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Abstract. The adrenal glands of the south Indian female gerbil, Tatera indica cuvierii
(Waterhouse) exhibited seasonal changes in their weight, histology and histochemistry
during different months of the year. Seasonal changes seen in the adrenal glands also
correlate with that of changes in the ovary. The cortical cells of the zona fasiculata and zona
reticularis in the adrenal glands of sexually active gerbils show decrease in cell as well as
nuclear sizes during quiescent period (April-July). The zona glomerulosa and medulla do
not show any changes in their structure during different reproductive phases.
Histochemically, the zona fasiculata and zona reticularis of the adrenal glands of the gerbils
accumulate abundant lipids and carbohydrates during breeding period, when compared
with quiescent females. The 'X' .zone shows fluctuation and is present in the mature,
pregnant and spayed females and disappears in parous and quiescent gerbils. It is inferred
that a relatively unchanged secretion of mineralocorticoids, an increased or decreased
secretion of glucocorticoids required to maintain the functional status of adrenal cortex
could be possible in gerbils during the reproductive cycle.
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1. Introduction
The variation in the size of an endocrine gland, the period of activity, dormancy and
the reproductive cycle are inter-related phenomena. The studies on the adrenal gland
in relation to reproductive cycle among mammals and the available literature
concerning the relationship between the adrenal cortex and reproductive activity of
rodents are limited. Although the adrenal glands of many small mammals have been
studied (Mc Keever 1959, 1964; Prakash 1964; Jain 1970, 1971; Gastone 1986a, b),
comparatively not much attention has been paid to the functional changes in the
histology of the adrenal gland in relation to the reproductive cycle. The south Indian
gerbil, Tatera indica cuvierii (waterhouse) is a predominent rodent pest especially in
dry land crops (Govinda Raj and Srihari 1987). Some studies dealing with natural
history, food and feeding habits have been recorded by Prasad (1954a, b, 1961) and
its female reproductive cycle has been studied by Govinda Raj (1984). The present
investigation was undertaken to correlate the histological and histochemical changes
in the adrenal gland with different phases of the reproductive cycle.
2. Materials and methods
Female gerbils used in the present study were collected from the wild population
from the borders of the cultivated fields in the neighbourhood of Bangalore. The
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collections extending over more than two years were made in different months of the
year by digging the burrows and sometimes nets were also used to capture them.
The histological and histochemical studies in the adrenal glands were studied in
groups of females as follows:
(i) Immature:
(ii) Mature:
(iii) Pregnant:

(iv) Quiescent:

(v) Ovariectomized:

Young ones and juveniles (body weight 10-50 g).
Presence of 4 pairs of developed mammary glands (teats),
body weight 80 g and above, vaginal orifice perforate.
Swollen abdomen and conspicuous mammary glands,
embryos detected by palpitating the abdomen, body
weight 100 g and above and vagina imperforate.
Mammary teats regressed, reduced body weights (90 g or
less), vagina imperforate, on laprotomy uterus shows
placental scars and ovary and uterus regressed.
Adult gerbils collected during the breeding season
(September to March) were bilaterally ovariectomized
using anesthetic ether. The ovariectomized gerbils were
sacrificed 15 days after the operation. Suitable controls
were maintained.

After recording their body weights, gerbils (mature, pregnant, quiescent and
ovariectomized) were immediately sacrificed using anesthetic ether and the adrenal
glands were quickly removed and fixed in 10% neutral formalin or Bouin's fluid after
recording their weights nearest to 0·2 mg in a torsion balance. After 24 h of fixation,
the adrenal glands were washed, dehydrated, embedded and serial sections were cut at
6-8 J1.. The sections were then stained in haematoxylin-eosin, Masson's tetrachrome
and PAS stains for histological studies. The frozen sections of the adrenal glands
were also cut at - 20°C in a freezing microtome and the sections were stained for
lipids with Sudan black B in 1% alcohol for histochemical observations.
The width of the cortical zones viz. zona glomerulosa, zona fasiculata and zona
reticularis and the medulla were measured in the median sections of the adrenal
glands using an occular micrometer at a known magnification. About 20-30 cells of
each cortical zone were selected and measurements were taken at two diameters right
angles to each other. The mean diameter of their nuclei were also measured using an
eye piece micrometer. The cell size was determined by using the method of Barlow
and Sherman (1972).

