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Preventive effects of fixed and progressive
forced exercises on memory and brain
electrical activity in morphine-addicted rats

NILOOFAR ASHTARI, MARYAM RADAHMADI & HOJJATALLAH ALAEI

Abstract: Exercise and addiction influence brain functions. The preventive effects
of fixed and progressive forced exercises on both brain functions and body weight
were investigated in morphine-addicted rats. Thirty-five rats were allocated to control,
morphine, fixed exercise-morphine, and progressive exercise-morphine groups. Forced
exercise was applied 1th/day for 21 days with morphine sulfate administered at doses
of 10, 20, 30, 40, and 50 mg/kg for 5 consecutive days. The 50 mg/kg dose was repeated
over the five subsequent days. Brain performance was evaluated using the passive
avoidance test and EEG recordings. The passive avoidance test revealed no significant
changes in brain functions (namely, latency, total dark stay time, and number of times
entering the dark compartment). Compared to the control, the morphine group exhibited
significantly lower alpha and beta waves but significantly higher delta and theta ones.
Compared to the morphine group, the progressive and fixed exercise-morphine groups
exhibited significant changes in their passive avoidance performance and only in the
alpha wave of their EEG recordings. Progressive exercise improved learning, memory, and
memory consolidation but reduced locomotor activity whereas fixed exercise affected
EEG recordings in the addicted subjects. Clearly, different (fixed or progressive) exercise
models produced different changes in brain functions.
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INTRODUCTION

Drug addiction is nowadays known as the
cause of behavioral abnormalities. Chemical
drugs like morphine influence different brain
functions as revealed by behavioral tests,
new electrophysiological events (e.g., new
waveforms of various frequencies) detected
by electroencephalography (EEG) recordings
(Yousif et al. 2008), and biochemical alterations
(Bekheet et al. 2010, Chiang et al. 2015). EEG
recording as an electrophysiological monitoring
method disclosing the electrical activities of
the brain cortex (Andrzejak et al. 2001, Kafa et
al. 2010, Vorobyov et al. 2003) may be used to
diagnose many brain dysfunctions (Hanslmayr et

al. 2011, Uhlhaas & Singer 2006) such as sleeping
disorders (Tang et al. 2007), memory impairment
(Basar & Guntekin 2012, Knyazev et al. 2006),
anxiety and depression (Blackhart et al. 2006),
schizophrenia, and epilepsy (Arikanoglu 2011,
Peng et al. 2013). Reports, however, indicate that
unbalanced potency of EEG may be caused by
administration of different doses of morphine
(Li et al. 2016, Ferger & Kuschinsky 1995, Zanettini
et al. 2018, Fischer et al. 2017).

On the other hand, useful methods have
been proposed to counteract disturbances
in EEG potency due to drug-induced synaptic
changes (Aiyer et al. 2016) although no effective
treatment is yet available for preventing relapse
disorders due to the lack of a sound knowledge
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of the mechanisms underlying such diseases
(Ferger & Kuschinsky 1995).

A good approach to resolve this problem
is exploiting the positive effects of exercise
on brain functions (Bailey et al. 2008, Radak
et al. 2007, Neeper et al. 1995). Exercise has
been established to activate a variety of brain
mechanisms (Radahmadi et al. 2015, 2016a) and
it may, therefore, serve as an important strategy
for improving the functions of the nervous
system (Uchida et al. 2012). As a preventive
measure in the treatment of addiction, exercise
is additionally advantageous because it is
inexpensive and readily available while it lacks
the side-effects commonly associated with
chemical drugs. Exercise protocols seem capable
of preventing the destructive effects of addiction
on the brain. Despite the extensive literature on
exercise, no published report is yet available, to
the best of the present authors’ knowledge, on
the preventive effects of fixed and progressive
aerobic exercises on brain functions in addicted
subjects. The present study was, therefore,
designed and implemented to investigate
the preventive effects of two exercise models
(namely, fixed and progressive forced aerobic
exercises) on memory, locomotor activity,
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memory consolidation, and brain electrical
activity (as revealed by EEG recordings) in
morphine-addicted rats.

