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Abstract: To evaluate the feasibility of irradiation as a control measure for
metagonimiasis, the metacercariae of Metagonimus yokogawdai were irradiated with gamma
ray, either after isolation from the sweetfish (Plecoglossus altivelis) or in situ of the fish, and
their survival and development in rats were observed at 7 days post-infection. The
radiation dose varied from 5 to 100 Gy for the metacercaria-irradiation group and from 5
to 500 Gy for fish-irradiation group. The results showed that the worm recovery rate from
the irradiation groups decreased as the radiation dose was increased. Higher doses of
radiation were required for the fish-irradiation group to obtain the same results as the
metacercaria-irradiation group. The LDy, of the metacercaria-irradiation group was 4.5 Gy,
whereas that of the fish-irradiation group 6.2 Gy. A few number of worms which survived
until 7 days in rats were severely retarded especially in the growth of their reproductive
organs, i.e., complete or partial failure in the development of testes and formation of
uterine eggs. The present study revealed that irradiation of sweetfish by 200 Gy is effective
to control infectivity as well as development of M. yokogawai metacercariae in rats.
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INTRODUCTION

Metagonimus yokogawai has been one of the
most important human intestinal flukes in
Korea. At present, endemic areas of M.
yokogawai are scattered almost all over the
large and small streams in eastern and
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southern coastal areas, especially in the valley
near the Somjin-gang (River) (Seo et al., 1981;
Chai and Lee, 1990). Human infection with
this fluke is contracted by eating raw sweetfish
(Plecoglossus altivelis) which harbour the
metacercariae. Therefore, metagonimiasis
could be prevented if the metacercariae in the
fish are killed or inactivated.

Studies have been performed on the use of
irradiation te kill or weaken infectivity of not
only protozoa (Dubey et al., 1986) but also
helminth parasites (Hughes, 1962; Bickle et
al., 1979; Lee et al., 1989). Most of the
irradiated helminths were either significantly
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attenuated or killed, depending on the dose of
radiation. Thus, irradiation of the infective
stage larvae is applied as a measure for
making live or attenuated vaccines for
helminth infection, for example, schisto-
somiasis (David et al., 1995).

The purpose of the present study is to
observe the effect of gamma-irradiation on the
survival and development of M. yokogawai in
rats and ultimately to evaluate the usefulness
of irradiation as a control measure for meta-
gonimiasis.

METERIALS AND METHODS

1. Collection of M. yokogawai metacer-
cariae
Metacercariae of M. yokogawai were isolated
from the muscle of the sweetfish, Plecoglossus
altivelis, caught from the main stream of the
Somjin-gang (River), Chollanam-do, Korea, by
digestion technique with artificial gastric juice
(pepsin 6 g and HC1 8 ml dissolved in 1 L
distilled water) and collected under stereo-
microscope. They were washed several times
and stored in cold physiological saline until
use.

2. Irradiation of isolated metacercariae
of M. yokogawai (metacercaria-
irradiation group)

One thousand metacercariae were placed on
each petri dish (8 cm in diameter) containing
20 ml saline. The dishes were put on the
rounding plate of a MK 1-68 137Cs gamma-
irradiator (JL Sheperd and Associates Co.) and
irradiated at the rate of 3.8 Gy/min from 40
cm distance. The radiation dose was 5, 20, 50
or 100 Gy. Non-irradiated metacercariae
served as controls.

3. Irradiation of sweetfish (fish-
irradiation group)

The sweetfish (15-20 cm in length) infected
with the metacercariae of M. yokogawai was
irradiated at the dose of 5, 50, 200 or 500 Gy,
half dose on one side and another half on the
other side to equalize the regions to be
irradiated. After irradiation, the metacercariae
were isolated from the digested material of the
sweetfish and used for infection of rats. Non-

irradiated fish served as controls.

4. Experimental infection of rats
Each of albino rats (Harlan-Sprague-Dawley)
purchased from the Laboratory Animal Center,
Seoul National University, was given orally 500
irradiated or non-irradiated metacercariae
through a gavage needle. For each dose group,
10 rats were used.

