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T "E HISTOPATHOLOGICAL EFFECTS OF LARVAL
TREMATODES ON THE HEPATOPANCREAS OF OXYTREMA
SILIQUA (GOULD)

INTRODUCTION
The effects of trematode parasites on their definitive hosts

have been studied extensively in the past, but relatively little is
known concerning the host -parasite relationships between the

larval stages

of the helminth and

their intermediate host. The

attention of the author has been focused upon the effects of one
fluke upon its intermediate host with the hopes of determining some
of the

relations between them.
The

literature until

1962, contains

very little information

pertinent to host -parasite relationships. Since then

a few

papers

dealing with host -parasite relations have appeared in the litera-

ture, but the field as yet is relatively unexplored. Available information may be summarized into the following categories:

1)

the effects of larval trematodes on the molluscan hosts' hepato-

pancreas;

2)

the effects of larval trematodes on molluscan hosts'

gonads and reproductive structures; 3) the effects of the trematode on the general physiological state of the host; and 4) the role
of the glycogen of the host on the development and

cercaria.

emergence of
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The Effect of Larval Trematodes on Molluscan

Hosts' Hepatopancreas

Present information indicates that although the damage
which occurs within the hepatopancreas of infected molluscs may
be slight, some degree of degeneration does occur.

The degree of

pathology is dependent upon the number and size of larval parasites

present.
Cort

(1915)

briefly reported that the hepatopancreas of

Stagnicola reflexa (Say) infected with Cercaria douthitti (Cort) was

abnormally tangled by the cylindrical sporocysts. Faust

(1917)

found that hepatopancreatic cells of Physa gyrina (Say) were altered
only slightly when infected with Cercaria biflexa (Faust), with only
a few

cells portraying injury.

On the

other hand, the hepato-

pancreas of Stagnicola proxima (Lea) infected with Cercaria
micropharynx (Faust) showed definite tissue degradation, more
extensively in the latter. In infected

S.

proxima and P. gyrina,

abnormalities were manifested in the form of fatty globules accumulated in the cells, large vacuoles in the cytoplasm, cytolysis,

karyolysis, and sloughing tissues. In heavy infections, the formation of fibromata and granulomata occurred within the degenerating

areas. Finally, the epithelium surrounding the entire hepatopancreas was penetrated by foreign bodies such as sand granules.
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Faust

marily

(1920)

contributed a rather extensive study based pri-

on the histopathology of

Planorbis trivolis infected with

Cercaria convuluta and Cercaria gigas

.

He

reported that the larval

trematodes are always found in the intertubular connective tissue
of the

hepatopancreas, having reached there by way

of the blood

and lymph channels and not via the secretory ducts as had been

supposed previously.

His conclusion was based on the assumption

that had the miracidia migrated through the secretary ducts

sporocysts would be found in the lumen of the tubules. Faust

further postulated that the first nutrients of the sporocyst came
from the lymph which caused a pigmentation in the body of the

sporocyst and the gut of the rediae. An additional pathological
change that he noted was abnormal mitosis, the formation of

multipolar spindles as a result of the larval trematode in the
hepatopancreas. According to Cheng (1962a) Faust and Hoffman in
1934 gave a

brief account

of the pathology of the

hepatopancreas of

Planorbina glabrata (Say) infected with larvae of Schistosoma
mansoni (Sambon). These workers reported the

first genera-

tion sporocysts contributed negligible damage during their migration through the hosts' head -foot region and through periesophagael

tissues. The daughter sporocysts, however, which were located
in the hepatopancreatic spaces in the distal whorls, did drain

nutrients from the host cells causing them to become lean and
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Furthermore, they reported that in instances

shrunken.

of ex-

treme infection the tunica propria surrounding the gland ruptured,
thus releasing cercariae; also there could be hemmorrhage of the

veins, leading to the death of the snail.

Agersborg (1924), in histopathological studies with Physa
gyrina and Planorbis trivolis (Say), was able to recognize four
infective stages.

First, the parasite invades the host. The tissue

shrinks and becomes more and more difficult to handle for cytolog-

ical purposes. The tissues become friable. Second, the tissues

secrete an intercellular granular substance which becomes present everywhere in the host. It is not present in the parasite.

Third, during prolonged heavy infection the tissues disintegrate.
The epithelium of the liverl may be reduced from tall columnar to

squamous.

The host may die. Fourth, if the host does not die

then there follows after the third stage a gradual return to the

normal.

The parasites also decrease in number within the host.

Hurst (1927), studying the structural and functional changes
in Physa occidentalis caused by the larvae cf Echinostoma revo-

lutum, found a decrease in the quantity of pigment granules in the
foot and a reduction in muscular tissue.

Furthermore he noted

'The terms hepatopancreas, liver and digestive gland are
synonyms and are used interchangably throughout this paper.

5

that the nuclei of the cells of the hepatopancreas had a tendency
to migrate away from the base of the cell toward the lumen in

cases of extreme parasitism. There was also a reduction of
glycogen and in some cases an increase in fat content.

F. G. Rees (1931), studying the effects of Fasciola hepatica
on Lynnea

truncatula, found that the invasion of the larval para-

site upon the host led to the disintegration of the host's tissues,
the appearance of black pigment, and the reduction of the liver

cells to a thin layer of protoplasm containing the nucleus. Rees
(1934) found

of a

that Cercariae patella (Lebour) caused the formation

transverse partition across the base

of the

absorption cell

in Patella vulgata which enclosed the nucleus and gave the ap-

pearance of a squamous rather than a columnar epithelium.
W.

parasites

J. Rees (1936) studied the differential effects of larval
on different

tissues

of

Littorina littorea.

He found out-

standing histopathological damage in the gonads and the hepato-

pancreas.

He

attributed the amount

types (sporocyst or rediae);

2)

of damage to:

1)

the larval

the size of the larvae and 3) the

presence of a blocking layer formed by an inactive sporocyst.
Rees found that infections with redial stages, i. e.

,

Cercariae

himasthla secunda (Rees), and Cercaria lophocera (Rees), the
hepatopancreas was only secondarily affected through indirect
damage exerted by rediae located outside the digestive gland in
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the gonadal tissue via pressure, loss of nutrients, and the effect
of waste

material secreted.

stages, i. e.