MATERIALS AND METHODS

Experimental animals

Twenty-eight adults male Wistar rats (200-300 g
in weight) were procured from Pasteur Institute
(Tehran, Iran). The rats were maintained under
12-h light/dark cycles (lights on from 7:00 a.m.
to 7:00 p.m.) under controlled temperature
(22+2° C) and humidity (50+5%). Food and
water were made available ad libitum, except
during the exercise sessions. The procedures
and protocols employed were approved by the
Ethical Committee of Animal Use of Isfahan
University of Medical Sciences (IR.MUI.MED.
REC1397.228) while all the experiments were
performed in accordance with the National
Institute of Health Guide for the Care and Use
of Laboratory Animals (NIH Publication No. 80-
23, 2011 Revision). A period of one week was
allowed for adaptation before the animals were
randomly assigned to the following four groups
(n =7 rats/group) (Figure 1):
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Figure 1. Schematic diagram of different groups. EEG: Electroencephalography.
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— Control group: Rats were maintained in
the laboratory for the first 11 days of the trial
receiving no special treatment before they
received normal saline (morphine vehicle)
injections over the following 10 days.

- Sham group: Rats were maintained in
the laboratory for the first 11 days of the trial
receiving no special treatment before they
received normal saline (morphine vehicle)
injections over the following 10 days. Throughout
the whole 21 days of the trail, the animals were
placed on a motorized rodent running wheel for
1h/day without running.

— Morphine group: Rats were maintained in
the laboratory for the first 11 days of the trial
receiving no special treatment before they
received morphine injections over the following
10 days.

— Fixed exercise-morphine group (Fix.Exe-
Morphine): Rats were subjected to exercise over
the first 11 days of the trial and subsequently
received morphine injections over the following
10 days while the exercise was continued at the
same speed.

— Progressive exercise-morphine group
(Prog.Exe-Morphine): Rats were subjected to
exercise over the first 11 days of the trial and
subsequently received morphine injections over
the following 10 days while the exercise was
enforced at a higher speed.

Finally, all the rats were prepared for the
passive avoidance test on day 21 and EEG
recordings on day 22.

Experimental procedures

Exercise paradigms

All the rats in the exercised groups were run on
a motorized rodent running wheel (Tajhiz Gostar
I[ranian Co., Tehran, Iran) as a forced aerobic
exercise. The three-day adaption period prior to
the experiments included a first day of running
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on the wheel in the off mode for 60 min once
a day and two subsequent days of running on
the wheel in the on mode with speed being
increasing to 2.5 m/min and the exercise
duration being raised from 15 to 30 min.

Two different intensity patterns (namely,
fixed and progressive) of exercise were used.
The fixed exercise protocol consisted of 1 h/
day of running at a speed of 10 m/min over
21 consecutive days. The progressive exercise
protocol consisted of 1h/day of running at a
speed of 5 m/min for 11 consecutive days and
1h/day of running at a speed of 10 m/min
over the remaining 10 days. Thus, the exercise
continued both before and throughout the
morphine administration period. The rats in the
sham group, designed for evaluating the stress
incurred due to the exercise apparatus, were
placed on the motorized rodent running wheel
for 1h/day throughout the trial period without
having to run.

Drugs

Addiction was induced by single intraperitoneal
(i.p) daily injections for 10 consecutive days
of morphine sulfate (Temad Co. Tehran,
Iran) dissolved in saline 0.9%. The drug was
administered at doses of 10, 20, 30, 40, and 50
mg/kg for five consecutive days followed by
administration of 50 mg/kg repeated over the
last five days (in total, the rats received 400 mg/
kg for 10 days). Morphine dependence of rats was
assessed by Acon® urine morphine rapid test
(strip) (Health Research Systems Inc., USA) for
detecting positive urine morphine (Radahmadi
et al. 2016b). Previous studies had reported
induction of addiction by injecting lower doses
of morphine over the same period as in the
present study and testing to detect addition
symptoms on the tenth day (Saedi Marghmaleki
& Alaei 2016, Castilho et al. 2008, Marghmaleki
et al. 2013). Finally, the control group received
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equal volumes of saline (drug vehicle) for 10
days.

