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Introduction

The lung fluke, Paragonimus westerma?ii,

has three different kinds of hosts and dif

ferent aerobic habitats during its life cycle.

It is interesting to get knowledge of morpho

logical changes in the nuclei, other organel-

les and inclusions of the body wall during the

development from the metacercariae to adults

in association with biosynthesis and energy

metabolism. It has been known that dogs

and some other carnivorous mammals are

suitable hosts for the worm (Yokogawa et al.,

1960), while rats and mice are unfavorable

(Ando, 1920 a, b ; Miyazaki, 1946 ; Yokogawa

et al., 1962; Takizawa, 1964). However,

ultrastructural changes of the body wall of

P. westermani during the development within

rats and dogs are not known. Therefore, the

present study was carried out to elucidate the

ultrastructure of the body walls, concentrating

on nuclei, such organelles as ribosomes,

endoplasmic reticulum, mitochondria and

glycogen granules during the development of

the worms within rats and dogs.

Materials and Methods

Encysted metacercariae of Paragonimus

westermani (triploid type) were taken from

the crab, Eriocheir japonicus. The meta

cercariae were excysted in vitro at 37°C in a

solution of artificial gastric juice and intestinal
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juice following the method of Yokogawa et

al. (1960). In rats, five-day-old juveniles

were obtained from the abdominal cavities,

10-day-old juveniles from the abdominal and

intrapleural walls, and 15-, 25- and 100-day-

old worms from the abdominal and intrapleu

ral walls, diaphragms and pleural cavities.

In dogs, five-day-old juveniles were recover

ed in the abdominal cavities, 10-day-old

juveniles in the livers, and 15- and 25-day-old

juveniles in the abdominal cavities, livers,

diaphragms and pleural cavities. In addition,

100-day-old adults were removed from the

worms cysts in the lungs.

For electron microscopy, the recovered

worms of each age were fixed for two hours

in 2.5 % glutaraldehyde buffered with 0.1 M

phosphate buffer, pH 7.4, and postfixed for

two hours in 1 % osmium tetroxide in 0.1 M

phosphate buffer, pH 7.4. The specimens

were then dehydrated in an ethanol or ace

tone series and embedded in Epon 812. Thin

sections were cut with diamond or glass

knives on an LKB 8800 ultramicrotome,

double-stained with uranyl acetate and lead

citrate and observed with a JEOL JEM-100C

electron microscope operated at 80 kV.

Observations

Newly excysted metacercariae

The body walls of newly excysted meta

cercariae were composed of tegument, subteg-

umental cells, muscle and parenchymal cells,

and were essentially similar to those of the

adult worms. The chromatin was dispersed
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throughout the nuclei in the subtegumental

cells (Fig. 1). In contrast, the nuclei of the

parenchymal cells contained heterochromatin

stained as clumps with an irregular outline.

There were no ribosomes nor endoplasmic

reticulum in the tegument. However, many

ribosomes were contained in the subtegumental

cells (Fig. 2). On the other hand, few riboso

mes were scattered throughout the cytoplasm

of the parenchymal cells (Fig. 3), whereas

the endoplasmic reticulum was sparse in the

cytoplasms of both types of cells. Moderate

numbers of mitochondria with few cristae

were found near the basal area of the tegu

ment of the juveniles. The majority of the

mitochondria were ovoid in appearance, with

the short cristae that seldom projected more

than halfway across the width of the mito

chondria, and the matrix was low in density.

The mitochondria of the subtegumental cells

were similar to those of the tegument. Mito

chondria with few short cristae were also seen

in the muscle and parenchymal cells. Numer

ous glycogen granules were found in the

muscle and parenchymal cells (Fig. 3).

Five-day-old worms

No differences were found between the

newly excysted metacercariae and five-day-

old juveniles in rats except that the hetero

chromatin was begun to condense in the

nuclei of the subtegumental cells of the latter

(Fig. 4). In the body wall of the juveniles

recovered from dogs, endoplasmic reticulum

in the subtegumental cells was slightly more

extensive than that of the excysted metacer

cariae. A few ribosomes were observed at

the periphery of the nucleus in the parenchy

mal cells (Fig. 5), while the other appearance

of the nuclei, cytoplasmic organelles and in

clusions in the body wall of the worms was

similar to those in the excysted metacercariae.

Ten-day-old worms

The nuclei, ribosomes and endoplasmic re

ticulum in the subtegumental and parenchymal

cells and mitochondria in the tegument and

subtegumental cells of the 10-day-old juve

niles in rats generally retained the structure

observed in five-day-old worms (Fig. 6).

The chromatin was heterochromatic in the

majority of the subtegumental cells of the

worms recovered from dogs. And the

heterochromatin occurred in irregular clumps

adjacent to the nuclear envelope (Fig. 7).

In contrast, the heterochromatin of the nuclei

of the parenchymal cells was dispersed as

clumps throughout the nucleoplasm (Fig. 8).