5. Recovery of M. yokogawai and
morphological observation

The rats infected with the metacercariae
were sacrificed by spinal shock one week after
the infection. The small intestines were put on
a petri dish containing 0.85% saline solution
and opened longitudinally along the mesenteric
border for recovery of the worms. The opened
small intestines were soaked in cold saline and
gently shaken to detach the worms. The freed
worms were then counted using a stereo-
microscope and the worm recovery rate was
calculated.

The worms recovered were, by groups, fixed
in 10% neutral formalin, stained with
Semichon's acetocarmine, and observed under
light microscope.

6. Statistical analysis
Chi-square or student t-test was done for
statistical analysis of the results.

RESULTS

1. Morphology of the irradiated meta-
cercariae
The metacercariae which were exposed to
gamma irradiation showed no apparent
morphological difference from non-irradiated
controls by microscopic examination. The
irradiated metacercariae, however, showed
weaker movement within their cysts. The
outlines of the suckers, excretory bladder and
ceca were clearly discernible.

2. Recovery rate of M. yokogawai from
the rats
1) Metacercaria-irradiation group
From the rats of the non-irradiated group
infected with non-irradiated metacercariae, an
average of 30.2% of the introduced worms was



recovered one week after the infection (Table
1). In contrast, the rates of worm recovery from
the irradiation groups were significantly lower
than those from the non-irradiated control
group (P < 0.001). The rate was decreased as
the radiation dose increased; 9.4% in 5 Gy
group, 6.2% in 20 Gy group, 0.5% in 50 Gy,
and 0.4% in 100 Gy group (Table 1). The LD,
by this scheme was calculated as 4.5 Gy,
based on the regression equation, Ln Y =
-1.17Ln X + 1.94, where X is radiation dose
(Gy) and Y is worm recovery rate (%),

2) Fish-irradiation group

In general, more worms were recovered from
the fish-irradiation group than the
metacercariac-irradiation group when a same
dose of radiation was given. The recovery rates
were 16.8% and 1.8%, in 5 Gy and 50 Gy
groups, respectively (Table 2), Even by 200 Gy
and 500 Gy, the recovery rates were still 0.5%
and 0.1%, respectively. The LD50 by this
scheme was calculated to be 6.2 Gy, based on
the regression equation, Ln Y = -1.07Ln X +
2.03, where X is radiation dose (Gy) and Y is
worm recovery rate (%),

3. Morphological characteristics of the
recovered worms
Gamma-irradiation of M. yokogawai

—299—

metacercariae caused morphological changes
of the worms recovered from the experi-
mentally infected rats, which included
decrease in the body length and width,
reduction of egg production, and malformation
of reproductive organ {Table 3, Figs. 1-4).

The average size of worms recovered from
the rats infected with the metacercariae
irradiated with 5, 20, 50 or 100 Gy was 416 x
206 ym, 393 x 205 ym. 396 x 208 um, and
369 x 168 um, respectively (normal non-
irradiated controls; 441 x 211 pm). Worms
recovered from 100 Gy metacercaria-irradia-
tion group showed absence of ulerine eggs,
and complete agenesis of testes. The vitelline
follicles, ovary, seminal receptacle and seminal
vesicle were difficult to observe. The excretory
bladder was dilated remarkably.

The average size of worms recovered from
fish-irradiation groups at the doses of 5, 50,
200 or 500 Gy, measured 408 x 210 um, 380
x 168 um, 331 x 176 ym, and 321 x 171 um,
respectively. The egg-containing rate of worms
recovered from 50 Gy fish-irradiation group
was 30%, higher than that of metacercariae-
irradiation group (10%) and the eggs of both
groups were immature. Worms irradiated with
more than 200 Gy showed no eggs, complete
agenesis of testes, and malformation of other

Table 1. Recovery rate of M. yokogawai from the rats of metacercaria-irradiation group

