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The gerbils were exposed to daily I min aggressiveencounters for 30 days, to study the effect of social
stress on reproduction. The encounterswere induced by introduction of an adult male or female gerbil into
the cage of a male retired breeder living in isolation. In the male gerbils the encounters decreased
(P < 0.001) gonadal weight and sperm counts. The accessorysex organs respondedvariedly to the encounters.
The surface areas of abdominal scent glands decreased(P < 0.001). The results suggest that exposure to
aggressive encounters had a negative influence on male reproduction in the gerbil. Contrary to the results
in male gerbils, encounters with males had a positive influence on reproduction in females. This was
evidenced by data on ovarian and uterine weights, follicular kinetics and the estrous cycle. The ovarian and
uterine weights increased (P < 0.001) in gerbils exposedto the encounters.The number of estrusesincreased
(P < 0.001) whereas the diestrusesdecreased.Study of follicular kinetics revealed an increase in the number
of growing follicles and a decreasein the number of regressivefollicles. The mechanism(s)by which the
encounters influence reproduction is not known. Adrenal gland weights increased (P < 0.001) in both male
and female gerbils exposed to the encounters. The pinealocyte cell and nuclear diameters decreased
(P < 0.01) in males and increased (P < 0.001) in female gerbils after the encounters.Presumablythe adrenal
and pineal glands may play an important role mediating the effects of the encounters.
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Aggression often results in stress that may lead to animal model. The speciesis relatively non-photoperiodic
pathophysiological conditions. Animals exposed to the and breeds during all seasons (Sinhasane and Joshi
stress of repeated aggressive encounters often suffer ]997b). The effect of aggressive encounters on
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reproduction has not been investigated in this species.
Also there is, in general a paucity of information on
the effects of such social behaviour especially on the
estrous cycle and ovarian follicular kinetics. The present
study uses morphometrics to assessthe effects of this
social behaviour on reproduction including effects on
the estrous cycle and follicular kinetics.

Materials and methods
Adult gerbils, 80-90 days of age, were used in the
present investigations. Fourteen male and 14 female
gerbils were housed in unisex groups, 3-4 in polycarbonate cages. Gerbils were separatedfrom their parents
just before attaining puberty and were not allowed to
mix with the opposite sex. Four old (more than a year
of age) sexually retired male gerbils, housed singly for
30 days, were used as residents in the encountermodel.
These old gerbils exhibited strong territoriality and
established themselves as dominant residents. A group
of seven male and seven female gerbils were used as
intruders for the encounters.The intruders were introduced
in the cage of the residentgerbil one at a time. Aggressive
encounters began after the entry of the intruder into the
resident's cage. Single encounters lasted for 1 min and
were carried out daily between0900-1000h. The residents
were used in turn. If a resident exhibited no inclination
to fight, the next was used. The daily encounterswere
continued for 30 days including weekends after which
the animals were sacrificed.Food and waterwere available
ad libitum. The room temperature was maintained at
22 :t 2°C with naturalphotoperiods(LD : 12 : 12 approx.).
Sperm was counted in the caudal part of epididymis,
which was removed quickly after autopsy and kept in
normal saline. The sperm count was performed using
the method described by Bruce et al (1974).
The vaginal smears for the study of the estrous cycle
were recorded daily between 1300-1400h for 28 days.
At the end of the experiment the animals were weighed
and killed by an over-dose of anestheticether. The pineal
glands, gonads, accessorysex organs and adrenalglands
were dissected out carefully and weighed on a Sartorius
el~ctronic balance. Paraffin sections(5 I.Lm)of the tissues,
fixed in Bouin's fluid, were stained in hematoxylin-eosin
for histology and morphometry.
Micrometry was performed directly under a light
microscope using standardocular and stagemicrometers.
The diametersof 100pinealocyte nuclei, 50 from marginal
zone and 50 from the core, were recorded from the
largest sections of each pineal gland. Prior to fixation
in Bouin's fluid, the surface areas of the abdominal
scent gland were calculated after measuring the length
and breadth of each gland using vernier calipers. The
surface area of the diamond-shapedgland can be determined by dividing the area into 4 triangles; the surface
areas of all four triangles would be 4 x 1/2 AB where

