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significant difference was there as they were
well matched controls. At SO after 6 weeks i.e.,
Ese, (F,,,=19.017), P << 0.001) there were very
significant differences (F,,,=15.0626, P << 0.001).
Two weeks after continuing the respective
schedules (E8/S2), there was again a significant
difference (F, ,,=14.172, P<<0.001). The
maximum increase in body weight was in the
sedentary control animals. The EO group had
the least weight gain.

Similar tests were performed for the food
intake also. One way ANOVA showed no signi-
ficant difference at EO/SO, (FS‘BZ:Z.M). At S2/
E8 weck, (F, ,=46.2769, P<<0.001) the exercised
groups had a significantly increased appetite.
The D group had a reduced appetite, which was
not, however, significantly different from the
controls.

Behavioral tests : Behavioral changes are
summarized in Table IV,

(a) Open field : For immobilization in the OF,
one way ANOVA at EO/SO, (F,,=4.8754,
P<0.01) was significantly different due to
individual variations. The same was significantly
different at S2/F8 week (F,,=32.0111,
P<<0.001). In the D group it was mg‘mﬁcantly
increased from the control, whereas in the
exercise groups, it was significantly decreased

from the D group but similar to the control.

For the rearing activity one way ANOVA at
EO/SO week, (F, ,=1.8528) was not significant,
but it showed signiticant difference at S2/E8
week (F,,,=22.88, P<<0.001). In the D group it
was significantly decreased and in the ES group
was significantly increased compared to the
control groups.

For the grooming activity, at EO/SO week,

=2.6836) there was negligible difference
between the 4 groups. At S2/E8 week (F, , =3.17,
P<0.05) there were significant differences, as it
was greatly reduced in the EO group.

(F15>

For the fecal pellet count in OF, one way
ANOVA at EO/SO week (F,,,=0.34) showed no
significant difference between the groups. At
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TABLES IV : Behavioral activity in the 4 groups:
(a) - (d) control (at zero week, 8th week after that
without any stress or exercise), depressed
(at zero week, and after 2 weeks of stress),
exercise (at zero week, and after 8 weeks of
exercise) and exercise+stress (at zeroweek,
and after 8 weeks of exercise + 2 weeks ol
stress).

TABLE IV (a): Control (n=5)

S() ‘q. 142
Open Field :
Immobilization 12 (1.22) 16.6 (1.36)
Rearing 13 (2.81) 10.6 (2.62)
Grooming 7.8 (2.03) 6.8 (0.8)
Squares - Periph. 58.8 (6.11) 51 (7.86)
Central 10.2 (2.4) 5.2 (0.86)
Total 69 (8.19) 56.2 (7.41)
Fecal pellets 2 (1.22) 0 (O

High Plus-Maze :

Transfer Latency 42.8 (7.37) 49.4 (5.3)
% Time (Open Arm) 30.4 (17.78) 324 (17.18)
% Time (Center) 4 (1.7 4.6 (2.03)
No. Arms Crossed 2.4 (1.16) 2  (0.55)
Fecal pellets 1.2 (0.7 [NV

TABLE IV (b) : Depressed (n=15)

Sq St
Open Field :
Immobilization 17.33 (0.67) 254 (0T}
Rearing 12.6 (0.48) 5.87 (0.6%9
Grooming 4.6 (0.64) 5.27 (0.74
Squares - Periph. 70.6 (2.34) 48.13 (2.67
Central 8.93 (0.55) 5.13 (0.74
Total 79.2 (2.51) 53.27 (2.68
Fecal pellets 1.47 (0.52) 3.47 (0.52
High Plus-Maze :
Transfer Latency 57.73 (9.18) 22,26 (3.23)
% Time (Open Arm) 29.6 (3.13) 11.38 (1.11)
% Time (Center) 5.6 (0.55) 7 (0.5
No. Arms Crossed 6.13 (0.6) 3.2 (0,42
Fecal pellets 0.93 (0.37) 53 (0.52
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TABLE 1V (¢) : Exercise only (n=15).
EyS, EgS,
Open Field :
Immobilization 19 (2.45) 17 (2.55)
Rearing 15.8 (1.93) 13.4 (2.25)
Grooming 4.8 (2.13) 2.6 (0.24)
Squares - Periph. 56.8 (9.1) 53.6 (11.31)
Central 9.6 (2.25) 14.6 (4.15)
Total 66.4 (9.97) 68.2 (15.38)
Fecal pellets 2 (0.84) ()
High Plus-Maze :
Transfer Latency 26.8 (4.14) 29.6 (7.08)
% Time (Open Arm) 34.2 (16.49) 27.2 (2.99)
% Time (Center) 5.2 (1.66) 54 (2.1)
No. Arms crossed 5.8 (1.68) 4.2 (1.06)
Fecal pellets 1 (D 0 (0

