so that by the time the digestive cells are in the ex-
cretory phase, only Type 4 vesicle; prevail. In brief, it
was shown that each phaaé of digestion is characterized by

. & distinct assembly of vesicular structures which reflects
;n the extent of digestion that has already taken place.
The question can therefore be raised whether the cells which
James (1965) described were merely displaying the character-
istic wvacuolation ordinarily seen for this species during
the sxcretory phase or sxpressing a c;nditlon which had been
imposed on them by the parasitic larvase.

Unlike James, Meuleman (1972) considered the importance,
of phasic activity in her study of thé effects of Schistosoma

~U
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mansoni. on the digestive gland of Biomphalaria pfeifferi, al-

though she suggested that the predominating morphological
features at any particular time reflect the age ‘of the di-
gestive cell, rather than its phase of digestion, The prob-

lem was, however, that the digestive cells”of -Biomphalaria

pfeifferi, a fresh water species, display all ages (phases)
of digest%on”at any aqg“time and are not synchronized as in
the Littorinids. The fact that*at any one time all thg di-

gestive cells of Littorina saxatilis are in the same phase,

allows one to differentiate between parasitic effects and
normal cellular activwity. Therefore;, in order to eliminate
confusion regarding the morphological features-as determined
(%y"the phase of digestion and as induced by the parasi&e, ‘
‘the griteria chosen for the pathological states were such
that they cbpid apply to cells irrespective of digestive

phase, ;

One’ﬁoint'braéght out in James® work was that the di-
gestive cells immediately ad jacent to tﬁe stomach werqirdt
as severely a@fected as other cells which were more remote.
James did not,however, adequately differentiate betwaen the
effects of parasites on cells which are in close proximity
10 the parasitg and those i&cated more distally which may
g%ffér a form of “stérvatioﬁwautolysis“. In contrast, pre-
sent observations indicate that cells from the same d}geﬁ-

tive tubule may show marked differences in their response

\ ¢ %
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'te parasitic stress, depending on their relative proximity

to the parasite. Such observations suggest that it is
necessary to define the exact location of cells with respect
to the parasite when discussing “the parasitic effects'to di%
gestive gland cells”. -For my work, c?lls which were in direct )
contact, and therefore.“sharing an interface with the para-
site, were considered to be infected and served as the sub-
jact fqg this thesis,

Many authors have employed hi%tochemiaal and biochemical
means to study the damage inflicted by digenetic trematodes
on the digestive gland cells.L In the present study, by ap-
plying various histochemital techniques, an effort was made
to understand those changes that occur in the composition of
digestive gland cells which could properly be attributed tq

1‘c§xgtocotgle lingua rediae and Micropﬁallus similis sporo-
cystg. However, because the cells manifested qualitative g
kif!erencﬁa throughout the digestive cycle, it was ;ssantial

- to determine what was happening to the cells during each of
thé’phtaeg of digestiofi in non:parasitiZed individuals. Baf
cause the importance Zi phasic activity has been overlooked,

pagt work has contributed towirds conflicting and misleading

information in this field.

Most of the investigations pertaining to the utilization
of proteins and amino acids have been done on trematodes
which infect freshwater molluscs (Friedl, 196la, 1961b,

—



L

1961cy Cheng, 1963c, 19673 Dusanic and Lewert, 1963). No
' .one has yet examined the changes in protein content, speci-
fically.as it relates to the digestive gland- cells in
molluscs infected with digenetic trematodes. In my work,
protein was observed in small amounts in éhe basal regions

of the digestive cells durinéa%he digestive phase., It is

difficult to determine which parasite is drawing more protein

from the cells, althouch it appears as if the reduction in
&
proteins is conspicuous at an earlier state (pathologival

State 1) for cells affected by M, similis as compared to

cells influenced by C, lingua rediae (pathological Stafgja).
Iﬁ addition, cells affected by either parasite during the
digestive phase and exhibiting pathological State 2, show &
marked reduction in RNA.I Such findings not only indicgte
that RNA is eliminated when cells are in pathaloéical State
2, but also suggest that protein synthesis may no longer be
taking place at this time.

Numerous studies“habehbeen made of changes in the car-
bohydrate contersts of digestive gland cells which wers af-
fected‘by larval trematodes. Such invest;gatiohg have been
comprehensively reviewed by Cheng (1967) and more recently
by Erasmus (1972). The present findings indickte that while
gecretory cells stain negligibly for carbohydrzkos. digouj~

tive cells do contain large amounts of this component in

» .
their cytoplasm. The middle and lower basal regions contain

Fogt
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primarily glycogen, while the apical and basal regions in~
clude other carbohydrate material, Glycogen is totaily ab~-

sent dhring the excretory phase while other PAS-positive

material éécomes slightly reduced as ‘digestion proceeds from

'the abgorptive to the excretory phase.

Numerous workers have reported that the glyeogen content’
of host cella becomas reduced when the dlgestlve gland is in-
fected with dxgenetlc trematodes {Cheng, 19623 Cheng and
Snyder, -1962a; James, 19653 Cheng and Burton, 1966;

Porter at al., 19674 Porter, 1970). Even though there was
no mention of phasic aétivity. the findings of these authors
suggest a general situation which compares favourably with

my own findings. In the present work, dxgestxve cellg dis- \\\_///
playing pathological States 1 and 2 and infected by C. lingua

rodiga showed a marked reduction in glycogen but a corres-
ponding increage of other PAS~positive material in'?ha basﬁl
regions, While similar observations were recoéded for gly-
cogen from cells infected by M. gimilis sporocysts, no ine-
cresase in carbohydrate could be noted from the basal portione
of cells which were identified as being in pathological State
2, In their paper, Cheng and Snyder {1962a) suggeéted that
the gradual reduction of glycogan'in the digestive cells rs-
sults from the breakdown of this polysaccharide to glucose
which iﬁ turn passes across the cell membrane and the para-

site's wall to become incorporated in the developing cer-
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cariae as glycoéen. Such a possibility has received suﬁport
from other w&&kars (James, 19653 James and Bowers, 1967ap
1967bs Reader, 1971a) and may be applicable to my findings.
It cannot be stated for certain that it is indeed glucose
which is the carbohydrate prevailing in the basal’ parts.

If this be the caée, however, one could conclude that the
exhaustion of glycogen and the uptake of glucose by the
parasites is fas;;F in those cells infected by M. similis
sporocysts, It is of interest that there appears to be a
marked increase of glycogen in digenetic trematodes whi&ﬁ
are adjacent to digestive cells characterized by an absence

of this polysaccharide. N

~

Varions authors have indicated that there is an ine

crease in acid and alkaline phosphatase in cells affected

by digenetic tremgtodes larvae, suggesting that the heightened

enzymatic activity may be associated with a rise in carbo-
hydrate metabolism (Cheng, 19643 James, 19651 Porter,
19671 1970). While these enzymes have been identified in
digestive cells in the present work, no definite statements

regarding changes in their activity can be mada,

Many studies gave been conducted in order-to determine
the presence of fats in digestive gland cells of infected
and uninfected snails (Cheng, 1967). Cheng and Snyder
(1962b) have obgerved that the digestive gland cells of

parasitized snails display a marked increase in the number

-y
R

5



"13";‘4‘

L

and size of neutral fat droplets and in the quantity of
fatty acide. They reported, hgwever, thaﬁnas the infection
becane mﬁre severe, the neutral fats were broken down into
simple fatty acids and that the latter were ultimately Ab-
sorbed by the p;rasiﬁe. While an initial inérease and
gradual depletion of fats has been documented by otﬁer
workers (James, 1965; James, 1967a; Porter, 1967; 1971)
for digestive cells, At has conflicted somewhat with the
findings of Cheny {1965) who did not observe a gradual de-
crease in fatty acids. loreover, Reader (1971a) did not ob-
serve an initial inecrease in neutral fats, but noted a de-
crease in this cg?ponent with no changé in fatty acids for
digestive gland cells aﬁ:ected by tyematode sporocyste. In
; my findings, neutral fats seem to increase as digestion pro-
ceeds and to he most abundant during the excretory phase.
The present work a%so suggests tgat there is a rise in
neutral lipids for cells affected by either £, lingua rediae
or M, similis sparécysts. This can be ;een to persist un-

4

til the cells are characterized by pathological Ltate 3.
’/"—"_’,/’The initial increase in fats may indicate a decrease in the
* available oxygen and interference with the proper metabolism
of lipi&s. which may in turn depénd on the Krebs citriec acid
cycle and the agrobic metabolism of carbohydrates {Von Brand,
1966). The ultimate reduction of neutral lipid may be a re-

sult of enzymatic activity induced .by the parasites. A para=
gite-emitted lipase hag already bien demonstrated by Cheng
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(1965) and may alsoc be secreted by either C. lingua,. M,

similig or both parasites.

y - ' '
_,Only Meuleman (1972) has considered the pathological

effects at the ultrastructural level of a digenetic trema-~.