Behavioral paradigms

The passive avoidance test was used to assess
learning, memory, memory consolidation, and
locomotor activity in a shuttle box (64x25x35
cm) divided by sliding guillotine doors and grid
floors into two compartments of identical sizes
(32x25x35 cm). Each rat would be placed in the
apparatus for 300s for habituation before a
single learning trial would be performed after
1 day. In the learning trial, the rats would be
placed individually in the light compartment for
60s before the guillotine door would be raised
to allow the rat to enter the dark compartment.
Once the door had been closed, a single
electrical shock (0.5 mA, 2 s) would be delivered
to the animal’s foot through the grid floor using
an isolated stimulator. The initial latency of
entrance into the dark room would be recorded
before inducing the electrical shock. In the
memory trial, the latency of entrance into the
dark compartment would be measured on day
21 at the end of the trail period (i.e, 1 day after
the learning trial).

Foot shocks would be delivered for both
habituation and memory tests (Dastgerdi et al.
2018). A delay time of up to 300s was recorded
for entrance into the dark compartment in both
the learning and memory trials. The ability of
the animal to remember the foot shock received
was determined in the passive avoidance task.
Avoiding entry into the dark compartment or a
longer duration of stay in the light compartment
wasinterpretedasapositive response .Finally, the
difference between initial latency and that after
1 day was interpreted as occurrence of learning
(Radahmadi et al. 2017). Also, the total dark stay
time was recorded as memory consolidation
and/or storage of novel information (Dastgerdi
et al. 2018) while the number of times the animal
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entered the dark compartmentin 5 minutes was
registered as locomotor activity (Vohora et al.
2000, Divsalar 2012).

Stereotaxic surgery and EEG
electrophysiological study

Twenty-four hours after exposure to the last
experimental session (i.e, on day 22), the rats
were initially anesthetized with intraperitoneal
injections of urethane (1.5 g/kg; Sigma, USA) and
placed in a stereotaxic frame (Stoelting Co., USA).
The skull was then exposed and two small holes
were drilled over dura using a bregma reference
point and a standard miniature drill 0.5 mm
in diameter. The holes were 2 mm anterior to
bregma and 1.5 mm lateral to midline. Then,
electrodes were placed sub-cranially (at the
level of the cortex), the relevant brain-device
interfaces were connected to the rat and the
device, and brain EEG waves were recorded. In
the EEG system, the rats would be placed on a
suitable pad and covered during the experiment
in order to record better signals. The EEG activity
of each anesthetized rat was recorded for
approximately 20 min. Signals were low-pass
filtered at 0.5-3 kHz and sampled at 1 kHz. They
were additionally passed to a computer through
an analog to digital interface and the data thus
obtained were analyzed using eTrace Analysis
before being transferred to the data acquisition
system (Data Acquisition, Science Beam-D3111;
eProbe- eTrace Experiment software; Parto
Danesh Co.).

Electroencephalograms of brain waves are
effective tools for investigating natural brain
phenomenaand various states of consciousness.
The system processed the data to show the
power of each of the alpha, beta, delta, and theta
waves. The waves collected were filtered in the
range of 0 — 30 Hz and the delta (1-4 Hz), theta
(4—-8 Hz), alpha (813 Hz), and beta (13-30 Hz)
waves were accepted (Jurkowlaniec et al. 2003).
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The total power of the four frequency bands
were taken to be 100% as the baseline, and the
quantity of each frequency band (alpha, beta,
theta, or delta) was calculated for all the groups
examined and expressed as a percentage of the
total power (Stein et al. 2017). In other words, all
the waves accumulated after 1 wave were taken
as 100% and every single wave was calculated as
a percentage of the total power.

Body weight measurement

Body weights were measured on days 1and 21 of
the experiment and differences (BWD=BW
BW,,,,) were determined.

21Days_

Statistical analysis

All the data were reported as means *SEM.
Moreover, the data were compared (between-
group comparisons) using ANOVA followed by
the LSD post-hoc test for multiple comparisons.
Comparisons of initial latency and that after 1
day (within-group comparisons) were analyzed
using the paired student’s t-test. A P-value of
less than 0.05 was considered as statistically
significant. Ultimately, the calculations were
performed using SPSS 21 (SPSS Inc., Chicago, IL,
USA).
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RESULTS

Since the Control (Co) and Sham (Sh) groups
exhibited no significant differences in their test
results or EEG recordings, the control group was
selected as the reference for all the following
comparisons.

