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Introduction

Since a human infection with Echinostoma

hortense was reported by Tani et at. (1974),

this fluke has attracted the attention of many

parasitologists. It is supposed that the infec

tion is mainly caused by eating raw loach.

The genital organs of the metacercaria of

this fluke develop very poorly and are

only recognized as two masses of germ cells

in front of and behind the ventral sucker

(Saito and Tani, 1982). In the final host,

the rat, however, the genital organs grow

rapidly in size, and the eggs are detected in

feces of rats about 10 days after infection

(Ono, 1930; Asada, 1939; Tani, 1978). Inv

estigations on the development of this worm

in rats have been already done by Asada

(1939) and Tani (1978). However, precise

investigations on the development of this

worm remain to be performed because it

grows very rapidly in rats and past observat

ions were carried out in intervals of several

days during the course of development. The

present paper will demonstrate the daily dev

elopment of E. hortense from 1 to 10 days

and further development 15, 38, and 50 days

after infection.

Materials and Methods

Metacercariae of E. hortense used for the

present experiments were obtained by digest

ing minced loach (Misgurnus anguillicauda-

tus) from Yamagata City for 1 hour at 37° C

Depart?nent of Parasitology, Yamagata University

School of Medicine, Yamagata City 990-23, Japan.

in artificial gastric juice consisting of 100

figlml pepsin (1 : 10,000) and 0.08 N HC1.

Wister rats raised under conventional con

ditions were given orally 30 to 50 metacerc

ariae, and 3 to 5 rats each were sacrificed

daily for 10 days, and at 15, 38, and 50

days postinfection. The small intestines of

infected rats were vertically opened by bud

blunt point scissors, and rinsed in 0.9% Na-

Cl. The flukes were well washed in saline,

fixed in Schaudinn's solution under cover

glass pressure, stained with Haidenhain's

iron-hematoxylin or borax carmine, and

mounted in balsam. All measurements were

recorded in jam with the aid of a camera

lucida.

Part of the flukes obtained was used for

observation of gametogenesis. Living worms

were left in the culture fluid (TC MEDIUM

199 (Difco)) containing 0.2 /uglml Colcemid

for 2 to 3 hours at 37°C. Cultured worms

were further treated with either of the follo

wing two methods. First, the worms were

fixed in Carnoy's solution (ratio of acetic

acid to methanol, 1 : 3), stained with alcoholic

hydrochloric acid-carmine and kept in 70%

ethanol. At the time of observation, the

worms were decolored with 45% acetic acid

solution, and the testes and the ovary were

removed with micropins under a dissection

microscope. Then each of the testes and

ovaries was put on a glass slide with a

few drops of 45% acetic acid solution and

crushed under cover glass pressure for obser

vation (Snow's modified methods, 1963). Se

condly, the air-dry method was used. Brie

fly, the testes and the ovary excised from
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Table 1 Measurements of Echinostoma

