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INTRODUCTION

The movement of digenetic trematodes has
been described as “measuring movement” because
the worms rhythmically protrude and retract
their anterior body by placing acetabulum near
to the oral sucker (Bennett, 1975; Beaver et al.,
1984). Unlike the anterior body, the portion
behind the acetabulum moves much less; waves
of peristalsis are extended to. Therefore, the
posterior body is carried like a sac by the ante-
rior during movement. Because most of sexual
organs are situated in posterior body in most
species of digeneans, Skrjabin (1947) teleologi-
cally thought that the benefit of such movement
is one of the essential features in trematode phy-
siology. It may protect the sexual organs free
from violent movement to facilitate the egg
production.

Another view for such movement of anterior
body is its relation with trematode feeding (Smy-
th, 1966). In many of digenetic trematodes,
anterior body is more densely armed with single-
pointed or serrated spines at the tegument than
the posterior. The rhythmic movement of the
anterior body, therefore, results in the abrasion
of host tissues at the contact areas of micro-niche.
As Dawes (1962) observed in the tissue sections
of Fasciola hepatica in experimental mice, the
mechanically destroyed tissues of the host were
ingested through oral cavity.

Because the movement of digenetic trematodes
has been described in the freed adult/larval

worms in fluid media, it has not been clarified
yet whether such pattern of movement repre-
sents the sole way even at host habitat. The
actual movement pattern at the niche has been
rarely described.

The purpose of this paper is to describe the
various postures of Metagonimus yokogawai which
were fixed in situ in the mucosa of the small
intestine of experimentally infected dog. It is
hoped that, by this way of observation, the
actual movement patterns or postures could be
indirectly projected.

MATERIALS AND METHODS

1. Infection of dogs with Metagonimus
yokogawai:

A week before the experimental infection, all
dogs were treated with 10mg/kg of pyrantel
pamoate and 40 mg/kg of bithionol to remove
the possible helminthic infections. A total of 8
dogs of 4~6 kg was infected with 10, 000 meta-
cercariae of M. yokogawai respectively. The
metacercariae were collected from naturally in-
fected sweetfish (Plecoglossus altivelis) by peptic
digestion. The fish were purchased in Jangheung
Gun, Chollanam Do, Korea in October 1984,

2. Collection of M. yokogawai from
experimentally infected dog:

Two dogs were killed by cardiac bleeding
under penthotal anesthesia on 3 days, 9 days, 4
weeks and 10 weeks after the experimental in-
fection. Peritoneal cavity was immediately opened.
Small intestine from pylorus to ileocaecal valve
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was removed, and was cut into pieces of every
30 cm long; and the pieces were opened along
the mesenteric border. The opened intestinal
pieces were fixed on a flat wood board by placing
serial pins along the margin. The intestines
were fixed in 1092 formalin.

The process from removal to fixation of intes-
tine was completed within 20 minutes. After
2 days of formalin fixation, a 3 cm long longi-
tudinal sections of 3 mm thickness were taken
from each intestinal piece for histological obser-
vation.

The fixed mucosal tissues were removed from
muscle layer with a spoon. The mucosal frag-
ments were examined under dissecting microscope
to isolate juvenile or adult M. yokogawai. Every
spaces between villi were examined; crypt of
Lieberkuehn were teased with dissecting needles,
and impacted worms were released from gland-
ular lumens of crypt.

Two dogs, killed on the 9th day after infec-
tion, were processed differently; at first, 3 cm
long intestinal pieces were taken at every 30 cm
for histology, and were fixed in 10% formalin;
living worms were collected from remaining int-
estine, and were fixed in 10% formalin. After
trimming the fixed intestinal pieces for histology,
some of fixed worms were additionally collected.

3. Observation of the collected worms:

The collected M. yokogawai from the fixed
intestinal pieces showed various postures. The
postures were generally three dimensional. At
first, some of unstained worms were flattened
under cover glass pressure and were photo-
graphed.

For observation with scanning electron micro-
scope (SEM), some of worms were fixed again
in 2.5% cold phosphate buffered glutaraldehyde
(pH 7. 4) solution overnight, and post-fixed in
1% osmium tetroxide before freeze-drying. Then,
the worms were coated with carbon and plati-
num for 3 minutes. The photographs were made
with scanning electron microscope (Dual-130,
ISI-Korea),

RESULTS

1. Recovery rate of M. yokogawai by
infection period:

The recovery rates of M. yokogawai by infec-
tion period were shown in Table 1. The rates
were 42. 6% on the 3rd day, 55.0% on the 9th
day, 33.29% on the 4th week and 8.9% on the
10th week respectively. Decreasing recovery rates
were shown by length of infection period.