Differences were observed between the five-

and 10-day-old worms in distribution of visible

chromatin of the subtegumental cells. Fur

thermore, in the subtegumental cell, the nu

cleoplasm appeared to pass actively through

the nuclear pores into the cytoplasmic matrix

(Fig. 7). Numerous ribosomes and developed

endoplasmic reticulum were contained in the

subtegumental cells of these worms. On the

other hand, a few ribosomes were scattered

through the cytoplasm of the parenchymal

cells. In addition to this, rough endoplasmic

reticulum was sparse at the periphery of the

nucleus (Fig. 8). Moreover, mitochondria in

creased in number in the tegument, subtegu

mental cells, muscle and parenchymal cells

of the worms. The mitochondria with very

few short cristae were found in the parenchy

mal cells. Glycogen granules were numerous

in parenchymal cells.

Fifteen-, 25- and 100-day-old worms

The nuclei, cytoplasmic organelles and in

clusions in the body wall of the 15-day-old

juveniles from rats were essentially similar

in shape to those of five-day-old worms

(Fig. 9).

In the worms recovered from dogs, the

euchromatin occurred in the nuclei of the

majority of the subtegumental cells, and was

dispersed throughout the nucleoplasm (Fig. 10).

On the other hand, the heterochromatin

occurred in the parenchymal cells. The subteg

umental cells contained numerous ribosomes

and well-developed endoplasmic reticulum

(Fig. 11). Mitochondria with well-developed

cristae were numerous in the tegument, sub

tegumental cells and muscle in these ages,

although the mitochondria increased in num

ber gradually from the 15-day-old to the 100-

day-old worms. A few ribosomes and endo

plasmic reticulum were present near the nu

clei of the parenchymal cells. The parenchy-
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Fig. 1 Part of the body wall of newly excysted juvenile. Subtegumental cell is surrounded by

the parenchymal cells. Chromatin is dispersed in the nuclear matrix of the subtegumental cell.

Note mitochondria and many granules in the subtegumental cell. (Scale : 2 /am)

Fig. 2 Part of the subtegumental cell of newly excysted juvenile. There are many ribosomes

and sparse rough endoplasmic reticulum in the cytoplasm. (Scale : 0.5 urn)

Fig. 3 Part of the parenchymal cell of newly excysted juvenile. Note numerous glycogen

granules. Mitochondria and ribosomes are also visible near the nucleus. (Scale : 0.5 /im)

Fig. 4 Subtegumental cell of five-day-old juvenile from rat. Note heterochromatin through

out the nucleoplasm in the nucleus. Many ribosomes and a few mitochondria are visible in the

cytoplasm. (Scale : 1 fim)

Fig. 5 Part of the parenchymal cell of five-day-old juvenile from dog. In the cytoplasm at the

periphery of the nucleus, few ribosomes are observed. (Scale : 1 fim)

Fig. 6 Parenchymal cell of 10-day-old juvenile from rat. The heterochromatin is observed in

the nucleus. Note numerous glycogen granules and few mitochondria in the cytoplasm.

(Scale : 1 ^m)

Fig. 7 Part of the subtegumental cell of 10-day-old juvenile from dog. Heterochromatin of the

nucleus occurred adjacent to the nuclear envelope. Note nuclear pore and nucleoplasmic

continuity with the cytoplasm (arrowhead). Numerous ribosomes, developed rough endoplasmic

reticulum and some mitochondria are in the cytoplasm. (Scale: 0.5 //m)

Fig. 8 Parenchymal cell of 10-day-old juvenile from dog. Note heterochromatin throughout

the nucleoplasm in the nucleus. Few ribosomes, sparse rough endoplasmic reticulum and a few

mitochondria with few short cristae are observed in the cytoplasm at the periphery of the

nucleus. A delicate branching of the endoplasmic reticulum, that formed a lace-like network is

also seen. (Scale : 1 ^m)

Fig. 9 Subtegumental and parenchymal cells of 15-day-old juvenile from rat. Note few ribo

somes, sparse rough endoplasmic reticulum in the subtegumental cell and numerous glycogen

granules in the parenchymal cell. (Scale: 2 /nn)

Fig. 10 Part of the subtegumental cell of 100-day-old adult from dog. Numerous ribosomes and

well-developed rough endoplasmic reticulum and numerous mitochondria with well-developed

cristae are visible. (Scale : 2 ftm)

Fig. 11 Part of the subtegumental cell of 100-day-old adult from dog. Note numerous ribo

somes and well-developed rough endoplasmic reticulum. Crystalline inclusions are also seen.

(Scale : 0.5 //m)
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mal cells contained numerous mitochondria

with very few cristae. There were lots of

glycogen granules in the muscles and paren-

chymal cells.

Discussion

The nucleus is known to be the source of

informational macromolecules that control

synthetic activities of the cytoplasm. The

DNA of heterochromatin is present as nucleo-

histone, and is thought to be metabolically

inactive (Fawcett, 1981). In the excysted meta-

cercariae and all of the juveniles recovered

from rats, the nuclei of the subtegumental

and parenchymal cells were rich in masses of

heterochromatin except for the subtegumental

cells of the metacercariae. Rough endoplas-

mic reticulum was sparse in the cytoplasm of

the subtegumental and parenchymal cells of

the metacercariae and the juveniles from rats.

