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ABSTRACT

Introduction: A sequence of time-dependent changes can affect the brain’s functional capacity.

This study aimed at investigating the effects of Forced Aerobic Exercise (FAE) versus the
Rosemary Extract (RE) on the learning abilities and oxidative stress modulation in rats.

Methods: Young and old rats received daily FAE and RE for 3 months. Using the Passive
Avoidance (PA) test, we evaluated the learning and memory of the rats by Step-Through
Latency (STL) score. We measured the Superoxide Dismutase (SOD), Glutathione Peroxidase
(GPx), Catalase (CATA), Malondialdehyde (MDA) enzymes levels, and Total Antioxidant
Capacity (TAC) in the hippocampus

Results: FAE could significantly increase the STL score (P<0.001) among old rats similar
to the rosemary extract consumption. The SOD, GPx, and CATA enzyme activities and the
level of TAC significantly increased by the treatments (exercise: P<0.001 for SOD and TAC
and P<0.05 for CATA, exercise/rosemary: P<0.001 for all enzymes, and rosemary: P<0.01
for SOD and TAC). Furthermore, the MDA level significantly decreased by the treatments
(exercise and exercise/rosemary: P<0.001, rosemary: P<0.01). The partial Pearson test
revealed the significant positive correlations between the score of STL (day 2) with the SOD

Keywords: (P<0.01) and TAC (P<0.05) levels and negative correlations between the MDA level and STL
Cognition, Antiox idant, score in both days (P<0.05 for the first day and P<0.001 for the second day).

Enzymes, Aerobic exercise, Conclusion: Similar to the rosemary extract, FAE could increase the working memory and
Aging antioxidants activity in old rats in 3 months.
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Highlights

» Working memory scores, antioxidants activity (superoxide dismutase, glutathione peroxidase, and catalase), and the
level of total antioxidant capacity in old rats were lower, but the level of malondialdehyde was higher in young animals.

» Rosemary extract administration to old rats could modulate all scores in memory and enzyme activity, except cata-
lase and glutathione peroxidase activity.

e Exercise could modulate all scores in memory and enzyme activity, except glutathione peroxidase activity in old rats.
¢ Both rosemary and exercise could modulate all scores in memory and enzyme activity in old rats.

* Scores of working memory showed positive correlations with superoxide dismutase and total antioxidant capacity
and a negative correlation with malondialdehyde level.

Plain Language Summary

Treadmill aerobic exercise and also consumption of rosemary extract for a long time could protect the hippocampal
neurons from the destructive effects of oxidative stress caused by aging and help the memory function in male aged rats.
These effects are shown by a learning and memory test (shuttle box) and some of important anti-oxidative enzymes.

1. Introduction

ging is often accompanied by cognitive

and memory decline and an increased

risk of neurodegenerative disorders

(Hung, Chen, Hsieh, Chiou & Kao,

2010; Mattson & Magnus, 2006; Shi,
Buffenstein, Pulliam & Van Remmen, 2010). By aging,
neurogenesis in the brain reduces rapidly, the neuronal
function decline (Zhu et al., 2014), and the molecular
oxidative stress products can accumulate (Sharman et
al., 2007). The brain contains large amounts of iron and
ascorbate, which are associated with lipids’ peroxidation,
and because the neurons are mainly post-mitotic cells,
oxidative injuries accumulate in them (Lau, Shukitt-
Hale & Joseph, 2005; Head, 2009). The theory of free
radicals’ role in the aging process suggests that dysfunc-
tion of the mitochondrial electron transport chain can
increase superoxide synthesis and relevant Reactive
Oxygen Species (ROS) (Newgard & Sharpless, 2013).
The concentration of free radicals during normal oxygen
metabolism may be restricted physiologically by various
cell sources of antioxidants (Chen et al., 2008).

