RESEARCH COMMUNICATIONS

1. Steed, J. W., Should solid-state molecular packing have to obey
the rules of crystallographic symmetry? CrystEngComm, 2003, 5,
169-179.

2. Desiraju, G. R., On the presence of multiple molecules in the crys-
tal asymmetric unit (Z’>1). CrystEngComm, 2007, 9, 91-92;
Steed, J. W., Comment on ‘On the presence of multiple molecules
in the crystal asymmetric unit (Z'> 1)’ by Gautam R. Desiraju,
CrystEngComm, 2007, 9, 91; CrystEngComm, 2007, 9, 328-330.

3. Das, D., Banerjee, R., Mondal, R., Howard, J. A. K., Boese, R.,
and Desiraju, G. R., Synthon evolution and unit cell evolution dur-
ing crystallisation. a study of symmetry-independent molecules
(Z' > 1) in crystals of some hydroxy compounds. Chem. Commun.,
2006, 42, 555-557.

4. Anthony, A. et al., Crystal engineering: some further strategies.
Cryst. Eng., 1998, 1, 1-18.

5. Sathishkumar, R., Mahapatra, S. Thakur, T. S. and Desiraju, G. R.,
Quinoxaline, Z' = 1 form. Acta Crystallogr., 2010, E66, 2789.

6. Thakur, T. S., Sathishkumar, R., Dikundwar, A. G., Guru Row, T.
N. and Desiraju, G. R., Third polymorph of phenylacetylene.
Cryst. Growth Des., 2010, 10, 4646—4349.

7. Chisholm, J. and Motherwell, W. D. S., Compack: a program for
identifying crystal structure similarity using distances. J. Appl.
Crystallogr., 2005, 38, 228-231.

8. Thakur, T. S., Azim, Y., Srinu, T. and Deisraju, G. R., N-H---O
and C—H---O interaction mimicry in the 1: 1 molecular complexes
of 5,5-diethylbarbituric acid with urea and acetamide. Curr. Sci.,
2010, 98(6), 793-802.

9. Kitaigorodskii, A. 1., Organic Chemical Crystallography, Con-
sultants Bureau: New York, 1961 (originally published in Russian
by the Press of the Academy of Sciences of the USSR, Moscow,
1955); Spek, A. L., Single-crystal structure validation with the
program PLATON. J. Appl. Crystallogr., 2003, 36, 7-13.

10. Materials Studio, v.4.2; Accelrys Corporation, San Diego, CA.

11. Velaga, S. P., Vangala, V. R., Basavoju, S. and Bostrom, D.,
Polymorphism in acesulfame sweetener: structure—property and
stability relationships of bending and brittle crystals. Chem. Com-
mun., 2010, 46, 3562-3564; Nelyubin, Y. V., Glukhov, I. V., An-
tipin, M. Y. and Lyssenko, K. A., Higher density does not mean
higher stability. Mystery of paracetamol finally unraveled. Chem.
Commun., 2010, 46, 3469-3471.

12. Mahapatra, S., Thakur, T. S., Joseph, S., Varughese, S. and
Desiraju, G. R., New solid state forms of the anti-HIV drug
efavirenz. Conformational flexibility and high Z’ issues. Cryst.
Growth Des., 2010, 10, 3191-3202.

ACKNOWLEDGEMENTS. T.S.T. thanks the Indian Institute of Sci-
ence, Bangalore for a postdoctoral fellowship. G.R.D. thanks DST,
New Delhi for award of the J. C. Bose fellowship. We thank Prof. T. N.
Guru Row for useful discussions.

Supplementary information: For details of the crystal structures, refer
to the following CCDC deposition numbers in the Cambridge Crystal-
lographic Data Centre: 792115-792121. These data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/products/csd/request/

Received 11 October 2010; accepted 27 October 2010

CURRENT SCIENCE, VOL. 99, NO. 12, 25 DECEMBER 2010

L ong-term effects of early maternal
separ ation and isolation stress on
adulthood behaviour of femalerats

Dayalan Sampath, S. Vaishnavi,
R. Durgalakshmi, Bindu M. Kutty and
T. Rao L axmi*

Department of Neurophysiology, National Institute of Mental Health
and Neurosciences, Deemed University, PB No. 2900, Hosur Road,
Bangalore 560 029, India

