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Abstract. Cytochemical changes involving PAS -positive and metachromatic substances
have been studied in the silk gland cells of the moth Pericallia ricini during growth and
atrophy. The distinction between the silk-periphery and silk-core on the basisof metachromatic
staining has been traced even in the second instar stage for the first time. PAS-reaction
differentiates the same in the prepupal stage. The secretion of two silk constituents goes on
simultaneously in the gland cells. The conjugation of PAS-positive polysaccharide group
to silk protein takes place in the apical cytoplasm of the gland cells. The core silk secretion
predominates in the prepupal stage. Reduction in the amount of carbohydrate material in
the basal cytoplasm of the silk gland cells from first instar to prepupal stage occurs with their
simultaneous concentration in the apical region of the cells. The degree of metachromasia
increases progressively in advancing instars.
Keywords. PAS-positive and metachromatic substances; silk secretion; growth; atrophy;
silk periphery; silk core.

t. introduction
The presence of PAS - positive and acidic mucosubstances in the silk gland cells of
Calpodes ethlius has been observed (Wiley and Lai-Fook 1974). These were confined
to the basal cytoplasm and were characterised to be responsible for cohesiveness
and viscosity of the silk contents in the lumen of the gland. Many workers (Voigt
1965a; Akai and Kobayashi 1966; Beams and Sekhon 1966; Tashiro et al 1968;
Akai 1971; Engster 1976) suggested that carbohydrate moieties are added to the
protein molecules of silk in later packaging prior to their extrusion into the lumen.
They, however, failed to correlate basal localization of carbohydrate substances
with their binding to the protein molecules in the apical cytoplasm.
Since the cytochemical picture of silk gland cells is conflicting and vague, it was
desirable to study the localization and role of carbohydrate substances in all the
developmental stages of the Indian moth, Pericallia ricini in presecretory, secretory
and post-secretory phases of the silk gland cells.
2. Material and methods
The larvae of P. ricin; were collected from fields around Allahabad and reared in the
laboratory. The silk glands of different instar larvae and early pupae were excised,
cut into small pieces and fixed in 10% formalin for 24 hr. Part of this material was
embedded in gelatin and frozen, 10 urn thick sections were cut out with the freezing
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microtome. The other part was dehydrated in graded alcohols, embedded in paraffin
and sectioned at 8 J.Im. The periodic acid-Schiff I (PASl method (McManus 1946) as
described by Pearse (1968) was employed to detect the PAs"positive material. For
metachromatic substances toluidine blue (Spicer 1960) and Schmorl's thionin methods
(Pearse 1968) were employed. Control sections were.processed by acetylation (Lillie
1954a).

3. Results
The cells of the silk gland of P. ricini are almost similar with respect to their size,
nucleo-cytoplasmic ratio and shape of the nuclei. PAS -positive materialin the gland
cells of the second instar larva is greater than the first instar and is in greater
concentration at the apical (facing the lumen) and basal (facing the basement membrane)
ends of the cells (figure 1). In the middle region of the gland cells, the cytoplasm
contains sparse concentration of pdysaccharides.

Figures 14. Silk giant' cells; 1. Second instar larva showing PAS-positive substances
confined mainly to the apical and basal regions. 2'. Third instar [arva.showingPAS-positive
substances. 3; Fourth instar larva showing PAS-positive substances. 4. Fifth ·instar larva

showing greaterPAS-positivity in the apical cytoplasm. Li lurnen: GLe. gland cells.
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Cells of the spinning gland of the third instar larva (figure 2) show less periodate
consumption in the middle and basal cytoplasm. The apical end shows preponderance
of reactive glycol groups.
In the following stage, as seen in figure 3, the cytoplasm around the nuclei becomes
almost free of carbohydrate material. In the basal region of the gland cells a weak
reaction indicates reduced amount of PAS· positive substances. While carbohydrate
substances decline in other parts of the cells, they concentrate more in the apical
region. Gland cells of the fifth instar larva depart little from those of the previous
stage in their cytochemical details except that the reduction of PAS· positive substances
in thebasal region and their concentration in the apical region continues progressively
(figure 4).
In the prepupal stage, substances showing PAS· positiveness disappear from the'
peripheral region of the silk gland cells (figure 5). The intensity of the Slain developed

