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Abstract. Effect of castration and oral administration of sex hormones on the
specialised apocrine sudoriferous glands of the perineal region and the holoerine
sebaceous glands of the flank and oral lip regions of the male musk shrew, Suncus
murinus viridescens is investigated. Gonadectomy effected a significant regression
and hypotrophy of the sudoriferous as well as sebaceous glandular s(ructures of the
shrew. The secretory epithelial ceils were depleted and the tubules were devoid of
any secretory material at the end of one month of castration. Subsequent administration of methyltestosterone daily for four weeks reactivated all these glands,
whereas the gross morphological features of sebaceous glands did not vary at any
significant level after treatment with ethinyloestradiol daily for four weeks. However, partial rejuvenation in the cellular structures was noticed in all these glands
of shrews orally administered with this heterosexual hormone.
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1.

introduction

The significance of specialised integumentary glands o f various m a m m a l s in their
olfactory communication system and social interactions has been emphasised
recently (Mykytowycz 1970; Eisenberg and Kleiman 1972; Thiessen 1973;
Stoddar~ 1976). These glands are located at diverse b o d y sites in correlation
to their m o d e o f life so as to facilitate their efficient functioning.
Comparatively, the h o r m o n a l control o f the specialised integumentary glands
of only a few mammals has been well investigated (Mykytowyez 1970; Strauss
and Ebling 1970). In most o f the m a m m a l s so far investigated, testosterone plays
a significant role in the control o f these glands (Ebling 1957a, b) Glenn and G r a y
(1965); whereas the effects of estrogen and progesterone were not uniform (Strauss
and Ebling 1970; Stoddart 1976). Further, sexual variations in the h o r m o n a l
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oontrol of speeialised cutaneous glands have also been reported (Pearson 1946;
Thiessen et al 1971).
Data on the occurrence, hormonal control and behavioural relevance of specialised integumentary glands of shrews have been relatively scarce (Hamilton 1940;
Pearson 1946; Dryden and Conaway 1967). Specialised cutaneous glands have
been observed in Suncus murinus at four different body sites (Dryden and Conaway
1967; Balakristman and Alexander 1977a, b) and these glands are employed in scent
marking (Balakrishnan and Alexander 1975, 1976). Further, despite the considerable attention focussed on the hormonal control of scent glands of a few rodents
(Hamilton and Montagna 1950; Ebling 1957a, b; Beaver 1960; Glenn and Gray
1965; Martan and Price 1967; Harmsen and Sitting 1973), studies on this aspect
on inseetivores have been rather scarce. Recent investigations on the ethology
of the shrew revealed that the flank gland plays a salient role in their social interactions (Balakrishnan 1975).
Tb_e present study deals with some aspects of the hormonal control of perineal,
flank and the oral lip and angle glands of the male shrew, Suncus murinus viridcscenso
2.

2.1.

Materials anti methods

Animals

Shrews trapped live from the University Campus, Kariavattom, were brought to
They were kept
in individual wire mesh cages (300 x 200 x 150 mm) fed on minced beef sprinkled
with shark liver oil and tap water ad lib with occasional insect (cockroach) food.
the laboratory, sexes identified and the body weights recorded.

2.2.

Experimental procedure

Fifty adult healthy male shrews of approximately 35-45 g body weight were used.
They were divided into 5 groups of 10 animals each. Group I served as intact
control. Group II was sham-operated and group Ill, IV and V were bilaterally
castrated under nembutal anaesthesia. One month after castration, group IV was
orally administered powdered methyltestosterone linguits (Perandren, CIBA of
India Ltd., approximately 0-625 mg/animal/day) and Group V was similarly
administered ethinyloestradiol (Lynoral, Organon India Ltd., approximately
0.026 rag/animal/day) (hormone administration was initiated on the 31st day of
castration). The concerned hormone sample was mixed with half the daily supply
of meat of these groups and provided in the morning (10-00 hr) ; the rest of the
daily ration was provided later in the day (20.00 hr) which ensured the complete
ingestion of the hormone mixed food. Hormone treatments were continued daily
for 4 weeks.
Administration of these hormones in different doses was effected due to the
functional relevance of these steroids at different levels, (Balakrishnan and
Alexander 1976) on males of the shrew, Suncus murinus viridescens.
2.3.