Behavioral results

In the passive avoidance test, an ANOVA test
followed by the LSD post hoc test indicated no
significant differences in initial latency [F(4, 30)
=0.967, P>0.05] (Figure 2), latency after 1 day [F(4,
30) =2.411, P>0.05] (Figure 3), dark stay time [F(&,
30) =5.220, P<0.05] (Figure 5), and number of
times entering the dark compartment [F(4, 30)
=1.804, P>0.05] (Figure 6).

Figures 2 and 3, respectively, show the data
on initial latency and that after 1 day for all the
groups subjected to the passive avoidance test.
Based on the one-way ANOVA, no significant
differences were observed in initial latency
values among the experimental groups (Figure
2).

The progressive exercise-morphine group
recorded significantly (P<0.01) higher values for
latency after 1 day than the morphine group did
(Figure 3), indicating their improved memory due

Figure 2. Initial
latency to entrance
into the dark room
of the passive
avoidance apparatus
for all the groups
before receiving
a foot shock (n
=7). Results are
expressed as means
+ standard error of
mean. No significant
differences were
observed among the
_ groups.

Control Sham Morphine

Groups

Fix.Exe-Morphine Prog. Exe- Morphine
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to the protective effect of progressive exercise in
addicted rats.

As shown in Figure 4, a paired sample t-test
was used for evaluating changes in the within-
group latency values obtained from the passive
avoidance test. The results indicate differences
between initial latency and latency after 1 day
in the control [t(6)= -5.728, P<0.01], Sham [t(6)=
-6.106, P<0.01], Morphine [t(6)= -11.596, P<0.01],
Fix-Exe-Morphine [t(6)= -10.960, P<0.01], and
Prog-Exe-Morphine [t(6)= -6.400, P<0.01] groups.
The differences are clearly significant (P<0.01),
indicating that learning happened in all the
experimental groups.

As shown in Figure 5, significant decreases
in total dark compartment (DS) stay time were
recorded for both the fixed and progressive
exercise-morphine groups (P<0.05 and P<0.07;
respectively) when compared with the values
measured in the control. Also, significantly
(P<0.05) lower DS values were recorded for
the progressive exercise-morphine group than
those measured in the morphine group.

Finally, the progressive exercise-morphine
group, compared with the morphine one,
showed a significant (P<0.05) decrease in its
number of entrances into the dark compartment
as a locomotor activity (Figure 6).

EXERCISE AND BRAIN FUNCTION IN ADDICTION

Electroencephalography results

The ANOVA test followed by the LSD post hoc
test of the EEG recordings revealed no significant
changes in the theta [F(4, 30) = 2.275, P>0.05]
(Figure 7a), delta [F(4, 30) = 2.350, P>0.05] (Figure
7b), beta [F(4, 30) = 2.069, P>0.05] (Figure 7c), or
alpha waves [F(4, 30) = 2.175, P>0.05] (Figure 7d).

Figure 7 shows different EEG brain waves
of the cortex. Based on the ANOVA test results,
the percentages of delta, theta, beta, and alpha
waves showed significant (P<0.05) differences
between the morphine and the control groups
(Figure 7a-d). A significant difference (P<0.05)
was also detected in the percentages of alpha
waves between the fixed exercise-morphine and
the morphine groups (Figure 7a).

Body weight differences

The ANOVA test followed by the LSD post hoc
test of body weight differences revealed no
significant differences in alpha waves [F(4, 30)=
6.552, P>0.05] (Figure 8). Results indicated that
body weights in the morphine (P<0.01), fixed
exercise-morphine (P<0.05), and progressive
exercise-morphine (P<0.01) groups showed
significant differences (BWD=BW, . -BW, )
from those of the control (Figure 8).