" tode on the digestive gland celds of its host. She pro-

vided a comparison between those changes induced by the paraw
site and the alte%ations which resulted in the cells after
the snails had been starved. Because many of the disrup-
tions in the digestive g}and cells which might have been
attributed to the parasite were also observed in uninfected
specimens, she was unable to make any definite statements

regarding‘tha actual influences of the parasite.

In the comparative ultrastructural study on the rela-
tive effects of the two parasites on the digestiv@ calls of
L, saxatilis, it appeais as 1f M. similis sporocysts induce
their damage at an earlier stage in_the inf;c%ion process
than do G, lingus redise. Cells characterized by patho-
logical State 1 and infected by M. similis sporocysts,
mapifest slight changes which are not ordinarily seen.in
cells affected by C. linguas rediae, Wile in both instances

thefa appears to be a rise in the amount of lipid, cells af~

] fected by the sporocysts appear to contain fewer Type 3

74
vesiclea. Such observations suggest that in the case of
those celle sharing an interface with the sporocysts, Type
1 and Type 2 vesicles may.becomg depleted of their food con=

Y
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tent rapidly, and afe thus no longer aigilable for puifposes l'
of fusing with the Golgi vesicles in okder to form Type 3

vesicles. Another possibility is that the Golgi bodies no <
longer give’riée to the characteristic striated-like vesicles .
which participate in the digesfion process. Rather, they may’.
now become involved in the formation of phago- or autolyso-

gomes,

" Autophagy is an intracellular ﬁpocess by which certain
cytoplasmic constituents becoms enclosed within a2 ﬁhagoxy-
gosome or autolysosome and are subsequently digested. Auto-
lysosomes have been shown to contain acid hydrolases, en-
zymes coneidered to be “lysosomal® or *lytiec” (Novikoff,
1959), Moreover, an_increase in the number of autolyso-
somes has been observed in cells that were exposed to a
‘variety of damaéing influences (Holtzman ané Novikoff, 1965;
lane and Novikoff, 1965)., It is, therefore, to be expected
tagt ir !J’éim;lis\sporocysts subject the digestive cells
to greater stress and do so at an earlier stage during the
infection process then do ¢. lingus radiae.,tha Gofgi'bodias
and their vesicles may become more involved with the protecw
tion of the cell through the formation of autolysosomes
rather than with the process o} digestion.

When digestive cells are characterized by pathological
State 2 and the effects by C. lingua and M. similis are com-

" pared, some differences can alsoc be observed. Electron micro-
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graphs for example, suggest that pinocytosis remains fﬁné~

tional in cells affected by C. lingua rediae, but no longer

_ takes place in cells influenced by M. gimilis., Moreover, in

the latber case, a complete breakdown of the microvillar

Lorder takes place towards the end of this state. Phago-
l&sasoges are common during this state and appear more
numerous in cells infected by M. similis sporocysts. It is
only at this time that Type 3 Qésicles are reduced in size
and numbes in cells infected by C. lingua rediae, Cells af.
fected by either C. lingua or M, similis display similar
|forms, of -degeneracy during pathological State 3.

Most studies on the effects of parasites on the diges~
tive gland are concerned with changes in the digestive cells
and less with the higtopathology of secretory cells, In my
work, both histochemical and ultrastructural results suggest
that secretory cells persist in a healthy, or unaltered state,
long after digesfive cells begin to display morphological
abberances: Some investigators have indicated that the
number of secretory cells increase when snails are para-
sitized by digenetic trematode larvae (James, 1965; Wright,
1966) and this has been observed in my work, especially for
sneils parasitized by M. similis sporocysts. It is also
noteworthy that marked changes begin to appear in secretory
cells affected by C, linguas sooner than they do in cells in-
fluenced by M. similis. FPretter and Graham (1962) have

1Y



guggested that the function of the secretory cells is o ex-
tract metabolic excrstory products from the visceal haemow
coal and to passg it off into the iumens of the digestive
yubules. . ’

!od,:

Rees (1936) and Cheng and Snyder (1962a) have pointed.

. out that the pa;%sitic excreta which are released into the
haemocoel may héqa;principle cause of cell degradation or
lysis. In the present work, it has been shown that ﬁ;
similis sporocysts are more damaging to the digestive cells
than are C. lingua rediae, It is possible, therefore, that
the damaée induced by ‘the sporacyéts is indirecf{ and is
caused primarily by the toxic nature of tye accumulated
larval wastes in the haemocoel. If this be the case, and
if the secretory cells do perform the vital funetion of
cleansing the haemoccel of undesirable wastes as suggested
by Rees (1936) and Cheng and Snyder (1962), then it is
reasonable to expect that snails infected bycy, gimilis may
rely more heavily on the secretory cells than do sneils para-
sitized by ¢, lineua , Thus, & greater increase in the nugj
ber and in gho resistance of such cells, for snailg’paraw
sitized by M. similis may reflect a molluscan response to
cope with & nmore pronoyncad atress than it experigncas from
infection with C. lingua r;diaa. .

1
It is of interest that secrestory cells affected by M.
~ |
similis display a greater number of calcium spherules than

-
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ells in unparasitized snails, The presence of calcium
spherules has been reported from similar cells by other workers
(Abolins~Kragis, 19613 1963; 19653 19683 Merdsoy and Farley, ‘
1973), and it is believed that one of their finctions is as~
sociated with the provision of calcium for purposes of f:-
pair and régeneiationrdf the gastropod-;hell. To prove this
point, -Abolins-Xrogis (1970) damaged the shell of Helix
pomatia L., and Ebserved a heighiened degree of activity in
the gland cells. Eéa&use fragilxty of the gastropod shell
nhas been associated with 1nfectlon of snaiis by digenetic
trematodes (Pan, 19653 " Wright, 1966). it is quite possible
that M. similis, unlike C. lingua, coniributes towards the

deterioration of the shell in L. saxatilis.

/

The boundary lines®which demarcate the normal cell, the .
adapted cell, the injured cell and the dead cell, 2re dif-
ficult to define and there are as yet no clear descriptions
:which can properly be applied to differentiate these states.
The importance, héweven, of the electron microscope as a tool .
in studying cellular morphology and the structural changes
imposed on cells is indisputable.. It is, nevertheless,
particularly important espec;ally in this study, to be auan
that the adverse influénces of the parasites are initially
exerted at the molecular level and that biochemical changes

occur long before injuries become visibl;.

l
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The structural maniféétations of cell injury have often
been referred to by a variety of terms. In this connection,
Robbins and Angell (1971) have reviewed the applicable fermin~
ology and have concluded that the term *degeneration’ should
be reserved for such cells as are injured but capable of re-
verting to their normal condition once the adverse stimulus
has been removed., Beesis (1964) often referred to *cell
pathology' and described +he period during which cells show
reﬁersible deterinration as the "period of éaﬁhology”. In
adﬁition. Bessis also differentiated between the "period of
death” and the “period of necrosis”, the latter phrase re-
ferring to Shose disintegrations which take place after the
cell has already died. In gontrast, Robbins and Angell
(19?13 accepted the term ’necrosis® to include those changes |
*indicative of cell death®, \ In short, the problem seems to

be one of semantics.

