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Introduction

Cytochemical localization of phosphatases
in digenetic trematodes has bheen demon-
strated by several authors {Threadgold, 1968;
Bogitsh, Davis and Nunnalley, 1968; Dike,
1969; Bogitsh and Shannon, 1971; Bogitsh,
1972a, 1972b, 1973, 1975; Ernst, 8. C., 1975,
1976).

In Fasciola hepatica, Threadgold (1968)
showed acid and alkaline phosphatase activi-
ties in the adults. The former enzyme was
found in the excretory system, caeca, tegu-
ment and parenchymal cells, and the latter
was limited to the excretory system and
parenchymal cells. These enzymes were main-
ly demonstrated in association with the plas-
ma membranes or in lysosomal bodies.
Thorpe (1968) and Moore and Halton
(1976} noted histechemical differences in the
enzymatic activity between the juveniles and
adults of F. hepatica. Few reports, however,
have demonstrated the detailed distribution
of the enzymes in the juveniles and adulis
and made a comparison between them at the
ultrastructural level.

The present investigation aimed at the
localization of acid phosphatase (AcPase),
alkaline phosphatase (AlPase} and magne-
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sium-dependent  adenosine  triphosphatase
{Mg-ATPase), both in 4-week old juveniles
and adults of F. hepatica with the electron
microscope,

Materials and Methods

Albino rats (Wister king} were infected
orally with 20 metacercariae of Fasciola
hepatica. Adult flukes more than 3 months
postinfection were removed from bile ducts
of rats and 4 week-old juveniles from liver
tissues of rats, The fAukes were washed in
saline and then fixed for 2 hours at 4 C in
19 formaldehyde and 0.59% glutaraidehyde
buffered with 0.1 M sodium cacodylate to
pH 7.4. They were then rinsed overnight in
¢.1M sodium cacedylate with 795 sucrose
at 4 C. Tissues were sectioned using Sorvall
Tissue Sectioner T'C-2 set at 30-40 um. The
sections were collected in buffer and then
placed in incubation media for 20-60 min-
utes at 37 C. For AcPase incubation was
carried out in the modified Gomori (1952)
medium, Control sections were incubated
either in a medium without substrate, or in
a medium o which sodium fluoride (10 mM)
was added. AlPase was demonstrated by the
lead citrate method of Mayahara er al.
(1967). Control material was incubated in
gither medium without substrate, or in a test
medium containing 0.5 mM L-tetramisole.
The incubation for Mg-ATPase followed the
fead citrate method of Mayahara et al.
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(1967). Control consisted of either addition
of 100mM sedium fluoride or deletion of
the substrate. After a brief rinse in buffer,
tissues were postfixed for 1 hour in cacody-
late-buffered 19 osmium tetroxide at 4 C.
After dehydration with the series of ethanol,
they were embedded in Spurr. Sections either
weakly stained with uranyl acetate or lead
acetate or unstained were viewed on an AEL
EM 801 or Hitachi HS-9 electron microscope.

Resulis

AcPase

Adults: Results of the reaction in the
present study resembled those by Threadgold
(1968), though the former generally ap-
peared weaker than the Jatter. Reaction sites
were the caeca, tegument, excretory system
and parenchymal cells, and reaction products
were mainly distributed in association with
the plasma membranes, The intensity of the
reaction was observed to some extent to vary
with cells or tissues. Discrete deposits were
localized along the inner aspect of the plasma
membrane of the caecal lamellae, or were dis-
tributed randomly in their centre (Fig.1).
In the longer incubation, these reaction
deposits increased greatly and appeared to
fuse (Fig. 1 inset). There were many round
deposits on the lamellae, which were occa-
sionally aggregated. A lot of minute deposits
were scattered in the caecal epithelium, es-
pecially in the endoplasmic reticulum. Reac-
tion was also observed on the lateral and
basal plasma membranes. Small deposits oc-
curred in some membrane-bound bodies in
the cytoplasm of the tegument. Elongate
deposits of various sizes lay on or between
the lamellae in the small excretory ducts
(Fig. 3), but the reaction was weak or absent
in the larger ones, Small deposits mainly
lay against the inner aspect of the lamellae.
In the parenchymal cells discrete deposits
were found to be attached to the outer cyto-
plasmic component of the plasma membrane
{Fig.5). The reaction at the parenchymal-
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parenchymal junctional complexes was rather
weak. Strong reaction was given by the
parenchymal-caecal junctional complexes,
and weak reaction by the parenchymal-ex-
cretory, parenchymal-tegumental and paren-
chymal-vitelline cell junctional complexes.
Reaction was negative in control and almost
completely reduced in a sodium fluoride-
inhibited test.