Days

after

infection

1

2

3

4

5

6

7

8

9

10

15

38

50

No. of

specimens

measured

10

19

32

19

17

18

19

32

25

24

12

8

23

Body

374.6± 85.4

X 140.4± 19.1

554.1± 80.8

X 157.6± 10.6

951.2± 81.2

X 205.2± 16.5

1080.5±230.0

X 249.5± 28.0

1522.3±274.9

X 282.8± 34.3

1931.5 + 405.4

X 367.9± 30.3

3111.8±410.3
X 470.4± 47.6

3457.3±543.2

X 545.9± 61.4

4180.6±736.0

X 666.2±103.6

4883.5±565.3

X 787.0±123.2

6130.6 + 721.4

Xl026.1±100.8

8010.8±813.2

X1393.4± 86.3

9309.9 + 838.0

X17O3.4±1O5.O

Head

collar

118.1±14.6

132.9±11.5

156.8±10.5

171.9±17.8

193.1±17.5

219.3±13.5

261.4+ 21.7

282.9±27.9

303.4+ 28.8

332.8±21.0

318.0±22.8

415.3 + 23.6

438.6±27.5

Oral

sucker

61.5± 6.4

X 69.9± 7.6

70.9+ 5.4

X 78.7± 6.2

81.1± 5.1

X 88.9± 4.2

88.4± 8.8

X 91.8± 8.6

98.7± 9.4

X1O5.4± 9.6

112.6±10.5

X117.9± 7.8

132.4 + 11.5

X138.7±1O.O

143.4±13.7

X153.7±13.2

152.4+ 21.8

X161.4±13.7

174.0±12.9

X179.4±14.2

161.8+ 9.6

X189.4±14.6

222.3±19.3

X243.3±12.5

233.7+ 20.5

X263.8±10.6

X ± SD long X

Pharynx

29.5+ 3.2

X 26.9+ 3.6

38.2± 3.1

X 34.8± 4.3

54.6± 4.8

X 48.9± 4.9

65.2± 7.9

X 59.2± 9.2

78.0±10.3

X 76.2±12.3

103.3+11.6

X 99.1± 9.9

123.4± 9.6

X119.7±13.5

143.8±10.1

X14O.O±14.5

152.5+ 14.0

X143.9±11.7

168.6±15.9

X159.2±14.9

186.5 + 11.8

X15O.6±11.O

212.9+ 14.3

X189.4±17.6

224.8+ 15.0

X239.7±20.7

living worms were left in 1% sodium citrate

for 30 minutes. The treated genital organs

were placed on a glass slide with a few

drops of Carnoy's solution, broken with mic-

ropins under a dissecting microscope, dried at

room temperature, and stained with 10% Gi-

emsa's solution for 10 to 30 minutes.

Results

The development of E. hortense was obse

rved in the specimens obtained from rats

at each of the designated days as described

above.

1. Measurement of worms

Measurements of the entire worm, sucke

rs, pharynx, head collar, cirrus pouch, testes

and ovary were performed on 8 to .32 spec

imens obtained on each indicated day (Table

1). Growth curves were expressed as percen

tages of the values obtained 50 days after inf

ection. As shown in Fig. 1, growth curves

of the entire body, suckers, pharynx, and

head collar which had already developed fai

rly well in the metacercarial stage, were

steep up to 10 days after infection ; thereafter

the curves changed to a gentle slope. On

the other hand, growth curves of the genital

organs such as the testes, ovary and cirrus

pouch, which had been recognized only as rud

iments in the metacercarial stage, showed on

S-shape, that is they grew slowly for 5 days,

then the growth curves became steep up to

10 days, and again the growth slowed down

(Fig. 2).

2. Position of the center of body length

The center of body length of metacercaria

existed in the anterior end of the ventral

sucker, and that of the worm was located on

the middle or somewhat anterior region of

the ventral sucker 2 days after infection, on
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Photo. A Metacercaria of E. hortense excysted by using trypsin solution. Fixed in Schaudinn's solution

and stained with Haidenhain's iron-hematoxylin. Bar indicates 200 jam.

Photo. B-J E. hortense at 1 (B), 3 (C), 5 (D), 7 (E), 8 (F), 9 (G), 10 (H), 15 (I), and 50 (J) days

after infection in rats. All the specimens were treated the same as mentioned above. Bars indicate 200 fim.
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Photo. K-O Spermatogenesis in testes of E. hortense.

Photo. P Mitotic metaphase with 20 chromosomes.

Photo. Q Meiotic metaphase with 10 chromosomes.

Bars of Photo. P and Q indicate 3 ftm.

K : Eight primary spermatocytes in resting stage.

L : Metaphase of first meiotic division of primary spermatocyte.

M : Sixteen secondary spermatocytes in resting stage.

N-O : Various stages of spermiogenesis from 32 spermatids (a) to bundle of sperm (f).
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Fig. 3 Development of terminal genitalia 3 (A), 5 (B), 6 (C) and 8 (D) days after infection, and

the ovarian complex 3 (E), 6 (F, G), 7 (H) and 8 (I) days after infection.

Ac: Acetablum, Cs: Cirrus sac, Cvd : Common vitelline duct, Ej : Ejaculatory duct, Fc :

Fertilization chamber, Gp : Genital pore, Lc: Laurer's canal, Mt: Metraterm, Oot: Ootype,

Ov : Ovary, Ovc : Ovicapt, Ovd : Oviduct, Ut: Uterus, Vd : Vitelline duct, Vr : Vitelline

reservoir.