Processing of glandular skin

Shrews of the intact control group were killed by an excessive ether anaesthesia
within 3 days of their capture from the field. Groups 2i and III were killed at the
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end of one month after the concerned operations and groups IV and V at the end
of 4 weeks of hormone administration. The fur from perineal, flank and oral
lip and angle regions of the shrews was shaved off with a sharp blade and the
glandular skin was excised immediately, blotted on a filter paper and fixed in
Bouin's fluid for 24 hr. The flank gland was measured by employing fine dividers
and a millimeter scale immediately after shaving off the fur from that region.
Later the skin samples were processed, embedded in paraffin wax, sectioned at
5-8/zm and stained with haematoxylin and eosin. Micromeasurements were
carried out on an Olympus binocular microscope using a Leitz 1 mm micrometer.
Since the measurements on the glandular tissue of groups I and II did not vary
at any significant levels, the data were combined and treated as control.
2.4.

Collection of flank gland secretion

Shrews were slightly anaesthetized by ether and the flank gland secretion was blotted on a previously weighed filter paper strip (15 x 10 mm) which was reweighed
immediately. Glandular secretion was collected between 20.00-23 .00 hr as
shrews were more active during night. The paper strips with secretion were fixed
overnight in 10% formalin, subsequently washed well in running tap water and
stained with Sudan Black B for lipids. In castrated animals the collection of secretion was initiated from the 10th day after castration and continued on the 15th,
20th, 25th and 30th days to evaluate the gradual effect of castration on the secretory activity of the gland.
3.

3.1.

Results

Perineal gland

Data on the effect of castration and administration of sex hormones on the apocrine sudoriferous glands of the perineal region of the male shrews are presented
in figure 1.
Histological features of the perineal gland of Suncus murinus viridescens have
been reported in detail earlier (Balakrishnan and Alexander 1977a). The perineal
region of this species is a glandular complex comprised of a few enlarged sebaceous glands and a large number of speoialised apoerine sudoriferous gland tubules.
The apoerine gland is well developed in both the sexes and is comprised of clusters
of highly developed sudoriferous tubules encircling the anogenital region. The
epithelial secretory tubules of this gland are formed of a single layer of cuboidal
and columnar cells (figure 2). Each glandular cluster is enveloped by a connective tissue sheath and the secretory tubule has a thin basement membrane. The
ducts of the secretory tubules of each cluster join together to form a large duet
which proceeds towards the anal cleft. This duct has a dialation at its base and it
drains into the anal cleft by distinctive duct pores. Blebs of secretory materials
could be observed both in the tubules and in the dialated portions of the main duct.
The width of the glandular zone of the perineal region was 932.50/tm in control
group, whereas it was 737.64/zm (p < 0.001) in castrated group, 1011.39/zm
(p < 0.001) in castrated methyltestosterone treated forms and 957.33/tm (p <
0,001) in castrated estradiol treated male shrews. The mean diameter of sudori-
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Figure I. Effects of castration and oral administration of sex hormones on
aspects of the perineal gland of the male shrew.

