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Introduction

In the pig Ascaris, it has been well

established that the bushy cells are giant

cells in themselves (Chitwood and Chitwood,

1950; Bolla, et al, 1972). Our previous

studies on the bushy cells have revealed

that at least two types of polysaccharides

are involved in the cytoplasm (Ishikawa

and Yamada, 1972). In the present report,

therefore, the cytochemical properties of

the polysaccharides were studied extensively

with a variety of techniques of light

and electron microscopic cytochemistry of

polysaccharides. The results obtained in

dicate that the polysaccharides within

the cells are mucosaccharide and glycogen

in nature. The present results have, in

addition, shown that there is an extra

cellular laminar structure which con tains

acid mucosaccharides and is apposed closely

to the plasma membrane of the bushy

cells. The cytophysiological significance

of all these polysaccharides is discuss

ed.

Materials and Methods

Twenty five female pig Ascaris {Ascaris

suum) were obtained from adult pigs sacri

ficed in the slaughter house of Nagoya City,

Japan. These worms were kept alive in

physilogical Ringer solution maintained at

37C, until the time of removal of bushy

cells. Bushy cells with and without neigh

boring tissues were removed from these

worms.

1 Preparation of tissues for ligh microscopy

Immediately after the removal from the

donors, bushy cell-containing tissues were

placed in either of the two fixatives, Bouin's

solution or 10% formalin containing 2%

calcium acetate (Leppi, 1968). Fixation was

performed at room temperature for periods

ranging from 24 to 72 hours. The tissues were

dehydrated in graded ethanol series and em

bedded in paraffin. Sections were cut at 6

to 8 fi, deparaffinized, hydrated and subject

ed to the following staining procedures of

light microscopic cytochemistry for polysac

charides and proteins; periodic acid-Schiff

(PAS) (McManus, 1946), alcian blue (AB)

(pHl.O) (Lev and Spicer, 1964), AB (pH 2.5)

(Pearse, 1968), AB (pH 2.5)-PAS (Mowry,

1963), aldehyde fuchsin (AF) (Pearse, 1968),

AF-AB (PH 2.5) (Spicer and Meyer, 1960),

high and low iron diamine (HID and LID)

(Spicer, 1965), HID-AB (pH 2.5) (Spicer,

1965), LID-AB (pH 2.5) (Spicer, 1965), col

loidal iron-ferrocyanide (Pearse, 1968), PAS-

acriflavine (Yamada, 1969), coupled tetra-

zonium (Pearse, 1969), ninhydrin-Schiff

(Pearse, 1968), 2-hydroxy-3-naphthoic acid

hydrazide (HNAH) diazo blue B (Barrnett

and Seligman, 1958) and 2,2/-dihydroxy-6,

e'-dinaphthyl disulfide (DDD) diazo blue B

(Barrnett and Seligman, 1954). Some PAS-

stained sections were treated with bacterial

amylase (preparation of Ueda Chemical

Works, Osaka, Japan ; 1.0% solution of the

enzyme in buffered neutral saline at 37C

for 1 to 2 hours) prior to staining, in order

to confirm the presence of glycogen. After

staining, sections were dehydrated and

mounted in the usual manner.
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2 Preparation of tissues for electron micros

copy

Immediately after the removal from the

donors, bushy cell-containing tissues were

cut into tiny pieces and fixed in chilled

(4C) phosphate-buffered (pH 7.2) 2% osmium

tetroxide or in chilled (4C) cacodylate buf

fered (pH 7.2) 2.5% glutaraldehyde supple

mented with 2% paraformaldehyde for 0.5

to 2 hours. The osmium tetroxide-fixed tis

sues were dehydrated in ethanol series of

ascending concentrations and embedded in

Epon 812, as prescribed by Luft (1961).