As observed by Saito and Tani (1982), the

genital primordia of metacercaria were dete

cted as two masses of germ cells lying in

front of and behind the ventral sucker. A

line (Photo. A | 1) of germinal cells running

zigzag between the two masses was detected

as the primordium of the uterus, and a hori

zontal line (Photo. A [ 2) of cells deriving

from the posterior end of the mass behind

the ventral sucker was detected as the primo

rdium of the vitelline duct. The anlagen

of the testes (Photo. A [ 3) were each

composed of a mass of 3-5 cells, lying one

behind the other between the mass behind

the ventral sucker and the division point of

the V-shaped excretory sac.

The development of the terminal genitalia

is shown in Fig. 3 A-D. Inside the mass

of cells in front of the ventral sucker, a ho

rseshoe-shaped clear zone appeared 2-3 days

after infection. The cirrus sac was recogni

zed at 3-4 days. At 5 days the margins

of the clear zone were thickened and it

was recognized as a duct. At the middle

part of the horseshoe-shaped zone the genital

pore was observed. The duct of the part

left of the pore is the metraterm, and the

cirrus opened directly into the lumen of the

metraterm. At 6 to 7 days the duct of the

part to the right of the genital pore swelled
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into an 8 shape. The anterior swelling grew

into the ejaculatory duct, the cirrus and pro-

static gland and the posterior swelling beca

me the seminal vesicle.

The development of the ovarian complex

is shown in Fig. 3 E-I. In contact with

the right border of the mass behind the

ventral sucker, the small spherical ovary dev

eloped 3 days after infection. The oviduct,

Laurer's canal and the ootype were also rec

ognized at 3 days. The short narrow oviduct

near the ovary enlarged abruptly and formed

a organ called the fertilization chamber 6-7

days after infection. At the same time the

ootype was located on the right of the co

mmon vitelline duct like the ootype of the

adult worms, while at 5 to 6 days the ootype

was located on the ventral side or somewhat

left of the common vitelline duct. After 8-9

days five to seven circular ridges were for

med on the inner surface of the chamber.

The ovicapt projected from the postero-dorsal

margin of the ovary. A line of cells ru

nning zigzag from the posterior end of the

ventral sucker to the mass of germ cells be

hind the ventral sucker in the metacercarial

stage grew into many lines, in which the

very thin walled uterus appeared at 4 days.

Winding of the uterus at 8 days became very

complicated. The vitelline reservoir was

detected at 3 days.

4. Gametogenesis

One day after infection the size of the

testis was about 10 fivsx in diameter. Up to

5 days the testes, 50-60/im in diameter, were

composed only of the primary spermatogonia.

In the testes at 6 days each cluster of 2

secondary spermatogonia, 4 tertiary sperma

togonia, and 8 primary spermatocytes (Photo.

K) was first observed at the same time. At

7 days clusters of the meiotic division of the

primary spermatocytes (Photo. L) and the

spermatids (Photo. N) were recognized. At

this time, it was easily recognized that the

chromosome number was 2n = 20 and n =10

(Photo. P, Q).

The nucleus of the spermatid morphologic

ally changed from spherical to pear-shaped,

then became spindled (Photo. N-a, b, c).

Table 2 Transfer of sperm to the genital

organs of Echinostoma hortense

in rats

Days after

infection
10

No. of worms

observed
27 32 22 24

Testes

Vasa efferent ia

Seminal vesicle

Metraterm

Uterus

0 31* 22 23

0 1 17 21

0 0 14 21

0 0 2 18

0 0 0 15

Fertilization chamber 0 0 0 14

* No. of worms bearing sperm

After that it became gradually narrower, and

then curly (Photo. O-d, e). Subsequently,

the 32 curled nuclei forming a cluster straig

htened simultaneously, and resulted in a bun

dle of 32 parallel needle-shaped or filiform

sperm at 8 days (Photo. O-f).