The present study demonstrates the long-term effect
of early maternal separation (EMS) and isolation
stress on the adult emotionality behaviour of female
rats. The maternal separation (MS) of rat pups consti-
tuted both separation and isolation from the litter mates
for three days from post-natal days 5-7 (stress hy-
poresponsive period, MS(SHRP)) and 16-18 (post-
stress hyporesponsive period, MS(PSHRP); 6 h/day)
respectively. SHRP is characterized by reduced capac-
ity to secrete stress hormone under stressful situa-
tions, which is postulated to be essential for the
normal development of hypothalamic—pituitary—
adrenal axis. A control group consisted of rat pups
never handled or separated from the mother. At post-
natal day 61, the rats were exposed to a light/dark
test, exploratory activity in a novel environment and
passive avoidance test. Both control and M S(PSHRP)
groups did not differ in the latency to enter into the
dark compartment, number of transitions between
light and dark compartments and total motor activi-
ties in the preferred dark chamber. However,
MS(SHRP) rats exhibited increased activity in the
dark chamber in the light/dark test. When exposed to
a novel environment, MS(PSHRP) groups exhibited
significant decrease in the freezing response when
compared to both control and MS(SHRP) groups.
Furthermore, following exposure to a passive avoid-
ance test, both MS groups showed decreased latency
to enter into the preferred chamber with reduced
locomotor activity in the dark compartment, indicat-
ing stress-induced decreased attention as a conse-
guence of EM S stress.

Keywords: Anxiety, locomotor activity, maternal sepa-
ration, stress, passive avoidance.

EARLY post-natal period is a critical phase for brain deve-
lopment, characterized by an enormous capacity for
structural and functional reorganization of the neural
circuitry in rodents. Any experiences and perturbations
during this early period of life are thought to have lasting
changes on brain functions and on behaviour during
adulthood'?. Aversive experiences during the develop-
mental period can induce time-dependent influence on
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adult behaviour, and can also alter the corticosterone
levels®. The implication of increased glucocorticoids was
further supported by studies in which brief handling can
reduce the expression of fear-related behaviour under
stressful conditions*®. Similarly, brief handling in neona-
tal rats caused permanent alterations in hippocampal glu-
cocorticoid receptors, with decreased glucocorticoid
responses to stress in adulthood"’. Recent studies on rats
in the field have demonstrated that chronic exposure to
juvenile stress continuously for three days led to elevated
levels of anxiety and poor spatial learning task one month
after stress®. However, the stress produced by repeated
separation from the mother during early post-natal life
(early maternal separation stress, EMS) can leave deep
scars and result in various mood disorders and cognitive
disabilities during adulthood’. MS rats as adults exhibit
hyper-reactive HPA activity, increased hypothalamic
paraventricular nucleus corticotrophic releasing factor
and increased median eminence CRF mRNA and protein
levels’, as well as indices of heightened anxiety when
compared to the early handled group'®'".

Studies by Lehmann et al.'* further demonstrated gender-
based differences in expression of fear behaviour in
rodents. There are no consistent reports yet to show the
unconditioned fear and anxiety-like behaviour in rats
after maternal separation (MS) along with social isolation
stress during early post-natal period. Hence it became
more apparent to study systematically the variables
involved in this phenomenon and to replicate some of the
earlier research in which functional relationships have
been reported. The purpose of this study was to investi-
gate further the influence of MS stress along with isola-
tion from littermates during the developmental period,
and the response of these rats to novel environmental
exposure and to an aversive stimulus during adulthood.
Accordingly, the MS stress was designed where the rat
pups were being separated from their littermates and also
from their dam daily for three days (6 h/day) during the
stress-hyporesponsive period (SHRP) and post-stress
hyporesponsive period (PSHRP). The MS stress is of
shorter periods, tends to minimize the effects of nutri-
tional deficits associated with longer separation and pro-
vides a model for poor maternal care in the early days of
life. Two months later, the light/dark test, as well as the
spontaneous response of MS rats to a novel environment
was studied. In addition, the passive avoidance memory
test to an aversive stimulus was also studied in the mater-
nally deprived rats.

The experiments were carried out using female Wistar
rats of about 55-60 days old. At the beginning of experi-
ments the body weight of the animal was measured; the
average body weight was 200 + 20 g. Animals had free
access to standard pellet food and water, and were main-
tained on a 12 h light/dark cycle at room temperature and
relative humidity at the Central Animal Research Facility
(CARF), NIMHANS, Bangalore. Experiments were car-
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ried out according to the animal ethics guidelines. Care
was taken to minimize the number of animals for the
experiments.