In the present work, few chaﬁées appear to take place
in cells displaying pathological State 1, While thers ap- ]
pears to be some lipid infiltration, and a pogsible shift in
the function of the Golgi body, the membranas and organelles- .
remain intact so that the term 'degenerate’, as defined by
Robbins and Angell (1971) can be readily applied. In cone
* trast, celle exhibiting pathological State 3 wheh infected .
by either parasite are characterized by a complete deter~
joration. Cell membranes appear ruptured, the organelles

are either disintegrated or absent and nuclei are charac-
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terized by varying degrees of ﬁyknosis. In general, the

term ‘necrosis' can now be applied to these cells in accor-

dance with the descriptions provided for cell death by Trump
ggﬁg;,ﬂ(lgéz), Goldsmith (1966) and Robbins and Angell (1971).

_ Digestive cells insﬁﬁﬁpo§ogica; State 2 and affected
by C. lingua rediae displaj. various jmorphological changes
;ome of which may be construed as,cgfrigible or reversible,
In contrast, gigestive cells affected by M, similis and
characterized as heing in éﬁthologieal State 2 showed marked
changes, such asgbreakdown in the apical border. Besides
the absence of pinocytosis at this time, mitochondria ap~
pear swollen and show signs of cristolysis and nuclel appear

highly irregular at first, and later display varying forms

of pyknosis. Such morphological changes are compatible-with

those normally attributed to dying cal?s {Robbins and Angell,
1971) and ar; congidered as permanent or ‘*irreversible’.
While the exact time in the ségquence of events when cells
reach this “turning point” l.e., the stage wﬁere they will be
destined~to die or are already dead remains unclear, it is
important to be aware that it must happen while cells ;re in
pathological State 2, It is also likely that cells affected
by C. lingua rediae may remain in a deéanerato state longer
than cells influenced by M., similis. In other words; once
cells ars characterized by pathological State 2, thome 1$~
fected by g& similis will die sooner than the ones infected

by C. lingua,
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There are numerous aspacts of this work which warrant

. close attention, but are beyond the scope of this thesis.
Consideration may be given to host responses, defence mechan-
isms, phasic activity of éérasites, etc. Furthermore, en-
zymatic and histochemical methods at th; electron mi¢roscope
level, as well as autoradiography techniques to study the
passage ;f faod at the cell-parasite imterface should be con-
gidered as potential tools for this kind of work. Invegti-
gations and approaches of these kinds, will, I feel, lend

further support to the present findings.
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Pigure 4.3 . L .
" Fresh preparation of L. saxatilis snails showing
a) an uninfected gravid femalé b) a snail infected with
g lingua ' and ¢) a shail infected with M. similis. Note
the characteristic distributions of the parasites as de-
seribed for Figures 4.1 and 4.2 and the dark-brown unine
_ fected digestive gland in the uninfected snail. Numerous

rediae can be observed in the water and attached to the

A

digestive epithelium of their host (b). -

3

dg - Higestive gland - ¢ '
r > rediae . -
§ =~ sporocysts : . ‘

ys - young shells
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" the cells and the parasitic larvae.
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Figure z"; 4 ’ , . . *
Cross segtion of digestive gland tubules of L.

saxatilis infected with M. similis sporocysts. Note how

the larvae are concentrated in the upper regions of the

picture. Note toos the presence of secretory cells, es- '

pecially common at the.level where contacts exist hetwsen .

de - developing cercaria I - interface .
lu - lumen'of digestive gland S - sporocyst
DG - digdstive cells 5C .- secretory cell
{Bouin's, Nallory's Triple Stain) .
' X200

e - ) b

TR .
 Figure 4.5 .. : '

. 83 -« digestive cells in pathological State 3

An enlérgemqﬁt of part of Figure 4.4 showing inter-
facés between sporocysts and digestive gland cells. Note
-general disruptions in cells which are immediately &dﬁacant
‘to the sporocysts' o&ter walls, in contrast to the relatiye
cellular integrity gisylayed by cells (arraws)mggre g:ﬂgte
from the actual points of contact. ¥ T ;

A
a

I ~ interface
S = sporocyst ' ) e

(Bouin's, Mallory's Triple Stgin)
. . xb50
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“Figure .6 * . »

Diagramatic sketches’ of the digestive cells of L,
gaxatilis displaying three states of pathology that are
applicable to all phases of digestion and which are in-
duced by M. similis sporpcystg-and C. lingua rediae.

Q

State 1@ No structural thanges are observed,

-

State 2: Nuclei become dislodged and migrate apically,
. General empty appearance is, visible in the basal
region. Cells are compressed and assume &8 squa-
mous appearancé. q

L3

m

State 31, Degeneration of the lateral and apical membranes.
) Absence of much cellular material (as revealed by

8

the Mallory's Triple Stain Method). Digestive
vacuoles can often be seen in the digestive
tubule lumen after cell membranes have ruptured.

T (This sketch does not show the occurrence of &

\ syncytial layer - a feature commonly present af-

ter tHe breakdown of .the lateral and apical mem-

‘ “branes),

$ ) ) Q

bl - hasal lamina ‘ ’

¢t - connective tissue .

DC - digestive cell ' /

dv - digestive vacuoles (idealized disgram of vacuoles to
repregent all three phases of di-

g gestion) .
n - nucleus , > N
SC - secratory ¢ell RS

P - parasite ‘
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S, 6 >

* \“iv‘“" Figure L"QE ‘\1 .
:'°, Cross section of digestive gland tubules of L. saxatilis
s - infected with C, lingua rediae. Unlike M. gimilis sporocysts,

\ and as seen from pictures of whole snails (Fig. 4.1 - 4,3),
the rediae are dispersed betweén the tubules and not com-

" pletely concentrdted in one area. This can be geen by the
presence of digestive tubules on all sides of the parasitic
1arvae. Fewer gross distortions (State 3) can be’seen in

ce digestlve cells despite the fact that the cells and para-
£ sites have intimate contact in many places.

35
% . a’

DC - digestive cells
, 'L R = redia- T . -

»

: {Bouin's, m%glnry'g Triple Stain)
. : . -x180

N, =
+ Ll
v M *

Figure 4.8

B ’ Cross section of digestive gland tubules of L.
: saxatilis infected with C. lingua redime, "As in Figure
. 4.7, the intermingling of larvae-with some digestive gland
tubules is observed, - but unlike above, some calls can be
seen. displaying more severe effects of the paraaite (as
characterlzed by State 3). .

L3

Rl

|
53 -~ digestive cella displaying pathological State 3

‘ ’ u(Bouin'é, Mallory's Triple Stain)
. . ; ’ %320+

i ]
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Figure 4.9 < '

., Cross section of a digestive gland tubule of I.
saxatilis infected- with C. lingua rediae ani stained with
mercury-bromophenol blue. to reveal proteins. Note the ab-
. sence of blue color from the basal regions of digestive
cells dzsplaylng pathological 3tate 2. In contrast, note
the, faint blye|color from thé basal regions of digestive
cells which are adgacent to the paraslte and whiéh can be
categdrized into pathological State 1. The rediae can be
obserwed to stain intensely with mercuryubromOphean blue.

o

lu ~ ludien of digestive sland tuhule
n - nucleus :

Pl - dlgestlve nell displaying’ patholcglcal state ‘1
992 » digestive cell 4displaying pathological State 2
‘R = . lingusirediae’ ! | k ’
sc.- secretory cell , L Sl

(Bouln s fluid, yoot. 19335 mercury-bromophenal blue}

€

protein ~ blue . )
| - xhoo .