forous tubules was 77.38/zm, 57.00/zm, 93.33/~m and 71.85/zm respectively in
control, castrated (p < 0-001), methyltestosterono treated (p < 0.001) and estro.
gen treated (p < 0.01) groups, whereas the height of the secretory epithelial cells
were 15.37/zm, 10.74/tm (p < 0.001), 21.25/,m (p < 0.001) and 9-38/zm ( p >
0.05) respectively in the four groups concerned.
A marked decline was discernible in the gross glandular tissue after castration
in male shrews concerned. The interglandular connective tissue was relatively
well developed in castrate group and apart from few active cells, the glandular
secretory activity was rather low (figure 3). In fact, many of the secretory tubules
were totally exhausted by one month after castration. The height of the secretory epithelial cells was significantly reduced. The secretory materials were also
produced at a rather low rate as compared to the control group. Daily administration of methyltestosterone had significantly elevated the glandular activity
within 4 weeks. The depleted sudoriferous glandular tissue of castrated males
was reactivated by methyltestosterono administration (figure 4). The glandular
area, diameter of the secretory tubules and the height of the secretory epithelium
were higher in castrated androgen-treated males (group IV) than those of the control animals of the same sex (group I) (figure 1). Estradiol could also effect the
structural rejuvenation of the perineal gland. The entire glandular zone and the
diameter of the perineal glandular tubules were increased after estradioI treatment
for 4 week.~ with a marked rise in the secretory output (figure 5),
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Flank gland

Data on the effect of castration and oral administration of sex hormones on the
flank gland of male shrew have been illustrated in figure 6.
The flank gland region is distinctly demarcated in both sexes by its bulged
nature and tuft of special hairs. A pair of this gland is seen in each sex, one on
either side of the body. The glandular tissue is enveloped on the outer aspect
by the epidermis beneath which the papillary layer of the dermis is located exhibiting numerous hair follicles and well developed connective tissue extending deep
into the inner zones. The lateral and lower aspects of the gland are ensheathed
by connective tissue. Further, each secretory tubule has a protective sheath comprised of connective tissue.
The flank gland comprises highly developed sebaceous and enlarged sudoriferous
glands. The former constitutes the bulk of the gland, whereas the latter is located
only along the glandular periphery. No sexual dimorphism could be seen in the
morphological features of this gland in Suncus murinus. The epithelial secretory
wall of the holocrine sebaceous tubule comprises 3-6 layers of cuboidal cells and
gets proliferated at the region of the lumen wherein the lipoid secretion is stored
(figure 7). These tubules proceed to the exterior by a narrow duct, which in its
turn opens into the associated hair follicle (Balakrishnan and Alexander 1977b).
The sudoriferous glands are rather few in number and comprise hypertrophied
coiled tubules formed of a single layer of cuboidal and columnar epithelial cells.
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Figure 6. Effects of castration and oral administration of sex hormones
aspects of flank gland of the male musk shrew.
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In the control animals, the fur at the glandular surface was soaked due to the
oily secretory product, whereas the glandular zone of the experimen al animals
after one month of castration appeared to be more or less dry due to the significant reduction in the secretory output. The glandular secretion was 1.4 mg at
the end of 10 days after castration, which subsequently declined steadily to 1.33,
1"30, 0.5 and 0.4 mg respectively by the end of 15, 20, 25 and 30 days after
castration as compared to 1.71 mg of the control male shrews. The gross glandular size, viz., length, width and the bulged nature of the gland was considerably
reduced subsequent to castration. The mean length of the flank gland in the control shrews was 13.30 mm with a width of 9.66 mm, whereas one month after
castration, these values declined to 9.76 mm (p < 0"001) and 7.36 mm (p < 0.001)
respectively (group IIl).
Structurally the sebaceous secretory tubules were significantly regressed by one
month after castration in male shrews. The epithelial secretory cells were deeply
vacuolated and the exhausted gland exhibited a very low epithelium (figure 8).
The lipophilic secretory product of the gland was also markedly depleted after one
month of castration.
Administration of methyltestosterone effectively restored the secretory ability
of the gland, and the glandular morphology compared favourably with that of the
aontrol animals of the same sex. Further, the glandular size also revealed art
increase, with the glandular length after 4 weeks of methyltestosterone treatment
being 11-37 mm (p < 0.001) and width 8.25 mm (p < 0.0l).
The structural
regression effected after castration was partially restored after 4 weeks of the hormone treatment (figure 9). The epithelial secretory cells were reactivated with
the cellular height exhibiting considerable increase.
Conversely, oral administration of estradiol did not reveal any significant variation on the gross morphology of the gland in castrate male shrews. The length
and width of the flank gland of estradiol treated group were 10.40 mm (p > 0.05)
and 6-60 mm (p > 0.05) respectively. However, after administration of ethinyloestradiol for 4 weeks, a marginal rejuvenation of the secretory epithelial cells in
the flank gland of castrate male shrews could be observed (figure 10).
The follicular length, width and glandular thickness were also markedly reduced
after castration and subsequently partially reactivated on oral administration of
testosterone for 4 weeks. The values of glandular thickness were 1857.60 lira in
control males, 1088" 60/~m (p < 0"001 ) in castrated males, 1403.75/zm (p < 0.01 )
in castrated methyltestosterone treated males and 902. 73 txm (p < 0 05)
in castrated ethinyloestradiol treated male shrews. The follicular length was
1519.52/~m in control group, 776.29/zm (p < 0.001 ) in castrated group, 1155-~.8/zm
(p < 0-001) in metkyltestosterone treated animals and 625.89/tm (p < 0.05) in
ethinyloestradiol treated groups, whereas the follicular width was 173.17pm,
106.00/zm (p < 0.01), 129.18/zm (p < 0-05) and 91.70/1m (p < 0.05) in control,
castrated, androgen treated and estradiol treated groups respectively (figure 6).