Irradiation No. of Aver. No. of recovered Range of No.
dose (Gy) _ rats worms (2%6) recovered worms
0 7 151(30.2) 95-223
5 10 47 (9.4) 8-113
20 10 31 (6.2) 3-91
50 10 3 (0.5) 0-14
100 9 2 (0.4) 0-5
Each rat was infected orally with 500 irradiated metacercariae.
Table 2. Recovery rate of M. yokogawai from the rats of fish-irradiation group
Irradiation No. of Aver. No. of recovered Range of No.
dose (Gy) rats worms (%) recovered worms
5 9 84(16.8) 5-226
50 10 9 (1.8 0-32
200 10 3 (0.5) 0-14
500 10 1 (0.1) 0-4

Each rat was infected orally with 500 irradiated metacercariae.
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Table 3. Morphological features of M. yokogawai recovered from the rats infected with normal (non-
irradiated control group) or irradiated metacercariae (metacercaria-irradiation group or fish-

irradiation group)

Radiation dose (Gy)

Control Metacer.-irradiation group Fish-irradiation group
group 5 20 50 100 5 50 200 500
Length (um) 441 416 393 396 369 408 380 331 321
Width (tom) 211 206 205 208 168 210 168 176 171
% of worms containing eggs
none 10 20 50 90 100 50 70 100 100
immature 0 60 30 10 0 20 30 0 0
mature 90 20 20 0 0 30 0 0 0
% of worms with testes
no testis 0 0 20 80 25 0 0 90 100
one testis 0 20 20 0 55 0 10 10 0
two testes 100 80 60 20 10 100 0 0 0

In each dose group, 10 acetocarmine-stained M. yokogaiwai specitnens were observed,

reproductive organs.
DISCUSSION

The effect of ionizing radiation on parasites
depends on the dose of radiation,
developmental and physiological status of
worms, and other various physical parameters
during or after the irradiation (Hall, 1978;
Deborah et al., 1987). In general, older worms
are more radiation-resistant than younger
ones (Ignatowicz and Boczek, 1984), and
females are more susceptible than males
(Ignatowicz and Boczek, 1984). When parasites
are exposed to radiation. they can develop
growth retardation, vacuolization of the
interstitium, elevation of the tegument,
malformation or underdevelopment of
reproductive organs, failure of reproduction,
and weakened pathogenicity in the host
(Bickle, 1979).

In the present study, the effects of gamma
irradiation on M. yokogawail metacercariae
were remarkable; reduction of their survival
rate in the rat host, growth retardation,
malformation and underdevelopment of the
reproductive organs, and failure of egg
reproduction. Such morphological abnormality
was recognized in the worms recovered from
20 Gy metacercaria-irradiation and from 50 Gy

fish-irradiation groups. The effects were
radiation-dose dependent. All of the surviving
worms were sexually immature by 100 Gy or
more irradiation in metacercaria-irradiation
group and by 200 Gy or more in fish-
irradiation group.

More worms of M. yokogawai survived in the
fish-irradiation group than in the metacer-
caria-irradiation group. In other words, the
metacercariae irradiated in situ of the flesh of
the sweetfish were less susceptible to radiation
than those irradiated after isolation from the
fish. In case of fish irradiation, the worm
recovery rate was 1.8% by 50 Gy irradiation
and 0.5% by 200 Gy (the same result as the
metacercaria-irradiation group with 50 Gy). It
was very difficult to suppress completely the
infectivity of M. yokogawai metacercariae, and
still a few worms (0.1%) were recovered even
from 500 Gy fish-irradiation group.

Such difference in the radiation suscep-
tibility of M. yokogawai metacercariae may be
caused by differences of the milieu of
conditions around the metacercariae. It is well
known that gamma rays penetrate deeply into
the animal tissue with little loss (Hall, 1978).
Radiation is known to destroy DNA structures
directly or by forming hydroxy radicals in the
tissue, so there may be three times more cell
damage in the oxygenated state than in the