,

If the

trematode included sporocyst

Cercariae littorinae (Lebour), and Cercariae ubiqui-

toides (Rees), the digestive gland became the primary site of infection. In regard to size he found that the large size sporocyst

caused an advanced degeneration of the hepatic tubules locally while
other tubules in the same section appeared normal, whereas the

smaller sporocyst caused
W. J.

a

more even degeneration within a field.

Rees (loc. cit. ) also reported that sporocyst of

Cercariae emasculans (Pelseneer) produced

a blocking

layer in the

hepatopancreas with the subsequent cutting off of the distal portion
of the gland which

resulted in the starvation and degeneration

of

that part.

Pratt and Barton

(1941)

studied the effects of four species of

larval trematodes upon the liver and ovotestis of Stagnicola
emarginata angulata (Sowerby), and noted that the effect

of a heavy

infection was to reduce the apparent number of liver tubules and to

limit them to the periphery
(1943)

of the

liver area. Pratt and Lindquist

observed the modification of the digestive gland tubules in

Stagnicola emarginata angulata following parasitism and noted a
change in cell form from columnar to cuboidal or squamous type.

Furthermore, the delicate connective tissue network was observed
to have been

disrupted by the parasites.
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Lal and Premvati (1955) studied the histopathological changes
in Melanoides tuberculatus caused by larval monostomes and found

that the columnar cells became cuboidal and some even changed
into a nucleated synctial mass.

They also noted loss of calcium

and cell granules which could cause disintegration of the cell and

impair the normal metabolic activity

of the

cell.

Wiley and Gross (1957) noted that infection of larval trema-

todes in Littorina littorea caused a destruction of the liver tissue
by active ingestion leading to a release of a yellow- orange carot-

enoid into the circulation which came to rest in the foot as a brown-

ish pigment.
Cheng and James (1960) postulated that the daughter rediae
of Crepidostomun sp.

ingested the liver cells of Spaerium striatinum,

as they noted the presence of liver cells in the caeca of several

larval flukes. Cheng and Snyder (1962a) studied the histopathology
and glycogen utilization of Glypthelmins pennsylvaniensis in

Helisoma trivolvis. They noted that the daughter sporocyst of

G.

pennsylvaniensis initially invaded the intertubular and intercellular
spaces in the hepatopancreas of

H.

trivolvis, but became located

in cavities created by the breakdown of the cell membranes of the

host's digestive gland. They also noted

a depletion of host glyco-

gen which was correlated with the degree of infection and postu-

lated that the host glycogen was digested by an enzyme secreted

8

by the parasite.

The hydrolyzed sugars were absorbed and re-

synthesized as glycogen in developing cercariae. Cheng (1963)

postulated that the sporocyst and cercariae of Gorgoderaamplicata
located between the gill lamella of Musculium partumeium syn-

thesized its glycogen from the host blood sugars, as the gills are
richly supplied with blood and the larvae were strongly PAS
positive.
B. L.

James (1965) studied the effects of five larval trema-

todes on the digestive gland of Littorina saxatilis and found three

distinct effects: (a) the germinal sacs compressed the walls
digestive gland tubules, blocking

result being starvation autolysis;

of the

the lumen, with the subsequent
(b) in the

digestive glands not

cut off from their food supply, glucose, glycogen, glycoproteins
and lipid food storage globules were reduced and there was a com-

pensatory increase in the number

of food

vacuoles in the digestive

cells; and (c) digestive gland cells are ingested by rediae.

From the works cited above there appear to be several types
of effects on the hepatopancreas of mollucs caused by different

species of larval trematodes. These are as follows:
1.

Fatty bodies are accumulated in the cell,

2.

Vacuoles appear in the cell cytoplasm.

3.

Karyolysis occurs.

4.

Sloughing of tissues takes place.
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5.

There may be formation of fibromata and granulomata.

6.

The tunica propria is penetrated by foreign bodies.

7.

There is a decreasé in the amount of glycogen.

8.

The larvae may secrete histolytic excretory products.
The amount of secretions is directly correlated with the
size of the larvae.

9.

Indirect pressure damage and loss of nutrients to the
digestive gland occurs if rediae are not located therein,
but in gonadal tissue.

10.

Granular substances are secreted by host cells.

11.

Direct ingestion of cells by rediae occurs.

12.

Release of cell pigments occurs.

13.

Cells are altered from columnar to the squamous type.

14.

Displacement but not destruction of tubules occurs.

15.

Abnormal mitosis occurs in the form of multipolar
spindle fibers.

16.

The tunica propria may be ruptured.

17.

Vessels in the intertubular spaces may be ruptured.
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MATERIALS AND METHODS

Specimens of Oxytrema siliqua (Gould) were collected from
five locations:
of the city

(1)

limits

Oak creek located
of

just outside the west boundary

Corvallis, Oregon;

north of the Oak creek research lab;

(2) Oak

creek one -half mile

(3) Woods

creek six miles

west of Philomath, Oregon; (4) Rock creek several miles southwest
of Philomath, Oregon; and (5) Shot Pouch

creek three miles south

of the town of Burnt Woods, Oregon.

During the duration of this study over 500 snails were

brought into the laboratory and placed in glass dishes filled with

distilled water. The snails were subsequently maintained in a
room at four degree centigrade.

The snails were observed under

a

dissecting microscope to determine if cercariae were being shed.

If

cercariae were observed, the snails were isolated into individual

dishes to determine the species of cercariae present. Snails found
to be infected with the

cercariae

of Nanophyetus

salmincola

were placed in one set and uninfected snails in another. Each set
consisted of ten snails. Members of both sets were removed from

their shells, and the hepatopancreas then extirpated and fixed in
ten percent buffered neutral formalin and Carnoy's fixative.