A and B representsides of a right angle triangle. Scent
gland cell and nuclear diameters,from at least 100 cells
per animal, were determined by micrometric measurements in histologicalpreparationsof the gland (Sinhasane
and Joshi 1998).
Follicular kinetics of the ovary followed the methods
of Hirshfield (1983) and Saidapur and Kamath (1993).
One ovary from each animal was used. Paraffin sections
of the ovary were cut sertally at 5 ~m thickness and
stained in hematoxylin and eosin. Follicular diameters
and morphologieswere used to classify follicles as small
preantral follicles (SPAF, < 90 Jl.m); large preantral
(LPAF, 91-260 ~m); small antral follicles (SAF, 261350 ~m); medium-sized antral follicles (MSAF, 351430 ~m), large-sizedantral follicles (LSAF, 431-490 ~m);
and Graafianfollicles (GF, > 490 ~m). Follicles with two
or more pycnotic granulosacells in their largest section
were considered to be regressing (Hirshfield 1983).
Atresia in all types of follicles were categorized into
stage I and stage II, depending on regression of the
granulosacell layers and oocytes, respectively(Sinhasane
and Joshi 1997a).These stageswere further subdivided
into lA, IB and IIA, liB depending on the degree of
regression.In stage lA, pyknosis in some granulosacells
is observed, whereas in stage-ill degenerativechanges
occur in the entire granulosa layer. Stage IIA was
characterizedby oocytes with pycnotic nuclei, meiosis
blocked in metaphaseI (pseudomaturation)and degenerating cumulus cells. Stage liB was characterized by
oocytes floating in the antrum with a few pycnotic
bodies. The statistical analysis of the obtained data
employed a computer program for ANOV A followed by
Student Newman Keul's test and Scheffe's pairwise
comparison.

Results
Gerbils exposedto aggressiveencountershad lower body
weights than control animals (figure 2). The gonadosomatic index (GSI, gonadal weight per 100g body
weight) of male gerbils exposed to the encounters
decreased(P < 0.001) (figure 1). The accessorysexorgans
showed varied response,with increase(P < 0.001) in the
weights of seminal vesicals and a decrease(P < 0.001)
in the weightsof prostrateglandsand epididymis (table 1).
Further thesegerbils had lower (P < 0.001) sperm counts
(figure 1). The surf~ce area of abdominal scent gland
remainedunchangedwhile the cell and nucleardiameters
decreased (P < 0.01) compared with those of control
gerbil (table 3). The weights of the adrenal glands
increased(P < 0.001) in gerbils exposedto the encounters
(figure 2). The morphometric data showed decreases
(P < 0.01) in cell and nuclear diameters of pinealocytes
in the male gerbils exposed to encounters(table 2).
The GSI and uterine weights of female gerbils exposed
to encountersincreased(P < 0.01). Further these gerbils
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had more completed estrous cycles with more estruses
(P < 0.001) and fewer diestruses (P < 0.01) (figure 4).
The length of the estrous cycle was significantly
(P < 0.01) reduced (table 4). The weights of the adrenal
glands increased (P < 0.00]) in females exposed to the
encounters (figure 2). The scent gland surface area of
these gerbils increased(P < 0.001) comparedwith control
gerbils. The pineal morphometric datarevealedanincrease
(P < 0.001) in the pineal weights, pinealocyte cell and

nuclear diameters in gerbils exposed to the encounters
(table 2).
Figure 3 gives morphometric data on growing and
regressingfollicles. Exposureto the encountersstimulated
(P < 0.001) the growth of all types of growing follicles
(figure 3), whereasthe number of regressingfollicles of
stageslA, IB, and IIA was reduced(P < 0.001)(figure 3).
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Figure 1. Testicular weights, sperm counts,ovarian and uterine
weights of gerbils exposedto aggressiveencounters(EN) compared with those of controls (CON). Values are means:t SE.

**P<O.OI.

0
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Figure 2. Body and adrenal weights of male and female
gerbils exposed to the daily-encounters (EN). CON controls.
Values are means:tSE. *P<O.Ol; **P<O.OOI.

Table 1. Comparisonof accessorysex organ weights of control and treated male gerbils.