9. In situ postures of M. yokogawai
recovered on the 3rd infection day:

Many juvenile worms were collected from
intervillous spaces in duodenum and jejunum. A
considerable number of worms were also released
from the lumens of glandular crypt at the same
portion of small intestine. The exact proportion
of worms from intervillous spaces and from
glandular crypt was not compared. The term
“juvenile worm” in this paper meant the worms
of 3 day-old infection, which developed testes,
ovary and vitellaria. The juvenile worms of 3
day-old rarely have eggs in uterus.

In histological preparations, many transverse,
sagittal or oblique sections of worms were recog-
nized. In well prepared sagittal sections, anterior
to posterior ends of worm were located uprightly

Table 1. Number of worms collected from intestinal
mucosa in dogs infected with 10,000 meta-
cercariae of M. yokogawai

Duration of Number of worms

infection recovered(%)
3 days Dog 1 4, 263(42.6%)
Dog 2 4,266(42.7%)
9 days Dog 3* 3,804(38.0%)
Dog 4* 7,192(71.9%)

4 weeks Dog 5 2,903(29.0%)
Dog 6 3,733(87.3%)

10 weeks Dog 7
Dog 8

687( 6.9%)
1,088(10.9%)

* Worms were collected in live state from unfixed
intestine, and less than 10% were collected from
trimmed tissue of fixed intestine that were prepared
for histologic observation



from upper part of crypt to lower intervillous
space. However, such section was only infrequ-
ently found. The majority of worm sections,
either transverse or oblique, revealed ovoid or
elliptical shapes. Sagittal sections of anterior body
were located at crypt.

Some of worm sections comprising the anterior
body showed wunusual shapes, different from
usual ovoid sections. A worm section in Fig. 1
showed a ventral sacculation of mid-portion of
the worm at villo-crypt junction and a branched
section of anterior body at dorsal aspect. A sec-
tion of a worm with oral sucker was extremely
tortuous along the body length (Fig. 2). One
juvenile worm section (Fig. 3) showed its ant-
erior body sectioned 3 times. Fig. 4 revealed a
worm section which was bifurcated at anterior
body.

These histological findings, either ovoid or
branched sections, were compatible with the
postures of whole worms that were isolated from
the fixed intestinal mucosa. The postures of
isolated whole worms, flattened by cover glass
pressure, were illustrated in Figs. 7-1 to 7-36.

Worms shown in Figs. 7-1 to 7-9 showed
ovoid shapes of dorsoventrally flattened; many
with ventral concavity or with dorsoventral
curvatures. These worms were usually collected
at intervillous spaces; the ventral concavity or
curvature were considered to be formed to adapt
the local conformity of intervillous spaces. The
anterior body of worms may be elongated while
posterior body remained dorsoventrally flat (Figs.
7-10 to 7-18). Fig. 7-12 showed a worm of
which anterior body was ventrally curved. This
recurved anterior body actually encircled a villus
in situ. Some of worms (Figs. 7-13 to 7-18)
protruded their anterior body with or without
transverse wrinkling at the base of protrusion.
In some of them, either at the base of protru-
sion or at mid-portion of protruded anterior body,
one or two additional protrusions were recogni-
zed, sometimes making itself like a key (Figs. 7-
19 to 7-30). The length of protruded anterior
body could be two times or longer than posterior
one (Figs. 7-30 to 7-36).
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The protrusions mimicked the amoeboid move-
ment of anterior body of worms. To explore the
mechanism of protrusion, we made observations
with scanning electron microscope and with
transverse sections of intestinal mucosa.

The SEM findings of protrusions were depicted
in Figs. 8 to 16. The postures of worms appe-
ared generally flattened or showed various shapes.
The protrusion was observed as an elongated pro-
minence and its ventral surface showed a longitu-
dinal groove(Fig. 8), which extended from near
the oral sucker to posterior end of body. As shown
in Fig. 9, the protruded anterior body had many
of short and shallow longitudinal grooves. Ad-
jacent to the oral sucker a saccular process was
protruded (Fig. 9). The dorsal surface showed
rounded appearance with anterior protrusion,
which tapered gradually (Fig. 10). Another
worm (Fig. 11) with protruded anterior body
had multiple saccular protrusions; one at the
base of protruded anterior body and two at the
terminal portion of main protrusion. In higher
magnification of Fig. 11, tegumental spines in
three saccular protrusions were arrayed in post-
erior direction (Figs. 12 & 13).
foldings were frequently observed in ventral

Transverse

surface of the posterior body (Fig. 14). Magni-
fication of Fig. 14 showed that the folding mar-
gins of anterior protrusion was discernible (Fig.
15). Fig. 16 illustrated a typical folding line
of lateral portion of the anterior body.