The glutaraldehyde - paraformaldehyde - fixed

tissues were rinsed in cacodylate buffer solu

tions (pH7.2), sliced into 40 to 60 fi thick sec

tions with a tissue sectioner (Smith-Farquhar

type) and subjected to either periodic acid-

thiosemicarbazide-osmium tetroxide (PA-TSC-

OS) (Hanker et al., 1964) or colloidal iron

(Wetzel, et al., 1966) procedures for elect

ron microscopic cytochemical demonstration

of neutral or acid polysaccharides. Some

of the PA-TSC-OS-stained tissues were

digested with bacterial amylase (prepara

tion of Ueda Chemical Works, Osaka,

Japan; incubation in the enzyme solution

under the same conditions as those employ

ed for specimens for light microscopy) prior

to staining. The colloidal iron-stained tissue

sections were postfixed with cacodylate-buf-

fered (pH 7.2) 2% osmium tetroxide at room

temperature for 1 to 2 hours. All these tis

sues for electron microscopic cytochemistry

were subsequently dehydrated in ethanol

series of ascending concentrations and em

bedded in Epon 812 (Luft, 1961). From

materials for both cytology and cytoche

mistry ultrathin sections were cut on a

Porter-Blum microtome (MT-1 type), mount

ed on copper grids, stained doubly with

uranyl acetate (Watson, 1958) and lead cit

rate (Reynolds, 1963). The stained sections

were examined in a Hitachi (HU 11D or

HS 8) electron microscope. Electron micros

copic pictures were taken at original

magnifications of 2,000 to 10,000 times and

photographically enlarged as desired.

Results

1 Light microscopy

As Bolla et al. (1972) reported previously,

the bushy cells of the pig ascaris are pro

vided with abundant cytoplasm showing vil

lous configurations in outline and contain a

huge oval nucleus.

When sections of calcium acetate formanli-

fixed Ascaris tissues are stained with the

PAS technique, the cytoplasm of the bushy

cells is shown to be loaded with a variable

amount of PAS-reactive granules of dif

ferent sizes (Figs. 1-3). These granules

exhibit distribution patterns which are va

riable with locations within the cytoplasm,

the granules tend to be condensed right

beneath the plasma membrane in the

peripheral parts of the cytoplasm forming

villous configurations of different sizes (Figs.

1 and 2), while in the cytoplasmic loci

close to the nucleus they are accumulated in

clusters of different sizes or scattered in va

riable concentrations in the rest of the

cytoplasm (Fig. 3). Minor portions of the

PAS-reactive granules of different sizes show

ing various distribution patterns are sus

ceptible to digestion with amylase and hence

are glycogen. In contrast, the majority of

the PAS-reactive granules are resistant to

digestion with amylase and exhibit positive

cytochemical reactions for sulfated mucosac-

charides such as AB (pH 1.0) (Fig. 4), AF,

AF-AB, HID, HID-AB and PAS-acrinavine.

In addition, these granules are found to

react positively for AB (pH 2.5) (Fig. 5), AB

(pH 2.5)-PAS, LID, LID-AB and colloidal

iron-ferrocyanide, which are the reactions for

non-sulfated and weakly sulfated acid

mucosaccharides. The PAS-reactive granul

es resistant to digestion with amylase are

also found to exhibit positive reactions

for proteins such as coupled tetrazonium

(Fig. 6), ninhydrin—Schiff, HNAH diazo

blue B (Fig. 7) and DDD diazo blue B, even

though the staining intensity varies with

individual reactions ; both the coupled tetra

zonium and HNAH diazo blue B reactions

of the granules are moderate or strong and
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their ninhydrin-Schiff reaction is moderate

in intensity, whereas their DDD diazo blue

B reaction being exceedingly feeble or doubt

ful.

2 Electron microscopy

The ultrastructural features of both the

cytoplasm and nucleus in the bushy cells

were previously recorded in detail by Bolla

et al. (1972), and all these features have

been confirmed in the present observations.

As is apparent in Figure 8, a well develop

ed laminar structure is found to be apposed

closely to the plasma membrane of the

bushy cells. The average width of this

structure ranges from 24 to 100 m/i. When

the bushy cells are stained by the colloidal

iron procedure, the outer surface of the

laminar structure reacts vividly for colloidal

iron (Fig. 9), and even in sites where the

laminar structures are in direct contact with

each other, they are reacted positively for

the colloidal iron (Fig. 9).