3.

Results

The left adrenal gland weighs more than the right gland. The percentage of difference
in weight between right and left adrenal glands in an adult gerbil is 11-13%.
Figure 1 shows the monthly variation in the weights of the adrenal glands of the
female gerbil during different months of the year correlated with that of the seasonal
changes in the ovary. Table 1 gives the cytological characteristics of the cortical and
medullary cells during different reproductive phases. The change in the adrenal
weight is correlated with that of the ovarian weight fluctuation seen during different
months. The maximum weight of the adrenal glands seen during August-March i.e.
during the period of breeding season and the loss in their weight during April-July
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Figure 1. Monthly variation in the weight of adrenal gland and ovary. Results are
mean ± SE. Bars represent SEM.

i.e. during the non-breeding season (table 2) coincides with the seasonal variation
seen in the ovarian weight (figure 1).
Figure 2 shows the variation in the width of the cortical zones during different
reproductive status. The broad zone of fasiculata (0'47 nun) and zona reticularis
(0'38 mm) of the sexually active gerbils (figures 3-5) decrease in their width during
non-breeding season. In the quiescent female (figure 6) the zona fasiculata is
diminished in size (0'33 mm) followed by a decrease in the cell as well as nuclear sizes
(table 1). The cells are small, nuclei are pale and the cytoplasm exhibits vacuolization
(figure 7). The zona reticularis in the quiescent female is thin (0'14 mm) and pyknotic
nuclei are fewer in number. The zona glomerulosa and the medulla (figure 8) do not
show any change in their structure during different reproductive phases i.e. during
breeding and non-breeding seasons, although there is a variation in the width of the
medulla (figure 2).
Histochemically, the lipid inclusions in the adrenal glands of immature female are
very sparse in the zona glomerulosa and more in the zona fasiculata. The adrenal
glands of the mature gerbil during the breeding season accumulate abundant lipids
in the zona fasiculata (figure 9) and almost nil in the zona reticularis. The lipids in the
quiescent adrenals are sparsely distributed throughout the cortex (figure 10). The
adrenals of the mature gerbil exhibit the presence of carbohydrates in the zona
reticularis and zona fasiculata but totally absent in the zona glomerulosa (figure 11).
During the non-breeding season, the reaction for the carbohydrates decreases in the
quiescent adrenal (figure 12).
In the pregnant female, the width of the zona fasiculata is comparatively more
«(}52 mm; figures 13,14) when compared with that of normal adrenals of the mature
gerbil. Histochemically, the zona fasiculata exhibits more lipid (figure 15) and the
carbohydrates are abundant in the zona reticularis (figure 16). The medulla is
relatively free from lipid droplets in the adrenal glands of immature, mature,
quiescent and pregnant gerbils.
In the gerbil, the 'X' zone shows fluctuation and its presence is seen in the adrenal
cortex of the mature (figure 17), pregnant (figure 13) and spayed gerbil (figure 19). It
is absent in the adrenal cortex of the parous and quiescent gerbils leaving a small
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Table 1. The morphological characteristics of the cortical and medullary cells of the adrenal gland of the female gerbil in different reproductive

status.
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Table 2. Changes in the adrenal
weights> of the female gerbil during
dilTerent months of the year.
Month

Mean weight

January
February
March
April
May
June
July
August
September
October
November
December

104±8
72± 12
112±8
64± 15
72±5
76±5
56±6
108 ± 20
112±4
144± 10
72±5
108±5

·Relative weights (mg). Results are the
mean±SE.
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Figure 2 The weight and the width of various zones of adrenal gland of the female gerbil
in dilTerent reproductive phases.

zone of connective tissue. Some of the 'X' zone cells when present contain
sudanophilic inclusions (figure 9). The 'X' zone is absent in the immature gerbils.
In the adrenal glands of the ovariectomized gerbils, the zona reticularis is thin and
narrow (figure 18). The cells are smaller and have pyknotic nuclei (figure 19). The 'X'
zone is absent but has a small zone of connective tissue.
4.