The

specimens were embedded in tissuemat and sectioned at ten mic-

rons. Serial sections were made of several tissue blocks in order
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struc-

to aid in the interpretation of cell components and trematode

ture. Some of the specimens fixed in Carnoy's fixative were stained with Delafield's hematoxylin and counterstained with eosin.

remaining Carnoy fixed tissue was stained with alizarin red

S

The

and

counterstained with toluidine blue to test for the presence of
calcium. The hematoxylin and eosin slides were examined for
both normal histology and histopathological effects caused by the

larval flukes.
Those specimens fixed in formalin were treated with the

periodic acid Schiff reaction for glycogen. In this series one percent diastase was used to insure that the PAS positive material

observed was glycogen. Alternating slides of sections

of each

snail were digested with diastase so that the PAS positive material

observed in a specific area could be verified as being glycogen by
inspecting the comparable area on the subsequent slide.
The periodic acid Schiff reaction was

carried out following

the method outline by Humason (1962) with modifications taken from

Pearse

(1961).

The time of treatment with the diastase was

ed to two hours at 37 °C in order to insure

increas-

greater digestion.

The specimens used for the lipid study were separated into
two groups, one of uninfected snails and one of infected snails, each

consisting of ten snails. The snails were opened and the hepato-

pancreas removed and fixed in

a ten

percent buffered formalin
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solution for 24 -36 hours. The tissue was then washed in running
tap water for two hours and placed in gelatin for two hours in an

incubator at 37 °C. After gelatin embedding the tissues were sectioned frozen at 8 -10u in an international CTD model cryostat.

After drying for two hours alternate sections were stained with
one percent Nile blue sulfate and oil red O.

The tissues were

mounted in glycerine jelly and examined under high dry for neutral

fats which stained pink -red.

For the acid and alkaline phosphatase studies the snails
were again divided into groups of infected and uninfected animals

consisting of ten infected and five uninfected animals respectively.
After removal from the shell the snails were fixed in cold formol-

calcium as described by Barka and Anderson (1963) and kept at 4 °C
for 24 -36 hours.

The tissue was washed in running tap water for

two hours, embedded in gelatin for two hours at 37 °C and cut

frozen at 8 -10u thickness. Acid phosphatase activity was determined by using the lead nitrate method of Gomori (1950). The

sections were incubated for 90 minutes at

37 °C in a

substrate con-

sisting of 1.25 percent sodium beta -glycerophosphate in

maleate buffer at pH

5. 0,

containing

0. 2

0.

1

M

tris

percent lead nitrate.

Alternating slides were incubated in a substrate - deficient media
and served as controls. After incubation the tissues were washed

briefly in four changes of distilled water. They were then treated
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with dilute

(O. 5 %)

ammonium sulfide solution for five minutes,

washed in distilled water and mounted in glycerine jelly. Acid

phosphatase was identified as the brownish -black precipitate of
lead sulfide. The precipitate was absent in the controls and verified the acid phosphatase activity when present in the test slides.
The calcium - cobalt method of Gomori (1946) was employed
The sec-

for the determination of alkaline phosphatase activity.

tions were treated as in the acid phosphatase procedure, but in-

cubated for 2 -4 hours at 37 °C in a substrate containing
3

percent sodium beta -glycerophosphate,

diethyl barbituate,

10

tilled water, and 1 ml

ml of
5

2

10

ml of

2

10

ml of

percent sodium

percent calcium chloride,

5

percent magnesium sulfate at pH

ml dis9.

Alter-

nate sections of each specimen were incubated in substrate -deficient

media and served as controls. After incubation all sections were

rinsed for
for

5

2

minutes in a

minutes in a

2

1. 5

percent cobalt nitrate solution. The sections

were then washed briefly in

mersed in

a

1

percent calcium nitrate solution, and

4

changes of sodium veronal and im-

percent ammonium sulfide solution for

5

minutes.

The sections were then dehydrated and mounted in Harelco synthe-

tic resin mounting media. Alkaline phosphatase activity appeared
as a brown -black precipitate of cobalt nitrate, and was absent in
the controls.
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DATA

Normal Hepatopanc r ea s
The hepatopancreas of Oxytrema siliqua (Gould) is a yellow -

orange color and occupies the center of the visceral mass. It rests
on the

dorsal side

of the snail beneath the

spire, and intimately as-

sociated with it on its dorsal surface are the gonads. It consists
of a

series

Faust

of blindly ending

(1920),

racemose tubules which, according to

arise from embryological outpocketings from the mid -

intestine. The tubules are lined with glandular epithelium and are
bound together by a meshwork of

interstitial cells in which are found

branches of the hepatic artery, blood lacunae, and numerous nerve
endings.

The entire gland is enclosed in an epithelium sac, the

tunica propria.
Some investigators have found as many as four kinds of

epithelial cells in gastropods (see Tablet), but most have described

three. Barfurth
and Fermentzell.

(1880)

designated these as Leberzell, Kalkzell,

Recent investigators (Sumner, 1965, MacGee

Russell, 1955) have translated Barfurth's Leberzells as digestive

cells, the Kalkzells as calcium cells and the Fermentzells as

excretory cells. As can be seen in table one the number
of

liver cells seems to vary with the species

of types

of snail, but one can

see some indication of one cell type performing both a digestive
and an excretory function,
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Ching (1957 unpublished M.

S.

thesis) recognized three

types of cells in Oxytrema siliqua which she designated as:

black pigmented;

2)

without inclusions.

those with brown inclusions, and
My findings do not

1)

gland cells

3)

agree with hers and it is

my opinion that she separated the cells with brown inclusions from
the gland cells which are histologically the same cell.

are columnar, but in some areas they take

on a

These cells

pseudocolumnar

appearance with nuclear free borders near the lumen, and therefore give the appearance of two layers of separate cells.
In

cross sections the walls

of the

tubules are seen to be

made up of two distinct types of cells (Figure

1,

p.44

),

The

first

type are tall columnar cells which correspond with the Leberzells
of

Barfurth and will be referred to as liver cells. Each cell

possesses

a

granules and

basal nucleus containing deeply staining chromatin
a

single small almost central nucleolus.

The cyto-

plasm contains widely scattered basophilic granules and a number
of small vacuoles devoid of pigments.

Droplets of fatty material

can be seen around the area of the nucleus.
The second type of cell, the calcium cell, corresponds to

Barfurth's Kalkzell. They are fewer in number than the liver
cells. They occur in groups of from two to six and are situated
between the liver cells.

They are triangular in outline, having

broad bases and rather narrow tubular extremities al the lumen of
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the tubule.