4 Week-old juveniles: The reaction sites
resembled those in the adults. Granular de-
posits were dispersed in the cytoplasm of the
caecal epithelium (Fig. 2). These deposits
were thicker in distribution in the cells which
included lots of secretory granules, while in
the other cells having cytoplasmic or residual
bodies instead of secretory granules, the re-
action deposits were much fewer. Secretory
granules themselves were not reactive, Round
deposits lay on the lamellae of the small ex-
cretory ducts {Fig. 4). Reaction was weak
or almost absent in the plasma membranes
of the parenchymal cells.

AlPase

Adults: Reaction occurred in the excre-
tory system, being limited to either small or
medium-sized ducts, and in the parenchymal
cells. Elongate or round deposits were mostly
localized between the lamellae, and they were
often aggregated (Fig. 7). Some bodies,
which were possibly excreted into the Jumen
of the ducts, were reactive in their periphery.
The basal plasma membrane of the epithelial
cells was also reactive, Deposits in the paren-
chymal cells were found to be associated with
the outer component of the plasma mem-
brane {Fig.6). Small deposits lay on the
parenchymal-excretory and parenchymal-pa-
renchymal junctional complexes. No activity
was observed in the control material without
substrate and tissues inhibited with L-tetra-
misole.

4 week-old juveniles: Reaction was al-
most the same as that in the adults,. Numer-
ous small deposits were localized on or be-
tween the lamellae of the excretory ducts
(Fig.8). The plasma membrane of the



parenchymal cells was weakly reactive in the
parenchymal-excretory and parenchymal-
parenchymal junctional complexes.
Mg-ATPase

Adults:  The caeca were a site of strong
reaction. There were marked differences in
reactivity among the epithelizl cells of the
cacca {Fig. 9). Some cells, which were char-
acterized by a lot of secretory granules, were
[ull of granular reaction deposits in the cyto-
piasm, whereas the adjacent cells, in which
fewer secretory granules were localized,
showed weak or no activity. In the outer
aspect of the lateral plasma membrane of the
epithefial cells, were accumulated small de-
posits. Numerous small round reaction prod-
ucts lay mainly on the outer component of
the plasma membrane of the caecal lamellae
or finer grapules within the lamellae. There
were occasionally some aggregated deposits
near the bases of the lamellae. Reaction
partly oceurred within possible secretory
granuies near the bases of the lamellae. Elon-
gate or round deposits were evident between
the lamellae in the small excretory ducts,
but no activity was found within the lamellae
(Fig. 11). In the parenchymal cells, small
discrete deposits appeared along the outer
cytoplasmic component of the plasma mem-
brane (Fig. 13). Reaction on the paren-
chymal-parenchymal junctional complex was
weak or almost absent. Deposits were also
seent in the plasma membrane of muscles or
vitelline cells. No reaction was observed in
the tegument. In control material or tissues
with sodium fluoride the reaction was strong-
ly reduced or negative.

4 week-old juveniles: Reaction was al-
most the same as that in the adults. Round
deposits lay on the lamellae in the caeca
(Fig. 10). Some reaction deposits occurred
in secretory granules which were just after
or before secretion in the epithelium. The
deposits were seen on the lateral plasma
membrane and in the outer component of
the plasma membrane adjacent to the muscle
fibres. Small deposits appeared between the
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lamellae in the excretory system (Fig. 12}.
The deposits in the parenchymal cells were
distributed in association with the plasma
membrane (Fig. 14).