Figure 3. Latency after
06 1day to entrance into
the dark room of the
passive avoidance
apparatus for all the
groups 1day after
receiving the foot
shock (n = 7). Results
are expressed as
means * standard
error of mean. °°P<0.01
compared to morphine

group.
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Figure 4. Initial latency
and latency after 1
day to entrance into
the dark room of the
passive avoidance
apparatus before and
after the foot shock
(within groups) (n = 7).
Results are expressed
as means # standard
error of mean. *P < 0.01
Initial latency relative
to the latency after 1
day.

Figure 5. Total stay

time in dark room of
the passive avoidance
apparatus for all the
groups 1 day after
receiving the foot shock
(n = 7). Results are
expressed as means

+ standard error of
mean. *P<0.05 and
**P<0.01 compared to
the sham group, *P<0.05
and *P<0.01 compared
to the control group,
°P<0.05 compared to
morphine group.

Figure 6. The number
entrance to dark

room of the passive
avoidance apparatus
for all the groups 1 day
after receiving the foot
shock (n = 7). Results are
expressed as means *
standard error of mean.
°P<0.05 compared to
morphine group.
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Figure 7. Comparison of percentages of different waves of total power (%) in all the groups. a) Theta waves
percentages, b) Delta waves percentages, c) Beta waves percentages, d) Alpha waves percentages. Data represent
meansz SEM (One-way ANOVA followed by LSD post-hoc test). *P<0.05 compared to the control group, “P<0.05
compared to the sham group, and °P<0.05 compared to morphine group.

DISCUSSION

The preventive effects of the two forced
(fixed and progressive) exercise models
on abnormalities resulting from morphine
addiction were investigated based on such
brain functions as learning, memory, locomotor
activity, memory consolidation, brain electrical
activity (EEG recordings including alpha, beta,
delta, and theta waves), and body weight
differences in addicted rats. The findings
showed that learning happened in all the
groups tested, with the highest learning level
recorded for the progressive exercise-morphine
group and the lowest for the morphine one. This
is in agreement with the findings reported by
Saadipour et al. (2009) who reported learning

occurring in their morphine-addicted rats.
The present findings additionally revealed
the greater effect of progressive exercise than
the fixed one on learning improvement in
addicted subjects. Some studies had reported
that while treadmill running exercise improved
learning rates in morphine rats (Azizi et al. 2005,
Saadipour et al. 2009), it did not play up with
different types of exercise.

Anotherfindingofthe presentstudyindicated
that the ten-day morphine administration did
not produce any significant changes in the
brain functions of memory, locomotor activity,
and memory consolidation. Consistent with this
finding, Babor et al. (1976) demonstrated that
ten days of morphine administration was not
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adequate for impairing brain functions (Babor
et al. 1976). This is while some studies reported
that a ten-day morphine administration had
impaired certain cognitive processes in their
subjects (Gu et al. 2008, Rashidy-Pour et al.
2015). Itis, therefore, possible that different brain
regions might be involved in behavioral patterns
and that the ten-day morphine administration
is not adequate for changing these patterns.
Morphine administration in the current
study was found to lead to a variety of activity
patterns as revealed by different EEG (alpha,
beta, theta, and delta) waves. For example, the
alpha and beta waves were found to increase
while the theta and delta waves to decline due to
morphine administration. Enhanced alpha and
beta waves could, therefore, indicate anti-stress
effects and a relaxed mood (Murao et al. 2013),
whereas declining theta and delta waves could
be taken as reduced consciousness and loss of
bodily awareness in addicted rats (Songsamoe
et al. 2019). This is further supported by the
results of previous studies that demonstrated
different effects of morphine administration
on EEG waves. For instance, Matejcek et al.
(1988) reported reduced frequencies of slow
EEG waves but increased frequencies of the
beta wave as a result of morphine addiction.