The cells are densely basophilic with large sperical

nuclei. Inside the nucleus is a single variably disposed nucleolus
and diffuse chromatin granules.
of darkly staining

The cytoplasm contains a number

granules. Most of these cells contain a very

prominent vacuole which encloses a large black pigment mass that
gives a pigmented appearance to the hepatopancreas. Areas of

calcium deposits can be located in the cytoplasm when the cell is
stained with alizarin r ed

S.

Pathology of Infected Liver Cells
The shells of the snails were cracked and the pieces of

shell gently teased away from the tissue. Grossly, the hepato-

pancreas of the infected snails are markedly discolored from

a

normal orange - yellow color to a pale gray or white, and in some
the hepatopancreas is extremely mottled and dark.

The rediae

appear to permeate the structure and are readily apparent to the
naked eye. In light infections rediae may not be apparent until the

liver tissue is gently teased apart.
The early rediae infect the gonads, but the later stages

penetrate the hepatopancreas where they develop. The rediae
give rise, by asexual development, to cercariae and during the

course

of

their development they destroy all

of the gonadal

tissue. Cheng and Snyder (1962a) summarized the effects

of

larval

17

trematodes on molluscan gonads into three categories:

1)

direct

ingestion of gonadal tissue by rediae (parasitic castration);

reversals and

3)

2)

sex

inhibition of normal gametogenesis probably

through the disruption of normal vascularization, crowding and

toxicity.
While confined to the gonadal tissue the larval flukes affected the liver indirectly due to

pressure resulting in the shrinkage

of

cell size, uptake of glycogen as a food source from the neighboring
hepatopancreatic cells, and according to Rees (1934) by the production of an enormous amount of waste products.

The uptake of

glycogen was demonstrated by its movement toward the region of
the gonads with the periodic acid Schiff stain and subsequent PAS

positive areas inside the body of the larvae. As the larval flukes

are actively metabolizing and have
of removing the

no

excretory system the burden

parasitic metabolic waste products is placed upon

the liver cells of the snail.

The waste products are taken up by the

liver cells into an excretory vacuole.
After the parasites have completely destroyed the gonads
they invade the liver, taking up positions between the tubules in the

connective tissue. Here the parasites are in the direct path of
food distribution and rapid growth takes place.

The rediae increase

several times in length, as can be seen both grossly and microscopically, and apparently the pressure on the tubules is increased.
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When the

parasite has been in contact with the hepatic diverticula

for some time degeneration of the epithelial cells begins. This is
probably due to two things:
of the
2)

excretory products

1)

the increased burden of getting rid

of the

parasites in addition to its

own and

the probably direct ingestion of the hepatic cells by the growing

rediae.
In light infections of the

parasite the host liver cells can

manage to dispose of the extra waste added by the fluke, but as the

number of parasites increases the intertubular spaces become
blocked and the waste products probably accumulate in various

parts

of the digestive gland.

As a result one would expect

altera-

tions of the epithelium lining the hepatic tubules. These are char-

acterized by histolysis and increased vacuolization. The liver
cells lose their cellular detail fairly rapidly, while the calcium
cells seem to be more resistant to the cytotoxic effects.

No

mig-

ration of the nuclei toward their basal ends was observed as noted
by F. G. Rees (1934) nor modification of columnar cells to squam-

ous cells as seen by Pratt and Lindquist (1943) in the species that

they studied.

The cells seem to cytolyze at their distal end

and progress proximaly.
of

Faust

lysis by the accumulation

in that region.

(1920) accounted for this

of the

greatest amount

first

pattern

of toxic

products
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The calcium cells demonstrate a tissue response to the

parasite by the secretion
spaces (Figure

2,

of calcium granules into the

intertubular

p.44). These granules are in greatest abundance

in light infections and seem to decrease with the increase in the num-

ber of worms in the hepatic tissue.
In a dense infection the

parasites completely occupy the hepa-

topancreas, and are strongly PAS positive indicating the liver glyHowever, it is seen that snails are capable

cogen has been taken up.

of sustaining life even with

little hepatopancreas left (Figure

3,

p..44).

Discussion

Faust
(1934),

(1920),

Agersborg (1924), Hurst (1927), F.

Pratt and Barton

(1941), Lal and

G.

Rees

Premvati (1955), Wiley

and Gross (1957), Cheng and James (1960) and Cheng and Snyder
(1962a) have all reported destruction of snail hepatopancreas by

larval trematodes. Faust and Hurst attributed this
gation of waste products within that organ.

stored excreta produced
cells. F.

G.

a

to the

aggre-

They reported that

lytic effect which caused necrosis of the

Rees reported that there was local histolysis of the

hepatic tubules of Patella vulgata infected with rediae of Cercariae
vulgata.
of the

Lal and Premvata offered no explanation of the destruction

hepatopancreas of Melanoides t:ubercul.atu:; infected with
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larval monostomes. Although Pratt and Barton reported a reduction
in number of digestive gland tubules in Stagnicola emarginata angulata, they gave no indication of the mechanism involved.

Cheng

and James reported that destruction of the hepatopancreas of

Sphaerium striatinum was affected through infection by rediae of

Crepidostomum cornutum and postulated that the large number of
deaths among this bivalve in the area where the infection was found
was most likely due to this destruction.

Cheng and Snyder reported

that the destruction of the hepatopancreas of Helisoma trivolvis was
due to extrinsic mechanical

pressure and lysis by cercarial excreta

of Glypthelmins pennsylvaniens.

From the evidence presented in this study, it appears that
the excreta of the Nanophyetus salmincola larvae comes in contact
with the hepatic tubules and causes lysis of the epithelium.

The

rediae

parasitic excreta is released through the birth pore

of the

and accumulates in the digestive gland of the snail.

Because the

hepatic epithelium in heavy infections shows a strong eosinophilic

reaction,

I

suspect that the snail host fails to remove the parasitic

excreta rapidly enough to prevent an accumulation of acids.
The primary cause of damage to the snail hepatopancreas is

ingestion of the tubules by the rediae. The presence of glycogen in
the pharynx of the rediae indicates that liver cells have been ingested.

This is validated by the report of Axman (1947) that no glycogen
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was found in the early larval stages of trematodes.
to be an

There appeared

increase in the amount of glycogen present in cercariae

approaching their definitive form.