TABLE IV (d): Exercise+Stress (n=11).

E,S, IS,
Open Field :
Immobilization 15.45 (0.91) 12.73(0.93)
Rearing 15,45 (1.47) 21.45 (1.88)
Grooming 2.03 (0.62) 6.18 (0.74)
Squares - Periph. 60.18 (5.83) 50.18 (5.75)
Central 6.91 (0.67) 16.1 (1.4)
Total 67.09 (5.65) 67.18(5.87)
Fecal pellets 1.1 (0.58) 0o (O

High Plus-Maze :

Transfer Latency 83.36 (21.2) 52.45 (8.15)
% Time (Open Arm) 33.55 (4.13) 42 (8.39)
% Time (Center) 5.18 (0.57) 4.64(1.23)
No. Arms Crossed 6.82 (0.63) 6.55 (0.56)
Fecal Pellets 0.09 (0.09) 0 ()

S2/E8 week (F,,,=20.1255, P<<0.001) it showed
highly significant difference because the C and
the exercised groups did not defecate due to
habituation, whereas the D rats defecated during
those anxiety periods.

For ambulation in the central squares of OF,
by one way ANOVA, at EO/SO week (F,,,=1.65)
no significant difference was found. However, at
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S2/E8 week (F,,,=15.18, P<<0.001) there was a
highly significant difference as there was more
ambulation in the central squares by the exercised
groups compared to the C and the D groups,
which had no significant difference between
them. For the peripheral and total number of
squares, the groups showed no significant
difference.

(b) High Plus-maze : The Transfer Latency
(TL), by one way ANOVA at EO/SO week, showed
no significant difference (F,,,=2.027). At the 52/
E8 week (F,,,=6.6518, P<0.01) ANOVA showed
significant difference due to the less time taken
by the D rats to enter the closed arm, compared
to the control. The time taken by the ES group
was not very different from the control but the
EO group did show low TL. However, once
entering a closed arm, they immediately left it
and started exploring the open arms again.

For the % time spent in the open arm, onc
way ANOVA for S2/E8 (F, ,,=4.73, P<0.01) showed
significant difference between the groups as it
was significantly higher in the E groups comparcd
to the D group. However, for the % time 1n the
central cross, ANOVA showed no significant
difference.

For the number of arm crossings, one way
ANOVA for SO (F,,,=3.72, P<0.05) and for 52/
E8 week (F, ,,=10.64, P<<0.001) were significant

with the highest number of arm crossings being
in the E groups.

The fecal pellet count in the HPM showed
significant difference only at S2/E8 week
(F,,,=20.91, P<<0.001) the differences were due
to defecation, induced by stress, only in the D
group.

EEG analysis : Sleep-Wakefulness changes -
Table V shows the relative percentages of REM
sleep, NREM sleep and awake states. The REM
state was significantly (F,,,=99.62, P<<0.001)
increased in the D group and decreased in the
exercised groups. The SWS was also significantly
(F,,,=5.15, P<<0.01) increased by exercise and
reduced in the depression model. However, the
percentage of wakefulness did not vary
significantly.
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TABLE V : Percentage distribution of REM, NREM and
awake states in all the groups.
(Mean+S.E.) P<0.01=** P<0.001=%*%*%

REM ™ NREM** Awake
(F33p=99.62) F,4,=5.1537)

Control 12.52(0.19) 63.54(2.2) 23.94(2.27)
(n=5)