Ten adult male and 10 female rats were bred in CARF.
The day of delivery was considered as PO. Both mother
and rat pups were left undisturbed on the day of birth. MS
procedure was carried out at two time-points: MS(SHRP)
where the pups were subjected to MS for 6 h from post-
natal days 5-7 (P5-P7) and MS(PSHRP) where the pups
were subjected to MS for 6 h from post-natal days 16-18
(P16-P18). The MS procedure was carried out from
9.00 a.m. to 3.00 p.m. during the light phase. The separa-
tion was performed by placing the rat pups individually
in separate polypropylene cages with dimensions 421 x
290 x 190 mm divided into six cubicles equally by
a wooden partition. The cages were covered with a
stainless-steel mesh lid of size 25 X 7 X 14 mm. After 6 h
of MS, the pups were reunited with their dam and litter-
mates. Pups which were not separated from their dams,
but were exposed to standard animal facility-rearing con-
ditions served as the control group. Pups were finally
weaned on P21 and housed 3—4 per cage (42 X 26 cm).
When all the offspring attained 60 days of age, they were
tested for both conditioned and unconditioned fear/
anxiety-like behaviour as adults.

Figure 1 represents the design of the experimental pro-
tocol for assessing the impact of EMS during SHRP and
post-SHRP period on different behaviours during adult-
hood.

The light/dark transition test is one of the most widely
used tests to measure unconditioned anxiety-like behav-
iour in rodents. The test was based on the natural aver-
sion of rats to brightly illuminated areas and on their
spontaneous exploratory behaviour in novel environ-
ments. The test was conducted in Coulbourn Habitest rat
shuttle cage/passive avoidance cage (Coulbourn Instru-
ments Inc., PA, USA) having dimensions 50.8 x 25.4 x
30.5 cm. The shuttle cage consisted of two compartments
of equal size (26 x 26 cm) separated by a sliding guillotine
door (8 x 8 cm). The light compartment was illuminated
with a bright light (400 lux) on the ceiling, whereas the

Control or MS: HOME CAGE Measurement of behaviours
P5-7 or P16-18 21 60 |61 |78 5l 64 65 66

I

Light/dark  Locomotor
test activity test

H

EMS; Early maternal
separation stress
(6h/d, 3d)

Passive
avoidance test

mmm Behavioural assessment

Figure 1. Experimental design for behavioural assessment during
adulthood. Maternal separation stress was carried out either during
stress-hyporesponsive period (P5-P7; MS(SHRP)) or during post-stress
hyporesponsive period (P16-P18; MS(PSHRP)). Control rats did not
undergo either handling or separation during neonatal days. Light/dark
test was carried out on P61, locomotor activity test on P62; passive
avoidance test on P64. P, Post-natal separation.
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shock compartment was dark. On the first day, the light/
dark test was carried out in all three groups: control (n = 10/
group), MS(SHRP) (n=14/group) and MS(PSHRP)
(n=14/group) by exposing them to the light compart-
ment facing away from the guillotine door. After intro-
duction of a rat, 10 s was allowed for the animal to
familiarize with the light compartment. The guillotine
door was held open till the end of the experiment. The
experiment was conducted using the software Graphic
State 3.03 provided with the instrument (Coulbourn
Instruments Inc.). The entire experiment was videotaped
for offline analysis. The analysis consisted of latency to
enter the dark compartment after the guilliton door was
open, the number of transitions made by the animal
between the two compartments and the total amount of
time spent in each chamber separately. The number of
transitions indicated the exploratory activity of the rat
and the time spent in each compartment was considered
as an index of anxiety in rats.

On the second day, the same rats were exposed to a
novel open chamber to evaluate the anxiety-like behav-
iour by measuring their locomotor activity. This was con-
ducted in the Coulbourn Habitest modular rat test
chamber. The set-up comprised of a drop pan, stainless-
steel grid floor for delivery of constant current, a sliding
plexiglass door in front and a fixed plexiglass door at the
back. A thermal sensor was placed on the top to record
the locomotor activity of rats. The fear behaviour of the
rats was scored offline using video recordings. The fear
behaviour was assessed by measuring freezing responses
such as absolute state of immobility with a defensive pos-
ture, except that of the respiratory movements. This test
was conducted for two consecutive days. The test on the
first day enabled us to evaluate the anxiety-like behaviour
in a novel environment, while that on the second day
served as a measure of anxiety-like behaviour in a fami-
liarized environment. The number of rats used to test
anxiety like behaviour was: n= 10/control; 14/MS(SHRP)
and 16/MS(PSHRP).