Among the herbals, rosemary (Rosmarinus officinalis) is
one of the most widely commercialized plants (Zheng &
Wang, 2001), containing the natural antioxidants, rosma-
rinic acid, carnosol, and carnosic acid (Zhang et al., 2012).
An experimental study showed that rosemary could ame-
liorate the toxic effects of kojic acid in rats’ hippocampus

(Naderali, Nikbakht, Ofogh & Rasoolijazi, 2018) [Nadera-
li, 2018 #5]. Antioxidants in rosemary leaves demonstrated
antioxidant properties in Alzheimer Disease (AD) animal
model (Azad, Rasoolijazi, Joghataie & Soleimani, 2011)
and neuroprotective effects on the neuronal population
involved in cognitive abilities (de Oliveira, 2018). Also, it
scavenges singlet oxygen, hydroxyl radicals as well as lipid
peroxyl radicals and protect biological membranes (Mun-
né-Bosch & Alegre, 2001).

Exercise can have beneficial effects on the cardiovas-
cular, pulmonary, musculoskeletal, and central nervous
systems (Bernardi et al., 2013) and enhances the antioxi-
dants enzyme activity in the brain (Perry et al., 2018). It
is believed that the valuable effects of running on mood
and cognition may result from its role in the increase
of neurogenesis in the hippocampus (van Praag, 2008).
Although exercise has both preventive and therapeutic
effects on depression, the related mechanisms are poorly
understood (Cotman, Berchtold & Christie, 2007). The
hippocampus plays important roles in cognition, mood
regulation, stress responses, learning, memory, and even
predicting future events (Balu & Lucki, 2009).

Therefore, according to our hypothesis, exercising
and rosemary extract simultaneously can have syner-
gistic effects on the antioxidant system potency of the
brain and thereby improving cognitive functions. So,
this research aimed to investigate the effects of forced
aerobic exercise with rosemary extract administration on
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memory function in young and old rats. We have also
investigated how these treatments affect antioxidant ca-
pacity levels in the brain. In this regard, we chose Cata-
lase (CATA) (a common and vital enzyme that protects
neurons from oxidative damage), Superoxide Dismutase
(SOD) (the vital enzyme involved in oxygen metabolism
that converts superoxide radicals to oxygen or hydrogen
peroxide), Glutathione Peroxidase (GPx) (the enzyme
family that plays its protective role through metaboliz-
ing the lipid hydroperoxides), Total Antioxidant Capac-
ity (TAC) and Malondialdehyde (MDA) (the fatty acid
oxidation products) enzymes (Head, 2009).

2. Methods
2.1. Study animals

One hundred male Wistar rats were used in this study.
The rats were obtained from the Iran University of Medi-
cal Sciences (IUMS), Tehran, Iran. They were kept in
laboratory cages (3 animals per cage). Food and water
were freely available. The rats were kept in a room with
a 12:12 hour light-dark cycle and a constant temperature
of 21+2°C. The animal experiments were carried out ac-
cording to the Ethics Committee of [TUMS (Ethical code
number: IR.IUMS.REC.1393.24834) for the care and
use of laboratory animals (following the National Insti-
tutes of Health Guide for Care and Use of Laboratory
Animals: NIH Publication 1996). The efforts were made
to minimize unnecessary pain and suffering within labs.

The rats were divided into old (18 months) and young
(2 months) age groups (50 rats in each group). These 2
age groups were further divided into 5 subgroups: intact,
vehicle, exercise, rosemary, and combination of exercise
and rosemary (exercise/rosemary). The animals in the
intact group remained in their home cages throughout
the experiment. The vehicle group spent 10 min on a
turned-off treadmill and received 1 mL of distilled water
orally (via animal-feeding incubation needles: Perfecta,
Germany) per day. Other animals received 1 mL rose-
mary extract or distilled water orally per day and under-
went Forced Aerobic Exercise (FAE) using a treadmill
or placed on a turned-off one for 12 weeks (5 d/wk).
Hydroalcoholic rosemary leaves extract was purchased
from Hunan Geneham Biomedical Technological Co.
(Batch Number: RAP20-11040, China). According to a
defined concentration (100 mg/kg), the extract was sus-
pended with distilled water (Pérez-Sanchez et al., 2014).
The dose of the extract was determined by using the re-
sults of previous studies (Sotelo-Félix et al., 2002).
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2.2. Forced Aerobic Exercise (FAE)

Before starting the main exercise procedure, the rats
were trained to run using a motor-driven treadmill (Pish-
roo Andisheh Sanat Engineering Co. Tehran, Iran) at a
speed of 10 m/min for one week. Then the main exercise
procedure continued for 3 months, using the same tread-
mill. On the first day of trial, the animals were forced to
run 12 m/min on the treadmill for 10 minutes. Then, in
the following days, both the time and the speed were in-
creased slowly. Thus, during the 12" week, the rats would
have to run at the speed of 22 m/min for 1 hour per day.