Discussion

The reaction for AcPase and AlPase in
adult Fasciola hepatica in the present in-
vestigation appeared generally similar to that
given by Threadgold (1968), but differed
in certain respects. According to Thread-
gold, the apical region of the tegument
showed strong reaction for AcPase, being
mainly associated with the folded plasma
membrane. A great number of deposits were
also accumulated in the junctional complexes
within the parenchymal tissues, which led
him to hypothesize that, “junctional com-
plexes are active sites where intercellular ex-
change takes place and not just attachment
points for the stabilization of intercellular
relationships.” In the present observation,
however, only wenk reaction occurred in the
tegument, and the reaction deposits in the
juncitonal complexes were rather few and
granular, though the deposits at the other
parts of the plasma membranes were much
greater. Threadgold described that discrete
deposits were associated with the inner cyto-
plasmic component of the plasma membrane
for AcPase, and the inner or outer compo-
nent of the plasma membrane, or overlaid
the membrane for AlPase. The reaction de-
posits for both AcPase and AlPase in the
present study appeared closely related to the
outer component of the plasma membrane,
especially defined in the parenchymal cells,
These discrepancies could be due to the dif-
ference in the fixative used. Threadgold
fixed the material in 4% glutaraldehyde,
stronger than the present fixative, 1% for-
maldehyde and 0.5% glutaraldehyde. The
former fixative would destroy some enzyme
activity, especially in relation to enzymes
situated on the outside of the membranes. It
is also possible that the reactivity of this
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enzyme is much stronger in the caeca or ex-
cretory systern than in the tegument.

Morrts {1968) and Dike (1969) also re-
ported AcPase activity on the cytoplasmic
side of the plasma membrane in Schistosoma
mansoni and Paragonimus kellicotti, respec-
tively. However, later works such as Bogitsh
(1975) and Ernst, 8. C. (1973), on the
contrary, demonstrated in S. mansoni that
main reaction product is on the outer surface
of the caecal lamellae, with fine granular
deposits within the lamellae or cytoplasm.
In the other species, Haematoloechus medio-
plexus (Dike, 1969; Boglish et al, 1968),
Megalodiscus temperaius (Bogitsh, 1972a)
and Gorgoderine  attenuate (Davis and
Bogitsh, 1971), the outer component of the
plasma membrane was reported to be re-
active.

In the caeca, both in the adults and juve-
niles of F. hepatica, reaction deposits were
found either within or on the lamellae. The
deposits within the lamellae were of fine
granules and appeared to be assoctated with
the inner component of the plasma mem-
brane, whereas the deposits on the lamellae
were larger and round, often [orming ag-
gregations. The test for AcPase reaction,
changing the incubation time from 20, 40
to 60 minutes, showed that the deposits with-
in the lamellae increased as time went on and
appeared to fuse, though the larger round
deposits on the lamellae were almost of the
same density and extent at all three incuba-
tion times.

There have been many reports on Mg-
ATPase localization In mammalian cells.
Ernst and Philpott {1970) noted that reac-
tion deposition was associated with the extra-
cellular side of the plasma membrane in the
secretory cells of avian salt glands. Similar
results were given by such authors as Gold-
fischer et al. (1964), Sasaki and Fishman
(1973), Ernst, S. A. (1975}, Firth (1976),
Russo and Wells (1977), Seibel et al. (1979)
and Idé and Saito {1980). In contrast with
Mg-ATPase, Na* and K" dependent ATPase
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(Na-K-ATPase) was localized on the inter-
nal aspect of plasma membranes (Ernst,
1972; Firth, 1974; Threadgold and Brennan,
1978). The present investigation like the
previous reports showed that main reaction
site was the outer component of the plasma
membrane, In the caecal epithelium, reac-
tion products also occurred within the lamel-
lae and in the endoplasmic reticnlum of the
cytoplasm,