On the fourth experimental day, rats were exposed for
evaluating learning and memory. The experiment was
performed in a familiar chamber that was used in the
light/dark test. The rat was introduced into the light com-
partment facing away from the guillotine door for all the
three steps. The exploratory activity of the rat in the dark
compartment was recorded by the thermal sensor placed
on top of the dark compartment. The experiment was run
using the software Graphic State 3.03. The experimental
procedure consisted of habituation, training and testing.

Habituation constituted the first day of the passive
avoidance test. It was done to familiarize or habituate the
animal with the environment. The duration of this session
was 3 min. First, the rat was introduced into the light
compartment facing away from the guillotine door. It was
then allowed to explore the light compartment for 30 s.
At the 31st second, the guillotine door was raised and the
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rat was allowed to enter the dark compartment. After
complete entry into the dark compartment (all four limbs
of the rat), the door was shut exactly after 15 s. Subse-
quently, the exploratory activity of the rat in the dark was
measured for 3 s by the thermal sensor. This was called
the pre-unconditioned stimulus (pre-US) state.

Training was conducted 24 h post-habituation. The rat
was introduced into the light compartment facing away
from the guillotine door. Then 30 s after the exploratory
activity, the door was raised. The door was shut 15 s past
the complete entry of the rat. Following this, the explora-
tory activity of the rat was recorded for 3 s before deliv-
ering the foot shock (pre-US). Succeeding this, a constant
current of 0.5 mA was delivered for 1 s. Then the activity
of the rat was measured post-US for the next 2 min and
the session was terminated. The total duration of the
session was 3 min.

In order to test the retention of aversive memory, the
rats were exposed once again into the light compartment
of the passive avoidance chamber. The testing was con-
ducted 24 h following training. The time taken to enter
the preferred dark compartment was manually calculated
and the latency was compared with that during precondi-
tioning (habituation). Longer the latency to enter the dark
compared to that in habituation trial, better would be the
fear memory consolidation in the rat. Similarly, lower the
latency to enter the dark chamber compared to that in
habituation trial, poorer would be the fear memory.

The light/dark test facilitated evaluating the relative
anxiety status of rats. Rats that experienced MS stress
both during SHRP, MS(SHRP) and MS(PSHRP), when
exposed to a brightly illuminated environment during
adulthood, showed reduced time to enter into the dark
compartment than control rats (ANOVA: F,3;=0.3637,
P > 0.05; Figure 2 a). Similarly, MS stress did not alter
the total number of crossings between light and dark
compartments. However, once the rats entered the dark
compartments, MS(SHRP) exhibited relative increase in
the total number of events compared to that of control
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Figure 2. Effects of maternal separation stress on the light/dark test.
a, Latency to enter into the dark compartment was used as an index of
anxiety-like activity of the rats. No significant differences were obser-
ved with respect to latency to enter the dark compartment in the either
groups of MS rats. b, MS(SHRP) rats showed statistically significant
increase in discrete events in comparison to control rats. Student’s
t-test, *P < 0.03.
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and MS(PSHRP) rats. Statistical analysis with Student’s
t-test further revealed significant differences between
control and MS(SHRP) groups, indicating increased
exploratory activity in the dark compartment (t,, = 1.876,
P < 0.0370; Figure 2 b).

The spontaneous exploratory behaviour of rodents in
response to a novel environment and light was also con-
sidered as an index of innate aversive behaviour of the
rat. Statistical analysis with one-way analysis of variance
test suggested significant impact of MS stress on sponta-
neous exploratory behaviour of the rats in a novel envi-
ronment (ANOVA: F,3;,=5.900, P<0.006) by the
MS(PSHRP) group of rats than that of the control and
MS(SHRP) group (Figure 3). Further with Student’s t-test
suggesting a significant decrease in the freezing behav-
iour of the MS(PSHRP) rats (t,4 =2.022, P <0.05), thus
it is evident that MS stress had reverse effects on the rat
behaviour of the MS(PSHRP) group.

In the passive avoidance test, the latencies to enter the
dark compartment during habituation and testing were
compared between groups. Here the rats were trained by
giving minimum intensity of foot shock, so that control
rats may not exhibit prolonged time to enter into the dark
compartment. Although all these groups of rats received
mild foot shock (0.5 mA), control rats displayed little or
no evidence of fear behaviour throughout the testing
period (ty =0.6108, P > 0.05). However, MS(SHRP) and
MS(PSHRP) rats displayed much less fear behaviour, in
terms of decreased latency to enter into the preferred dark
chamber. The entire data were obtained after 24 h of an
electric foot shock.