In the cytoplasm of the bushy cells,

membrane-limited granules of different den

sities and diameters (0.5 to 1.0/i) are scat

tered above all in the vicinity of the Golgi

apparatus and in the peripheral parts of the

cytoplasm (Figs. 8 and 9). The electron

opacity of the granular inclusions gradually

declines, as they come to the peripheral

cytoplasm right beneath the plasma mem

brane. Hence, these granules are considered

to be secretory in nature. The inclusions

of these granules are reacted positively for

PA-TSC-OS (Fig. 10). In the cytoplasm

other elements exhibiting positive PA-TSC-

OS reaction are seen which are particles

ranging in diameter from 10 to 90 mfi (Fig.

10). If the bushy cells are subjected to

digestion with amylase, these particles disap

pear (Fig. 11), indicating that they are com

posed of glycogen. The two types of PA-

TSC-OS-reactive elements, secretory gran

ules and glycogen particles do not acquire

electron density due to reaction product, if

prior treatment of periodic acid (PA) is

omitted (Fig. 12).

Discussion

From not only the previous cytological

data reported by Bolla et al. (1972) but

the results obtained in the present study,

it is apparent that the bushy cells of the

pig ascarsis contain varying amounts of

secretory granules and glycogen particles.

In view of their positive PAS, AB (pH 1.0),

AF, AF-AB, HID, HID-AB, PAS-acriflavine,

AB (PH 2.5), AB (pH 2.5)-PAS, LID, LID-

AB and colloidal iron-ferrocyanide reactions,

the secretory granules are conceived to con

tain a substance which is a neutral and

acid (both sulfated and carboxylated)

mucosaccharide (Spicer et al., 1967). In

addition, the positive reactions of the

granules for proteins such as coupled

tetrazonium, ninhydrin-Schiff, HNAH diazo

blue B and DDD diazo blue B are believed

to substantiate that the secretory substances

contain protein. The positive PA-TSC-OS

reaction of the inclusions of secretory gran

ules as revealed by electron microscopy is

well correlated with the positive PAS reac

tion of the granules seen in light microscopic

preparations. Taken altogether, therefore,

the secretory substances are conceived to be

a neutral and acid (both sulfated and car

boxylated) mucosaccharide protein complex.

The cytophysiological functions of the

bushy cells can not now be precisely deter

mined. However, certain topographic

morphology of the bushy cells and the

results of previous experimental studies on

them (Ishikawa, 1960) appear to suggest

ideas about the possible functions of the

bushy cells. In the pig Ascaris, the bushy

cells are exposed to coelomic fluid between

the lateral lines and intestine of the worm.

Such topographic situation of the cells is

taken to imply that the exchange of subs

tances between the bushy cells and coelomic

fluid easily takes place. According to the

results of previous experimental studies on

the bushy cells of the pig Ascaris (Ishikawa,

1960), moreover, pilocarpine and adrenalin

administrations result in apparent swelling

and shrinkage of the bushy cells respectively,
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and the body color of the worm is changed

from yellow pink to red, if the bushy cells

are burnt by means of electrocautery. These

morphological situations and experimental

evidences are provocative of the concept

that the bushy cells may be comparable in

function to endocrine cells in higher animals

and are releasing an active principle which

regulates metabolic processes in the Ascaris.

Such concept is consistent with the present

result that the secretory substances of the

bushy cells are composed of a mucosaccharide

.protein complex, inasmuch as in vertebrates

glycoproteins and related substances are

known to be a hormonal substance (Pearse,

1968). In line with this concept, further

more, Chitwood and Chitwood (1950) sug

gested the possibility of an endocrine func

tion for the bushy cells of nematodes.

In the cytoplasm of the bushy cells exa

mined in the present study, glycogen partl-

cies are detected which exhibit positive PAS

and PA-TSC-OS reactions. The cytophysio-

logical significance of this polysaccharide in

the bushy cells remains to be elucidated.