Discussion

The relative adrenal weight of the gerbil exhibits seasonal variation. The
difference in the adrenal weight of the female gerbil between breeding and nonbreeding period is significant ( P > 0·001). Similar seasonal variations in the adrenal
gland weights have been reported by Me Keever (1963) in the female ground
squirrel, Cit ellus belding. The glands decrease in their weight during July
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Figures 3-8. 3. Active cortical zonation during the breeding season (H and E x 65). 4. High
magnification of the zona fasiculata shown in figure 3, cells polygonal (H and E x 220).
5. High magnification of the zona reticularis shown in figure 3, cells in reticulate form, with
spherical to flattened nucleus (H and Ex 220). 6. During non-breeding season showing
diminished cortical zonation (H and E x 65). 7. High magnification of the zona fasiculata
shown in figure 6, nuclei small and pale, cytoplasm exhibits vacuolization (H and
E x 220). 8. High magnification of the medulla shown in figure 6, cells in groups, distinct
nuclei. cytoplasm has few vacuoles (H and Ex 220).

and August, when the animals are quiescent and aestivating. However, desert
gerbils with scrotal testes had heavier adrenals than those of similar body weights
but possessing regressed testes (Jain 1971). The adrenal glands of the pregnant
gerbils are heavier than the lactating females. This is in agreement with the similar
condition found in bank vole (Anderson and Gustafson 1980). The increase in the
size of adrenal glands in pregnant gerbil, Tatera indica cuvierii is in contrary to the
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Figures 9-14. 9 and 10. The frozen sections of the adrenal gland. 9. During breeding
season-accumulation of abundant lipid only in the zona fasiculata and absent in zona
glomerulosa (g) and zona reticularis (r). 'X' zone shows few sudanophilic cells (arrow).
Formaldehyde calcium post chrornation in dichromate calcium stained in Sudan black B
( x 55). 10. During non-breeding season-reduction of lipid inclusions in the zona
fasiculata. Technique as in figure 9 (x 55). 11-13. The adrenal cortex. 11. During
breeding season showing carbohydrates in the zona fasiculata and zona reticularis
(PAS x 200). 12. During non-breeding season showing sparse distribution of carbohydrates (PAS x 200). 13. Pregnant gerbil showing elongated zona fasiculata (f), 'X' zone
present (arrow) (H and E x 55). 14. High magnification of the zona fasiculata shown in
figure 13, cells hypertrophied (H and Ex 220).

findings in the laboratory rat (Anderson and Kennedy 1933) and brown rat,
Eptesicus fussess (Christian 1953) which showed maximum size during the period of
lactation and not in pregnancy. Significant increase in the volume of
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Figures 15-19. 15. The frozen section of the pregnant adrenal-showing lipid in the zona
fasiculata and sparse in zona reticularis. Technique as in figure 9 (x 55). 1&.-18. The
adrenal cortex. 16. Pregnant gerbil showing abundant carbohydrates in the zona
reticularis and sparse in zona fasiculata (PAS x 55). 17. Mature gerbil-showing 'X' zone
cells darkly stained (arrow) (H and Ex 65). 18. Ovariectomized gerbil showing narrowed
zona reticularis. Masson's tetrachrome (x 55). 19. High magnification of the zona reticularis shown in figure 18, cells small, nuclei pyknotic. 'X' zone present (arrow), b, blood
vessel. Masson's tetrachrome (x 220).

