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Abstract

Histological observation was undertaken with the light and electron microscopes for the

diverticula of the midgut gland in the prawn P. japonicus. Epithelial cells except for the distal

portion of the diverticulum were classified morphologically into three typed cells, light, dark

and vacuolated. At the end area of each diverticulum, undifferentiated cells were distributed.

After 30 days of starvation, the cavity in the midgut gland developed enlarged openings of

primary and secondary diverticula which suggesting a drastic change of the construction.

Further, a cellular transition from the light cell to the vacuolated cell was indicated in the result

of computing estimation concerning the distribution frequency of each typed cell. It was

deduced that the light cell was transformed to the vacuolated cell under a critical condition such

as long-term starvation.

The prawn like other decapod has an essential organ, named midgut gland or

hepatopancreas, especially as the site of nutrimental digestion, absorption and storage " .
Up to this time, many investigations have been treated in Reptantia species for various

properties of the midgut gland4"22'. However, there have been few reports concerning the
morphology and physiology of the midgut gland in the Penaeidae prawns as well as other

Natantia species23"26'. In this report, the classification of diverticular cells was undertaken
histologically for the prawn P. japonicus. And their transitional property was discussed with

the results of rearing experiments under starvation.

Material and Methods

The prawn Penaeus japonicus used in the present experiments were 12-15 g. For the

histological observation, the ventral portion of the midgut gland was fixed in Bouin solution

for 2 h. After dehydration with BuOH series and paraffin-sectioning, the preparations were

stained with PAS-hematoxylin or hematoxylin-eosin. For the electron microscopic

observation, pieces of the midgut gland were immersed in cold 5% glutaraldehyde, buffered
with 0. 25M 5-collidine at pH 7. 6. They were fixed for 3 h in the above solution, and

following repeated rinsing in the same buffer, they were postfixed in cold 1% osmium
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tetroxide buffered with the same solution for 3 h. After dehydration through an EtOH series,

the samples were then embedded in Epon 812. They were stained with uranyl acetate-lead
citrate after sectioning. Electron micrographs were taken by a Hitachi 300 electron

microscope. For the gross anatomy of the midgut gland, the tissue fixed in Bouin solution

was divided into two parts, dorsal and ventral. The ventral portion was subjected to

transcription of the arrangement and distribution of the cavity and openings of diverticula.

Rearings were conducted for each 10 individuals of feeding or starved condition during 30

days at water temperature 21-2510. Prawn pellet was used for feeding. After the rearing,
each midgut gland of individuals was prepared for the anatomical and histological

examinations. The latter examination was conducted with computing estimation of the

distribution frequency of each diverticular cell classified beforehand. The result was

expressed as a percentage of the cell number among all cells.

Results and Discussion

Composition of Diverticular Cells

The midgut gland consists of many diverticula which diverge dendritically and possess a

simple columnar epithelium. The epithelium, except a distal part of the diverticulum, is

provided with three typed cells of each different cytoplasm as light, dark or vacuolated

(Fig. 1). The terminal area of diverticula shows a localization of undifferentiated cells
belonging to a cuboidal type (Fig. 1). They have been named as the Embryonale Zelle or
E-cell10"12'22'.

The light cell, named after its eosinophilic cytoplasm or electron microscopical character

of low electron density, is superior in number to the dark cell. It possesses microvilli at the

apical surface and a circular nucleus provided with a large nucleolus near the basement

membrane (Fig. 2). Its mitochondria show a comparatively developed cristae extending to
the internal cavity. The Golgi apparatus is limitedly distributed around the nucleus,
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Fig. 1. Diagrammatic representations of epithelial cells of the proximal and distal
diverticula, indicating arrangements of the light, dark, vacuolated and undiffer
entiated cells. Upper, proximal diverticulum; lower, distal diverticulum, bb, brush
border; bm, basement membrane; D, dark cell;, L, light cell; U, undifferentiated cell;
V, vacuolated cell.
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Fig. 2. Electron micrographs of the light and dark cells. The light cell has microvilli at the
apical surface, and these structures are unobserved for the dark cell. The dark cell
shows a secretory process like a perspiration (arrow in the right figure). bm, basement
membrane; D, dark cell; L, light cell; m, microvilli; ss, secretory substance.
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likewise the rough surfaced endoplasmic reticulum. The smooth surfaced endoplasmic
reticulum does not show a developed condition. In the light cytoplasm, an appearance of
unidentified vesicles of low electron density has been recognized with their undetermined

size and number. This light cell corresponds to Dall's secretory cell in the prawn
Metapenaeus bennattai due to similar characters of the cytoplasm.