Kemnitz (1972) advanced the view that the

bushy cells have the ability to break down

glycogen very rapidly and thus contribute to

the general metabolism, since after injecting

ascarids with glycogen, he found none in

the cells. If the cells are endocrine in func

tion, on the other hand, the polysaccharide

may supposedly be a form of energy storage,

inasmuch as in certain endocrine cells of

vertebrates such as parathyroid glands

(Yamada, 1965) this cytophysiological signifi

cance of the substance is substantiated.

In the bushy cells of the pig Ascaris, the

laminar structure apposed to the plasma

membrane reacts positively for colloidal

iron. This is interpreted to indicate that

acid mucosaccharides are involved in the

laminar structure and appear to play a

significant role for supporting the bushy

cells in the coelomic cavity of the ascaris.

Summary

In the bushy cells of the pig Ascaris {As

caris suum) polysaccharides were studied by

means of light and electron microscopic

cytochmistry. In the cytoplasm of the cells

mucous granules and glycogen particles are

visualized. The mucous granules are com

posed of a neutral and acid mucosaccharide

protein complex, in view of their positive

reactions for periodic acid-Schiff (PAS), alcian

blue, aldehyde fuchsin, iron diamines, acrifla-

vine, colloidal iron-ferrocyanide, reagents for

proteins and periodic acid-thiosemicarbazide-

osmium tetroxide (PA-TSC-OS). The

glycogen particles react positively for PAS

and PA-TSC-OS, but are digested with amy-

lase. The mucous granules are conceived to

be secretory in nature, whereas the cytophys

iological function of glycogen particles re

mains to be precisely determined. In addi

tion to these intracellular polysaccharides, an

extracellular laminar structure is found

which contains colloidal iron reactive acid

mucosaccharides and is apposed closely to

the plasma membrane of the bushy cells.
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Legends of Figures

Figures 1-7. Bushy cells of Ascaris suum.

1. Peripheral parts of the cytoplasm. PAS-reactive granules of different sizes are visualized.

PAS stained. X 400.

2. Peripheral cytoplasm. PAS-reactive granules of different sizes are distributed, above all in

parts exhibiting villous configurations. PAS stained. X 560.

3. Juxtanuclear parts of the cytoplasm. Varying concentrations of PAS-reactive granules of

different sizes are distributed in various loci. PAS stained. X 560.

4. Parts of the cytoplasm. Granules of different sizes (arrows) are detected which exhibit

positive alcian blue reaction. Alcian blue (pH 1.0) stained. X 680.

5. Parts of the cytoplasm. Granules of different sizes (arrows) are seen which exhibit positive

alcian blue reaction. Alcian blue (pH 2.5) stained. X 680.

6. Parts of the cytoplasm. Granules of different sizes are observed which exhibit positive

coupled tetrazonium reaction. Coupled tetrazonium stained. X 600.

7. Parts of the cytoplasm. Granules of different sizes (arrows) are visualized which exhibit

positive HNAH diazo blue B reaction. HNAH diazo blue B stained. X 600.

Figures 8-12. Peripheral parts of the cytoplasm in bushy cells of Ascaris suum.

8. A laminar structure (arrows) is apposed closely to the plasma membrane enclosing the

cytoplasm, in which secretory granules (sg) with inclusions of declining electron opacity are

discerned. Filaments (f). Uranyl acetate and lead citrate stained. X 21,000.

9. The laminar structure apposed to the plasma membrane is reacted positively for colloidal

iron. An arrow indicates the positive colloidal iron reaction of the laminar structures

in direct contact with each other. Secretory granules (sg). Colloidal iron reacted and uranyl

acetate and lead citrate stained. X 23,600.

10. Secretory granules (sg) and glycogen particles (arrows) are noted, both of which exhibit

positive PA-TSC-OS reaction. PA-TSC-OS reacted and uranyl acetate and lead citrate

stained. X 13,200.

11. Secretory granules (sg) exhibiting positive PA-TSC-OS reaction are noticed, whereas no

glycogen particles are detected at all. Amylase digested, PA-TSC-OS reacted and uranyl

acetate and lead citrate stained. X 14,500.

12. Neither secretory granules (sg) nor glycogen particles acquire electron opacity. TSC-OS

reacted and uranyl acetate and lead citrate stained. X 13,200.
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