Control
(n = 7)
Exposed to encounters
(n = 7)
Values are means:t SE.

*P<O.OOI.

154.6:t 5.4

239.63:t21.96*

EN

71.46:t:5.49

lOO.76:f:4.63

50.25:t2.14*

81.56:t4.2*
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The number of stage 1m regressing follicles remained a high degreeof territoriality and is aggressiveto intruders
(Prakash 1981). The old resident gerbils employed in
unchanged.
the encountermodel in the presentstudy, readily initiated
fights after some scent marking behaviour by rubbing
Discussion
their abdomenson various places in the cage. Information
The Indian desert gerbil, like its Mongolian counterpart, on the effects of social conflicts on neuroendocrine
seems to have complex social organization. It exhibits physiology is scanty. The results of the present study
Table 2. Morphometric data of the pineal glands of male and female gerbils exposed to encounters.

Treatment groups

Pineal weight
(mg%bw)

Cell diameter
(~m)

1.38

g.34:tO.23

2.14**

13.0:f:O.O9**

Nuclear diameter

(~m)

Control
(n = 7)Exposed

2.62

8.43:t0.3

5.74:tO.2

2.65

6.34:t 0.2*

0.6*

0.22

toencounters
(n = 7)

11.6 :!: 0.1**

are means:tSE.*P<O.OI;
**P<O.OOI.
3. Scent-gland surface areas,cell and nuclear diametersof scent-glandcells of both male and
female gerbils exposedto encounters.
Female*

Treatment groups

Scent-gland
surface area
(cm2)

Control
(n = 7)

Cell diameter

(~m)

0.2

:t 0.2

7 :t 0.08

Exposed to
encounters
(n = 7)

:to.O3**

4.0 :t 0.02**

0.08

9.02:t 0.07

2.81:1:0.22**

:1:0.06**

0.02

0.01*;

are means:t SE.
*Scent glands of control female gerbils were measuredonly in five specimensdue to some technical difficulries;**P<O.OOI.

Table 4. Number of completed cycles. length of cycle and per cent days spent in different stages
of estrous cycles following encounters.

Treatmentgroups

of
completed
cycles

Control
(n = 7)
Exposoo to
encounters
(n = 7)
are means:t SE.
*P<O.Ol; **P<O.OOI.