2.3. Passive Avoidance (PA) test

Shuttle box apparatus was used for Passive Avoidance
(PA) (Hirsh, 1974) to evaluate short-term and working
memories. The shuttle box included two compartments
of the same size and a sliding door between the two com-
partments. The floor was made by a metal grid, which
was used for delivering brief electric foot shock. A light
bulb does electric lighting of one compartment, whereas
the other compartment remained dark. PA included two
phases: the training and the test. The two phases were
performed in two following days. In the training session,
we placed each animal in the light compartment and far
from the door. By rat entering the dark compartment, we
closed the sliding door promptly, followed by deliver-
ing a foot shock of 0.5 mA by the grid floor within two
seconds. The test phase was done by locating the rat in
the light compartment again for entering the dark part
(no shock was applied) (Silva, Felicio & Frussa-Filho,
1999). We recorded the period of entering the dark
chamber; the animals were allowed a maximum of 300
seconds to enter the dark compartment.

2.4. Tissue preparation

After 3 months of treatment and exercise, the animals
were anesthetized via intraperitoneal injection of ket-
amine (150 mg/kg) and xylazine (15 mg/kg) mixture,
and then their brains were quickly removed from the
skull. The brains were washed with cold saline phos-
phate buffer. The hippocampus was isolated, and after
determining its weight, it was mixed with pH 7.4 cold-
Tris buffer (10 mmol/L) with a proportion of 10% W/V
and homogenized for 3 minutes, then centrifuged at 8500
rpm for 25 min, at 2°C. The produced supernatant was
used for analyzing the activity or level of the enzymes.



http://bcn.iums.ac.ir/

May, June 2021, Volume 12, Number 3

2.5. Biochemical analyses
2.5.1. Superoxide Dismutase (SOD)

The assay of Misra and Fridovich was employed to eval-
uate SOD enzyme activity (Misra & Fridovich, 1972).
We added ice-cold ethanol (0.25 mL) plus chloroform
(1.5 mL) to the diluted supernatant (using 0.5 mL of dis-
tilled water) (0.5 mL) as mentioned before. After cen-
trifugation at 3000 rpm for 5 min, the supernatant (0.5
mL) was mixed with carbonate buffer (1.5 mL) and Ethyl-
enediaminetetraacetic Acid (EDTA) (0.5 mL). Ultimately,
after adding 0.4 mL of adrenaline solution (3 mmol/L),
the optical absorption was evaluated at 480 nm per min-
ute. The enzyme activity was shown as U/mg protein.

2.5.2. Glutathione Peroxidase (GPx)

GPx enzyme activity (at 37°C) was investigated based
on the method proposed by Wheeler et al. in 1990
(Wheeler, Salzman, Elsayed, Omaye & Korte Jr, 1990).
The reaction solution was contained the following chem-
ical compounds: H,0, (0.2 mM), Glutathione (GSH) (1
mM), glutathione reductase (0.14 units), Nicotinamide
Adenine Dinucleotide Phosphate (NADPH) (1.5 mM),
sodium azide (1 mM), and 0.1 mol of phosphate buffer.
In this method, the glutathione reductase enzyme cata-
lyzes the conversion of GSH to oxidized NADPH. Then
the optical absorption was measured at 340 nm/min via
spectrophotometer. GPx enzyme activity is also shown
as U/mg protein.

2.5.3. Catalase

Catalase (CATA) enzyme activity was measured by the
Aebi method (Aebi, 1984). Twenty microliters of diluted
supernatant (100 times) were added to 980 puL of hydro-
gen peroxide solution (Distilled water [30 pL], Tris-HCI
buffer [PH: 8; 50 pl], H,0, (10 mmol/L)]. H,O, substrate
decomposition rate was measured at a wavelength of
240 nm with a spectrophotometer. CATA enzyme activ-
ity is shown as U/mg protein.