Fig. 1. A 7-day old adult worm of M. yokegawai
recovered from a rat of non-irradiated control
group showing its normal body contour, many
intrauterine eggs, well-developed ovary, seminal
vesicle, seminal receptacle, vitelline follicles, and
two testes. Acetocarmine stained.Fig. 2. An age-
matched specimen recovered from a rat infected

with 100 Gy-irradiated metacercariae
(metacercaria-irradiation group) showing no
uterine eggs, no vitelline follicles, pooly developed
ovary, and only one testis. Acetocarmine stained.
Fig. 3. Another age-matched specimen recovered
from a rat infected with 200 Gy-irradiated
metacercariae (fish-irradiation group) which
shows no uterine eggs, no ovary, no vitelline
follicles, and two poorly developed testes. The
excretory bladder slightly expanded.
Acetocarmine stained. Fig. 4. Another specimen
recovered from 200 Gy fish-irradiation group
showing no eggs and no reproductive organs. The
bladder is distended severely. Acetocarmine
stained.

*Bar represents 100 micrometers.
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anoxic one (Hall, 1978). Similar results were
observed in the case of Clonorchis sinensis (Lee
et al., 1989), and it was suggested that the
flesh of the dead fish could have been anoxic.
Hence, there was less damage of cells of the
worm, and the irradiated metacercariae in the
flesh survived more (Lee et al., 1989).

It was reported in arthropods that their
sensitivity to radiation was greatest during the
periods of rapid cell division, i.e., embryo-
genesis, ecdysis, and gametogenesis (Entrekin
et al., 1987). Conversely, however, it is
interesting to note that doses of 50-100 Gy
caused increased oviposition and hatchability
of a mite, Tyroglyphus farinae (Melville, 1958),
and doses of 50 Gy increased the number of
metaphase and anaphase meiotic figures in
testicular cells of Acarus siro (Contine and
Davis, 1969). Fifty Gy apparently stimulated
population growth of this species through F,
and F, generations, however, a significant
long-range reduction occurred in F, and
subsequent generations. Doses of 150, 250,
and 350 Gy reduced population growth
somewhat, and extreme population depression
occurred by 500-600 Gy (Davis, 1972).

It was also reported that X-ray induced
morphological abnormalities in the tapeworm,
Hymenolepis microstoma (Djoen, 1965). It was
shown, however, that newly formed segments
did not suffer as much damage as those
present at the time of irradiation. Apparently,
radiation affected only a certain stage of cells,
and highly resistant cells were present, which
gave rise to the new strobila. Villella and
Weinbren (1965) described the results of
studies with Schistosoma mansoni in which
gamma radiation at the dose between 20 and
25 Gy on the cercariae produced morphological
changes, which included decrease in the body
length, parenchymal vacuolization, cuticular
swelling, and malformation of reproductive
organs.

In this sudy, M. yokogawai appeared highly
sensitive to radiation compared to other
helminths. The LDg, of M., yokogawai
metacercariae was only 4.5 Gy. In case of C.
sinensis metacercariae, it was 16.5 Gy (Lee et
al., 1989). Paragonimus chirai metacercariac
were sensitive to irradiation and were dead in
the liver of the host after exposure to 20 Gy
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(Tkeda and Tani, 1984). Unlike the above-
mentioned trematodes, 1% of Schistosoma
adults were still recovered after irradiation at a
high dose; 80 Gy [(Erickson, 1965), and
migrating schistosomules became undetectable
in the lungs only after irradiation at a
considerably large dose, 200 Gy (Bickle et al..
1979).

Irradiation against parasites has been
applied for various other purposes. For
example, mice immunized with irradiated S.
mansoni cercariae became increasingly
important as a model for anti-schistosome
vaccine development (David et al., 1995).
Immunization with irradiated-attenuated
sporozoites of Plasmodium berghei has been
shown consistently to protect hosts against a
sporozoite challenge by eliciting cellular and
cytokine responses (Scheller et al., 1995).

In conclusion, irradiation of M. yokogawai
metacercariae, either in situ of the sweetfish or
after isolation, was found to be to able to
control their infectivity to the final host.
Therefore, irradiation of sweetfish with 50-200
Gy could be considered as a measure for
prevention and control of metagonimiasis in
endemic fields.
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