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Abstract. Light and electron microscopic investigations have been made on the lipid
droplets of the sebaceous flank gland alveoli of the Indian musk shrew, Suncus murinus
oiridescens. The undifferentiated sebaceous cells can be distinguished from the differentiating
and differentiated cells by the absence of lipid droplets in the former. Adjacent droplets in
the differentiating cells fuse to form larger droplets. Lipid droplets are also synthesized in
the differentiating cells. Large accumulation of lipid droplets are seen in well differentiated
cells. The cells of the inner layer of "the sebaceous alveoli disintegrate and the holocrine
products are liberated into the lumen. The probable role of mitochondria and polyribosomes in the synthesis and development of lipid droplets in the sebaceous cells of the flank
gland is discussed.
Keywords. Indian musk shrew; Suncus murinus !'iridescens; flank gland; sebaceous alveoli;
lipid droplets; light and- electron microscopic investigations.

1. Introduction
Although extensive investigations on specialized integumentary glands of mammals
have been carried out during the past few years (for review, Miiller-Schwarze 1983),
skin glands of only a few of the Indian mammals have been studied so far (for review,
Balaktishnan and Alexander 1985). Balakrishnan et al (1986) have studied the
structure of the specialized cutaneous glands of the Indian musk shrew, Suncus
murinus viridescens in detail. Sebaceous glandular alveoli form the bulk of the flank
gland of this species with a few sudoriferous tubules located mainly at the glandular
periphery. Each alveoli has a central lumen where the glandular secretory materials
are temporarily stored arid later discharged to the exterior, especially during the
process of scent marking (Balakrishnan and Alexander 1985).
Lipids form the major component of this glandular secretion of the musk shrew
(Balakrishnan and Alexander 1985). These substances have specific behavioural
relevance during social interactions. The present report deals with light and electron
microscopic observations on the formation and development of the lipid secretory
droplets in the sebaceous alveoli of the flank gland of S. m. viridescens.

2.

Material and methods

Adult shrews (9 males and 8 females) were used for the present investigation. They
were trapped live on the University Campus, Kariavattom, and were kept in individual wire-mesh cages for 2-3 days on a regular supply of minced beef sprinkled
with shark liver oil and tap water, ad libitum. Fur covering the flank glands was
shaved off using a fine blade and the glands were dissected out for processing, for
histological. histochemical and ultrastructural studies. Glands from one side from 5
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males and 5 females were fixed in Bouin's fluid, processed, paraffin sections were cut
at 5 J1.m and stained in haematoxylin and eosin. The glands from the other side were
fixed in 10% formalin, gelatin blocks were prepared and the sections were cut at
8-10 J1.m on a Model CTD International Harris Cryostat at - 20°e. These sections
were stained with Sudan black-B.
For electron microscopic investigations, the glands from 4 males and 3 females
were dissected out under ether anaesthesia. Thin slices of the glandular tissues were
fixed in 2·5% glutaraldehyde in 0·1 M phosphate buffer (pH 7,2-7,3). The tissues
were washed in the buffer for 2 h and post fixed in I % osmium tetroxide in 0·1 M
phosphate buffer. The samples were then carried to the USSR in the same buffer and
dehydrated using alcohol and acetone in the ascending grades and embedded in
Epon 812. Ultrathin and 1 J1.m sections were cut using glass knives in LKB Ultrotomes III and IV. Ultrathin sections were mounted on formvar-coated grids and
stained with uranyl acetate and lead citrate (Reynolds 1963) and examined under a
JOEL JEM 100 C electron microscope at an accelerating voltage of 80 kV. One
microne section was prepared and stained with toluidine blue and observed under a
light microscope.
3.

Results

Each of the sebaceous alveoli of the flank gland consists of about 4-6 layers of cells
(figure I). The peripheral layer of the alveoli consists of undifferentiated cells. The
middle layers consist of differentiating cells and the inner layers consist of well differentiated and disintegrating cells.
Light microscopic observations revealed that the cells in the outer-most layer of
the sebaceous alveoli are devoid of lipid droplets. Lipid droplets are seen in large
numbers in the cells of the middle and inner layers of the alveoli (figure 2). The cells
of the inner-most layer can be well distinguished by their holocrine secretory activity;
these cells disintegrate in situ and discharge their contents into the lumen of the
sebaceous alveoli in the form of large number of well developed droplets. During
development and differentiation the lipid droplets enlarge with their opaque contents. Cells in the inner layers of the alveoli contain large number of such droplets.
The glandular secretion is eliminated to the exterior through the special ducts of the
alveoli.
Histochemical studies have revealed that the secretory products of the sebaceous
cells of the flank gland are predominantly lipoid in nature. The secretory products in
general stained deeply with Sudan black-B. Lipids were not detected in appreciable

Figures 1-4. 1. Light micrograph of the sebaceous flank gland alveoli of a male shrew.
Note the arrangement of cells in the alveoli. 5 urn haematoxylin x eosin (x 1(0). 2. One
microne section of the flank gland of a male shrew showing the pattern of distribution of
lipid droplets in the sebaceous alveoli. Note the greater accumulation of lipid droplets in the
inner cells and in the lumen of sebaceous alveoli. Capillaries ending in the epithelial wall
(indicated by arrows) are seen with erythrocytes ( x 10(0). 3. Flank gland alveoli of a male
shrew showing the absence of lipids in the connective tissue envelope of the alveoli (arrows).
The peripheral cells contain less amount of lipids as compared to the inner cells. Sudan
black-B (x 400). 4. Part of a sebaceous alveoli of the flank gland of a female shrew
showing the undifferentiated cell on the left half with dense cytoplasm when compared to
that of the differentiated cell on the right ( x 22,000).
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quantity in the outer covering and in the peripheral layer of the alveoli. Heavy lipid
accumulation was noted in the lumen and in the cells of the sebaceous alveoli (figure
3).