Hox
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‘lFigure 4, Y0a - g .

-a

Cross section of a digestive gland tubule of L.
saxatilis infected with M. similis sporncysts and stained
with mercury-bromophenol blue to reveal proteins. Note the
absence of blue color from the basal regions of digestive
cells which are immediately adjacent to the sporncyst (llght
arrow}. In contrast, note the vloletmblu& color of the
basal regions of cells which are not 1mmed1ate1y adaacent
to the parasite~(heavy arrow). Because of a slight color
ahift at the tmme when the photograph was: taken, the
" tein content is now identified by a vmalet«blue 1nst of
‘blue color,

DG - digestive cell
5 ~ sporocyst v ) - .

{
(Bonin's fluid, 19331 Mercury-bromophenol blue)
h Voo xhoo® ¢

& 13

b

Figure 4.10b, o . . Toen

Similar to®Figure 4.10a except that it is taken at a.
higher magnification to show the violet-blue staining of
the uninfected digestive cells (aRrrow). :

bbb « basal border N

' 4
(Qauin‘s fluid, 1933 Mercury~bromophenol blue)
) . %800

¢
~

&
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Figure 4,11

b

Cross section of dig;§tive gland tubules of L.
saxatilis infected with €. lingua rediae and stained with
pyronin-methyl green to reveal nutleic acid. Note the abe
‘sence of RNA in the basal regions of cells considered to be
in pathological State 2.  Note also the relatively ;argé
amounts of RNA in the secre?ory cells and in the rediae,

P2 - digestive cells displaying.pathological State 2
R « redia ‘
SC -~ gecretory cell . $

¢

} o
(Lillie*s acetic-alcohol-formalin, Pyronin-methyl green) -

RNA ~ purple-red _
DNA - deep blue o ' .
‘ : x#00 "

@
s - ¢ |

Figure k.12 - “ - . | ‘
Cross section of digestive gland tubules’of,gycygégd ) \

saxatilis infected with-{. lingua and treated with ribvo.

nuclease prior to staining with pyronin-methyl green. At

,this time, note the absence of RNA. Note too, thé deep

blue stain, revealing the presence of DNA, a component not

affected by WA s&, Arrows point to phagocytes within. the éﬁ&

connective tissus, . ' > : . |

De - digestive cells : | 1
lu «» lumen T |
S - gporocyst e " S

{Lillie's acatichalcuhalwférmglin, Pyroninnmeiﬁyl green) ! r
xﬁoﬁ” | |

t Al 4 §
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. Cross sectfbn of uninfected digestive gland tubulesg of

. , =151 -
¢ ¢ u
Tigure 4. Iza o . YN .o,

L. saxatilis in the absorptive phase and stained by the PAS

,.methed to identify carbohydrates. The apical borders of

-digestive cells can be observed to stain intensely by the

PAS method. "Note, however, a4 slightly more moderate

staining reaction just within the distal border. Note also
the PAS-positive material which isscattered in clumpa ip

the mid-basal region (arrows). The most basal region, i.e, d
the region immediately ad jacent to the nucleus is charac-
terized by & very light PAS-positlvg\granularxty. while the.
nucleus and nucleolus stain a light blue. In contrast to
digestive cells, the secretory cells appear

gb - apical border n - nucleus :
DC - digestive cell nu - nueleolus N
lu - lumen . SC ~ secretory cell

(alcohol at -?3 C, Periodic Acid-Schiff counter-stained .
with Harris ﬂaematoxylgn) )

PAS }
carbohydrate - purplish.red
,nuclo}'- blue-black

LS

o - xk00



Figure 4.13b

) Similar to Figure 4.13a only taken at a higher mag-
nification. Arrows point to PAS-positive clusters in
«middle and lower basal regions of the digestive cells,

n -« nucleus

(alcohol at -73°C. Periodic Acid-Schiff counter-stained
with Harris Haematoxylin) ,
, ’ 4 %720

»
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Pigure 4.14 .
Cross section of uninfected digestive gland tubules U
of L. tilis in the absorptive phase, treated with malt
diastase stained b& the PAS method to reveal tﬁe dig-
tribution of glycogen, . Note the overall elimination of
"PAS-positive material from the middle portions and the

lower half of the basal r4gions of the digestive cells,
. suggesting that the heavily stained PAs-positive clumps

" previously identified (Pigures 4.13a, 4.13b) are glycogen.
In contrast, note that the apical borders continue to stain
intensely while the Degions just within the distal borders
retain their moderate staining capacity as well. The secre-~.
tory cells stain negligibly by the PAS method.

'ab’- apical border
DC - digestive cell
SC - secretory cell

{alcohol at ~?3°c, Periodic Acid-Se¢hiff counter-stained
with Harris Haematoxylin)

control: malt diastase ’ . “\

) x720
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Figure 4.15

Cross section of digestive gland tubules of L.
saxatilis in the digestive phase, infected with C. lingua
rediae and stained by the PAS method without prior ex-
posure of the tissues to periodic acid, Tissues fail to
. stain by the PAS method, indicating that a positive PAS
reaction (Fig. %4.10a) is due to the specific oxidation
of glycols., At this Eime. only material stained by the
haematoxylin counterstain can be .distinguished.

DC -~ digestive cell Sgr- secretory cell
R - redia X !

(alco@oi at ~?3°C, Acid Schiff counter-stained with Harris
Haematoxylin) /

]

control: no periodie acid o -
x2G0
3
A o (
v” i
, S
) "

o
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Figure 4.16 s

Cross section of a digestive gland tubule of L.~
saxatilis in the digestive phase, infected,by C. lingua .
rediae and gtained by the PAS method. Note the absence

‘of PAS-positive material from the middle and basal re-

gions (arrows) of digestive cells displaying pathological
State 2., ‘.Material located in .similar positions was pre~
viously identified as glycogen in uninfected cells (Fig.
4,13b, 4.1%), Note too, a finé PAS~posktive granularity
in the basal regions, not ordinarily observed in unin-
fécted cells (Fig. 4.13b).

ab - apical border P2 - digestive cell
iu ~ lumen , ' displaying patho-
n - nucleus logical State 2

? R - redia

SC -~ gsecretory cell

-

(albohol at ~73°C, Periodic Acid-Schiff, counter-stained

with Harris Haematoxylin)
) x700
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Figure 4,17 i ‘

Cross section of a digestive gland tubule of L.
saxatilis in the digestive phase, infected by M. similis
sporocysts and stained by the PAS method. Note the ab-
sence of PAS-posxtive material from the middle and basal
regions of digestive cells in pathological States 1 and
2 {as for Fig. 4.16), ‘*aterial located in similar re-
gions was previously identified as glycogen in uninfected
cells (Fig. 4.13b, 4.14), Unlike for cells affected by
C. lingua rediaé (Fig. 4.16), there i& a reduction of
. PAS~positive material fram the basar*gegions of cells in
pathological States 1 and 2. Note the complete elimina-
tion of PAS-positive material in cells displaying patho-

logical State 3.,

ab - apical border P2 - digestive cell
Iu « lumen , d1splaying patho-
n - nicleus . logical State 2
Pl - digestive cell displaying P} -~ digestive cell
pathological State 1 displaying patho-

logical State 3
» - sporocyst

(alcohol at ~73°c, Periodic Acid~Schiff, counter-stained
with Harrie Haematoxylin)
" x800

-
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a

LCross section of a digestive gland tubule of L.
saxatilis in the digestive phase, infected with C. lingua A
rediae and stained by the 0il Red O method to’ revehl lipid.
Note the large amounts of lipid, predomznately in the

basal regions of digestive cells - a feature not,ord;narxly
commonn for unparasitized cells at this time, T

\

ab - Qpical border
bb ~ basal border

(formalin sea water, 0il Red 0, counter-stained in Mayer's
Haemalum)

lipid - red

»

x680 j

Figurﬁ lh 12 -

Cross gection of a digestive gland tubule of L.
saxatilis in the digestive phase, infected with C. lingua
rediae and stained by the calcium cobalt method (Gomori,
1946), to reveal alialine phosphatase activity (light o
arrow). Note the dense granules concentrated primarily in
the basal regions of the digestive gland gells. Note too,
that rediae stain intensely for alkaline phosphatase (heavy
arrow).