parenchymatous cells, nuclei and lipid contents have been described morphometrically in the adrenal cortex during pregnancy (Gas tone 1986a, b).
Both zona fasiculata and zona reticularis exhibited variation histologically in their
width in the gerbil. During the non-breeding months of April to August, the cortical
zones are narrow and less extensive. These differences in the cortical width are not
consistent in various species of mammals (Zaleskey 1934; Moisier 1957; Me Keever
1964). The adrenal cortex do not show any sign of hyperactivity in homeotherm species
during summer months following diminution of ovarian function (Gastone 1986a, b).
Under experimental conditions, chronic suppression (hypophysectomy and deprivation of endogenous adrenocorticotropic hormone by specific antiserum) of
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hypothalamo-hypophyseal adrenal axis, induces decrease in the average volume
shrinkage, signs of pyknosis leading to degeneration and death of cells in zona
fasiculata and zona reticularis. The seasonal variation seen in the adrenal cortex of
the gerbils may be explained on the rhythmic life processes that are compatible with
the environmental factors which are prevalent with their range and ecological niche.
In the south Indian female gerbil, seasonal activity is well correlated with the average
growing season of food plants during the months of September to March and there is
a general lack of food in the environment from April till the end of June (Prasad
1954a; Govinda Raj and Srihari 1987). To account for the cortical enlargement
which is seen during the breeding season, Christian (1955, 1956) and Louch (1966)
demonstrated that there is an increase in the adrenal size with an increase in the
population until the population reached a point when there is a breakdown in social
organization. Observations in the field mouse also confirm that adrenal weight
increases with reduction in floor area up to a certain population density
(Purushotham et al 1978).
The occurrence of lipids in the adrenal cortex is indicative of the site of storage of
cholesterol esters and constitute an important precursors of steroid hormones
(Deane 1958). The distribution of lipid in the adrenal gland of gerbils varies not only
between the various cortical zones but also during different reproductive phases.
These observations confirm the findings made in the mature desert gerbil (Prakash
1964), shrew (Balakrishna et at 1972) and vertebrates (Gastone 1986a, b).
The variations in the intensity of stainable glycogen and lipids seen in the adrenal
cortical zones of the gerbil can be interpreted as variations in the activity of enzymes
(glucose-6-phosphodehydrogenase) and consequently in the rate of steroid biosynthesis. The secretory activity of the adrenal cortex is determined by the adenohypophysis (Sayers and Ronal 1975). The zona glomerulosa is the site of synthesis
and secretion of aldosterone, the zona fasiculata synthesizes and secretes glucocorticoids (Gastone et at 1978; Gastone 1980) and the zona reticularis is concerned
with the secretion of androgenic steroids (Long 1975). In the light of these
observations, a relatively unchanged secretion of mineralocorticoids, an increased
secretion of gluco-corticoids could be possible in the adrenals of the south Indian
female gerbil to maintain the functional status of the adrenal cortex during the
breeding period of the reproductive cycle.
There have been several studies on the histology of the adrenal cortex in mammals
but nevertheless there remains some lacunae concerning the variation in the
expression of 'X' zone. In the south Indian gerbil, the appearance and disappearance
of the 'X' zone can be correlated with reproductive condition of the female and with
age (reproductive) of gerbils. In the female gerbil, the 'X' zone is present in the
adrenal cortex of mature individual as in the golden hamster (Holmes 1955) but not
in the immature state as in the mouse. It is also evident in the adrenal cortex of the
pregnant and spayed females. The physiological significance of its occurrence is not
very clear. The presence of 'X' zone in the adrenal cortex of some mammals is linked
with wider problem of adreno-genital relationships (Chester Jones 1949). In the
mouse, Deanesly (1928) stated that it regresses under direct or indirect influence of
male hormone and thus would not support the theory that 'X' zone is particularly
associated with the known androgenic activity of adrenals (Parkes 1937; Howard
1938). 'X' zone has been shown to be involved in the androgenic hormone secretion
(Rass 1967; Gastone 1986a, b). The functional significance of the 'X' zone and the
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probable adreno-genital relationship in the female south Indian gerbil needs further
experimental study.
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