No difference in the histochemical and ultrastructural features of the sebaceous
cells in the flank gland between males and females could be detected.
The undifferentiated cells of the sebaceous alveoli can also be distinguished from
the differentiated cells by the difference in the intensity of the cytoplasm. The
cytoplasm of undifferentiated cells are denser as compared to that of the differentiated cells (figure 4). The differentiating cells have lipid droplets in various stages of
development. Adjacent smaller droplets fuse to form larger droplets during cellular
differentiation and maturation (figures 5 and 6).
Large number of mitochondria are observed around the lipid droplets both in the
differentiating and in the well differentiated sebaceous cells of the flank gland (figures
6-8). Most of the mitochondria in the differentiating cells are large, round and
swollen (figure 7), whereas those of the differentiated and disintegrating cells are
smaller and oval or elongated (figures 8 and 9). Polyribosomes are also seen
accumulated around lipid droplets (figures 6-9). In the well developed cells, lipid
droplets occupy most of the area in the cytoplasm (figure 9).

4.

Discussion

The sebaceous alveoli of the flank gland of S. 111. ciridescens show cells in different
stages of development, which can be identified on the basis of presence and larger
accumulation of lipid droplets. New layers of secretory cells grow from the periphery
of the alveoli, develop, differentiate and subsequently disintegrate and discharge their
contents into the lumen by holocrine secretion (Kurosumi 1961).
In the course of lipogenesis in the mouse Meibomian gland, Gorgas and Volkl
(1984) have demonstrated 4 phases, (i) formation of large number of small, spherical
lipoid droplets, (ii) enlargement of these droplets, (iii) further expansion in the
volume and accumulation of an electron opaque material in it and (iv) the lethal
phase. It is also reported that the composition of cellular lipids changes during the
development and differentiation of sebaceous cells (Potter et al 1979; Wheatley et al
1979). In the present investigation, it was noticed that during cellular differentiation,
smaller lipid droplets fused together to form larger droplets (figures 5 and 6).
However, in dilTerentiating and well differentiated sebaceous cells, both small and
large lipid droplets were noticed. This may be due to the fact that new lipid droplets

Figures 5-7. 5. Part of a sebaceous alveoli of the flank gland of a female shrew showing a
dilTerentiating and a dilTerentiated cells. The adjacent smaller lipid droplets synthesized
during the process of dilTerentiation are fused to form larger droplets of the differentiated
cells ( x 22.000). 6. Part of a differentiating cell of the sebaceous alveoli of a female shrew
showing the process of fusion of lipid droplets. Large. round and swollen mitochondria are
seen near the developing lipid droplets. Poly ribosomes are accumulated on the periphery of
the lipid droplets ( x 22.000). 7. Part of a differentiating cell of the sebaceous alveoli of the
flank gland of a female shrew showing the close association of large. round and swollen
mitochondria with developing lipid droplets ( x 22.000).
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Figures 8- 9. 8. Part of the well differentiated cell of the sebaceous alveoli of a female
shrew flank gland showing large number of polyribosorncs attached to the periphery of the
lipid droplets. The mitochondria in the developed cells arc comparatively smaller. and of
oval. elongated or of irregular shapes I x ~~.()()Ol. 9. Part of a disintegrating cell of the
sebaceous alveoli of the flank gland of a female shrew. Lipid droplets occupy most of the
area in the cytoplasm of the developed and disintegrating cells. The mitochondria are small
and oval. elongated or irregular in shape (x 22.0(0).
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are continuously synthesized by these cells as observed by Wooding (1980) in the
sebaceous cells of the Hardarian glands of rabbit.
The close association of lipid droplets with' mitochondria having the characteristic
electron dense inclusions in the sebaceous flank gland cells of the shrew has already
been reported (Balakrishnan et al 1986). It is also suggested that the mitochondria
are engaged in lipid metabolism in specialized glandular cells (Bjersing 1967; Fawcett
1981; Jenkinson et al 1985). Balakrishnan et al (1986) have also observed that
polyribosomes are situated around the periphery of the lipid droplets which may
contribute necessary enzymes for the synthesis and development of lipid droplets.
Well developed capillaries in the peripheral cells of the sebaceous alveoli of the
shrew flank gland (figure 2) facilitate the flow of raw materials from the surrounding
media, and the finger-like protrusions of the cellular periphery at the level of
capillaries (Balakrishnan et al 1986) provide additional surface for absorption and
ingestion of more raw materials into these secretory cells.
Since steroid hormones have profound influence on the structure and function of
the sebaceous glands in a number of species of mammals (Bell 1974; Strauss et al
1,976), ultrastructural investigations on the sebaceous flank gland tissues of castrated
and hormone administered shrews are likely to yield valuable information on the
lipogenesis in the sebaceous cells.
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