This increase in cercarial gly-

cogen plus the reduction of glycogen from neighboring cells not

contiguous with the larvae has led the author to the conclusion that
the postulate presented by Cheng and James (1963) is valid. They

state that some of the carbohydrate possibly passes through the
body wall of the mother sporocyst of G. pennsylvaniens as free

glucose and is resynthesized as glycogen in developing cercariae.
This may be occuring in the rediae of N. salmincola. The loss of
glycogen from the cells causes a weakness of the cell membrane

thus leading to its lysis. It is apparent that mechanical pressure

caused by the infiltration of the rediae and the movement of the cer-

cariae leads to shrinkage

of the

the number of liver tubules.

cells, and eventually reduction in

There are then two factors causing

hepatic cell destruction: lysis and mechanical pressure.
The liver cells are considered to function as an organ of

absorption, storage and excretion. It seems possible that any one
of the

cells is capable of performing all of these duties at some

particular time and it is reasonable to assume that one function may
predominate in any one given cell at some particular time, but this
point is unproved. Waste materials are absorbed by the cells and

excreted into the lumina

of the

tubules. Fat and glycogen are
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present as storage products in these cells in varying amounts and can
be demonstrated with specific stains.
The calcium cells are thought to be storage cells for calcium

salts and proteins according to Faust (1920), Hurst (1924) and
Sumner (1965).

Only Sumner's work was based upon histo- chemical

test and specific staining.

In the

present study calcium material was

detected in some of the cells with alizarin red

S

and calcium granules

were seen between the hepatic tubules suggesting a secretory function
to the

cells.
A

tissue response to parasitic infection was observed as an

increase in the secretion

calcium granules, from the calcium cells,

of

into the intertubular spaces.
of

Lal and Premvati (1955) noted a loss

calcium globules from the triangular cells of Melanoides tuber -

culatus (see Table

I,

p.43

)

infected by larval monostomes and as-

sociated that phenomenon and the disintegration of the cell with an

impairment of normal metabolic activity.

The calcium cells of N.

salmincola are more resistant to stress than the liver cells and the

calcium secretion is probably

a

primary defense mechanism in

response to the effects caused by the parasite.

The loss of calcium

certainly weakens the cell and eventually probably plays
the destruction of the cell.

a

role in
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Host Glycogen Utilization by Nanophyetus salmincola
The hepatopancreatic cells of Oxytrema siliqua are rich in

glycogen which appears as finely granular PAS- positive clumps that

are uniformly distributed throughout the cytoplasm
up the tubules of that organ.

In

of

cells that make

infected snails rediae are found pri-

marily around the peripheral liver cells in the intertubular spaces

rather than in the lumina

of the

tubules. The rediae invade the liver

only after destroying the gonadal tissue.

The glycogen is depleted

not only in the cells adjacent to the larvae, but also in the adjoining

cells. However, in lightly infected snails only the cells in contact
with the rediae show glycogen depletion.
The manner in which the glycogen is depleted is directly

related

to the

ingestion of the host tissue by the larvae. In some

sections large aggregates of PAS -positive material form an amorphous mass inside the developing rediae (Figures 4 and 3, p. 46). The

initial loss occurs in the peripheral cells resulting in fields that show
only central tubules surrounded by infiltrating rediae.

The rediae

show a strong positive PAS reaction in the sucker and in the digestive

tract. This picture differs from that seen by Cheng and Snyder
A

!,1963a) in which the glycogen

is absorbed as glucose by the sporocyst

and stains positive along the sporocyst body wall.

In heavily in-

fected snails nearly ail of the liver tubules are destroyed, and the
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rediae and cercariae present demonstrate strong PAS -positive areas.
It can thus be demonstrated that concurrent with the de-

crease

of glycogen

from the host cells there is an increase of gly-

cogen within the body of the rediae and the cercariae.

There is

detectable glycogen inside the pharynx and suckers of the mother
p.46). The glycogen first appears in the cytoplasm

rediae (Figure

5,

of the somatic

cells

of the developing

cercariae where they may be

seen as intracellular, clumped masses of PAS -positive granules.
The amount of glycogen within the

approach their definitive form.

cercariae increases as these larvae

When the suckers

first begin

to take

form, much of the glycogen becomes associated with cells in areas
of the developing

suckers. The fully developed cercariae have large

amounts of glycogen, not only in areas of the suckers, but also in the

digestive tract.

Discussion

Faust (1920), Hurst (1927), von Brand and Files (1947) and
Cheng and Snyder (1962a, b, and c) reported a decrease in the amount
of

hepatopancreatic glycogen in snails infected with larval trematodes.
Cheng and Snyder (1962a) postulated that the sporocyst of

Glypthelm ins pennsylvaniens elaborated an enzyme that digested the

liver glycogen

of

Helisoma trivolvis.

The hydrolyzed sugars were

then absorbed and resynthesized in the developing cercariae.

Cheng

25

and Snyder (1963) using a histochemical technique found small

quantities of glucose randomly scattered in the cytoplasm of hepato-

pancreas cells of uninfected

H.

trivolvis. In

H.

trivolvis infected

with G. pennsylvaniens large quantities of glucose were present in

the hepatopancreas and those glucose deposits were found adhering
to the outer surface and within the walls of daughter

sporocysts,

which indicated to the authors that the sugar was absorbed by the

parasite. Because glycogen was demonstrated inside the parasite
by the periodic acid Schiff reaction, the authors concluded that the

absorbed glucose was immediately resynthesized as glycogen in the
bodies of developing cercariae or utilized immediately for the production of energy.
Cheng (1963a) reported that the rediae of Echinoparyphium
sp.

ingested glycogen containing hepatopancreatic cells and un-

doubtedly derived their required carbohydrates by this method.
My

results agree with those of Cheng (loc. cit.

of Nanophyetus

).

The rediae

salmincolaingest the hepatopancreatic cells of

Oxytrema siliqua resulting in a decrease of glycogen containing cells
and a concurrent increase of glycogen within the body of the rediae
and the developing cercariae.

