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Introduction

Since Chitwood and Chitwood (1950) pre

viously regarded the lateral canal cell of pig

ascaris as a system or an organ, there has been

dispute as to the structural features of the cell.

In the previous study (Ishikawa, 1974), it was

shown that the intracellular canals, formerly

called as the excretory organ, was a specia

lized canal structure in the cytoplasm. The

canal structure exhibited respective charac

teristics in its different portions ; perinuclear

region, lateral canal in lateral line and ex

cretory pore. The present study deals with

the ultrastructural features of perinuclear re

gion of the canal cell.

Materials and Methods

Thirteen females of adult Ascaris lum

bricoides suum were obtained from pigs sacri

ficed in a slaughter house of Nagoya City,

Japan. These worms were kept alive in Rin

ger's solution maintained at 37°C. Perinu

clear portions of the lateral canal cell with

their neighboring tissues were removed from

these living worms.

I . Preparation of tissue specimens for

light microsopy :

Perinuclear portions of the lateral canal cell

were fixed in Bouin solution or 2 % calcium

acetate in 10 % formalin (Leppi, 1968) for

24 to 72 hours at room temperature. The

tissue specimens were then rinsed in water,

dehydrated in graded ethanol series, and
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embedded in paraffin. Sections were cut at a

thickness of 4 to 8 pm, deparaffinized, hydra-

ted, and stained with hematoxylin and esosin.

II. Preparation of tissue specimens for el

ectron microscopy :

Perinuclear portions of the lateral canal

cell were cut into tiny cubes and fixed in

chilled (4°C) phosphate-buffered (pH 7.2) 2 %

osmium tetroxide or in chilled (4°C) cacody-

late-buffered (pH 7.2) 2.5% glutaraldehyde

for 1.5 to 4 hours. The osmium tetroxide-

fixed tissues were dehydrated in graded

ethanol series and embedded in Epon

812. (Luft, 1961). The glutaraldehyde-fixed

tissues were rinsed in cacodylate-buffer (pH

7.4) for 2 to 4 hours, postfixed for 2 hours

in cacodylate buffered 1 % osmium tetroxide

(pH 7.4) at room temperature, dehydrated in

graded ethanol series, and embedded in Epon

812 (Luft, 1961). Thick sections for orien

tation with a thickness of about 1 /urn were cut

on a JUM No. 5 microtome and stained

with 1 % toluidine blue. Ultrathin sections

were cut on a Porter-Blum microtome (MT-

1), mounted on copper grids, and doubly sta

ined with uranyl acetate (Watson, 1958) and

lead citrate (Raynolds 1963). The stained

sections were examined in a Hitachi HU-11D

or HS-4 electron microscope.

Results

Light microscopy :

A pair of lateral canals in the lateral lines

were found from the esophageal region

towards nearly the middle of the worm body.

In the second quarter of the body the canal

lacked a continuous lumen. The lateral
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canals were connected to the transverse

canal which opened into the ventral excretion

pore (Fig. 1). The nucleus of the lateral

canal cell was situated in that swelling part

of the cytoplasm where the lateral canal was

connected to the transverse canal. The

nucleus was huge in size and irregularly

shaped (Fig. 2). In the perinuclear area of

the cytoplasm, there occured numerous canali-

culi (Fig. 2). Such images bespeak the fact

that both the lateral canals undergo repeated

branchings, forming ramifications and terminal

canaliculi (Fig. 2).

Electron Microscopy :

I . Nucleus

The nucleus was huge in size, irregular in

shape and enclosed by a nuclear envelope

(Fig. 3). Small nuclear pores were observed

in the nuclear envelope (Fig. 4). Within

the nucleus, varying concentrations of chro-

matin granules were scattered and embedded

in amorphous substances of the nuclear ma

trix (Fig. 3). In addition, a large nucleolus

was found within the nucleus (Fig. 3).

II. Cytoplasm

The cytoplasm limited by a plasma mem

brane was faced to the lateral line tissues.

On the other hand, the cytoplasm enclosed

the lumen of the lateral canals.

(A) Perinuclear Regions of the cytoplasm

Nearly all types of cell organelles and in

clusions were found.

Mitochondria were scattered, (Fig. 4) and

were spherical or oval in shape and provided

with small numbers of cristae. Usually, these

organelles were closely associated with other

organelles and inclusions such as Golgi com

plexes, elements of endoplasmic reticulum,

lipid droplets and glycogen particles (Fig.

