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Abstract. The fine structure of the sebaceous gland acini which form the bulk of the flank
gland in the Indian musk shrew was studied. The secretion of the gland appeared to be mainly
lipoid in nature, seen as numerous intracellular lipid droplets showing varying degrees of
osmophilia from light to intense dark. The mitochondria contained one to several electron
dense inclusions which were discharged from disrupted mitochondria and were seen floating in
the cytoplasm and also in the ducts of the gland complex. It is suggested that these inclusions
which presumably contain high concentrations of waxessynthesized within the mitochondria,
form the major components of the holocrine secretion discharged from the flank gland of the
shrew.
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1. Introduction
The mammalian integumentary glands, though differing widely in terms of structural
features and chemical properties, are essentially derived from two basic types, the
sebaceous and sudoriferous glands (Quay 1972). Mammals in general make use of all
such exudative organs for odour production, and the dermal sebaceous glands which
are distributed in many parts of the body are especially common in rodents and other
small mammals. The true sebaceous tissue consists of holocrine glands producing a
lipoid secretion called sebum.
The specialized integumentary glands of the Indian musk shrew have generated
considerable interest with regard to the structure and possible implications in their
social interactions (Balakrishnan and Alexander 1976, 1977a, b, 1980). In a light
microscopic study, Balakrishnan and Alexander (1977b)reported that the flank glands
of the shrew consist mainly of the sebaceous gland tissues and relatively little of the
sudoriferous tubules located in the periphery. Histochemical staining showed the gland
to be highly sudanophilic. No significant sexual dimorphism was observed in any of
these glandular tubules in the shrew.
Although light microscopic studies have been made on the specialized integumentary
glands of a number of mammalian species, information on the fine structure of these
glands are scarce. Hence, it was considered to be of interest to report on the
ultrastructure of the sebaceous gland tissue in the flank gland of the shrew, Suncus
murinus viridescens (Blyth).
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2. Materials and methods
Shrews (Suncus murinus viridescens) were trapped from the fields in the vicinity of the
University Campus at Kariyavattam, the sexes were identified and 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. The flank glands were dissected out from adult males under ether
anaesthesia and cut into thin slices and fixed in 2·5 % glutaraldehyde in 0·1 M
phosphate butTerfor 4 hr. The fixed tissues were washed in 0·1 M phosphate butTer for
2 hr and post-fixed in 1 % osmium tetroxide in 0·1 M phosphate butTer for 2 hr. These
tissues were then processed for electron microscopy (at the University of Guelph,
Guelph, Canada). The tissues were dehydrated in an ascending series of acetone and
embedded in Epon 812. Ultrathin sections were cut (Sorval MTB-I microtome) using
glass knives and mounted on 200 mesh uncoated copper grids. The sections were then
stained with uranyl acetate for 8 min and lead citrate for 9 min (Reynolds 1963), and
examined under an electron microscope (JOEL, l00S) at 80 kV. Corresponding 1 J1. thick
sections were stained with toluidine blue and examined for light microscopy.
.

3.

Results

The sebaceous gland complex which forms the main bulk of the flank gland consists of
numerous holocrine secretory cells within extensive lobulations ofsebaceous acini, rich
in lipids. The secretion appeared to be mainly lipoid in nature and carried through
narrow ducts (figures 1 and 2). The numerous intracellular lipid droplets showed
varying degrees ofosmophilia, from light to intense dark (figures 3 to 5).The individual
cells could be demarcated by the junctional complex and their prominent nuclei (figure
3).The presence of numerous blood capillaries in the glandular tissue and mitochondria
within the cells, was indicative of a copious blood supply and high metabolic activity
(figure 5). The mitochondria appeared rounded in cross-section and the cristae were
often indistinct, especially towards the centre. The mitochondria, characteristically
contained one to several osmophilic electron dense inclusions (each 100-250 nm in
dia.), (figures 3, 4 and 7). Some mitochondria were seen disrupted with their inclusions
left floating in the cytoplasm (figure 7). These mitochondrial inclusions were also
spotted in the ducts of the gland (figure 6).