Per cent of days spent in
-

length

Proestrus

0.28
39**

3.94:t 0.45*

Diestrus
17.34

17.85

34.18

22.44*~
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often causedby defeat (Collu et at 1984; Wingfield et at
1994). The reduced gonadal function as indicated by
(/)
~ Contro1. decreasedGSI and sperm count may be due to the stress
~
~xposedto
causedby the encounter.The fact that the adrenalgland
weights increased in gerbils suffering the encounters
~ncounters
0
-.9
indicates that the effect of stress may be mediated by
Q1
t~e enhanced adrenal function. In mice, hyper-adrenal
C
function is known in both dominant and subordinate
"ii)
(/)
fighters
(Brain 1980, 1983). Increased adrenal function
Q)
L
6
is
known
to suppressfertility in other species (Leshner
0)
Q)
et
at
1973;
Rose et at 1975). In the Mongolian gerbil,
L
male~maleaggressionis independentof sex steroids but
0 ,
may be related to adrenal (medullary) hormones. Castration
does not suppress aggressive behaviour of the
(l)
..a
resident animal (Yahr et at 1977).
E
In Mongolian gerbils circulating testosterone (Brain
:;)
1980; Heinzeller 1985)regulatesthe activity of abdominal
2:
scent glands. While castration reduces scent marking,
cO
testosterone
therapyrestoresit (Yahr 1983). In the present
IA
18
IIA
tl8
study gerbils exposed to the aggressiveencountershad
smaller cell and nuclear diameters of abdominal scent
96
**
gland
compared with those of control gerbils. This probT
ably indicates reduced scent gland activity. Assuming
w
that the scent glands in the Indian gerbils are also
Q) 80
maintained by circulating testosterone,it may be inter.""'preted that reduced scent gland activity reflects reduced
0
~
circulating testosterone.Young gerbils were not found
64
**
'01
marking the resident's cage during encounters.Reduction
C
in the body weight may also be related to shortage of
'3;
sex steroids and their anabolic effects.
0
L
Exposure of young female gerbils to the encounters
~
with old male residentgerbils increased GSI and uterine
432
0
weights. The encountersalso significantly increasedthe
L
incidence of estrusesand reduced the length of estrous
Q)
;.Q
cycles suggesting pro-fertility effects of the encounters
E
*
with males. The pro-gonadal effect of the encountersis
*
:J
supportedalso by the data on folliculilr kinetics. All the
z:
0
growing follicles, both pre-ovulatory and ovulatory,
SPAF tPAF SAF
MSAF
LSAF
GF
increased in number, whereas the regressing follicles
decreased.The number of pre-ovulatory follicles, which
Figure 3. Growing and regressing ovarian follicles in the consist of SPAF, LPAF, SAF and MSAF, especially
gerbils exposed to daily encounters. Values are means:t SE.
increased,suggestingenhancedFSH action. It is known
*P<O.Ol; **P < 0.001.
that mainly FSH (Young et at 1992)regulatesrecruitment
of pre-ovulatory follicles. Though the exact mechanism
by which the encountersstimulate the pituitary-ovarian
indicate that aggressive encounters between males may axis is not yet clear, it is likely that pheromonal mechacause emotional stress, whereas between males and nisms are operating (Aron 1979). In rats too, exposure
females it may not be so. In males, the encounterslead to males reduced estrous cycle length (Cooper et at
to reduction in GSI and sperm count, whereasin females 1972)and stimulatedreproductive function (Vandenbergh
the encounters apparently stimulated gonadal function. 1987).
The submissiveattitude or defeat in aggressiveencounters
As in the male gerbils, exposure to encounters also
induces many hormonal changes in males (Brain 1983; increasedadrenalweights in female counterparts.Whether
Leshner et at 1980). Circulating testosterone levels these encounters which stImulate ovarian function can
increase under fight-flight types of stimuli. and decrease be regarded as stressful for the gerbils, remain~ open.
during stresses accompanied by emotional depression In rats increased adrenal activity seems to play an
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Figure 4. Record of estrous cycle of control and encounter-exposedgerbils for 28 days. Recordings are
from seven animals in each group.

accessory role in the timing of the onset of sexual
receptivity (Nequin and Schwartz 1971) and influences
gonadal function as it regulates the maturationof gonads
and follicular development. Adrenalectomydecreasedthe
number of medium-sized and large-sized follicles and
also inhibited ovarian compensatoryhypertrophy in rats
(Ojeda and Urbanski 1994). Moreover, adrenal progesterone may modify the onset and duration of sexual
receptivity in rats (Lisk 1978; Hutchison 1978). In view
of these considerations it may be inferred that enhanced
adrenal activity in the female gerbils exposedto encounters has a role in promoting ovarian activity.
Though the pineal gland mediatesphotoperiodic influences on reproduction in a number of vertebrates(Reiter
1991; Udayakumar and Joshi 1997), its roie, if any, in
sexual behaviour is unclear. Some early reports suggest
that the photoperiod directly influences behavioural
refractorinessto systemically injected estrogen(Hutchison
1978). Estrous behaviour and nest building in some
species are known to be dependenton a critical photoperiod (Hutchison 1978). Pinealectomy results in
reduction of territorial aggressivenessin mice and injec-

tions of melatonin reverse this effect (Patterson et al
1980). In the Mongolian gerbil aggressive encounters
influence pineal melatonin production (Heinzeller et al
1988). In the present study data on pineal morphometry
varied betweenthe sexes. Tn the males the pinealocyte
cell and nuclear diameter reduced after the encounter,
but in the females theseparametersincreased.Melatonin
stimulates reproduction in this species (Sinhasane and
Joshi 1997a,b, 1998). It may therefore be inferred that
increased pineal activity in response to the encounters
stimulates the gonads and decreasedactivity inhibits the
gonads. Further studies are required to support this
conclusion. The present study suggest that psychosocial
factors influence reproduction and that the pineal gland
may have a role in mediating the effects of psychosocial
factors on the neuroendocrinesystem.
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