3.3.

Oral lip and angle glands

Data on the effect of castration and administration of sex hormones on the specialised sebaceous glands at the oral lip and angle zone of male shrews have been
illustrated in figure 11.
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Figure 11. Showing effects of castration and oral administration of sex hormones
on aspects of specialized oral lip and angle glands of the male shrew.
The oral lip and angle region of the shrew possess highly developed sebaceous
glands (figure 12). Despite the apparent structural similarity of these glands to
that of the normal sebaceous glands of skin of other body regions, these specialised glands could be distinguished by the larger size and the higher number of the
sebaceous lobes. In fact, 13-16 sebaceous lobules could be seen in association
with each of the hair follicle of this region in contrast to the 2-3 lobules of the
normal sebaceous gland. The holoorine lipophilie secretory products are passed
through the associated hair follicles to the exterior (Balakrislman and Alexander
1977a).
In the control ~group, the mean diameter of the glandular region associated
with one hair follicle was 265.61/tin with that of the castrated group being
232- 62 pm (p < 0.01), androgen administered 260.70 pm (p < 0.05) and estradiol
treated 257.25/tm (p < 0.05) respectively. The length of sebaceous tubule was
126.25/zm in control group, 112.77/tm (p > 0.05) in castrated group, 131.27/tm
(p < 0.01) in castrated methyltestosterone treated animals and 112-81 /tm(p >
0.05) in castrated ethinyloestradiol treated male shrews; while the width of these
tubules were 51.41/zm, 50.34pm (p > 0.05), 53.56/tm(p > 0.05) and 43.41/tm
(p < 0.01) respectively. Although these gross data do not reveal significant variations, the histological features were different in these groups. The secretory activity of the oral lip glands of castrated animals were significantly regressed, with
the glandular structure being deeply vaouolated (figure 13). The sebaceous secre-
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tory coils had boon depleted and the holocrine secretory products were scarce.
Connective tissue was observed to be more abundant in the interglandular space
of the castrated shrews. The intensity of lipophilie staining of the glandular tissue
had also declined in castrated group. However, these structural and functional
regressions effeeted by castration were partially restored after oral administration
of methyltestosterone for 4 weeks (figure 14). The regressed secretory tubules of
the castrated males wore reactivated after administration of this hormone. Estradiol administration also revealed some signs of rejuvenation (figure 15). However,
in the present dosage level, sebaceous glandular tubules at th~ oral lip area of male
shrews exhibited only minor structural reactivation at the end of 4 weeks of
estradiol administration.
4.