In transverse sections of intestinal mucosa up
to crypt level, many worm sections of anterior
body revealed the folded form of V-shape (Fig.
5). The anterior body situated in a destroyed
crypt lumen and the epithelial cells of glandular
crypt were totally necrotized.

3. Postures of adult worms:

Most of sectioned adult worms recovered on 9
days, 4 weeks and 10 weeks after the infection
were found in intervillous space than in 3 days
old worms were (Fig. 6). They showed a nearly
ovoid shape. However, the contour of the ven-
trodorsal surface of these adults was similar with
those of 3 day-old juveniles. A single to three
protrusions of anterior body were observed (Figs.
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Table 2. Frequency of M. yokogawai with protrusions of anterior body by infection period

Duration of
infection

3 days
9 days
4 weeks

10 weeks

No. of worms

observed*

No. (%) of worms

without P.**

with a single P.

with multiple P.

Dog 1 1,426
Dog 2 1,637
Dog 3 262
Dog 4 171
Dog 5 1,611
Dog 6 1,200
Dog 7 180
Dog 8 81

519(36. 4) 293(20. 5) 614(43.1)
352(21.5) 524(32.0) 761(46.5)
141(53.8) 80(30.5) 41(15.7)
123(71. 9 35(20.5) 13( 7.6)
1,315(81.6) 144( 8.9) 152( 9. 4)
478(39. 8) 375(31. 3) 347(28.9)
115(63.9) 28(15.6) 37(20.5)
44(54.3) 9(11. 1) 28(34. 6)

*Only unbroken worms were observed
17, 18 & 19).

The frequency of worms with protruded an-
terior body was decreased by infection period
(Table 2). In 3 day-old worms, almost two
thirds of recovered worms had a single or mul-
tiple protrusions of anterior body while their
frequencies in later infection periods were 36. 2
% to 39.0%.

DISCUSSION

The various postures of juvenile and adult
Metagonimus yokogawai identified in this study
were considered to represent the natural in situ
postures at the niche. We believe that these
postures could not be produced as an artifact
during the tissue fixation in 109 formalin, since
the worms normally retract their body during
the fixation rather than relax or protrude their
bodies. Also it appeared to be highly improbable
that the protrusion of anterior body occurred
during the fixation because the tegumental spines
directed posteriorly, and the already protruded
anterior body to the crypt lumens could not be
easily withdrawn to intervillous spaces. Evidences
obtained from freed worms of fixed mucosa and
from the histological sections supported that the
postrures of M. yokogawai in the mucosa were
one of normal in situ postures in experimental
dog metagonimiasis. So far, few worms in exp-
erimental metagonimiasis of cats showed multiple
protrusions of anterior body.

The peculiar postures of juvenile and adult

**P. | protrusion(s)

worms observed in this study could not be related
with any of three kinds of sensory papillae des-
cribed by Lee et al. (1984) at the tegumentum
of M. yokogawai, because the papillae distribu-
tion was rather confined around the oral and
ventral suckers while the wvarious protrusions
were made at random areas of the anterior body.

Protrusions were found more frequently in
early developmental stage than in later period
of infection. Also, it has been observed that in
early stages of experimental metagonimiasis, the
juvenile worms destroyed mainly villo-crypt
junction to cause the deficit in supply of cover-
ing enterocytes(Rho et al., 1984). In these respe-
cts, the protrusion of anterior body of juvenile M.
yokogawai to glandular lumens of crypt of Lieber-
kuehn appeared to be well related with the micro-
scopic destruction of villo-crypt junction. One
peculiar finding of this study was that the posture
of anterior body of worms at glandular lumens
of dog’s intestine was not such simple as a sin-
gle protrusion. One protrusion frequently accom-
panied by one or more branching protrusions.
Even when a long single protrusion was impa-
cted to glandular lumen, other saccular protru-
sions may be made at the base of the protrusion.
These findings suggested that the protrusion was
made whenever nearby spaces of glandular lumen
of crypt were available. This meant that the
destruction of immature enterocytes by the pro-
truded anterior body occurred not in a single
lumen of glandular crypt, but it might occur in
multiple lumens of crypt at the same time by a



single worm.

The protruded anterior body could not be
regarded as a mere amoeboid projection of the
anterior body which consisted of parenchymal
tissue with covering tegument. Rather, as shown
in Figs. 5, 8, 14, 15 and 16, the protruded
portion was formed by folding their lateral por-
tion of anterior body to make a reversible tube.
Secondary saccular protrusions seemed to be
made in a similar manner. Forceful impact of
folded protrusion into glandular lumens might
result in the formation of some of short longitu-
dinal wrinkles as shown in Fig. 9.