Depressed 15.93(0.21D) 61.17(0.48)  22.89(0.48)
(n=15)

Exercise Only 11.97(0.07) 64.76(0.69)  23.27(0.64)
(n=5)

Exercise+stress 12.12(0.14) 64.07(0.28)  23.81(0.28)
(n=11)

REM latency - One way ANOVA showed
that the onset of the first REM epoch from the
beginning of the sleep recording was signifi-
cantly different (F,,,=26.82, P<<0.001). In the
C group, it was 204+52.31 sec, in the D group
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31.73+5.49 sec, in the EO group 3042+674.81
sec. and in the ES group, it was 2325.46+346.74
sec. In the D group it was significantly increased
from the control, in the exercised groups, it was
significantly decreased from C.

FFT changes - The F,EEG changes in each
sleep-wakefulness stage during the recording
period are shown in Table VI.

(a) Awake changes : The percent of Delta
(F,,,=6.1136, P<0.01) activity was significantly
increased in the D group and significantly
decreased in the exercised groups while for
Beta-2 (F,,,=8.6184, P<0.001), the reverse
occurred, all in comparison with the C group.

(b) NREM sleep changes : Theta increased
(F,,,=3.33, P<0.05) and Beta-2 decreased
(F,,,=4.3534, P<0.01) in the NREM sleep state

of the D group and the opposite happened for

TABLE VI : Percentage of power in each frequency band in all the groups (Mean + S.E.) REM Delta
(F, ,,=5.2249, P<0.01); REM Alpha-2 (F,,,=7.7716, P<0.001); REM Beta-2 (F,,,=5.7685, P<0.01);

SWS Theta (F3,32=3.3269, P<0.05); SWS Beta-2 (F,,,=4.3534, P<0.01); Awake Beta-2
(F3)32=8.6184, P<0.001); Awake Delta (F3‘32:6.11360 P<0.01).
Delta Theta Alpha-1 Alpha-2 Beta-1 Beta-2 Beta-3

Control
(n=5)
REM : 10.03 (0.1) 14.05 (0.1) 6.81 (0.11) 10.32 (0.05) 13.64 (0.04) 26.89 (0.19) 18.17 (0.14)
SWS 9.79 (0.11) 13.36 (0.36) 6.86 (0.07) 10.23 (0.08) 13.63 (0.09) 26.47 (0.27) 19.64 (0.47)
Awake : 10.02 (0.09) 13.36 (0.02) 6.8 (0.2) 9.92 (0.11) 13.66 (0.01) 27.05 (0.26) 19.19 (0.47)
Depressed
(n=15)
REM : 10.26 (0.09) 13.65 (0.05) 6.93 (0.04) 10.56 (0.1) 13.61 (0.07) 26.47 (0.13) 18.56 (0 16}
SWS : 10.03 (0.13) 13.82 (0.09) 6.79 (0.05) 10.08 (0.13) 13.55 (0.13) 26.89 (0.13) 19.71 (0.3
Awake : 10.51 (0.08) 13.77 (0.16) 6.88 (0.07) 10.04 (0.16) 13.7 (0.1} 25.86 (0.16) 19.23 (0.24)
Exercise Only
(n=15)
REM : 9.6 (0.25) 13.51 (0.27) 6.83 (0.13) 9.741 (0.11) 13.671 (0.14) 27.15 (0.2) 19.35 (0.43)
SWS . 10.05 (0.17) 13.56 (0.11) 6.68 (0.28) 10.3 (0.2) 13.44 (0.15) 27.15 (0.26) 19.1 (0.39)
Awake : 9.65 (0.16) 13.22 (0.08) 6.9 (0.08) 10.31 (0.16) 13.74(0.09) 26.77(0.04) 19.31(0.27)
Exercise+Stress
(n=11)
REM : 9.98 (0.06) 13.79 (0.09) 6.73 (0.07) 10.36 (0.08) 13.59 (0.07) 26.35 (0.09)  19.03 (0.23)
SWS 9.89 (0.18) 13.25 (0.15) 6.75 (0.08) 10.15 (0.15) 13.45 (0.11) 26.89 (0.29) 19.59 (0.31)
Awake : 10.07 (0.18) 13.95 (0.15) 6.86 (0.12) 10.24 (0.02) 13.63 (0.1) 26.27 (0.14) 19.07 (0.34)
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Fig. 1 : Simultaneous EEG, EMG, EOG tracing showing successive changes from SWS to REM to Awake stages in a

control rat.

the exercised groups, all in comparison with the (F,,,=5.7685, P<0.01) showed contrary changes,
C group. '

in comparison with the controls.