Discussion

The specialised integumentary glands have a ubiquitous distribution in mammals
and they play a salient role in their social interactions. They tend to become functionally active along with the sexual maturation and in a number of species these
glands are sexually dimorphic. It has also been noticed that if castration is made
before attaining sexual maturity, the specialised integumentary glands remain in
an undeveloped state showing the dependence of these glands on steroid hormones
(Strauss and Ebling 1970).
The influence of androgen on the specialised integumentary glands of many a
mammalian species is more or less uniform (Glenn and Gray 1965; Dryden and
Conaway 1967; Clarke and Frearson 1972; Doty and Kart 1972; Thiessen 1973;
Stoddart 1976), whereas estrogen and progesterone act diversely (Strauss and
Ebling 1970).
The present study indioatos the signatory role of homotypical sex hormones in
the control of specialised integumentary glands of the shrew, Svncus murinus viridescens. Castration had effected a considerable hypotrophy of the perineal, flank
and oral lip glands of this species. The sudoriferous glandular epithelium of the
porineal gland was regressed and a marked development of the interglandular
connective tissue was observed after castration. The sebaceous secretory tissue
of the flank and oral lip glands was also regressed after castration. Apart from
this regression of glandular structure, the interglandular connective tissue exhibited
a selective hypertrophy in the oral lip glandular zone of the castrated forms. This
corroborates the earlier report on the anal gland of the castrate rabbit, Oryctolagus
cuniculus (Mykytowyez 1966). A complete elimination of the ventral abdominal
gland of the Mongolian gerbil, Meriones unguicttlatus was reported by Thiessen
et al (1970). However, in contrast to this observation, castration did not eliminate any of the specialised cutaneous glands of the Stmcus murinus viridescens.
The scent production of the shrew, Suncus murinus is controlled by sex hormones (Dryden and Conaway 1967). However, Pearson (1946) did not observe
any significant hormonal control of skin glands in the short-tailed shrew, Blarina
brevicauda. Both flank and ventral glands of Blarina were highly developed in
captive breeding males, castrate males, castrate females, wild anestrous females
and parous females, whereas these glands were slightly reduced in estrous females,
poorly developed in lactating females and much reduced in pregnant females.
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Figures 12-15. 12. Cross-section of specialized sebaceous glands of the oral lip
zone of a n intact male shrew. Several glandular tubules associated with one hair
follicle of this area (haematoxylin and eosin) • 400. 13. The oral lip gland of
a male shrew, one m o n t h after castration. Note the regressed and hypoactivated
sebaceous tubules, cf. figure 12 (haematoxylin and eosin) 34 400. 14. The oral
lip gland of a castrated male shrew after 4 weeks of daily administration of methyltestosterone. Note the hyperactivated glandular lobes, cf. figure 13 (haematoxylin
and eosin) x 400.
15. Cross-section of the sebaceous glands of the oral lip
zone of a castrated male shrew after oral administration of ethinyloestradiol daily
for 4 weeks, The cellular structures are rejuvenated as a result of the hormone
therapy, cf. figure 13 (haematoxylin and eosin) x 400.
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Dryden and Conaway (1967) had reported that the post-auricular glands, the
site of scent production in Suncus murinus exhibits an almost complete degeneration and cessation of the odour production subsequent to castration in all males
and a few females.
Administration of sex hormones has diverse effects on the specialised integumentary glands of mammals. Methyltestosterone administration had considerably reactivated the glandular structure and secretory epithelium of the specialised
integumentary glands of the shrew. In fact, the perineal glandular thickness, diameter of the sudoriferous tubules and the height of the epithelial secretory cells
of the perineal gland of androgen administered group were greater than those of
the control. Since the flank and oral lip glands of the same group did not show
such a super development of the structural features, a selective action of the administered hormone, rather than the presence of a greater amount of it when compared to its normal physiological secretion, could be responsible for the supranormal growth of the perineal gland. Earlier investigators have also reported
in some mammals that the specialised integumentary glands of different body