4). A small number of Golgi elements occu

pied the perinuclear territory of the cytoplasm

(Fig. 5). They consisted of arrays of flattened

sacs associated with vesicles and small va-

cuolus. These Golgi elements contained sub

stances of varying electron densities (Fig.

5). Some of the Golgi elements were often

in close vicinity to mitochondria, elements

of granular endoplasmic reticulum, secretory

granules and lysosomes (Fig. 5).

A number of elements of both granular and

agranular endoplasmic reticulum were detec

ted in the cytoplasm (Fig. 6). These el

ements were grouped into at least three forms ;

tubules, vesicles and cisternae. The cisternal

elements were at certain cytoplasmic loci,

dilated and intracisternal granules were

often noted (Fig. 6). Frequently, tubular and

vesicular components of agranular endoplasmic

reticulum were accumulated, and condensing

secretory granules limited by a membrane

were scattered here and there (Fig. 7).

These granules were often in close association

with mitochondria.

The perinuclear cytoplasm was more or

less finely granular due to the presence of free

ribosomes (Fig. 6). They were at times cl

ustered to form polysomes which were localized

preferentially close to the membranous ele

ments of endoplasmic reticulum (Fig. 6).

Lysosome-like dense bodies were also fo

und (Fig. 7). They were spherical, oval,

or irregular in shape and comparable in di

mension to secretory granules. They were

membrane-limited, electron opaque and

appear at times in the immediate vicinity of

Golgi elements.

Varying numbers of glycogen particles we

re discerned which display spherical accumula

tions of different sizes (Fig. 4). Some of

these particles tended to be distributed in close

association with mitochondria (Fig. 8).

Furthermore, lipid droplets of different sizes

and shapes were detected (Fig. 4). Like

glycogen particles, some of the droplets were

closely associated with mitochondria (Fig. 4).

(B) Marginal regions of the cytoplasm

In the marginal regions of the cytoplasm

abutting upon the lumen, a number of both the

secretory granules and lysosome-like dense

bodies were accumulated (Fig. 9). In the

marginal cytoplasm, these granules and dense

bodies tended to be less electron opaque, as

compared with those distributed in the rest of

the cytoplasm and were often lucent in their

center or periphery (Fig. 9). Microtubules

were abundant, which were approximately 250

A in diameter, variable in length and straight

or slightly curved (Fig. 9). They tended to

be accumulated right beneath the plasma me

mbrane abutting the lumen (Fig. 9). The
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cytoplasmic matrix contains fine filaments

(Fig. 9). These were approximately 100A

in thickness, variable in length and accumu

lated immediately beneath the plasma mem

brane.

The marginal cytoplasm of the lateral canal

cell lined the lumen of the terminal cana-

liculi. Such lumen was therefore bordered by

the plasma membrane of the cell (Fig. 9).

In this part of the cytoplasm, a number of

granules of varying structural features were

observed, which appeared to be either secre

tory or lysosomal in nature (Fig. 10). Here,

the plasma membrane exhibited infoldings,

and cytoplasmic bulgings of different sizes

were found here and there (Figs. 9 and 10).

In the canal lumen, cytoplasmic debris of

varying shapes and sizes were found (Figs. 9

and 10).

In the marginal cytoplasm bordering the

lumen of the ramifying canal, membrane-

limited electron lucid vesicles and vacuo-

les of varying figures were found (Figs. 11

and 12). Not infrequently, huge irregularly

shaped protrusions loaded with numerous ve

sicles and vacuoles were noted in the lumen

(Fig. 12). These appeared to be secretory or

excretory in nature ; they appeared to leave

the cytoplasm and to be discharged into the

lumen.

The lateral line tissues were deeply inva-

ginated into the cytoplasm of the lateral canal

cell and formed complex foldings (Fig. 13).

These foldings were reminiscent of functional

ly modified adsorption. In the cytoplasmic

region abutting upon the lateral line tissues,

varying numbers of vesicles of different di-

mentions were visualized (Fig. 14).

Discussion

The results obtained in a previous light mi

croscopic study on the lateral lines of A. lum-

bricoides suum (Ishikawa, 1961) are in kee

ping with the ultrastructural images revealed

in the present study.