Figures 5-8. Silk gland cells. 5. Pre-pupa showing weak PAS-positivestain. 6. During pupal
period. Weak PAS-positivity in the degenerating cells. 7. Third instar larva showing weak
metachromasia. 8. Fifth Instar larva showing increased metachromatic reaction. 8M.
basement membrane: SC. silk core: SP. silk periphery: l. lumen.
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in the apical region is also reduced. It is in this stage that the secretion of silk in the
cells is maximum.
A weak PAS -positive stain develops in the cytoplasm of the gland cells during the
pupal period (figure 6). With the signs of glandular degeneration appearing in the
cells substances having PAs-positiveness get further reduced. In advanced stages of
degeneration a very faint stain in the cells indicates presence of exceedingly few
carbohydrate groups amenable to periodic acid oxidation. The basement membrane
is PAS -negative at all stages of development.
The distinction of silk core from silk periphery becomes apparent in the late fifth
instar stage. Before that the two zones of silk are undefinable. A weak PAs-positive
stain develops in the silk in the second, third and early fourth instar stages. Later in
the fifth instar and in the succeeding stage when the silk zones become distinguishable,
it is the silk periphery alone which gives faint PAS -stain, the silk core, which forms
the bulk of the silk, is entirely PAs-negative. Control sections of the silk glands of
different stages were treated with a mixture of acetic anhydride and pyridine prior to
staining. A negative PAs-reaction was observed in all the sites of the silk gland cells
(during larval as well as pupal stages) which were otherwise positive in normal
untreated sections.
The cells of the silk gland of second and third instar larvae show weak metachromasia
around the nuclei indicating presence of a very small amount of anionic groups in
this region (figure 7). In the rest of the cytoplasm no appreciable toluidine blue
metachromasia develops. The silk periphery also shows presence of metachromasiaexhibiting carbohydrates. The central part of the silk comprising the core, does not
yield metachromatic reaction. It is noteworthy that the distinction between the two
zones of silk, periphery and core, in the lumen of the gland is recognisable on the
basis of metachromasia in these early stages of development. PAS -staining failed to
identify these two zones even in the fourth and fifth instar stages.
In the following instars, the gland cells exhibit greater degree of metachromasia
around the nuclei as well as in the basal and apical cytoplasm (figure 8). The position
remains almost the same in the cells during the fifth instar stage. Corresponding
increase in the degree of metachromasia is noticeable in the silk periphery also in
these stages of larval development.
In prepupal period pink colour, developed as a result of metachromatic reaction
(both in the perinuclear cytoplasmic zone and the basal and apical cytoplasm) is
maximum (cf previous stages). Therefore, the localization of metachromasia-exhibiting
substances in the cells of the silk gland of P. ricini remains almost unaltered throughout
the larval development. A slow increase in the same region of the cells, is, nevertheless,
observed from the second instar onwards to prepupal.stage. The basement membrane
did not yield metachromatic reaction.
In pupal period the substa~ces yielding metachromatic reaction do not remain
confined to the perinuclear cytoplasm in the degenerating silk gland cells. They get
dispersed randomly in small groups and give faint pink colour reaction. These
substances later disappear from the cytoplasm of the gland cells.

4. Discussion
Bradfield (1951) had reported that the larval silk gland cells of Bombyx mori and
Cossus cossus did not possess appreciable amounts of glycogen and other poly-
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saccharides. However, he noticed differences between the staining properties of silk
in the anterior and posterior parts of the caterpillar's silk glands, although he could
not explain the reason for the staining differences. According to Mercer (1954) and
Voigt (1965a, b) there is distinction between the two silk components-in the silk
glands of B. mori and these two components are secreted by different cell types
having different types of secretory granules. Wiley and Lai-Fook (1974) investigated
the histochemistry of the silk glands of the fifth instar larva of another lepidopteran
Calpodes ethlius and showed that the cells of the silk glands show PAS -positive and
acidic mucosubstances localized in large patches in the basal regions of the cells.
They further observed varying cohesiveness and viscosity of the contents (silk) in the
lumen of the gland. Present investigations on the silk glands of P. ricini reveal that
PAS -positive substances are present in appreciable amounts even in the second
instar stage. Moreover, there is remarkable variation in the pattern of distribution of
these substances in the cytoplasm of the gland cells. Initially carbohydrate-containing
substances are confined to both the basal and apical regions of the cells, later the
apical region becomes predominantly rich in comparison to the basal region, where
reactive polysaccharide groups get progressively decreased. In prepupal stage,
when the secretion of silk in the cells is at its zenith, the peripheral region of the cells
is devoid of PAS -positiveness, and it is only the luminal (apical) region of the cells
where PAs-positive substances are exclusively concentrated, although the stain is
less intense than that in the preceding early fifth instar stage. All the stages of
development (from the first instar to early pupa) ofP. riciniwere studied to determine
whether there is any distinction between the silk zones in the lumen of the gland, and
if so, at what stage the distinction becomes apparent. It was found that it is in the prepupal stage when the two components of the silk secretion become distinguishable,
and that it is the silk periphery alone which yields a faint PAS- positive reaction. The
silk core forming the bulk of the silk is entirely PAS· negative. With toluidine blue
staining, however,metachromatic reaction distinguished clearly the two silk components
in the lumen of the silk gland even in the second instar stage. It indicates that
metachromatic carbohydrate substances are being secreted and conjugated with
proteins of the silk, and aggregate in the lumen of the gland in contact with the
cellular lining right from the initial stages of silk secretion. Also the metachromasiaexhibiting carbohydrates appear in larger amount in the silk periphery in pre pupal
stage than in the preceding stage (fifth instar) of development.
The reduction in the amount of carbohydrate contents in the basal region of the
gland cellsand their concentration in the apical one points inter se to their transportation
from the former to the latter region of the cells. Since thisprocess continues progressively
with increased activity of the cells in relation to silk secretion, the PAs-positive
substances are incorporated into the secretion of the cell. It is believed that the
polysaccharide moieties get conjugated to silk proteins prior to their escape from the
cell. This phenomenon probably takes place in the apical region of the cell. This is
evident from the fact that some silk globules, escaping into the lumen of the gland,
show weak PAS -positiveness indicating that carbohydrate group has been attached
to the main protein group. It is, thus, found that in P. ricini(i) the two silk constituents
(silk periphery and core silk) are secreted simultaneously in tee gland cells, (ii) the
PAS- positive polysaccharide group conjugates with silk protein in the apical cytoplasm
(iii) the core-silk secretion (consisting of PAs-negative groups) predominates in the
pre pupal stage.
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These findings are in agreement with those of Voigt (l965a), Akai and Kobayashi
(1966), Beams and Sekhon (1966), Mac-Gregor and Mackie (1967), Tashiro et al
(1968), Akai (1971) and Engster (1976), in that the secretory mechanisms in the silk
producing cells of lepidopterans and trichopterans have much in common and that
carbohydrate moieties to the protein molecules are added in later packaging before
their extrusion into the lumen.
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