(buffered formalin sea wa{er. calcium cobalt)

alkaline phosphatase < black
x720
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4Figurs 4,20 ol . - .
Electron micrograph of the basal region of & secretory
cell of L. saxatilis in the digastxvé/yﬁﬁse. parasitized py.
a C. lingua redia. Note the highly folded appearance of
the nu?leus.Q Note too, an autopRagic vacudle which con-
tains small membrane-bound vesicles, { ’

-

av - autophagic vacuole .

i - invaginations of 'the redial tegument .
I « interface/between host cell and parasgite tegument
n - nucl

s . 3

- x8660 . N

Figure 4,21 . N .
Eﬂoctron mlcrogranh of secretory cells of L. paxatilis
during the digestive phase. parasxtized by a C. lingua
rediar Note the small isolated pgrtion of a nucleus, img
mediately ad jacent to the main nutleus (arrow). - This is
a common feature at auéh time and probably represents a
cross section of a nuclear extension. Note too, the re-
latively few zymogen granules and the absence of material
of similar elettron density to the zymogens from the miero-
villar region (see Chapter II - Figure 2.11). An isolated
portion of a digestive cell displaying a general empty ap-
pearance, characteristic of pathological State 3 can a;éo

be seen. ‘

-

ab - apical border n -« nucleus

DC - digestive cell rSC-- secretory cell

mv - microvilli zg - tymogen granule
x5940

iy
N

et g
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Pigure 4,22
Electron micrograph of the mid region of a secretory
cell ‘of L. saxatilis, parasitized by a C, lingus redia.
Note the absence of long parallel E.R. cisternse and the .

prevalence of numerous granular E.R. vesicles, Note too

the large number of unattached ribosomes (arrows). Note
the eslongated mitochondria and possible signs of their

rwpturing.

» - mitdchondrion
Y« granular E.R. vesicles

x33,030

g oA
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Figure 4,23 . ’ \

Electron micrograph of secretory and digestive cells,
parssitized by C. lingus redise. Note the shrivelled state
of some of the nuclei and the dense granulation which they
exhibit at this time, Nots too, the extensive vesiculation
of the granular E.R, Digestive cells, showing various
states of pathology can likewise be seen.

BC -« brood chamber of the parasite

DC - digusqivo cell

I - interface betwesn secretory cell and parasite
n - nnelcun

‘SC = ltcrttory céll

t ~ redial tegument .
x5760 .

4

Reotron n&oru:m&ph 9; the basal portion of a lCOrO-
tory Gs)) paresitised by & C, lingus redia. Note the auto-
phagic wicuole ant the u!f in which the latter seems %o en-
Wit ssllular material. Note too, the irregularly shaped+

.
L[]
"
a
y
@

‘nvoleus which shows signs of extreme degenerution.

"~ ndleug
= gutophaglic wmeuole
: E 25500

AN

LI SN hcalint
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Pigure &.25

Electron micrograph of the mid region of an L. saxatilis
digestive cell in the digestion phase parasitized by a C.
lingus redia and exhibiting the early stages of pathology.
Note that the cell membranes appear to be intact, and also
the relatively normal condition of the T3 vacuoles., Note
the 1‘nge number of lipid droplets at this time.

. Gv - Golgi vesicle

‘1 - 1ipid y
T3 -« Type 3 vacuole
x11,600

-
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Figure 4,26 - <o L
Electron micrograph of the basal regi;n of an L,

saxatilis digestive cell, parasitized by a C. lingua redia
and exhibiting properties characteristic of pathological

tate 1. Note how some of the cisternae of the Golgi bodies

pear distended and give riser to clear structures {(arrows).

te the accumulation of densely concentrated material along
the cell’s inner brane at the level of celi-parasite ine
terface. The latfend is similar in electron density to the
contents enclosed within the invaginated portions of the
surface projections of\ the redial tegumént and may represent

host substanoe which will be phagocytized. -

dm ~ dense material along inner bvoundary of digestive cell

Cb - Golgi bdody . .
GC ~ glycogen osll in the connective tissue

f

* I = interface

is ~ invagination of surface projection (containing electron
dense material)
n -« nuocleus
t ~ redial tegment
v ] x6,120
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Figure 4,27

Electron micrograph of. the mid and basal portions of
digestive cells in the digestive phase, pgrasitinod by C.
lingua redise, Note the predominance of T4 vacuoles and
the relative absence of T3 vacuoles. The few remaining
T3 vacuoleq are smaller than the ones usually observed
from unptrjuitized cells. . ' A

DC « digestive cell

n -~ nucleus

pl « phagolysosone

8C - secretory cell

73 - Type 3 vacuole

T 4 - Type 4 vacuole
- x2,800
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ngﬁ h,28 . 5 L
Electron micrograph of the ?pical regions of digestive
cells of L. saxatilis in the early phase of digestion and
which sre parasitized by C. lingua redise. Pinocytotic
vesicles and mitochondria are visible within the apical
border. As in Figure 4,27, T4 vacuoles prevail, while the
T 3 vacuoles are few in number. Note the presence of a
phagolyat;me in the more basal region.

1i - lipid ‘ Pv - pinocytotic vesicle
m - mitochondrion J 73 - Type 3 vacucle
nv - microvilli J T4 - Type % vacuole
pl - phagolysosome . ¢
® ‘ x7, 960
rigure 4.29

Electron micrograph of the aplcal region of a diges-
tive cell of L. saxatilis in the early phase of digestion
and paresitised by a C. lingue redia. Unlike Figure 4.28,
pinocytotic vesicles are not present and the apical border
‘ is characterized by an irregularly folded membrans. The
presence of dense membrane-bound vesicles may represent an
[ advanced form of lysosomal activity at this time,

dv - asnse-visicle »

- x7,920
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Pigure 4.30
Blectron micrograph of the mid regions of digestive
cells of L. saxatilis in the absorptive phase and para-
sitised by C. lingua redime, Note the light grainy quality
and the relative emptiness of these-cells, Note also the
folded and ruptured membranes (arrows) bf the cells,
Numerous small electron lucent vesicles can also be seen

~. in the nicro&raph. . .)
%ﬂ - 4 vacuole v - vesicle
- @ xé, 660
- Pigure 4.31 o

Electron micrograph of the apical regions of digestive
cells of.L, saxatilis iﬁ the absorptive phase and ;parasitized
- by C. lingus redise. Note the general deterioration of the
mitochondria. Swelling, intermal vesiculation and a reduc-
tion in the number of cristae can be seen in the micrograph.

m - mitochondrion .

* o x10,260
5, Electron mjcrograph of L. saxatilis digestive cells in-
- fected by C. lingus redias, showing extreme deterioration.
} Note the axtensive breakdown of cellular membranes (arrows),
T \\__s ‘he large number of phagolysosomes and the irregularly shaped
g nuclei. The latter are usually much reduced in sizs and ap-
¥ pear very denss., Pusion of adjacent digestive cell fragments
Ll is apparent in the micrograph. °f
%%“ 1 - Mpid . pl - ph:golyaonono/
zw, . n - nuoclel
g;.ﬁ %i . x6,000
&7 ' o ‘
5%; : 3
Yl e -
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Flgure 4,33

- Blectron micrograph of the bh:alal regions of decretory
cells of L. saxatilis in the early absorptive phase and para-
witized by M. similis sporocysts. The granular E.R. cister-
nae 40 not show signe of swelling or vesiculation and in
general, there is no observable svidence to suggest that the
cells have suffered any form of damage.

cs ~ calcius spherule .
DC - digestive cell : -
SC ~ secrstory cell

x20,000

Pigure 5.3 " h .