regions tend to react differentially to the same dose of hormones (Pearson 1946;
Dryden and Conaway 1967; Strauss and Ebling 1970). This is also evident from
the hyper activity of the perineal gland of estrogen treated group in the present
study (figure 1).
Testosterone administration in the present dosage level reactivated the flank and
oral lip glands of the males of the musk shrew. The lipophilic secretory materials
of the specialised sebaceous glands were found to be voided through the hair
follicles of these glandular zones of castrated males treated with methyltestosterone
daily for 4 weeks. Similar effects of androgen were reported in other mammals
also (Glenn and Gray 1965; Mykytowycz 1966; Thiessen et al 1971; Clarke and
Frearson 1972).
Estradiol had also been observed to reactivate the perineal glandular activity
of the male shrew. Although the perineal glandular area had significantly recouped
with reference to the size of glandular tubules, the height of the atrophied secretory epithelium of castrate male shrews did not reveal any significant elevation at
the present dosage level of the hormone after 4 weeks of administration. Similarly,
administration of estradiol in the present dosage level did not exert any marked
influence on the morphological features of the sebaceous secretory tubules of the
flank and oral lip glands in male shrews. However, slight reactivation in the cellular structures was discernible in the flank and oral lip glands of the male shrews
treated with heterosexual hormone. In fact, Dryden and Conaway (1967)did
not observe any stimulatory effect on the flank gland of Suncus murinus after estradiol implantation. Further, an inhibitory effect of the estrogen on the lateral
(flank) gland of short tailed shrew, Blarina brevicauda, had also been reported
(Pearson 1946). Hooker and Pfeiffer (1941) had observed a reduction in the size
and number of sebaceous glands in castrate rats following estrogen treatment.
Similarly treatment of male hamsters with estradiol propionate resulted in total
regression of the specialised integumentary glands (Kupperman 1944). However,
the ventral gland strip of the gerbil was slightly stimulated by treatment with
estrogen as was the preputial gland of the rat (Stoddart 1976).
Although the effect of estradiol on the rejuvenation of the structure of regressed
cutaneous glands of the shrew was only at a marginal rate, administration of estra-
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diol in the present dosage level resulted in a hyperactivity in the scent marking
pattern of castrate male shrews (Balakrishnan and Alexander 1976). Estrogen
treated castrate male shrews were actively involved in the scent marking, and in
fact, estrogen had an immediate effect as compared to that of androgen in elevating the scent marking frequency. This has been justified on the ground that the
estrogen is the biologically active substance and androgen has to be converted into
an estrogen-like substance for initiation of its activity. Further, changes in the
cellular structures showing rejuvenation of activity at the structural level reveal
that possibly estrogen has also the ability to restore the depleted glandular tissue
of castrated males if treated with a higher dose.
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Figures 2-5. 2. Holocrino sudoriferous tubules of the perineal gland of an intact
male shrew (Haematoxylin and eosin) × 400. 3. Perineal gland of a castrated
male showing depleted epithelial tubules devoid of secretory material (haematoxylin
and eosin) × 400. 4. Perineal gland of the castrated methyltestosterone treated
male shrew. Note the hypertrophy of the gland cells cf. figure 3 (haematoxylin
and eosin) X 400. 5. Perineal gland of castrated male treated with ethinyloestradiol for 4 weeks. Note the hyperactivated tubules with secretory materials.
cf. figure 3 (haematoxylin and eosin) × 400.

Figures 7-10. 7. Cross-section of the flank gland of an intact male shrew showing
actively secreting sebaceous tubules (kaematoxylin and eosin) × 100. 8. Crosssection of the flank gland of a castrated male shrew. Note the completely depleted
secretory tubules after one month of castration, cf. figure 7 (haematoxylin and
eosin) × 100. 9. Sebaceous secretory tubules of the flank gland of castrated
methyltestosterone treated male shrew. Note the reactivated secretory tubules at
the end of 4 weeks of the hormone therapy, cf. figure 8 (haernatoxylin and eosin)
?A 100. 10. Showing the rejuvenated sebaceous tubules of the flank gland of the
castrated male shrew after oral administration of ethinyloestradiol for 4 weeks, cf.
Figure 8 (haematoxylin and eosin) × 100.