Consequently, it seems that protein synthesis

is not active in these cells. Similar observa

tions were reported for the rough endoplasmic

reticulum in the tegumental cells of Fas-

ciola hepatica by Bennett and Threadgold

(1975). It has also been known that rat

serum, antiproteases and immunoglobulins in

hibit the worm's acid hemoglobin protease,

which hydrolyzes hemoglobin (Hamajima et

al., 1979, 1982 a ; Hamajima and Yamagami,

1980, 1981 a ; Iwata et al., 1982 ; Hamajima

et al., 1982 b, 1983). From these results,

it is possible that the worms are not able to

digest rat blood or provide the essential nutri

ments for the synthesis of DNA, RNA, pro

tein and glycogen in their cells (Hamajima

and Yamagami, 1981b). It would appear,

therefore, that the majority of the worms

stayed as juveniles in the body of rats.

The chromatin of the nuclei was euchromat-

ic in the subtegumental cells of the worms

recovered from dogs, except in 10-day-old

worms. Being euchromatic is thought to be

more active metabolicaliy than heterochromat-

ic. Thus, it seems likely that the nuclei of

this form are active in transcription. In con

trast, heterochromatin was found in the nuclei

of the parenchymal cells and subtegumental

cells of the 10-day-old worms. It was also ob

served that some nucleoplasm passes through

the nuclear pores directly into the cytoplasmic

matrices in the subtegumental cells of 10-day-

old worms. These observations suggest that

RNA moleculues move from the nucleus to

the cytoplasm for the arrangement of com

ponents of the ribosomes on which polypep-

tide chains are built and for the messengers

from DNA in the nucleus for the aerobic

transformation of the juveniles into adults.

The arrangements of the ribosomes and

rough endoplasmic reticulum in the subtegu

mental cells of 15-day-old worms from dogs

was similar to those of adults. In P. wester-

mani adults, the cytoplasm of the subtegumen

tal cells contained a large number of ribosomes

and extensive rough endoplasmic reticulum.

These results are similar to those reported for

Schistosoma by Hockley (1973) and F. hepa

tica by Threadgold (1967). Thus, it may be

probable that some enzymes are synthesized

via the ribosomes and rough endoplasmic

reticulum and is utilized for metabolism. More

over, in the worms from dogs, the cristae

of mitochondria in the subtegumental cells

were more developed than those in the pa

renchymal cells. The number of mitochon

dria increased in the subtegumental and paren

chymal cells of 15-, 25- and 100-day-old

worms. Mitochondria contained well-devel

oped cristae in the subtegumental cells. These

observations are different from those reported

by Hockley (1973) for the number of mito

chondria in the tegument of the adult Schisto

soma. In contrast to the mitochondria of

the subtegumental cells in the juveniles and

adults those of the parenchymal cells in these

stages bear the sparse and poorly developed

cristae. This is in agreement with the obser

vations in F. hepatica (Threadgold and

Gallagher, 1966). These observations indicate

that the mitochondria of the parenchymal

cells are correlated with the anaerobic

metabolism in the liver fluke and lung

fluke worms (Bjorkman and Thorsell, 1964 ;

Hamajima, 1975; Hamajima et al., 1979 ;

Hamajima et al., 1982c).

In contrast to rat serum, the dog serum did

not markedly inhibit hemoglobin protease of
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the worms(Hamajima et aL, 1979 ; Hamajima

et al.7 1983). And also some lung flukes

ingested dog blood cells easily (Hata et al.,

1982 ; Hata et aL, 1983). For these reasons,

it seems to be a good possibility of ingestion

of nutrition in the worms of dogs. Thus, it

is concluded, therefore, that dogs are a suit

able host for these worms.

Summary

The present study was carried out by elec

tron microscopy to elucidate the ultrastruc-

ture of the body wall of Paragonimus we-

stermani (triploid type) during the develop

ment within rats as an unfavorable host and

dogs as a suitable host. In newly excysted

metacercariae, the chromatin was dispersed

throughout the nuclei of all the subtegumental

cells except for those of the parenchyma.

However, in the juveniles recovered from

rats, heterochromatin was found in the nuclei

of both the subtegumental and parenchymal

cells. The morphology of the cytoplasmic

organelles and inclusions in the body wall of

the worms from rats was essentially similar

to those in newly excysted metacercariae.

In the worms from dogs, chromatin of nuclei

of the subtegumental cells was euchromatic in

the majority of cases except that of 10-day-old

worms. In contrast, nuclei of the parenchy

mal cells contained mainly heterochromatin.

The cytoplasms in the subtegumental cells of

15-, 25- and 100-day-old worms contained

large numbers of free ribosomes, polyribosom-

es and well-developed rough endoplasmic

reticulum and mitochondria with well-devel

oped cristae. The mitochondria with few

short cristae were numerous in the parenchy

mal cells. Furthermore, abundant granules

of glycogen were contained in the muscles

and parenchymal cells of these worms. There

fore, the appearance of these cytoplasmic

organelles in 15-day-old worms was similar

to that of adult worms.
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