4. Discussion
Certain histological and histochemical features of the sebaceous glandular tissue of the
flank gland in the Indian musk shrew have been described in an earlier study
(Balakrishnan and Alexander 1977b). It was shown that these gland cells were highly
sudanophilic, indicating the presence of large amounts of lipid and that they also gave
intense positive staining for the presence of ascorbic acid which was suggestive of high
metabolic activity. In the present study, the presence of high intracellular concentrations oflipid is confirmed at the light as well as electron microscopic levels (figures 1
to 7). That these gland cells are metabolically very active, is also evidenced by the
presence of numerous mitochondria (figures 3 to 7) and the copious blood supply to the
gland tissue (figure 5).
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Figures 1 and 2. Photomicrographs of semi-th in sections o f the sebaceo us gland acini from
the flank gland of Suncus murinus viridescens stained with toluidine blue, showing co ncentration of intra-cellular lipid (figu re 1 x 1450) and lipid distribution in a wider area (figure
2 x 5801. No te the secretory mate rial withi n duct (figure I, arrows). (C, capillary; L, lipid; M,
mitochondr ion; N, nucleus; so, sebaceo us gland; SOD, sebaceous gland duct).
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Figures 3 and 4.
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Figures 5 and 6.
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Figures 3-7. Electron micrographs of ultra thin sections showing intra-cellular lipid
droplets of varying degree of osmophilia and mitochondrial electron dense inclusions (arrow
heads). Note in figure 3 (x 16(00) nuclei and junctional complexes (arrows); in figure 4
( x 9(00) mitochondrial inclusions (arrow heads) ranging in number from one to several per
mitochondrion; in figure 5 ( x 45(0) several capillaries and numerous mitochondria; in figure 6
(x 4875) the occurrence of mitochondrial inclusions in the gland duct (arrows); and in figure 7
( x 225(0) several of the inclusions within a mitochondrion (arrow heads) and some inclusions
floating in the cytoplasm (arrows) resulting from the disruption of the mitochondria.

The most striking observation in the present study, however, is the presence ofone to
several mitochondrial dense osmophilic inclusions (100 to 250 nm dia.) (figures 3 to 7).
The occurrence of similar mitochondrial inclusions of exactly the same size range have
been reported in the mitochondria of the specialized sebaceous tissue in the preputial
glands of mice (Sansone et al 1970). These mitochondrial inclusions in the mouse
preputial gland (as seen in the published electron micrography), unlike that in the shrew
flank gland, were mostly single rather than two to several as seen in figure 7. These
mitochondrial inclusions were a constant morphological feature in the three different
strains of mice examined and appeared to be also independent of age and sex, and not
qualitatively influenced by testosterone administration. Mitochondria from castrated
and immature male and female mice also contained these inclusions (Sansone et al
1970). They have also reported that the mouse preputial gland contained about 80 %
lipid, of which were waxes (48 %), triglycerides (17 %), diacyl glyceryl ethers (14/~) and
phospholipids (less than 10 %). The mitochondrial inclusions were constituted mainly
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of waxes, and in lesser amounts, of diacyl glyceryl ethers, triglycerides and free sterols.
In contrast, the microsomal fraction was essentially devoid of waxes. On the other
hand, mitochondria isolated from preputial gland tumors, though similar in general
morphology to those of the normal preputial gland, did not show the dense inclusions
but contained large amounts of cholesterol esters (30 %) and phospholipids (25 %), but
most importantly, no waxes (Sansone et al 1970). From these results the authors
inferred that triglycerides might be the counterpart of the waxes in other cells but stated
in conclusion that the significance of the accumulation of neutral lipids, especially
waxes in the mitochondria, remains to be determined.
In light of the above observations, it appears that the mitochondrial inclusions in the
sebaceous flank gland cellsof the Indian musk shrew are similar in lipid composition to
those in the mouse preputial gland cell mitochondria. It is tempting to suggest that the
mitochondria in the gland cells of these two animals normally synthesize increasing
amounts of waxes, probably from fatty acids derived from triglycerides, until they lose
their integrity by the disruption of their membranes (figure 7), thus releasing their
content into the general cytoplasm of the cell (figure 7). Subsequently, with the
accumulation of sufficient secretory material in the cell, the entire cell would get
disrupted, like any typical holocrine gland cell, discharging the oily product into the
hair folliclesand finally onto the skin surface. Evidently, granules similar to the electron
dense mitochondrial inclusions do occur in the ducts of the gland carrying the secretion
(figure 6).The different shades of osmophilia seen in the lipid material both inside and
outside the mitochondria (figures 1 to 7) suggest the presence of lipids of varying
composition since it has been shown that intense staining with osmium tetroxide
depends upon the interaction of osmium with unsaturated bands in fatty acids (Koen
1966).
Sexual dimorphism in the morphology of the flank gland which is better developed in
males, has been reported in European shrews (Crowcroft 1957). In the Indian musk
shrew, no such dimorphism was discernible (Balakrishnan and Alexander 1977a,b).It is
generally believed that at least one function of these glands is scent marking. In the
Indian musk shrew, both males and females have been observed to mark the sides of the
observation tanks in which they were maintained and also certain objects placed in
the tanks, by the secretion of their flank glands (Balakrishnan and Alexander 1976,
1980).
The present investigation has revealed the possible role of mitochondria in the
production of the secretory material of the sebaceous flank gland cells. This calls for
further research on the chemical composition of the mitochondrial inclusions in
relation to that of the secretion of the sebaceous gland as a whole, the influence of
hormones regulating the secretory activity of the gland, the enzyme systems that affect
changes at the first and second messenger levels, and the impact of the components of
the secretory material on olfaction in relation to the animal's sexual activity and social
interactions.
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