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The carbohydrate matabolism of parasites is
one of the best known phases of parasitic phy-
siology, but little is known about the metabolism
of trematodes. Especially, on the carbohydr-
ate metabolism of lung fluke, Parcgoiimus
westermani, only a few informations have been
reported.

A series of experiments dealing with the carb-
ohydrate metabolism of this fluke have been
studied by several authors (Tada et al., 1961,
Hamajima, 1964, 1965, 1666 & 1967). The gly-
colytic enzymes and Krebs cycle enzymes have
been krnown to present in extracts of Paragomni-
mus westermeni and these were proved lactic
dehydrogenase, phosphatases and malic dehydr-
ogenase (Lee, 1967; Park & Seo, 1967; Llee &
Seo, 1967).

Some informations on the distribution of car-
bohydrate were available in this fluke. Yokoga-
wa et al. (1857) made histochemical studieson
the adult worm of P.okirai and Yoshimura et
al. (1958) demonstrated the localization of glyc-
ogen in P.westermani. Ro et al. (19€3) confir-
med the result of Yoshimura et al. (1958) aft-
erwards. Burton(i862) reported the experimen-
tal result of the in vitro uptake of radioglucose
correlation with the histochemistry by a frog
lung fluke, Haematoloechus medioplexus.

In recent years, the techniques of autoradio-
graphy have been applied for localization of

exogenous radioactive tracers in tissue of

certain helminths. Hahn et al. (1962) reported
the distribution of radioactive glucose by Chin-
ese liver fluke, Clonorchis sinensis, and Lee &
Se0(1971) demonstrated more detailed distribu-
tion by applying the microautoradiography.
In additicn, distribution and fate of 1*C-glucose
has been elucidated by liver fluke, I[Fasciolz
e patica(Thorsell et al., 1668) and by C.sinens-
is{Kang et al., 1969).

However, little information is so far known
concerning the uptake and distribution of exog-
enous radioglucose in lung fluke, P.westermani.
Therefore, the present study was carried out
to demonstrate the uptake and distribution of
exogenous 4C-glucose in lung fluke, P.westerim-
ani.

The distribution of the radioactive substances
in this fluke was investigated in detail by mic-

roautoradiography.

MATERIALS AND METHCDS

Collection of worms: Adult worms of

P.ivcesternicrni were obtained alive from the
lungs of freshly killed dogs wwhich had been
sacrificed 6 months after infection with metac-
ercariae. Intact and healthy worms selected
and immediately immersed in sterilized Tyrode

solution, at 37°C.

Isotope and inrcubating fluid used: D-
glucose-14C(U), specific activity 3.9 mCi/mM,
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was obtained from Nuclear Chicago Corp
oration, U.S.A. This labeled glucose was disso-
Ived in Tyrode solution as to contain the conc-
entration of 10 pCi/ml. This solution was appl-

ied as incubation medium.

Incubation procedure:
incubation was essentially the same] as that
of Lee et al.

motile fluke were incubated in 25 ml Erlenm-

(1971). Ten worms of actively

eyer flask with 10 ml of above mentioned

incubation medium. This incubation {lask

was maintained in Dubnoff metabolic sha-
king incubator for 1 hour at 37° C. After incub-
ation, the flukes were immediately removed
from the incubation medium, and freed of exte-
rnal radioactivity by a series of washing in

chilled Tyrode solution.

Microautoradiography: The flukes were
AFA(alcoaol-formal-in-acetic  acid)

fixative and wer2 passed through a graded

fixed in

series of alcohol to xylene. They were embedded
iu paraffine, sectioned at 5y, and then mounted
on subbed slides which had been prepared
according to Kodak Data Sheet.

The stripping film technique(Fitzgerald et
al., 1953; Lotz et al.,, 1953) was applied for
microautoradiography. The slides were covered
with Kodak AR-10 fine grain stripping film
under the safelight fitted with a Wratten ser-
ies 1 filter, and exposed for 30 days. The auto-
radiographs were developed for 10 minutes in
Kodak D-19 developer, and fixed for 5 minutes
in Kodak acid fixer.

The autoradiographs, after development and
fixation, were stained with Delafield’s hemato-

xylin.

EXPERIMENTAL RESULTS

Microautoradiographs of lung fluke, P.wester-
mani, showed that there were apparent densit-
ies in regard to various anatomical structures

of the parasite.

The procedure of

The highest density of black grains derived
from #C-glucose were monitored in the paren-
chymal tissues (Fig. 1). High power magnifica-
tion showed that relatively fine grains, in com-
parison with Clonorchis(Lee & Seo, 1971), were
accumulated in subcuticular musculature and
reticular tissues. In general, the parenchyma
lying just beneath the integument was much
more radioactive than the deeper parenchyma.

The muscular tissues of this fluke, such as
oral sucker, pharynx and ventral sucker, show-
ed fine discrete distribution of grains(Fig. 2, 3
& 4). As shown in Fig. 2 & 3, the oral sucker
revealed less radioactivity than the pharynx.
The slight radioactivity was also detected in
ventral sucker, especially in outer surface and
in musculo-reticular junction(Fig.4). Some black
grains were observed in the intestinal ceca,
along the intestinal lining cells(Fig. 5).

Figure 6 presented that the conspicuous parti-
cles of labeled carbon were distributed over
the eggs in uterus, but there was negligible
density of grains in uterine tubule. Reproduct-
ive systems of this fluke, i.e., ovary, testes and
vitelline follicles showed slight radioactivity
(Fig. 7, 9 & 11). High magnification of these
regions showed that low density of grains were
distributed correspondly to their structure
(Fig. 8, 10 & 11).