“moctror‘p micrograph of the basal i‘ogiomi of secretory
and digestive cells in the sarly adsorptive phass and para-
sitized Dy N. similis sporocysts. Note the relatively nor-
mal state of the sscretory cells. In contrast, nots the
large acowmulations of lipid, spically to the nuclei, =
feature charecteristic of digestive cells displaying patho-
logioal State 1. Note also & portion of a digestive cell
+0 the right of the secretory oslls, charactericzed by a
large phagolysosome, suggesting therefore that the latter
may be in pathological State 3. .

¢s - oalcium wpherule X n = nucleus

DC ~ digestive cell pl «~ phagolysosome

1 « 1lipia SC -~ secretory cell
v . X5, 40

\
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 Figure %.33

4

. Blectron micrograph of the apical regions of secretory
and digestive cells-in the early absorptive phase para-
sitizsed by M. similis sporocysta. Note the large number of
symogen granules in the secretory cells as well as material
of similar sleotron denszity to that of the granules-dis-
persed between the microvilli (arrows). Note ths presence
of large phagolysosomes as well as ruptured T vacuoles
within the digestive cell (to the right of the secretory
oslls). Note also the irregular folds and ruptures of cell
membraned (to the left of the secrstory cells). The latter
oonditions are chareoteristic of cells displaying patho-
logical State 3. ( .
o8 - caloiwm spherule ' '
DG - digestive cell -

Pl - mm

80 - -webratory oell

-

‘W = 2yps & viounole
8¢ ~ symogenr grenule
x6, 840
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Figure 4,36
Blectron micrograph of secretory cells in the absorp-

tive phase, parasitized by M. similis sporocysts. Note the
large number of Iipid droplets,

cs ~ calciwm spherule

DC « digestive cell

ger - granular endoplasmic reticulum
1l - 1lipid

SC - secretory cell

\

x6,060

1
|

Pigure 4.37 - )

Rlectron micrograph of the basal regions of secretory
and digestive cells of L. saxatilie infected with M. similis
gporocysts, Note the absence of nucleoli from the nuclei
and the scattered concentrations of electron dense granules
within the nucleoplamm. A phagolysosome can also be seen in

the umpht
,‘;’ DC « digestive cell .
£l dg - dense granule
R n - nucleus
T P = Phagoscas | .
¥ Pl - phagolysosome (of & digestive cell)
. SC - secretory cell ’
2 x6,000
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> Pigure 4,38 °

Elesctron micrograph of the mid region of a secretory
cell in the absorptive phase which is infected by M, similis
sporocysts. Note the extensive vesiculation of the granular
endoplasmic reticulum, as well as the large number of de-
tached ribosomes. N too, the elongated mitochondria
which in some instances show a reduction in the number of
cristae and signs of possidbly ruptured membranes.

®» - mitochondrion
r - detached ribosomes
v « granular endoplasmic reticulum vesicles

v
ectron micrograph of secretory cells of L. saxatilis
infected by M. sg;uc ’sporocyat«. Note the highly folded
nucleus of the secretory cell. Note also the relatively
#maller nuclei (arrows) which may represent the |cross mec:
B tions of nuclear extensions. The remains of what was for-
iorly a digestive cell can be seen in the middle of the

DCP - remaining portion of a digestive cell
n ‘-« nucleus

13"'. 710

x4,500

Pigure 4,50

Electron micrograph of a secretory cell of L. saxatilis
infected with M. similis sporocysts. Note the large number °
of calcium spherules.
[ ¢s = calciuwm spherule
V . X5, 940
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Pigure 4#.41 =~ .

Electron micrograph of the apical wegion of a digestive
csll in the absorptive phase and parasitized by M. similis
sporocysts. Note the presence of pinocytotic veslcles in
the distal end. Note also, that the apical border and the
microvilli are intact,

m .- mitochondrion
mi - microvillus
pv - pinocytotic vesicle
- © xps,120

- L

Figure 4.42 ,
Rlectron micrograph of the u}icul region of a digestive
cell in the absorptive phase and perasitized by M. similis
sporooysts. Note the absence of pinocytotic vesicles. Note
alec the beginnings of membrane breakdown along the apical
and lateral borders ‘(arraws).
P

m « mitochondrion
al - microvillus
x26,700
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Figure 4.43 - o

flectron micrograph of the mid regions of digestive cells
of L. saxatilis parasitized by M. similis sporocysis. Note
the relatively smpty-looking irrégularly shaped vacuoles,
Note to0; t in some instances these structures contain a '
greanularity pf light-medium electron density, similar to
that observed in T4 vacuoles, Phagolysosomes can also be
observed at this time, At such time too, some mitochondria
appear swollen and may also show signs of cristolysis (arrow).

m - mitochondrion 4
pl - phagolysosome -
v - vacuoles similar to the T4 vacuoles
x26,700

Figure 4,44
Electron micrograph of the mid region of a digestive
osll of L. saxatilis parasitised by an M. similis sporocyst.
Nots the irregular folded Golgi body (arrow) and the pre-
sence of clear empty-looking vesicles. These contrast
with the striated-like Golgi vesicles characteristic
of uninfected cells (Chapter II - Pigure 2,15).

b - Golgi body ,
Ov - Golgi vesiole ~
x31,150
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Figure 4,45 '

Elsctron micrograph of the most basal regions of di~
gestive and secretory cells parasitized by M., similis sporo-
cysts. Note hézﬁportions of digestive cells are now en-
closed or surrounded by secretory cells. Basal borders are
no longer definable for digestive cells due to the extenslve
rupturing of cellular membranea (arrow). Note the large
number of phagolyaosomes . a dominant feature of cells dis~
playing pathological State 3.

DC - digestive cell

1 - lipia -

n - nucleus

pl - phagolysosome .
' * x5,400
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r

Electron micrograph of the apical regions of digestive

and secretory cells pamisitized by M. similis sporocysts. As

in Pigure 4.45, portions of digestive cells are surrounded
by secretdry cells and can no longer be said to possess
apical borders. (Arrow pomta to apical most region of di.
gestive cell). The microvilli ara absant and the distal
most regions of the digestive ¢ell does not open into a
lumen, As in Figure 4.45, phagolysosomes are very cosmon.

DC - digestive cell

1 - Tipia

m - microvilli =

Pl ~ phagolysosome
SC - secretory cell .
x5, 600

N ﬂ . g

Figure 4.47 .

Elsctron micrograpﬁ‘showlng part of a syncytium com-
‘posed of fused portions of fragmented digestive cells which
ere parasitized by M. similis sporocyat.. Note_ the ire
regularly shaped quclei.mhlch in ginorul appear very much
reduced in site.

n - nucleus
< * xS, 400
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APPENDIX I

.

HISTOLOGICAL AND ULTRASTRUCTURAL METHODS .

e . L4

-1 Treatment of tissues to be .examined with the light micro-

‘scope
A, Fixatives )

a. Bouin's fluid (Foot, 1933): This fixative was used
priér to staining tissue; with Mallory's Triple Stain
(Humason, 1962), aldehyde-fychsin (Cameron and Steele, 1959),
Heidenhain's iron haematoxylin (Pantin, 1964) and Mercury-
bromophenol blue (Bonhag, 1953) for proteins. While cy-.

X

toplasmic inclusions may become slightly distorted whén
Tixed by this method, it is good for nuclei and in general

excellent for the preservation of marine Invertebrata.

- Materials fixed by this method may be left in Bouin's ine

definitely, and it therefore serves as a very suitable
fixative for use on collecting expeditions (Pantin, 1964).

b. Bakar'snibrna dcq e Calcium (Baker, 1944 ag cited
by Pantin, 1964): This fixative was used for the study of
general carbohydrates and glycogen by the PAS technigque amd
forabound lipids according to the acetone-Sudan black
nethéd; It serves as a good cytoplammic fizntivo‘whlch is

C Ll

known to preserve lipids. FPormaldehyde acts as an additive
non-coagulant fixative which hardens proteins to some ex-
tent without separating the water from within them. ' Pore
maldehyde #iso has the property of fixinf proteins in such

[}

1



a way that the glycogen with which it is usually in intimate
asgociation, is not easily removed by water (Baker, 1969).