2.5.4. Total Antioxidant Capacity (TAC)

TAC was assessed according to the ABTS+ radical cat-
ions absorption, which was described by Miller (Miller,
Rice-Evans, Davies, Gopinathan & Milner, 1993). Re-
ducing optical absorption was measured using spectro-
photometry and expressed as g/dL. BSA.

Basic and Clinical

2.5.5. Malondialdehyde (MDA)

The level of MDA was measured according to the Sa-
toh method (Kei, 1978) to determine the lipid peroxida-
tion level in the hippocampus. For this purpose, super-
natant (see “Tissue Sampling”) and Trichloroacetic Acid
(TCA) were mixed with thiobarbituric acid and warmed
up with sodium sulfate (2 mol) in a bain-marie for 20
min. The resulting chromogenic color product was ex-
tracted by n-butyl alcohol, and then the absorption of the
soluble phase was read by spectrophotometry at an opti-
cal absorption rate of 530 nm. MDA level is expressed
as nm/mg protein.

2.6. Statistical analysis

Values are shown as means+Standard Error of the Mean
(SEM). R statistical software package (version: 3.5.2)
was used for data analysis. We used Multivariate Analy-
sis of Variance (MANOVA) and Turkey’s post hoc test to
investigate the effect of independent variables (age and
treatment groups) on dependent variables (Step-Through
Latency [STL], enzyme activity levels, TAC, and MDA
levels). The partial Pearson correlation (control for age
and treatment groups) was used to measure the impact
of each independent variable as well as the interaction
between two independent variables. All p values were
Bonferroni adjusted.

3. Results

Since the data of the intact and vehicle groups in all
tests did not show any significant difference, we present-
ed these two groups as a single control group.

3.1. Passive Avoidance (PA) test

As explained before, this experiment was performed in
2 sessions: the training session on the first day (day one)
and the test session on the second day (day two), which
represents Step-Through Latencies (STL).

In the first step, we evaluated the effects of age and
treatment as two distinct factors, which affect animal
performance on a PA task. As shown in Figure 1, statisti-
cal analysis demonstrated that neither age nor treatment
affects animals’ STL on the first day. While on the second
day, both age (P=2.88e-05) and treatment (P=2.09e-06),
alone or in combination (age groupxtreatment), influence
the animal performance. The highest effect size was con-
sidered for the age groupxtreatment (P=0.05¢-11). Also,
independent variables of age [F, . =12.5418, P<0.001]
and treatments [F, _ =4.4200, P<().001] alone or in com-

8,176
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Figure 1. Partial effect size of age and treatment alone or in
combination on animals performance in Step-Through La-
tencies (STL) on day 1 and day 2

bination [F, ., =7.6434, P<0.001], could significantly in-
fluence the STL on day 2. In the following, the effects of
treatment on STL were evaluated in each day separately.

On day 1, the groups did not show significant differ-
ences among STL to the dark compartment (Figure 2A).
On day 2, there was a significant difference between old
and young control animals’ performance in STL, while
there were no significant differences between young
and old treatment groups. So, all old treatment groups
spent significantly more time in the light compartment
compared to the control one (P<0.001). There is no sig-
nificant difference between young animal groups in STL
performance (Figure 2B).

3.2. Biochemical analyses

Similar to behavioral assessments, the partial effect
size of age and treatment, alone or in combination, were
evaluated (Figure 3). Statistical analysis showed that age
could affect SOD (P=2e-16), GPx (P=2e-16), and CATA
(8.4¢-12) activity and MDA level (P=2e-16) and total
antioxidant capacity (P=4.14e-13) in the hippocampus.
The results demonstrated that treatments significantly af-
fects SOD (P=8.69¢-12), GPx (P=1.11e-13) and CATA
(P=7.21¢-09) activity, MDA level (P=9.74e-10) and total
antioxidant capacity (P=2.05¢-10). However, the com-
bination of age and treatment (age group X treatment)

May, June 2021, Volume 12, Number 3

could not affect any of the antioxidant factors except the
MDA level (P=4.74¢-07). On the other hand, indepen-
dent variables of age (F, ,.=155.173, P<0.001) and treat-
ments (F,, ,,=3.080, P<’0.001) alone or in combination
(F,, 15,=2-108, P<0.01) could significantly influence the

levels of TAC and MDA and also the activity of SOD,
GPX, CATA in hippocampus.