The sperm moved from the vasa efferentia

to the vas deferens, and were collected in

the seminal vesicule. They were transferred

through the cirrus to the metraterm at 9

days. After 10 days they traveled down the

uterus and then reached the fertilization cha

mber through the ootype (Table 2). Altho

ugh the ejaculatory duct opened into the

metraterm near the genital pore, the sperm

which were transferred from the ejaculatory

duct to the metraterm traveled down in the

direction of the proximal uterus. In most

of the specimens, moreover, the cirrus was

also inserted into its own metraterm in

the direction of the proximal uterus.

The primary oocytes first appeared in the

ovary, about 100 ^m in diameter, 8 days after

infection, and were liberated singly through

the ovicapt into the fertilization chamber at

10 days.

The yolk cells were recognized in the post

erior half of the body at 7 days, transferred

to the vitelline duct at 9 days, and reached

the vitelline reservoir at 10 days.

As described above, 10 days after infection

was the first time that the sperm met the

primary oocyte in the fertilization chamber,
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and on the same day the yolk cells were

transferred to the vitelline reservoir, and eggs

appeared in the uterus.

Discussion

This paper mainly demonstrates the devel

opment of the genital organs of Echinostoma

hortense based on the specimens obtained

from rats daily for 10 days, and at 15, 30,

and 50 days after metacercarial infection.

From the measurements of the whole speci

men, development of the entire worm, suckers,

pharynx and head collar was expressed by

straight lines up to 10 days, but on the

other hand, growth of the testes, ovary and

cirrus pouch showed S-shaped curves. It is well

known that growth curves of individuals and

organs in organisms commonly show on S-

shape. This curve expresses the process of

growth through the entire life span. The

digenetic trematodes have a complicated life

cycle especially in the larval stage that entir

ely differs in appearance from the miracidium

to the cercaria. The metacercaria, however,

is morphologically fairly similar to the adult

worm except for the genital organs. As the

metacercariae grow fairly well in the cyst,

measurement should be made from the met

acercaria immediately after encystment. It

is likely that most of the metacercariae used

for the present measurements were already

fully matured. Viewed from this angle, gro

wth of the entire worm, suckers, pharynx and

head collar also seem to show S-shaped cur

ves. On the other hand, the genital organs

of the metacercaria grow poorly. In the

final host, therefore, the growth of genital

organs may show S-shaped curves. Growth

curves changed from steep to shallow about

10 days after infection, when the worms

began to lay eggs.

Asada (1939) stated that the testes of the

adult E. hortense are located in the middle

region of the body. Arizono et at. (1976)

confirmed the results of Asada with their own

observations and with reference to text figures

in the reports of Asada (1. c.) and Kamiya

and Ishigaki (1972). They suggested that lo-

[ calization of the posterior testis on the center

line of the body might be one of the chara

cteristic features of adult worms of E. hort

ense. This idea was supported by Saito and

Tani (1982). In the present study, the same

result was obtained in all adult worms on

and after 15 th day of infection, while the

center within 10 days was located between

the ventral sucker and the anterior testis.

From the present observation the spermato-

gonia began to grow into primary sperma-

tocytes 6 days after infection in the rats,

and then grew into sperm at 8 days, i. e., 1

to 2 days were required for growing from

young primary spermatocytes to sperm in

E. hortense. This time required in the tre-

matode E. hortense was very short as comp

ared with that in some vertebrates and insects

such as the mouse (26-28 days by Hertwing,

1938 ; Fogg and Cowing, 1951 ; 35 days by

Oakberg, 1956), rat (26 days by Shaver and

Mason, 1950 ; 27 days by Shaver, 1953), ram

(40 days by Ortavant, 1954), man (about 10

weeks, generally), Japanese tree frog (35-40

days in 25° C by Toyoshima, 1982), guppy

(21 days by Felice and Rasch, 1968 ; 36 days

in 25°C by Billard, 1969), Oryzias latipes

(10 days in 25° C and 20 days in 15° C by

Egami and Hyodo-Taguchi, 1967), Drosophila

sp. (9-10 days by Sobels and Vogel, 1976)

and silkworm (about 15 days by Tazima,

1961). On the other hand, the primary oo-

cyte developed in the ovary at 8 days and

was released to the fertilization chamber at

10 days. The first primary oocyte may possi

bly be penetrated by the sperm, because

the sperm has already been transferred to

the fertilization chamber when the primary

oocyte is first released from the ovary.