CaCl, was added to the fixative {as recommended by Pearse,

1964) in order to prevent osmotic distortion. ' .

Variations of this method were used in connection with
several other .techniquaa. Since the purpose of the calcium
salts in mlzer's formaldehyde calcium are primarily for the
praservation of phospholipids (Pearse, 1968), in order to/
study neutral fats, only formalin in sea water was required,
Moreover, to erisure minimal 'distortion of tissue for the
phosphatase tcsts. Monosodium phosphate and sodium hydroxide
provided a buffer solution (pH ?Jg - 7.6} for tissues fixed
in cold formalin sea water (Pearse, 1968). -

c. Ethanol (100%): Ethanol acts as a non-additive de-
naturing cosgulant of many proteins., It does not attack the

side groups of protein and therefore cannot render the tissues
sither more or less basic or acidic (Baker, 1969). It is
believed, however, that it acts in such a way as to block orl
k certain molecules making them more inaccessible to
:ﬁiouc reagents. While there are clear disadvantages to
using alcohol, e.g. only moderate pesnetration rate, cxcqnn
shrinkage or swelling, hardening, etc., it can be considered
one of the most effective agents for the study of glycogen
(Pearse, 1968). " The results of two studies by.Trott (1961) i

i
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and Kugler (1965) as was quoted by Pearse (1968)<on the pre-
servation of glycogen have both confirmed the superiority of
abgolute alcohol in comparison to other simple fixatives or

fixativa mixtures. . -,

Materials to be stained by the PAS and Best Carmine
‘mcthods were fixed in absclute alcohol for about 18 - 20
hours at -73°C in a closed chamber containing evaporating
carbon diokxide. The low temperature is significant in re-
ducing the degree of granulaf polarization characteristic
in alcohol-fixed cells (Pearse, 1968). .

d, Methanol saturated with Bariu.ﬁi hxg“ roxide: 'In pre=~
paration for the detection of glucose by the 'Okamdto method
(Pearse, '1968), small pieces of tissue were fixed in n&thyl
alcohol saturated with BaOH for about 24 hours at 3 - 4°c,

The resulting barium grfucose molecules which form are in-
soluble in methanol and become transformed into silver pre-
cipitates a;tar‘expoauro to the appropriate silver salts,

‘e, Kcetic-alcohol-formalin (Lillie) Pearse (1968):

While opinions vary regnrdikg the choice of fixatives in

preparation for the staining of nucleic acida, Lillie"s
acetic-alcohol-formalin is a preservative whose advantages
outwsigh the disadvantages. In’contrult to the Carnoy fix-
ative, which Pearss {(1968) believes causes some extraction
of RNA and DNA from the cell as.well as possible hardeninfg

of tissues, the acctic-nlcchol-fornaliq fixative
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causes less hardening of tissues and fewer cellular losses.

Prior to staining by the pyronin methyl green tech-

' nique (Jordan‘and Baker, 1955), tissues were fixed in *
Lillie's acetic-alcohol-formalin for 24 hours at 4°C (Pearse ,
1968).

B. Stains ~ ]

a. Mallory Triple Stain: Malloryzs proved to be the
most important general stain in this éEudy because of its
capacity to differentiate tissues by their coloring pro=
perties. The technique employed was the one proposed by
Pantin (1964). By this method, nuclei stained red, con-
neotive ticcu; - light blue, cellular digestive vacuoles
« varying shades of blue and RNA - iqﬁenéa red.

b. Aldehyde-Puchsin: An alte;na%c method for the
study of uninfected tissue wag the aldehyde-~fuchsin
staining technigue of c;nuron and Stesle (1959). By this
procedure, tissues were stained with Gomori's aldehyde
fuchsin and counter-stained in halmi's trichrome.

While this stain wes initially used for the examination
of neurosecretory cells, especially in invertebrates, it
had also proven most useful in a related atudy on the di-
'itltivt gland cells of Littorina littorea (Merdsoy and
Parley, 1972?. In the present work, it served as an im-
portant general stain for uninfected digestivs gland ‘1
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tissue. Nuclei stained varying shades of yellowish orange
and digestive vacuoles, purple. )

¢, Heidenhain's Iron Haematoxylin (Pantin, 1964k This
method was previously applied in & preliminary study on
the digestive gland of L. saxatilis (Davis, 1972). 1In

the present work, this technique was not as extensively
used as were the above methods, mainly because it gave
rise to an irragular granularity in the ceslls, and also be-
cause of its inability to differentiate tissues properly.

o

d. Mercury-bromophenol blue: This is a method whereby

proteins can be demon trated in prepared section. The
stain was introduced by Durrum (1950, as cited by Pearss,
1968) and was briginally used for development of protein _
gspots on filter paper. It w;a adapted as & cytological
technique by Mazia et gl. (1953) who reported that the
sharp and intense sfiining of proteins haruittod good dif-
Terentiation of structures often difficult to observe bf

other methods, (e.g. cilia, spindle elements, chromosomes).

While the dye used in this technique is regarded by
some as an ﬁnrgliabla reagent for the histochemical recog-
nition of proteins, Mazia ¢t al. (1953) and Baker (1958)
considered it to be a strong acidic dye capable fof oM~
bining with the basic groups by coupling with me
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In the present work, the staining\proceduro used was
the one recommended by Pearse (1968) after Bonhag (1955).
The solution is composed of 1 percent mercuric chloride
and 0.05 percent bromophenol blue in 2 percent acetic acid.
Proteins stain deep blue and certain tissues which display

A red color are believed to represent the sites for RNA.

e. Period Acid Schiff (McManus): In order to deter-

min e distribution of carbohydrates in the digestive ;
gland cells, the Periodic Acid-Schifg technique was em-
ployed. The procedure‘for the use of this technique is
reported by Pearse (1968), The results obtained with the
PAS method are based on two reactions:

1. The oxldation of glycols or glycol-like groups into

-

dialdehydes.

2. The coubinit10n of the dialdehyde with Schiff’s re- &
agent to form a reddish-purple product. ~

Pearse (1968) indicates that the PAS-positive substances '
are polysaccharides (glycoproteins, unsaturated lipids and
phospholipids. Glycogen alone is affected by treatment {"
with malt diestase or saliva prior to staining, and

therefors, the latter substances were us;d {or control pur-

poses.,

f. Best's Carmine (Pearse, 1968): Besides the PAS

t-chniquo: the Best's Carmine method in conjunction with

»

kS
-
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the appropriate controls was used for the detection of
glycogen. While the latter technigue iq basically on-
pirical, it has proven to be highly specific for glycogen.
According to Baker.(1945) as cited by Pearse (1968), the
active agent of the naturdl dye carmine is carminic acid
which, on the alkaline side of its isoslectric point

(4.0 - 4.5) is negatively‘charged, thus behaving like an
acid dye. The presence of ammonia in the staining solu-
tion helps‘maintain the pH at a constant alkaline level.

g+ The Okamoto method for glucoses For a further
elaboratiquof the nature of carbohydrates in the digestive

gland cells, the Okamoto method for glucose was attempted.
As indicated in Part A (fixatives - methanol sat. with
BaOH} the technique dcpenda'on the resulting barium glu-
cose molecules which form insoluble precipitates after re-
tention in an alcoholic silver nitrate solution for 30

minutes. .

h. Oil Red 0 Method for neutral fats: This method
was used in the study of neutral fats. Pearse (1968) in-
dicates that the method haé several distinct advantages
ov;r the more common dyes such as Sudan III and Sudan IV;
1. ‘Pocpcr color and thus discerning of smaller droplets
is po;ciblo.