(¢) REM sleep changes : Delta (F, ,,=5.2249,
P<0.01) and Alpha-2 (F,,=7.7716, P<0.001)
activity significantly increased in the D group,
and they were significantly decreased in the
exercised groups whereas the Beta-2 activity

Correlation between the EEG changes and
behavioral activity : In the REM state, Beta-2
activity was significantly positively (r=0.3576,
P<0.05) correlated with the ambulation in the
central squares of the OF (Fig. 2) and was
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Fig. 2 . Scatterplot showing significant postitive correlation (r=0.3576, P<0.05) between ambulation in the central
squares of the open field at the end of the 2nd week of stress and/or 8th week of exercise training or the 8th
week after the start of the experiment and the percent power in the Beta-2 band of EEG during the REM sleep
period.
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Recent research has also stressed on human
Slow Wave Sleep more than on REM sleep (25,
26). The results from the present study show
that the SWS percentage had increased in the
animals of the exercised groups (both with and
without stress) compared to that of the C
group, whereas in the depressed group it had
been significantly reduced. Similar to the clinical
findings, in the present study, an increase in
the SWS by exercise had corrected some of the
behavioral deficits. This implies that regular
physical exercise may be helpful in counteracting
some of the behavioral abnormalities observed
in this model of depression.

An increase in activity above 16 Hz (Beta-2)
bands in awake cortical EEG of monkeys,
following minor tranquilizers had been reported
(27). That this parameter may have anxiolytic
activity, can also be surmised by the fact that in
the present study, exercise had increased Beta-
2 activity highly significantly (P<<0.01) in awake
and REM stages and significantly (P<<0.05) in
the NREM stage. Also as there was a positive
correlation with the ambulation in the central
squares (away from the wall) in the OF, further
corroboration of this hypothesis is obtained.
This is because, in anxiety states, the animals
tend to stay beside the wall and are afraid to go
to the unprotected center of the field.

In future this may be tried in human beings
too. Already some work is being done on
quantifying the awake-EEG findings in
depression, where, slow waves (Theta-2 i.e., 6-8
Hz and Alpha-1 i.e., 8-9 Hz) have been found to
be positively correlated with psychomotor
retardation (28). In the present study, in the
awake state, slow Delta activity was found to be
negatively correlated with the food intake and
grooming and significantly positively correlated
with the immobilization in the OF implying
that there is some psychomotor retardation,
even in animals. Also here the slow Delta
activity, in the awake state, was found to be
significantly positively correlated (r=0.3637,
P<0.05) with the immobilization in the Open
Field.
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Modern computational tools can be very
helpful in measuring the mental states, including
those in animals (29). Taking continuous digital
recordings and storing them in magnetic tapes
for further analysis will also be helpful in
determining the temporal variations of the
various sleep stages. Instead of performing the
WDFT (Windowed Discrete Fourier Transform),
the Wavelet analysis will be more informative,
in case of transient signals (29). Other animal
models, and finally, different types of depression
in human beings have to be meticulously
investigated for a reliable gEEG diagnosis. Other
methods like measuring the phase-space plots
(29), also can be tried for a definitive EEG
diagnosis for the depressive states. Computerized
diagnosis and clinical acumen, are however, not
mutually exclusive and will only reinforce each
other (30).

In the present study, the behavioral changes
have been compared with the help of the
behavioral tests. The EEG changes have been
compared separately by FFT. As the EEG power
spectra changes were rather distinctive in stress
and in exercise, it should be verified clinically.
The EEG-behavioral correlations were also quite
promising.

In conclusion, prophylactic exercise may
prove beneficial in preventing depression and
qEEG may be used as a diagnostic and
prognostic tool for depression.
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