The initial glycogen loss occurs in

the peripheral cells as the larvae infiltrate the hepatopancreas from

the gonads, but some reduction of glycogen occurs in the undamaged

cells in the immediate environment of the trematode which suggests
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the possibility of glycogen being absorbed across the body surface
of the

parasite.

No

test for glucose was attempted in this study, but

Cheng and Snyder (1963) have demonstrated the presence of that sugar

in snails infected with Glypthelmins pennsylvaniens.
The glycogen depletion of the snail hepatopancreas is great-

est in animals harboring a heavy infection. Glycogen was detected
inside the pharynx and sucker of the mother rediae and in the cytoplasm of somatic cells of developing cercariae.

The amount of

glycogen within the cercariae increased as the larvae approached

their definitive form. Axman (1947) considered the presence

of

glycogen in free living developing stages, i. e. miracidia and cer-

cariae, as an energy reserve substance for their activity, and my
findings seem to lend support to her opinion.
The larval stages of Nanophyetus salmincola living in an

anaerobic habitat, the hepatopancreas of Oxytrema siliqua, and
with no special means of securing oxygen, apparently utilize the

liver glycogen primarily because it is the best source of anaerobic
energy.

According to von Brand (1952) anoxidative processes are

primarily oxidation- reductions and the intermediately oxidized
carbon atoms of carbohydrates (H -C -OH) are ideally suited for
such processes.
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Lipids
The hepatopancreas of the uninfected snail contains little or

neutral fat as demonstrated by the Nile blue sulfate stain. The

no

cells stain an even blue with the exception

darker blue (Figure

8, p. 48).

of the

nuclei which are a

Occasionally a few pink granules were

observed in scattered cells indicating the presence
A

comparable section stained with oil red

O

of

(Figure

neutral fats.

6, p. 46) shows

the presence of some fat.
The cells in the infected hepatopancreas show an increase in

the amount of neutral fats present (Figure 9, p. 48).

These pinkish -

red globules are scattered throughout most of cells of the tubules,
and seem to increase with the number of parasites present. In addi-

tion to the pink neutral fat globules, dark blue to bluish -violet fatty

acid globules were observed within the hepatopancreatic cells. In
some areas pink globules were observed between the tubules, and

may be from cells that have been destroyed by histolysis.

Neutral fats were not observed within the rediae when stained
with Nile blue A; however, alternate sections stained with oil

red

O

did show some traces of neutral fat within the parasite

(Figures

7

and 10, p. 49).

of the developing

Fatty acids were observed within the body

cercariae as small areas

of

dark blue.

No

indica-

tions of lipids adhering to the body wall of the rediae were observed.
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Discussion

Faust (1917) was the first to report that fats are present in
the cytoplasm of the hepatopancreatic cells of snails infected with

trematode larvae. This observation was confirmed by Hurst (1927).
The presence of fats in these host cells is not necessarily patholo-

gical, however, as Faust (1920) found fats in the hepatopancreatic

cells of uninfected snails. The evidence presented in this study
confirms the presence of neutral fat in the hepatopancreatic cells
of the snail, Oxytrema siliqua, with

hepatic glands and infected ones.

differences between uninfected

No

size variation of the fat glo-

bules was found between the two types of tissue as was seen by
Cheng and Snyder (1962c).

However, fatty acid globules were pre-

sent in the cells of infected snails. Cheng and Snyder (loc. cit.

)

stated that the larvae present within the hepatopancreas stimulate
fat synthesis and deposition in the cytoplasm of host cells; further,
with prolonged heavy infection some of the neutral fats were broken
down to fatty acids which also accumulated in the cytoplasm of the

cells of the host.
Little evidence is available concerning the lipase activity
in parasitic worms, although Pennoit - Decooman and van Grember-

gen according to von Brand (1952) demonstrated lipase activity in

platyhelminths. It was not determined in this study whether the
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transfer of the fat

of the host to the

larvae was made possible by

lipase secreted by the host or by the parasite.
Cheng and Snyder (1962c) postulated that the simpler fatty

acid molecules are transported across the cellular membrane of
the larvae and are utilized as the carbon source in the synthesis
of

larger molecules

of fatty acids.

They demonstrated the presence

of fatty acids adhering to the body wall of the daughter sporocyst.

Nanophyetus salmincola, however, has a rediae which ingests the

hepatic cells directly, thus obtaining host fat.

As fatty acids are

also observed in the region not adjacent to the pharynx of the

rediae, it is thought that, as with the glycogen, two routes are

utilized in obtaining fat: Through direct ingestion of host cells,
and by the transportation of fatty acid molecules across the body

wall of the larvae.
No

definitive role of the fatty acids within the rediae and

the cercariae has been found.

Bullock (1949) found that the sub -

cuticula of several acanthocephalans was the site of fat synthesis,
and in those instances the breakdown products of carbohydrate

metabolism was by phosphatase action. According to von Brand
(1952) fatty acids can readily originate from carbohydrates or from

proteins. From this statement and from that

of Bullock

it can be

suggested that some of the fatty acids found in the body of developing larvae of N. salmincola could have

arisen from the breakdown
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products of carbohydrate metabolism, and not from the digestion of
fats from cells of the host. It does not appear likely that the fatty
acid molecules are utilized as an energy source in the larvae of

N.

salmincola for the parasite is functioning under anaerobic conditions, and fatty acids do not lend themselves readily to the internal
oxidation - reductions characteristic of anaerobic processes. It is

probable then that the stored fatty acids are retained inside the
developing larvae and utilized only when the cercariae escape from
the gastropod and become free swimming, as was postulated by
Cheng and Snyder (1962c).
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Pho sphata s e s

Acid Phosphatase
A

relatively large amount

of

acid phosphatase is present in

the hepatopancreatic cells of uninfected Oxytrema siliqua.

presence

of

The

this enzyme is indicated by the black -brown precipi-

tate of lead nitrate and is found predominantly around the lumen of
the tubule (Figure 11, p.54).

The concentration appears to be quite

heavy in those areas, but slight in other areas of the cytoplasm.
The nuclei of the cells appear darker as a

present, but this is not considered as

a

result

of the lead sulfide

positive reaction.