The epithelial cells of the caeca showed
some variations in reactivity for AcPase and
Mg-ATPase. In the juveniles, some cells,
which were characterized by cytoplasmic or
residual bodies and by being almost deveid
of secretory granules, had weak or negative
AcPase activity. In contrast, neighbouring
cells, in which the cytoplasm was full of sec-
retory granules, were positive in activity,
bearing granules or spotted deposits through-
out the cytoplasm. The former type cells
may be in the absorptive phase, and the lat-
ter, the secretory phase (Gresson and Thread-
gold, 1939; Thorsell and Bjorkman, 1963;
Robinson and Threadgold, 1975). The dif-
ferent reaction In the caecal epithelium ap-
peared less distinct in the adults. Threadgold
(1968) also made the observation of the
different activity in the caecal cells of F.
hepatica adults.

The reaction for Mg-ATPase in the adults,
also apparently varied among the caccal cells.
Granular deposits, which were closely associ-
ated with endoplasmic reticulum, were thick-
ly distributed in some cells rich in secretory
granules, In this type of cell, the lamellae
were also strongly reactive. The neighbour-
ing cells with few secretory granules were in
contrast to the former in that reaction de-
posits were hardly found in the cytoplasm,
and were few in the lamellae. It is possible
that these differences in the reaction for
either AcPase or Mg-ATPase among the
caecal epithelial cells reflect their different
physiological conditions. Enzymatic reaction
occurring more strongly in the cells of the
secretory phase compared with that in the



absorptive one might show that these phos-
phatases are closely related to the secretion
and/or active transport of substances.

There seem to be no essential difference in
the pattern of phosphatase activity between
the juveniles and adults, The reaction for
AcPase and Mg-ATPase in the juveniles ap-
peared to be weaker than in the adults, es-
pecially at the plasma membrane of the
parenchymal cells, In the adults, strong re-
action for AcPase was present in the paren-
chyvmal-caecal junctional complexes and the
weaker reaction was in the parenchymal-ex-
cretory, parenchymal-tegumental and paren-
chymal-vitelline cell junctional complexes.
However, the observation in the juveniles
showed that these junctional complexes were
weakly reactive or almost devold of reaction,
This tendency was seen in the case of AlPase
and ATPase as well. This might be ex-
plained in that metabolic activities, in which
the phosphatases are involved in juveniles, is
not as high as the level in the adults. Moore
and Halton (1976) chserved a slight increase
in the AcPase intensity in the caeca of 4
week-old juveniles and aduits of F. hepatica
compared with that in 3 week-old juveniles,
Thorpe (1968} also demonstrated an in-
creased activity of AlPase in the excretory
ducts of the adults in comparison with that
in 3 week-old juveniles,

The function of phosphatases, which are
capable of hydrolyzing a variety of phospha-
tase esters, have been discussed by many au-
thors. Threadgeld (1968} and Lumsden
{1968) mentioned that the enzymes associ-
ated with the plasma membranes may be in-
volved in the transport of substances, and
that infoldings of the plasma membranes in-
crease the surface area of the membranes to
facilitate the transfer of molecules. It is pre-
sumable, as Davis ¢t al. {1968), Bogitsh et al.
{1968} and Davis and Bogitsh (1971) noted,
that phosphatases secreted on the membranes
of the caecal lamellae initiate the ‘first stage
of digestion® of food engulfed into or near
the surface of the epithelium by the lamellae.
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Roughly hydrolyzed food in the lumen may
undergo further stage of digestion at the
membrane level as Ugolev (1965) noted.
This activity is possibly mainly done by
AcPase and AlPase, and ATPase, the reac-
tion site of which is almost the same as the
above-phosphatases and this would help the
transport of low molecular substances, result-
ing in their absorption by the gastrodermis.
ATPase localized along the plasma mem-
branes would also function in the transport
of substances from one cell or tissue to the
others, In mammalian cells, such authors as
Seibel et al. (1979) and Idé and Saito (1980)
have noted that Mg-ATPase like Na-K-
ATPase could he involved in transport
functions.
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Explanation of Plates