In contrast, Li et al. (2016) showed that acute
morphine administration increased EEG potency
in all the delta, theta, alpha, and beta bands.
A moderate dose of morphine was reported
to produce an unbalanced decrease in power
across all the EEG frequency bands except for
the beta band (Zanettini et al. 2018). In contrast,
morphine administration was observed to
give rise to an overall increase in all the band
frequencies, but most notably in the alpha one
(Ferger & Kuschinsky 1995). It, therefore, seems
that changes in brain’s electrical activity (EEG)
should depend particularly on its dosage and
duration (Radahmadi et al. 2017, lwatsubo &
Clouet 1977). The results of the present study,
however, indicate that morphine administration
seems to have stronger effects on changes
in the EEG waves of the brain as a cellular
mechanism rather than on changes in behavioral
cognitive processes in which different brain
regions are involved. Furthermore, while the
mechanisms underlying cognitive processing
and EEG generation are not fully understood,
interactions among various brain regions and
cortical networks are assumed to play the key
roles in various rhythmical EEG activities under
different conditions.
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The progressive exercise in this study
was found to be the only one to reverse the
significantly adverse effects of morphine on
memory, memory consolidation, and locomotor
activity in addicted subjects. This is in contrast
with the results obtained under the fixed
exercise protocol that showed no beneficial
effects on the parameters investigated in the
passive avoidance test. In line with the current
findings, one study reported that acute and
chronic exercise would have positive effects
on improving cognitive functions albeit the
mechanisms involved are unknown (Gutmann
et al. 2015, Alaei et al. 2006). Zarrinkalam et al.
(2016) also showed that morphine-induced
cognitive deficits were blocked by exercise. Also,
Miladi-Gorji et al. (2011) demonstrated that a 10-
day voluntary exercise was potentially effective
in ameliorating some of the cognitive deficits
revealed by the water maze task in rodents.

None of the brain waves in addicted subjects
were found affected by the progressive exercise.
Thisiswhile the fixed exercise enhanced only the
alpha waves in the EEG recordings of addicted
subjects but their beta, theta, and delta waves
showed no changes relative to those recorded
for the morphine group. Murao et al. (2013) also
reported that alpha waves represented semantic
information processing and good cognitive
performance. They claimed that fixed exercise
improved semantic information processing in
addicted subjects.

It seems that the different preventive
exercise protocols used in the present study
had different effects on brain functions, as
revealed by either behavioral tests or brain
EEG recordings. This is confirmed by previous
studies reporting different effects of exercise
on the waves of the electroencephalogram.
For example, one study indicated that exercise
produced changes in the alpha wave (Gutmann
et al. 2015) while another reported enhanced

EXERCISE AND BRAIN FUNCTION IN ADDICTION

theta waves but declining delta waves in rats
(Li et al. 2008). Bailey et al. (2008) demonstrated
enhancements in the theta, alpha, and beta
frequencies of EEG recordings during exercise
although the changes were not specific to any
special region of the brain (Bailey et al. 2008).
However, the differences observed between EEG
recordings and behavioral test results might
be attributed to differences in the methods
employed in EEG analysis (Radahmadi et al.
2017), exercise timings and durations (Bigliassi
et al. 2017), exercise types, types of behavioral
task, exercise protocols (Ranjbar et al. 2017), and
the effects of morphine administration on brain
responsiveness.

Sine both morphine administration and
exercise were observed in the present study to
affect body weight, differences in body weight
were determined in quest of more accurate
results. All the three experimental groups
(namely, the fixed exercise group and the
morphine and progressive exercise-morphine
ones, in particular) in the present study
exhibited loss of body weight. Some studies
reported loss of body weight following exercise
sessions in addicted subjects (Levin & Dunn-
Meynell 2006, Droste et al. 2007, Mucha & Kalant
1979). Exercise started at a low speed seemed to
lead to a greater body weight loss in addicted
subjects than running started at a high speed,
a finding that is confirmed by those reported in
Donnelly et al. (2000).

CONCLUSIONS

In conclusion, the effects of morphine
administration were found to be more strongly
reflected in changes in brain electrical activity
(EEG waves) as a cellular mechanism than
in the test results of behavioral cognitive
processes that involve different brain regions.
Furthermore, compared to the fixed exercise
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protocol, the progressive forced exercise was
found to be far better at reversing the adverse
effects of morphine addiction on memory,
memory consolidation, and locomotor activity.
The fixed exercise protocol used in this study
was found capable of increasing only the alpha
wave power involved in enhancing semantic
information processing in addicted subjects.
Finally, compared to running started at a high
speed, exercise started at a low speed was
found to lead to more losses of body weight in
addicted subjects. Further studies are required
to gain a better understanding of the possible
mechanisms and etiologies explaining such
changes.
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