In snails infected with the rediae of Nanophyetus salmincola

there appears to be a slight increase in the amount

of

acid phos-

phatase activity. The activity does not appear to be localized in
the areas of the lumen of the tubule as was observed in the infected

tissue, but is widely scattered throughout the cytoplasm of the cells
(Figure

12, p. 54).

There is, however, a positive reaction around

the lumina comparable to that seen in the uninfected tissue.
No

acid phosphatase activity was observed associated with the

rediae or the developing cercariae.

A

redial cecum was not ob-

served in the tissues tested so no attempt could be made to determine if the contents contained debris positive for acid phosphatase.
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Alkaline Phosphatase

There is a moderate amount of alkaline phosphatase present
in the uninfected cells of Oxytrema siliqua.

The concentration

seems to be greatest in the calcium cells around the calcium
granules.

A

slight reaction is observed around the lumen of the

tubule and in other scattered areas of the cytoplasm (Figure

13,

p. 54).

In

snails infected with Nanophyetus salmincola there was an

increase in the amount

of

alkaline phosphatase present.

The con-

centration was around the lumen of the tubule and in the cytoplasm.
The nuclei were darker, but were not considered to be enzyme

positive.
Concurrent with the increased enzyme activity observed in
infected hepatic cells it was also noted that the rediae and developing

cercariae stained positive for alkaline phosphatase. The re-

action was strongest in areas of the suckers of both larval stages,
and along the body wall (Figure 14, p, 54).

Discussion
Many enzymes in animal and plant tissues hydrolyze the

phosphate ester bonds, but only phosphatases that liberate orthophosphate have been demonstrated histochemically. In this study
the phosphornonoesterase groups of acid and alkaline phosphatases
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were tested for, and they act on phosphate monoesters of the following general structure:
OH
H

R-O- P=0
I

H

+

HOH
H

H3PO4
3

OH

The nature of the radical attached to the orthophosphoric acid has
a

limited influence on the rate of hydrolysis

of the

substrate

(Barka and Anderson 1963).

Phosphatases are widely distributed and play an important
role in various metabolic processes such as carbohydrate metabolism, bone formation and others. Rogers (1947), von Brand
(1952), Erasmus (1957b) and Robinson (1961) have all suggested

that alkaline phosphatase probably plays a role in the carbohydrate

metabolism in host liver cells infected with larval trematodes. In
addition Erasmus (1957a, b) and Cheng (1964) have suggested that

alkaline phosphatase is involved in the phosphorylated passage of

substances through the body surface of parasites.
The

first reported instance

of phosphatase

systems appearing

in larval trematodes was made by Dusanic (1959); however, Cheng
(1964) indicated that Pennoit - Decooman and Van Grembergen in
1942 found both acid and alkaline phosphatase in adult

Fasciola.

Hurst (1927) and Cheng (1963) have both reported a decrease
in the amount of glycogen in the hepatopancreas of gastropod

mollusc infected with trematode rediae and Cheng (loc. cit.

)
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that alkaline phosphatase probably plays a role in the carbohydrate

metabolism in host liver cells infected with larval trematodes. In
addition Erasmus (1957a, b) and Cheng (1964) have suggested that

alkaline phosphatase is involved in the phosphorylated passage of

substances through the body surface of parasites.
The

first reported instance

of phosphatase

systems appearing

in larval trematodes was made by Dusanic (1959); however, Cheng
(1964) indicated that Pennoit - Decooman and Van Grembergen in
1942 found both acid and alkaline phosphatase in adult

Fasciola.

Hurst (1927) and Cheng (1963) have both reported a decrease
in the amount of glycogen in the hepatopancreas of gastropod

mollusc infected with trematode rediae and Cheng (loc. cit.

)
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postulated that an increase in acid and alkaline phosphatase probably plays a role in the reduction of glycogen into glucose, which

is then absorbed through the body wall of the parasite.
It was observed in this study that there was a greater amount
of acid and alkaline phosphatase

present in the hepatopancreas

of

Oxytrema siliqua infected with the rediae of Nanophyetus salmincola than in the uninfected hepatopancreas.

There appeared to

have been approximately an equal amount of acid and alkaline phos-

phatase present in the infected liver which is suspected to indicate

that carbohydrate metabolism takes place at a neutral pH. However, with the quantities of each enzyme present it appears that
if a change occurred in the pH, carbohydrate metabolism could

occur at either an acid or an alkaline pH.
The presence of alkaline phosphatase in the redial suckers

and along the body wall suggests that the enzyme is released in the

area and utilized in one or two ways:
presence

of

One suggestion is that the

free phosphates at those sites is linked to the passage

of glucose and

possibly other substances through the body wall.

Erasmus (1957a) who found the enzyme in the cuticle of Taenia
pisiformis and Cheng (1964) who found the enzyme associated with
the body wall of Echinoparyphium rediae have both suggested this

hypothesis. Cheng (loc. cit. ) found a depletion of glycogen in Helisoma trivolvis infected with Echinoparyphium sp., as

I

have with
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Oxytreme siliqua infected with Nanophyetus salmincola, and also

demonstrated free glucose adhering to the body wall of the larvae
which is the site of the enzyme and the site of absorption.
A

second possible function of this enzyme is carbohydrate

metabolism. Erasmus (1957b) demonstrated that the cuticular
phosphates present in the cestode Moniezia expansa can hydrolyze

substrates outside the tissues in the environment and he found that
phosphatase metabolism was intimately linked with carbohydrate

degradation. It is possible that Nanophyetus salmincola can also
hydrolyze some substrate in its environment. It is suggested

that this hydrolytic activity is correlated with glycogen degradation.
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SUMMARY

1.

The hepatopancreas of Oxytrema siliqua is made up of two cell

types, the liver cells and the calcium cells.
2.

The larval parasite damages the hepatopancreas by direct

ingestion of the hepatic tissue, increased pressure, and by the
production of waste products which add an extra burden upon the
snail.
3.

The host reacts to the parasite by secreting calcium granules

into the intertubular spaces.
4.

The depletion of glycogen from the hepatopancreas of Oxytrema

siliqua is correlated with the degree of infection by Nanophyetus

salmincola.
5.

It is suggested that some glycogen is absorbed across the body

surface of the parasite as free glucose and is then resynthesized
into glycogen in the bodies of the developing cercariae.
6.