As shown in Fig. 5, the impacted lumen
exhibited necrotized enterocytes. Since many of
glandular crypts supplied the enterocytes to cover
a villus, the destruction of one or two crypt
lumens by a worm would not exert any of ser-
ious effects on maintaining a villus integrity, if
lightly infected.

This study made it rather clear that the in
situ postures of M. yokogawai were not as simple
as previously considered, and many protrusions
were formed to adapt the lumens of glandular
crypt in small intestine of dogs.

SUMMARY

The in situ posture of anterior body of Meta-
gonimus yokogawai was observed in experimental
metagonimiasis of dog.

The metacercariae were collected from natural-
ly infected sweetfish by peptic digestion; a total
of 8 dogs was orally infected with 10, 000 meta-
cercariae respectively. Two dogs were killed on
3 days, 9 days, 4 weeks and 10 weeks after the
infection. The postures of worms in histological
section of small intestine and of whole worms
collected from the fixed intestinal mucosa were
examined by light and scanning electron micro-
scope.

The results were summarized as follows:

1. The recovery rates of worms were 42. 6%
on 3 days, 55.0% on 9 days, 33.2% on 4 weeks
and 9.8% on 10 weeks after the infection res-
pectively.
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2. In histological sections of small intestine,
most of worms were found at intervillous spaces
as ovoid sections of posterior body. However,
many worms, especially in 3 day-old worms,
revealed protruded anterior body in glandular
lumens of crypt. Some sections of anterior body
were bifurcated or sacculated.

3. The worms collected from fixed intestinal
mucosa under dissecting microscope exhibited a
variety of postures. Many worms showed flat
shapes with a concavity or curvatures. However,
in many worms, the anterior body made a single
or multiple protrusions.

4. By SEM observation of protruded anterior
body, a longitudinal groove was found.

5. The frequency of worms with protruded
anterior body decreased in 9 days, 4 weeks and
10 weeks than in 3 day-old worms.

The above findings indicated that the anterior
body of juvenile and adult M. yokogawai pro-
truded to lumens of glandular crypt by folding
their lateral portions to make a reversible tube-
like structure. Frequent multiple protrusions were
considered to be made to adapt the microniche
of glandular crypts of dog intestine.
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EXPLANATION OF PLATES

Worm sections of 3 day-old infection of Metagonimus yokogawai. Arrows indicated a sacculated
protrusion at the base of main protrusion to glandular lumen of crypt, and a branched section of
protrusion (H&E, % 250).

2. Another view of 3 day old worm section (H&E, x250).

Another view of 3 day old worm sections showing an anterior body sectioned three times (H&E,
x 250).

4. Three day old worm section with bifurcated protrusion of anterior body (H&E, x250).

Transverse section of crypt of Lieberkuehn of small intestinal mucosa in 3 day-old infection. V-
shaped, folded section of anterior body was seen. Necrotized enterocytes were also observed (H&E,
% 250).

Worm sections in 4 week-old infection in dog small intestine. Worms located at intervillous spaces
(H&E, x100).

7-1 to 7-36: Unstained, three dimensional M. yokogawai of 3 day-old infection were flattened wunder

cover glass pressure and were photographed (x100).

7-1 to 7-8. Worms from intervillous spaces. Worms appeared as conventionally flattened worms.

7-12. Ventrally recurved anterior body embraced a villus and was fixed in situ posture.

. 7-9 to 7-18. Anterior body protruded a single projection. The base of the protrusion may be transversely

wrinkled.

7-19 to Fig. 7-30. Multiple protrusions of anterior body made various shapes of worms.
7-31 to 7-36. Prolonged protrusions of anterior body. Sexual organs may be displaced to protruded an-

terior body in part as in Fig. 7-35.

8 to 16. Scanning electron microscopic findings of 3 day-old juvenile worms.

A main protrusion with a small saccular prominence at side was seen in this worm (x300).
Magnification of Fig. 8. Longitudinal wrinklings were seen along the axis of protrusion (x 1, 000).
Dorsal view of a worm without folding. A protrusion of anterior body was seen (x300).

A long protrusion of anterior body had daughter protrusions (X 300).

Magnification of Fig. 11 (x800).

Magnification of Fig. 12. Scale-like tegumental spines at anterior body were seen (%3, 000).

A worm with a small protrusion of anterior body. Multiple transverse wrinklings on posterior body
were seen ( x200).

Magnification of Fig. 14. A groove-like folding line was seen at ventral part of the protrusion
(% 800).

A folding line was clearly seen in this worm (x600).

17 to 19. SEM findings of 4 week-old worms.

A worm had a small protrusion of anterior body (x200).
Magnification of Fig. 17, showing two transverse wrinklings (x500).

19. A worm with short, multiple protrusions in anterior body (x200).