Excretory bladder of this fluke also showed
the occurrence of black spots according to its

lining (Fig. 12),

DISCUSSION

Detection of sugars in lung fluke, P.westerm-
ani, is important in biochemical studies on
carbohydrate metabolism of this parasite. Prev-
ious authors have reported on the presence of
sugars and metabolic products of sugar in the
lung fluke.

By applying histochemical techniques, Yoshi-
mura et al. (1958) reported that a lot of glyc-
ogen was observed in reticulum, vitelline glan-

ps, yolk cells of the egg in the wuterus and



subcuticular cells of P.westermani. They also
noted that other polysaccharids except glycogen
were distributed in the muscle ceils under the
cuticle, viteliine glands, ovary, testes and the
eggs in uterus. Similar results were obtained
by this fluke from the experiment of Ro et al.
(1963).

In addition, presence of substances associated
glycolytic pathway and Krebs cycle was decla-
red by Tada et al. (1961) and Hamajima(1964,
1965, 1936 & 1967); they claimed that carbohy-
drate degradation occurred by these scheme,
in the lung fluke. By the experiment of Hamaj-
ima(1966), the sugars, hexose phosphate, and
glycogen were detected in the uterine eggs,
larvae and adults of P.westermani in chromato-
grams.

In comparison with the reports of above aut-
hors, the experimental result of present micro-
autoradiography closely corresponded to their
.conclusions.

As shown in autoradiographs of P.westermani,
the black grains from radioactive carbon
were distributed in the organs or tissues where
a lot of glycogen had been known to present by
histochemical study (von Brand, 1966; Halton,
1967).

Thorsell et al. (1968) studied the fate of 4C-
glucose in liver fluke, F.hepatica, and observed
the pronounced accumulation of radioactive car-
bon in the parenchyme. In present experiment,
high radioactivity appeared in the parenchyme
of P.westermani and this result might reflect
that a high energy turn over took place by the
degradation and transformation of glucose with
Lee et al. (1971)

proved that 24C-glucose congregated into larger

in mitochondria of this site.

particles in the parenchyme of C.sinensis, but
in this fluke, it was hardly observed. The
density of radioactivity in the parenchyme of
this fluke was usually lower than that of C.sin-
ensis in autoradiographs. The muscular tissues
like pharynx, oral and ventral sucker also revea-

12d detectable radioactivity in compatible with
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the result of Thorsell et al. (1968), Lee & Seo
(1971) and Burton(1962).

It may be considered that the radioactivity in
the worm body represents glucose and or substa-
nces formed by anabolic processes, ~or by catab
olic processes of glucose. Thus it could be exp-
lained that the distribution of radioctivity in the
tissues or organs was not always compatible
with the glycogen or polysaccharide content, On
the other hand, as in C.sinensis, the male
reproductive system is usually glycogen-poor,
although the sperm cells not rarely give disti-
nct polysaccharide reactions(von Brand, 1966).
It is well known that the vitellaria of Schistos-
oma were glycogen free and consequently the
uterine eggs contained but little polysaccharide.

It was suggested that absorbed exogenous
14C.glucose was rapidly converted, and radioa-
ctive carbon appeared in the forms of degrada-
tion or transformation products in the worm
body. Thus it can be explained that the organs
or tissues which were known to contain glyco-
gen revealed slight radioactivity, and vice versa.
But, generally speaking, the result of pre-
sent experiment closely corresponded to the
histochemical studies of Yoshimura et al, (19

58) and Ro et al. (1963).

SUMMARY

Autoradiographic study was performed in
order to know the distribution of exogenous
1C-glucose by lung fluke, Paragonimus westerm-
ani, incubated in Tyrode medium containing 10
£Ci/ml of labeled substance.

After 1 hour incubation at 37°C, microautorad-
iographs of this fluke showed that black grains
derived from radioactive carbon were accumu-
lated mainly in the parenchyme and subcuticu-
lar musculature. The muscular tissues such as
sucker reve-
Slight

radioactivity was also observed in the regions

oral sucker, pharynx and ventral

aled considerable density of fine grains.

of ovary, testes, vitelline follicles, eggs in ute-

Arus, intestinal ceca, and even in excretor
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bladder. Structures showing the least activity
included the cuticle and uterine tubules of this
fluke.
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Fig.

Fig.

Fig.

Fig.

Fig.

Explanation of Figures

Microautoradiograph of P.westermani show-
ing high concentration of radiocactivity in
parenchymal tissue (x 100).

Low density of fine grains were observed
in oral sucker, mostly lined near the surface
area (x 100).
The radioactivity was also detected in
pharynx, higher than that of oral
(x 430).

Black grains were visible

sucker

in the ventral
sucker (x 100). Relatively fine grains of
them also accumulated near the outer surf-
ace.

High power magnification of intestinal wa-
11 revealed that grains were lined along the

basement of the intestinal epithelium (x

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

10.

11.

12.

430).

Conspicuous black grains were observed ins-

ide of eggs, in uterus (x 430).

In the region of ovary, slight radiocactivity

was monitored (x 1060).

High power magnification of Fig. 7 (x 430).
Microautoradiograph of testes in which low

density of grains were observed (x 100).
High power magnification of the testes (x

430).

High power magnification of vitelline follic-

Jes showed slight density of grains (x 430).
Some black grains lined along the wall of

excretory bladder in high power magnificat-

ion (x 430).






Fig. 12.

Fig. 11

Fig. 10.