2., Ilass tendency to form dye precipitates.

c (
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i. Acetone-Sudan Black Method for bound ligidz:,: This
technique was carried out in orderto identify bound lipid
content. Tissuss were stained in 2 percent Sudan Black in
acetone for 3 hours. (Pearse, 1968) ' ’

N

j. Pyronin/Methyl Green Technique: The RNA/DNA com-
position of the digestive gland cells was studied by the
pyronin-methyl green technique. The staining solution was
composed of 5 percent pyronin, 5 percent methyl green and
acetate buffer adjusted to pH4.8, as proposed by Joidan
and Baker (1955). DBecause materials other than RNA ‘(afttin

with the basic dys, pyronin G, a control was necessary to
show that the substance staining with thie dye wis in ftc‘t
RNA. Control ,n;cctiom were incubeted for 5 hours in a 1

ng/ml solution of ribonuclease in distilled water at 37°C.

k. Phosphatases: The techniques uplo:.nd for the de-
tection of phosphotases were the calcium cobalt method for
Alkaline phosphatase (Gowori, 1946) and the lead nitrate
« procedurs for Acid Phosphotase (Gomori, 1950) as described
by Pearse (1968). The tests arse concernsd \vlth.thc phol:-
pho;onuntonul and are based on the following reaction:

0 0
R-0- { -0+ ROH=ROH + H - O - { -0-r!

OH OH
_ (R is the alcohol radical) _

T
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The phosphomonoesteraseg are not specific in relation
to the alcohol radical which is attached to the phosphoric

acid group of the substrate and hence will hydrolyze a

wide variety of organic phosphates.
. f

The calcium-cobalt method for alkaline phosphatase
was employed on tissues fixed in Phosphate~buffered cold
formalig_paa water and embedded in Ofiororm. The sections
were then incubated for 2 hours at 37°C in a substrate
consisting of 3 percent sodium B glycerophosphate (10 ml),
2 percent sodium diethyl barbiturate (10 ml), distilled
water (5 ml), 2 percent calcium chloride (20 ml), and 5
percané magnesium sulphate (1 ml) at pH 9. After incuba-
tion, the sections were rinsed in distilled water, treated
for § minuteq in 2 percent cobalt nitrate and rinsed again.
Altarnaﬁf glides were treated with dilute ammonium :ulﬁhldo
A1 = 2 min.) and‘thc gections from these, unlike those of
the untreated slides demonstrated the presence of brown-
black precipitates, which were taken to be the sites of
alkaline phospla tase activity.

In order to study the mcid phosphatase activity,
tissues were initially treated in a similar manner to above.
The sections were then incubated for 2 hours at 37°C in a
substrate containing 0,01 M ‘sodium B - glycerophosphate in
0,05 M acetate buffer at pH 5, containing 0.0004 M lead
nitrate. Upon completioh, the sections were washed briefly

-



in distilled water and alternate slides wers immersed for
two minutes in dilute ysllow ammonium sulphide, The pre-
sence of brcwnish-blac;k precipitate of lead suiphide in
these sections, unlike for the untreated ones, corfirmed
the sites of acid phosphat’ase activity,



- 11 -

2, Treatment of tissues to be examined with the electron ‘
microscope ) _
A, TFixatives
a fwo types of fixatives are frequently used for the
preparation of tissues to be examined with the electron

microscope; these are hldehgde and osmium tetroxide. )

Proteins, a8 wll as certain macromolecular carbohy-
drates, preserve well with an aldehyde fixative. However,
all cellular organelles including membranes and nuclei are
not. well defined unless material is postfixed in osmium
tetroxide (Sabatini et al., 1962; Sabatini, 1964). Fur-
thermors, postfixation in osmium has the advantage of pre- ‘
venting the extraction o{ lipids which could ordinarily
occur during the gpbedding process. The application of
both solutions together may, however, have to be avoided
if specific histochemical tests are desired since the two
fixatives can contradict each other (Pease, 1964).

Su

a. Glutarasldehyde: Sabatini and his assoclates ex-

amined a variety of aldehydes which could possibly be used
as sultable fixativea. In‘the present investigation, .
glutaraldehyde, as proposed by Sabatini et al. (1963),
with only slight modifications as roéounondnd bj”ioulo
(1964) was used., Tissues were fixed in a 4 percent phos-
phate-buffered glutaraldehyde solution at 40°C for ons
hour at a pH of 7.3. '
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b. Osmium tetroxide: Even though osmium tetroxide is

\ a widely used fixative for olgetron microscopy work, its
exact mode of action in relation to the various cellular
components is not clearly understood. It is, nevertheless,
widely accepted that while saturateg fats do not react with
080, , unsaturated fats reduce it and ultimately form black
compounds containing osmium or ite hydroxide (Pearse, 1968).
While confusion prevails resgarding the interaction of 080y,
and proteins (Adams et al., 1967) several possibilities

; exizt. Por example, to help explain the staining of ;ho
postulated protein layer of mambranouu\structuraa, it has
been suggested that the negatively charged 0s0, is able to
replace the negatively éharéod protein groups which bind
1ipid to protein. The product then allows for the de-
position of appropriate stafning compounds which appear
black in the final micrograph.

Palade (1932) recommended the use of a strong buffering
solution in conjunction with the osmium tetroxide stain.
Xillonig (1962) demonstrated that a phosphate buffer is
superior to the Veronal buffer originally proposed by
Palade and depends upon the ballﬁut between the monosodium
phosphate and disodium phosphate, after sodium hydroxide
is introduced. "

All tissues in the present work were prepared for 2
hours in Mllonig's ommium tetroxide fixative adjusted to

¢
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PH 7.3. In spite of the fact that Millonig made no mention
of the temperaturd at whigh he carried out his fixation,

in order to ensure maximum-itability of all chemioals used,
the latter fixative was employed at 4°c as *ts.$ho glutas

raldehyde. ’

B. Stains .

The staining of tissues to be exsmined under the elec-
tron uicrnsébpe involves the addition of heavy atoms. Such
atoms scatter the elsctrons and this proviQas the contrast

for the f;nal picture.

Watson (1958a, 1958b),in & comparative study of dif-
ferent heavy atom compounds, developed an alkaline lead
hydroxide stain which became the b;si- fowatny of the pre-
sent day staining techniques. Such & compound has the
ability to enhance the contrast of sections with minimum
distortion. At the same time, Watson demonstrated the ef-
fective use of uranyl acgtato, containing uranium salt,
as an important electron stain. Both types of stains can

be used together to produce superior results.

~
a. Alkaline lead hydroxide stain: Reynolds (1963)

discussed the general mechanisms of staining with alkaline
lead salts. The divalent lead salts in alkaline.solusion
can /or- compounds which give rise to certain polimerio
Sations.




Lk
Po(0H), POX, = [olom)pe] ** s2x”

This reaction occurs at pH 12, and the polymeric
cations which are formed are believed to be necessary h
staining ugonyﬁ. The technique followed in this investi-
gation is that of Reynold (1963), and it employs citrata
as a chelating agent, in this way removing the presence of

-lead and thus preventing its combination with carbonate

£

to form the undesirable precipitate.

b, Uranyl acetate stgggg In its use as a gensral
stain, uranyl acetate is inferior to the lsad hydroxide
stain, Watson (1958) has demonstrated that while proteins
stain intensely, cytomembranes do not pick up the stain as

'.11- o

-~

In the present investigation, 5 percent uranyl acettt;
in 50450 methanol70 percent sthanol was smploysd. This
technique was a modification of the staining method re-
commended by Stempak and Ward (1964)., Staining, as-men-
tioned, oan be intensified by treating tissus with uranyl
scetate and then with lead hydroxide. The incorporation
of an organic solvent in the uranyl stain has the added ad~
vantage of serving as a “wetting agent®, in this way aiding
the penetration of the stains (Pease, 1964).
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