Small quantities of neutral fats are present in the hepatopancrea-

tic cells of Oxytrema siliqua as detected by the Nile blue sulfate
technique.
7.

An

increased amount

pancreatic cells of

O.

of

neutral fats is found in the hepato-

siliqua infected with N. salmincola.

The

presence of the parasite has been suggested to have stimulated

greater lipid synthesis in the cells

of the host.

With this

I

agree.
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8.

Fatty acid globules are found in the hepatopancreatic cells

of

heavily infected snails.
9.

Fatty acids are found in the body of the developing larvae and
adhering to the walls of the rediae. Deposition of these fatty

acids is concurrent with the depletion of fatty acids from the

cells

of the host, suggesting

transport

of

these through the

redial body wall.
10.

relatively large amount

A

of acid

phosphatase is found in the

cells lining the lumen of the tubule of uninfected Oxytrema
siliqua and a slight increase in the amount is found in the hepa-

topancreas
11.

A

of

snails infected with Nanophyetus salmincola.

moderate amount of alkaline phosphatase is found in the

hepatopancreatic cells of normal Oxytrema siliqua, and in
snails infected

N.

salmincola there is an increase in the amount

pre sent.
12.

Concurrent with the increase of alkaline phosphatase in the cells
of infected snails, the

rediae and developing cercariae therein

were also positive for the enzyme.
13.

I

agree with the suggestion that the alkaline phosphatase

parasite is released and functions in the passage

of the

of glucose

through the body membrane of the parasite, and in the meta-

bolism of glycogen.
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APPENDIX

Appendix Table 1.

Synonyms of names of cells (Primarily after Sumner, 1965).

Reference

Genus or species

Abolins -Krogis, 1961

Thin cell

Digestive cell

Calcium cell

Excretory cell

Helix

Digestive cell

Calcium cell

Excretory cell

Barfurth, 1883

Arion, Helix

Leberzell

Kalkzell

Fermentzell

Billett and McGee
Russell, 1955

Helix pomatia

Digestive cell:

Chalk cell

Digestive cell: B2

Cuenot, 1892

Many species

Cellule hepatique

Frenzel, 1885

Arion, Helix

Kornerzell

Fretter, 1952

Agriolimax, Arion
Helix

-

Hurst, 1927

Physa occidentalis

Krijgsman, 1925

--

A

&

Bl

Cellule vacuolaire
- --

Keulenzell

Digestive cell

Lime cell

Digestive cell

- --

Digestive cell*

Lime cell

Ferment cell *

Helix pomatia

- --

Resorption cell

Chalk cell

Enzyme cell

Krijgsman, 1928

Helix pomatia

- --

Granule or Enzyme cell

Chalk cell

Granule or Enzyme cell

McGee -Russell, 1955

Helix aspersa

Digestive cell

Calcium cell

Excretory cell

MacMunn, 1900

Arion, Helix, Limax

Young cell

Hepatic cell

Lime cell

Ferment cell

Nakazima, 1956

Many Japanese species

Narrow cell

- --

Calcium or
Calcareous cell

---

Rees, 1934

Patella vulgata

Sumner, 1965

Helix aspersa

Thin cell

Digestive cell

Thiele, 1953

Many species

Indifferent cell

S, R.

van Weel, 1950

Achatina

*

Same cell.

- --

Absorbing cell

cell

p -cell, y -cell

Hurst compares this cell with both the Leberzell and the Fermentzell of Barfurth.

- --

Secretory cell

Calcium cell

Excretory cell

Kalkzell St.

Kalkzell St. III

II

Calcium cell

b -cell

Figure 1. Photomicrograph of normal Oxytrema siliqua hepatopancreas showing two cell types. Liver cell (LC); calcium
cell (CC). 64X. H and E stain.

Figure 2. Hepatopancreas of O. siliqua infected with Nanophyetus
salmincola showing cell histolysis and calcium granules (g).
64X.

H and E.

Figure 3. Hepatopancreas of O. siliqua heavily infected with
N. salmincola. Very few hepatopancreatic cell remaining.
64X. H and E.
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Hepatopancreas of Oxytrema siliqua with rediae of
Nanophyetus salmincola situated in the intertubular spaces.
Rediae PAS -positive. 82x.

Figure

4.

Figure 5. Rediae within O. siliqua hepatopancreas showing
PAS -positive areas within rediae. Developing cercariae also
PAS -positive. 82x..

Figure 6. Hepatopancreas of uninfected
fat deposits. Oil red O. 64x.

O.

siliqua showing red
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Hepatopancreas of Oxytrema siliqua infected with
Nanophyetus salmincola. Note in the increase of fat
(red color) present. Oil red O. 120X.

Figure

7.

Figure

8.

Hepatopancreas of uninfected O. siliqua stained
No neutral fats present. 102X.

with Nile blue A.

Figure 9. Hepatopancreas of O. siliqua infected with N.
salmincola and stained for neutral fats (Nf) and fatty acid
globules (FAG), with Nile blue A. 64X.
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Figure 10. Gonads and periphery of the hepatopancreas of _O.
siliqua infected with N. salmincola. Red areas positive for fat
(F) within the rediae (r). Oil red O. 120X.

Figure 11. Photomicrograph of cross- section of uninfected
hepatopancreatic tubule showing sites of acid phosphatase
activity (APC). Lead nitrate method. 79X. (Apc= Acid
phosphatase in cytoplasm).

Figure 12. Photomicrograph of cross - section of a single
hepatopancreatic tubule, infected with Nanophyetus salmincola,
showing sites of acid phosphatase activity. Lead nitrate
method. 102X.

Figure 13. Photomicrograph of cross- sections of uninfected
hepatopancreatic tubules showing sites of alkaline phosphatase
Alc = Alkaline
activity. Calcium - cobalt method. 79X.
Alce = Alkaline
and
with
cytoplasm
associated
phosphatase
phosphatase associated with calcium cells).
(

Figure 14. Photomicrograph of rediae infecting the hepatopancreas of Oxytrema siliqua, showing sites of alkaline
phosphatase activity. Calcium - cobalt method. 138X. (Albw
alkaline phosphatase associated with redial body wall and
Als = Alkaline phosphatase associated with the redial sucker)
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