AcPase. Adult. Caeca. Reaction deposits are localized along the inner component
of the plasma membrane of the caecal lamellae (CL) or randomly in their center.
Larger round deposits lie on the surface of the lamellae which are occasionally ag-
gregated (arrow heads). Incubation time 40 minutes. Weakly stained. x 19,000.

I inset. AcPase. Adult. Reaction deposits within the lamellae (CL) increase to he
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fuse each other in a longer incubation. Incubation time 60 minutes. Unstained.
X 27,000.

AcPase. Juvenile, Caeca. Reaction is different between contiguous cells. Reaction
deposits are few or almost absent in the cell ‘A’, which is in the absorptive phase,
characterized by cytoplasmic bodies (Ch) or residual bodies (Rb). Reaction in the
famellac (CL) is weak and granular. Much stronger reaction is seen in the cell ‘B,
which is in the secretory phase, characteristic of a lot of secretory granules {Sg).
Weakly stained, X 17,000.

AcPase. Adult. Excretory duct. Reaction deposits occur between or on the lamellae
{EL}. Woeakly stained. x 58,000.

AcPase. Juvenile. Ixcretory duct, Reaction deposits are situated hetween or on
the lamellae {EL). Unstained. x58,000.

AcPase. Adult. Parenchymal cells. Reaction occurs in association with the outer
cytoplasmic component of the plasma membrane. Arrow heads indicate weak reaction
in the parenchymal-parenchymal junctional complexes. P: parenchymal cell; I:
Interstitial material. Unstained. x 26,000,

AlPase, Adult, Parenchymal cells, Reaction deposits are associated with the plasma
membranes in a similar way as in AcPase. Arrow hcads indicate weak reaction sites
in the parecnchymal-parenchymal junctional complexes, P: parenchymal eccll; I:
interstitial material. Weakly stained. x 30,000,

AlPase, Adult. Excretory duct. Elongate reaction deposits are localized on or
hetween the lamellae (EL). Weakly stained. 58,000,

AlPase. Juvenile, Excretory duct. Fine reaction deposits are found on or between
the lamellae (EL). Weakly stained. x 38,000.

Mg-ATPase, Adult. Caeca. Reaction is different among the cells which are bordered
by desmosomes. The cell ‘A’, which shows marked reaction deposits in assoctation
with the endeplasmic reticulum (Er) in the epithelium, bears many secretory granules
(Sg). The lamellae {CL A} are strongly reactvie. The adjacent cells ‘B’ or ‘C,
in contrast, show weaker reaction in the epithelium, and in the lamellae (CI, B and
CL C). Mi: mitochondrion. Weakly stained. 13,000,

Mg-ATPase. Juvenile. Caeca. Reaction deposits are seen on the lamellae (CL).
Weakly stained. 26,000, '

Mg-ATPase. Adult. Excretory duct. Flongate reaction deposits are localized on or
between the lamellae (EL). Weakly stained. % 29,000,

Mg-ATPase. Juvenile, Excretory duct. Weak reaction appeared on the lameliae
(EL). Weakly stained. x 58,000,

Mg-ATPase. Adult. The base of the caccal epithelivm, Reaction deposits lie on the
lateral plasma membrane {PL) and the outer cytoplasmic component of the plasma
membrane in the parenchymal cells (P}, CE: caeecal epithelium; I: interstitial
material; Mi: mitochondria; Mu: muscle. Weakly stained. x 14,000,

Mg-ATPase. Juvenile. The base of the caccal epithelium. Reaction deposits are on
the piasma membrane of the parenchymal cells (P) and muscles {(Mu), Mi: mito-
chondrion. Weakly stained. % 23,000.
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