The electron microscopical images of the

nucleus within the lateral canal cell of A.

lumbricoides suum observed in the present

study were similar in structure to those in A.

lumbricoides (Dankwarth, 1971). Dankwarth

(1971) described that the nucleus of the lateral

canal cell of A. lumbricoides was appro

ximately 65 /um in diameter and contained

about 50 nucleoli. Lee et al. (1973) reported

that the nucleus of Anisakis larva (Nematoda :

Anisakidae) was enclosed by a nuclear enve

lope with a thin perinuclear cisterna. In

this nucleus, nuclear pores were detected at

numerous sites and dense areas of hetero-

chromatin accumulations were interspersed

between less dense nucleoplasm.

In the present study, mitochondria in the

cytoplasm were provided with only a small

number of cristae. Dankwarth (1971) repor

ted similar mitochondria in the lateral canal

cell of A. lumbricoides. Lee et al. (1973) re

ported that mitochondria were in close asso

ciation with granular endoplasmic reticulum

elements in the cytoplasm of the excretory

gland of Anisakis larva. In the present re

port, mitochondria were in close association

with other cell organelles and inclusions such

as Golgi apparatus, endoplasmic reticulum, gl-

ycogen particles, and lipid droplets. These

images bespeak that mitochondria supply en

ergy to or exchange it with other cell orga

nelles and inclusions.

The present study indicated that there occu-

red relatively few elements of Golgi comple

xes in the cytoplasm on the lateral canal cell

in the pig ascaris. However, numerous

elements of Golgi apparatus had been found

in the excretory system of A. lumbrico

ides (Dankwarth, 1971) and of adult Nippost-

rongylus brasiliensis (Lee, 1971). According

to the present results, the Golgi elements con

tained substances of varying electron opacities

and were associated with other cell organelles

and inclusions such as lysosomes and secre

tory granules. It is, therefore, obvious that

the Golgi complexes play an important role

for the formation of both lysosomes and secre

tory granules.

In the present study, the cytoplasm abutting

the lumen of the fine canals contained vary

ing numbers of secretory granules, lysosomes,

numerous microtubules and filaments. In the

cells observed here, secretory granules were

thought to arise originally from elements of

the granular endoplasmic reticulum and then
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from those of the Golgi apparatus. The

marginal cytoplasm of the lateral canal cell

was provided with microtubules, membrane-

limited electron lucid vesicles, and vacuoles of

varying sizes. In addition, huge irregular

shaped protrusions loaded with numerous vesi

cles and vacuoles were observed in the lumen

of the ramifying canals. From these images,

the cytoplasm abutting upon the ramifying

canals were presumed to perform secretory or

excretory functions. It remained, however,

to be determined whether the canals are truly

secretory or excretory in function.

It is generally accepted that the lateral

canal cell is performing excretory functions

(Chitwood and Chitwood, 1950). In Anisakis

simplex, however, Miiller (1927) found light

microscopically and chemically that the lateral

canal cell showed secretory functions. In

Anisakis larva (Nematoda Anisakidae), Lee

et al. (1973) reported, on the basis of electron

microscopic images, that the excretory glands

of the worms were not only excretory but

secretory in function. In Ascaris lumbricoi-

des, likewise, Koizumi (1954) demonstrated

light microscopically and chemically the ex

cretion of toxic substances through the excre

tion pores of the lateral canal.

In the present study, fine filaments were

found in the cytoplasm of the lateral canal cell

of the pig ascaris. In keeping with this, Lee et

al. (1973) detected filaments in the cytoplasm

of the excretory gland cells of Anisakis

larva. They described further that these fila

ments seemed to serve as an element for cy-

toskeletal functions. Fawcett (1966) reported

that intracellular filaments exist as either

cytoskeletal or contractile elements in the

cytoplasm.

In the lateral canal cell observed here, mic

rotubules were accumulated in the cytoplasm

surrounding the canals. However the true na

ture of these microtubular functions remained

to be elucidated. In this connection, Rhodin

(1974) recorded that the function of microtubu

les within cilia and flagella are related to mo-

tility. In the cell studied here, therefore,

the functional activity of microtubules was

presumed to be concerned with motility.

Summary

The ultrastructures of nucleus and perinucle-

ar and marginal regions of the cytoplasm in

the lateral canal cell have been described in

the pig ascaris.