Statistical analysis with one-way ANOVA suggested
no overall effect on the total spontaneous behaviour of
the rats (Fs74 =2.061, P <0.08). Further Student’s t-test
analysis suggested that MS stress during SHRP period
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Figure 3. Exposure to a novel environment showed statistically
significant decrease in time spent freezing among MS(PSHRP) group
of rats in comparison to control. Student’s t-test was performed.
*P <0.05.
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showed reduced latency to enter into the dark compart-
ment after training (t;3 =2.743, P <0.0168; Figure 4 a).
Similarly, the MS(PSHRP) group also showed signifi-
cantly reduced latency to enter the dark compartment dur-
ing testing (t;5 =4.118, P <0.0009; Figure 4 a) which in
turn implies that MS did have severe impact on the aver-
sive memory when compared to control animals.

Discrete movements or events were recorded as a
measure of spontaneous exploratory activity inside the
dark chamber. One-way ANOVA suggested an overall
impact on the spontaneous activity (ANOVA: Fs75=
2.466, P <0.04; Figure 4b). Further, to compare the
different stages of testing, Student’s t-test was applied. A
significant decrease in activity inside the dark chamber
was observed in the maternally separated groups during
post-SHRP period compared to that of control rats
(t;5 =2.365, P <0.0319) (Figure 4 b).

Stressful experiences during early life have an impact
on the physiological as well as behavioural responses to a
natural calamity in adulthood. There are several evi-
dences to substantiate this on adulthood behaviour'” .
We have hypothesized that MS stress along with isolation
stress might have stronger impact on the adulthood emo-
tionality of rat behaviour. In support of this, we have
demonstrated that rats that experienced MS and isolation
stress during SHRP exhibited a significantly higher
exploratory activity in the preferred dark chamber than
the rats reared under standard housing conditions. When
these maternally separated rats were exposed to a novel
environment, they exhibited significant decrease in the
freezing behaviour and hence increased exploratory
activities when compared to the control group. This is in
agreement with a similar study'® which has demonstrated
higher level of activity by rats subjected to MS in a novel
environment. Yet another study'’ also supports our find-
ings by demonstrating attenuated freezing in the novel
open field area, in female rats exposed to MS during
SHRP (MS of 6 h per day from post-natal days 2—14). We
have also observed that the MS(PSHRP) rats showed sig-
nificant decrease in freezing behaviour in a novel envi-
ronment, but no differences were seen in the light/dark
test. However, after exposure to an aversive experience,
these rats exhibited significantly decreased latency to
enter into the dark chamber with lesser activity. This
indicates that EMS along with isolation stress was
stronger when compared to late MS'®. There also appears
to be altered adrenocorticotropic hormone response to
stress and the neuronal stress markers such as high c-fos
and CRH mRNA in the early maternally separated rats.
This could be one of the reasons underlying the decreased
anxiety-like behaviour exhibited by the PSHRP mater-
nally separated groups.

However, following passive avoidance training for the
electric foot shock, both MS(SHRP) and MS(PSHRP)
rats took lesser time to enter into the dark compartment
during the testing session compared to that during
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Figure 4. Passive avoidance test showing decreased latency to enter into the preferred chamber. Data showed
decreased latency to enter into the dark compartment and also decreased events in the dark compartment by both
MS(SHRP) and MS(PSHRP) rats. Hab, Habituation; Test, Retention test, *P < 0.03; **P < 0.01; ***P < 0.0009.

habituation. The decreased latency to enter into the dark
compartment was associated with a decrease in the total
number of discrete events. The impairment in the aver-
sive memory with an inability to remember to avoid the
aversive compartment in a passive avoidance chamber,
suggests stress-induced decreased attention as a conse-
quence of MS. The present findings expand on the work
by others, suggesting significant EMS caused impairment
in learning and memory, as tested by spatial alteration
and foot-shock sensitivity tests'’. Similarly, rats sub-
jected to MS of 3 h/day from post-natal day 1 to day 21
suffer from cognitive impairment that has been demon-
strated using Morris water maze and novel object recog-
nition test’”. In conclusion, it appears reasonable to
assume a close association between maternal care during
early life and adulthood behaviour, as evidenced with im-
paired aversive memory deficits induced by EMS during
and after SHRP.
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