Kusaura (1966) reported in detail on the

development of the primary oocyte and the

sperm inside the egg-shell of E. hortense.

According to him, the primary oocyte libera

ted from the ovary is penetrated by the

sperm inside the fertilization chamber, and

is wrapped up with the yolk cells in the

egg-shell at the ootype. Then, the oocyte

extrudes the primary and secondary polar

bodies, and grows into the secondary oocyte

and then the egg cell. Subsequently, the
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fusion of the nucleus of the sperm and that

of the secondary oocyte takes place, and

the egg cell is divided into four cells at the

time of egg-laying. Kusaura (1. c.) also rep

orted that the chromosome number of E.

hortense was 2n = 20 and n = 10, and Teras-

aki et al. (1982) clarified the karyotype of

the same species. In the present observation

in rats, the chromosomes were detectable in

the worms on and after 6 to 7 days after

infection. The testes in rats from 1 to 5

days after infection were composed of only

the spermatogonia in which chromosomes

were undetectable. Kusaura (I.e.) also stated

that the observation of chromosomes [in the

spermatogonia was very difficult.

Laurer's canal is recognized 3 days after

infection. Until this time, there have been

two opinions on the function of Laurer's

canal. Some investigators presumed that La

urer's canal might be a vestigial duct which

corresponds to the vaginal canal in tapeworms,

and others thought that this duct might fun

ction to exclude the excess of egg-shell for

ming materials. Erasmus (1972) stated that

the entry of sperm into the female rep

roductive system may take place via Laurer's

canal or through the genital pore and the

uterus. According to the observation of Phi-

lophthabnus megalurus (Nollen, 1968), the en

try of sperm into the female reproductive

system did not take place via Laurer's canal.

In the present observation, the sperm was

never detected in the fertilization chamber of

the worm which had no sperm in its uterus,

even if the worm harbored together with

other worms bearing sperm. This result may

support the idea that the sperm travel through

the uterus to the fertilization chamber and

not through Laurer's canal. Though the op

ening of the ejaculatory duct is connected

with the metraterm near the genital pore,

it was observed in a few specimens that

the cirrus projected from the genital pore.

In most of the specimens the cirrus was

inserted in the proximal part of its own uterus

and most of the sperms which were emitted

from the ejaculatory duct descended through

the uterus. From the above-mentioned resu

lts self-fertilization is possibly always occurr

ing in E. hortense.

Summary

On the basis of the specimens obtained

from rats every day for 10 days, and at

15, 38, and 50 days postinfection, the growth

of E. hortense was observed. The results

are summarized as follows :

1. Each growth curve of the testes, ovary

and cirrus pouch showed S-shaped lines, while

that of the entire worm, suckers, pharynx

and head collar was given as straight lines

until 10 days after infection.

2. In all the worms 15, 38, and 50 days

after infection, the center of the body length

was located on the posterior testis, while the

center within 10 days was located between

the ventral sucker and the anterior testis.

3. All the genital organs indistinctly app

eared 2-3 days after infection, and were morp

hologically accomplished in 6-7 days.

4. Up to 5 days the testes were composed

only of the primary spermatogonia. At 7

days clusters of the meiotic division of the

primary spermatocytes and the spermatids we

re recognized. At this time, it was easily

recognized that the chromosome number was

2n = 20 and n = 10. The sperm developed

in the testes at 8 days.

5. The primary oocytes developed in the

ovary at 8 days, and the eggs in the uterus

at 10 days.

6. In the worms 3 days after infection,

the ootype was located on the ventral or

left side of the common vitelline duct. The

ootype on and after 6-7 days, however, moved

from the above-mentioned position to the

right side.

7. In this species the entry of sperm into

the female reproductive system may take pl

ace via the genital pore and the uterus, and

not via Laurer's canal.
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