Usually a lateral canal cell was involved

in one worm. This cell was usually huge in

size, H-shaped and uninucleate. The nucleus

was large and irregular in shape, and enclosed

by an envelope. In the nuclear envelope

were observed small nuclear pores. Wi

thin the nucleus chromatin granules, nuclear

matrix and nucleoli were found.

In the cytoplasm of the cell studied, a series

of morphoplasm were visualized, such as mi

tochondria, Golgi complexes, elements of gr

anular and agranular endoplasmic reticulum,

free ribosomes, lysosome-like dense bodies,

microtubules, filaments, secretory granules,

glycogen particles, and lipid droplets.

The cytoplasm contained a specialized in

clusion, canal structures. In the perinuclear

cytoplasm these canals were ramifying and

appeared to be concerned with secretion or

excretion.

In the marginal cytoplasm abutting upon

the ramifying and terminal canals, some mi

crotubules and vesicles and vacuoles of varying

sizes were demonstrated. These vesicles and

vacuoles appeared to leave the cytoplasm and

to be discharged into the canal lumen.

The lateral line tissues were deeply inva-

ginated into the cytoplasm of the lateral canal

cell and formed complex infoldings, which

were reminiscent of functionally modified

absorption.
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Figs. 1-14 are of infected animals

Fig. 1 A shematic illustration of the lateral canal cell in a pig ascaris (ventral view). Nucleus (N),

lateral canal (LC), lateral line tissues (LT), excretory pore (EP), transverse canal (TC), cytoplasm

(CP). Modification of Chitwood and Chitwood (1950).

Fig. 2 Part of the cytoplasm of the lateral canal cell. A huge nucleus (N), and canaliculi (CA)

embedded in the cytoplasm are noted. Lateral line tissues (LT), esophagus (ES). (X100)

Fig. 3 Part of the cytoplasm of the lateral canal cell. The nucleus (N) is irregular in shape. Within

the nucleus chromatin granules and a nucleolus (NL) are seen. (X3,600)

Fig. 4 Perinuclear cytoplasm of the lateral canal cell. Nuclear pore (NP. arrow), mitochondria (M),

endoplasmic reticulum (ER), lysosome (LY), lipid droplet (LD), glycogen particle (GLY), secretory

granule (SG). (x 14,000)

Fig. 5 Perinuclear cytoplasm of the lateral canal cell. Mitochondria (M), Golgi complex (G), secretory

granule (SG). (x22,000)

Fig. 6 Perinuclear cytoplasm of the lateral canal cell. The cisternae of the endoplasmic reticulum

(ER) are dilated. Intracisternal granules (arrows) are noted. Ribosomes (R). (X 14,000)

Fig. 7 Perinuclear cytoplasm of the lateral canal cell. The secretory granules (SG) are noted.

Agranular endoplasmic reticulum (ER), lysosomes (LY). (X 14,000)

Fig. 8 Perinuclear cytoplasm of the lateral canal cell. Glycogen particles (GLY) tend to be distributed

in close association with mitochondria (M). (X26,000)

Fig. 9 Marginal cytoplasm abutting upon the terminal canaliculi in the lateral canal cell. Microtubules

(MT, arrow), filaments (F), secretory granules (SG), lumen (L), debris (D). (x3,600)

Fig. 10 Cross section of a fine canal of the lateral canal cell. The plasma membrane covering the

cytoplasm exhibits infoldings (IF), and cytoplasmic buldings (CB) are found. Lucent vacuoles (V),

debris (D), microtubules (MT, arrow), secretory granules (SG), lysosomes (LY), filaments (F). (X

14,000)

Fig. 11 Marginal cytoplasm of the lateral canal cell. Mitochondria (M), and secretory granules (SG)

are noted. (X 14,200)

Fig. 12 Cross section of ramifying canaliculi of the lateral canal cell. Protrusion (P), vacuoles

(VA), vesicles (VE), lumen (L). (x6,400)
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Fig. 13 Part of the cytoplasm of the lateral canal cell. Lateral line tissues are deeply invaginated

into the cytoplasm and form complex foldings. Secretory granules (SG), lysosome-like bodies (LY),

cytoplasm (CP), lateral line tissues (LT). (X26,000)

Fig. 14 Parts of the cytoplasm of the lateral canal cell and the lateral line tissues (LT). In the cyto-

plasmic region (CP), abutting upon the lateral line tissues, vesicles (V) are visualized. (X26,000)
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