The dark cell is clearly defined as Dall's storage cell by its basophilic character23
(Fig. 1). Its cytoplasm shows homogeneously fine and dark on accountof exceedingly high
electron density (Fig. 2). Shape of the cell is drop-like or triangular, provided with
non-brush border (Fig. 1) or non-microvilli (Fig. 2), and shorter than the light cell. Its
nucleus is clearly larger than that of the latter cell. It is a distinct feature of the dark cell that
the rough surfaced endoplasmic reticulum is well developed.

Under light microscopical observation, the vacuolated cell shows a largely expanded
vacuole in the light cytoplasm, possessing a nucleus suppressed more or less toward the
basement membrane (Fig. 1). It is doubtful, however, whether such a character indicates a

normal condition of the cell, as well as its cell number computed in the preparation. The

reason is that the cell seems to be very fragile and rapidly transformed from another cell
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during treatment of the histological procedure. In the case of specimens under electron
microscopical observation, its frequency ofappearance has shown a decreasing tendency.
Whatever may be the question, it has been named Blasenzelle or B-cell in numerous
descriptions 2,22, and its origin has been discussed among authors. Inall species of
Reptantia and Natantia previously investigated, the B-cell has been considered to be
transformed from a F-cell, Fibrillenzelle or ferment cell, of which cytoplasm shows
basophilic. The F-cell seems to correspond to the dark cell in theprawn P.japonicus due to
its cytoplasmic property except one characteristic, that is microvilli. It is difficult to
support the above mentioned theory ofcellular transition, because the dark cell inthe prawn
possesses non-microvilli and the B-cell in the prawn is provided with such structure.
Therefore, the B-cell (vacuolated cell) in the prawn would be transformed from the other
cell, light cell. The latter has been named Resorptionzelle (R-cell).

Structure Change of the Cavity under Starvation

There has been given little attention toagross anatomy ofthe midgut gland. In the prawn
P.japonicus, a horizontal section of the ventral portion reveals paired cavities which being
bobbin-shaped along the mid-line. The cavity is provided with a certain number of
openings of primary diverticula. The latter possesses individually similar openings of
secondary diverticula. The caliber of each diverticulum has shown a variable ability
according to some physiological condition of the prawn. After long-term starvation as in
this experiment, the size and depth of the primary and secondary diverticula have become
larger and/or deeper than the control (Fig.3). It seems that such structure changes of the
cavity wall resulted from the holocrine secretion of the epithelial cells and successive
reconstruction of cellular arrangements.

Computing Analysis of Cellular Transition in Diverticula

The averages of the distribution frequency of the light cell are calculated as 66. 4±4. 7 and
31.2+ 1.2 for the control and starvation samples, respectively. The dark cell shows the
values of 16.1+ 1.1 and 26. 2+ 2.6 for these samples, respectively. The vacuolated cell's
values for these samples are 16.2+ 3.1 and 49.0+ 4.3, respectively (Fig. 4).

By the comparison of the distribution frequency between the control and starvation, the
dark cell indicates a rather constant value than the light and vacuolated cells. For the light
cell, the value of the control is reduced to about half of that of the starved sample. The
vacuolated cell, reversely, shows a remarkably increased value under the starved
condition, and its rate of increasecorresponds to the rate of decreaseof the light cell under
the same starvation.

The vacuolated cell differing from the dark cell has similar properties to the light cell.
That is, it is provided with a lightcytoplasm and a brush border (Fig. 1). Considering these
similaritiesofcellular characteristicandpreviously mentioned ability of transformation, the
vacuolated cell is concluded to have its origin in the light cell.
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L-cell D-cell V-cel

Fig. 3. Horizontally sectioned cavities of the
midgut gland under different con
ditions, 30 days of starvation (upper)
and the control (lower). The paired
cavity is provided with a certain num
ber of the openings of primary diver
ticula which have pores of secondary
diverticula. Anterior to the left, C,

cavity; opd. opening of the primary
diverticulum; osd, opening of the
secondary diverticulum.

Fig. 4. Percentages of appearing frequen
cies of the light, dark and vacuolated
cells among all cells of diverticular
epithelia, under the fed and starved
conditions. 0, fed; I, starved.
Each of the light and vacuolated cells
(L-and V-cells, respectively) shows
alternatively a remarkable change
according to the different conditions.
The value of the dark cell (D-cell) is
rather stable as compared with those
of the above cells.
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