3.2.1. Superoxide Dismutase (SOD)

As shown in Figure 4A, in the old animals, SOD en-
zyme activity significantly increased in each treatment
group compared to the control (P<0.001 for exercise and
exercise/rosemary, P<0.01 for rosemary). In contrast, no
significant difference was observed in young groups of
animals. Also, the comparison between young and old
animal groups revealed significant increases in all young
groups compared to similar old ones (P<0.001 for the
control and exercise/rosemary groups and P<0.05 for the
similar exercise groups), except for the rosemary groups.

3.2.2. Glutathione Peroxidase (GPx)

Figure 4B shows that in the old animals, GPx enzyme
activity only increased significantly in the exercise/
rosemary group compared to the control (P<0.001). In
comparison, no significant difference was seen among
young groups of animals. Also, the comparison between
young and old animal groups revealed significant in-
creases in all young groups compared to similar old ones
(P<0.001).

3.2.3. Catalase (CATA)

As shown in Figure 4C, CATA enzyme activity in
old animals significantly increased in treatment groups
compared to the control group (P<0.05 for exercise and
P<0.001 for exercise/rosemary). However, young groups
of animals did not show significant differences. Compar-
ison of the young and old animal groups revealed sig-
nificant increases in all young groups compared to the
similar old ones (P<0.001 for the control and exercise/
rosemary groups and P<0.05 for the similar exercise
groups), except for the rosemary groups.

3.2.4. Total Antioxidant Capacity (TAC)

Evaluation of the TAC level in the hippocampus of old
animals revealed significant increases in each treatment
group (P<0.001 for exercise and exercise/rosemary,
P<0.01 for rosemary) than the control group. Also, no
significant difference was seen between young groups of
animals. Based on the findings, there was no significant
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Figure 2. Step-through latency score in experimental groups (Mean+SEM), A: Day 1, and B: Day 2

“P<0.001.

difference between old and young animals in all groups
with similar conditions, except between the control
groups (P<0.001) (Figure 4D).

3.2.5. Malondialdehyde (MDA)

For MDA levels, our results demonstrated significant
decreases in the old treatment animals in comparison
with the control group (P<0.001 for exercise and exer-
cise/rosemary groups, and P<0.01 for rosemary). How-
ever, there was no significant difference between young
animals. On the other hand, the levels of MDA in old
animals were significantly more than that in young ani-
mals in similar groups (P<0.001) (Figure 4E).

3.3. Partial Pearson correlation test between en-
zymes and Step-Through Latency (STL) scores

As shown in Table 1, the Partial Pearson analysis test
revealed a positive correlation between SOD enzyme
activity and STL score on day 2 (r=0.389, P<0.01). The
TAC level showed a positive correlation with the STL
score on day 2 (r=0.342, P<0.05). While there were neg-
ative correlations between MDA levels and STL scores
on both days (r=-0.271, P<0.05: for the first day and =
-0.573, P<0.001 for the second day).

4. Discussion

The aging process shows the cumulative effects of de-
terioration caused by free radicals in cells and tissues.
Several studies have reported correlations between aging
and the accumulation of oxidative damage in cells (Head,
2009; Posadas et al., 2009). In addition, a reduced cog-
nitive ability, which occurs in normal aging, may result
from oxidative damage in the hippocampus. Some stud-
ies suggest that working memory, long-term memory, and
perceptual speed are reduced because of aging (Park et
al., 2002). Furthermore, previous studies demonstrated
that exercise could regulate several transcription factors
involved in the electron transfer chain in mitochondria
and causes enhancement in oxidation-sensitive transcrip-
tion factors such as PGC-1a (Peroxisome proliferator-ac-
tivated receptor gamma coactivator 1-alpha) that plays a
vital role in Reactive Oxygen Species (ROS) metabolism
(Jacobson et al., 2008). Regular exercise, besides increas-
ing Brain-Derived Neurotrophic Factor (BDNF) in the
hippocampus, enhanced Vascular Endothelial Growth
Factor (VEGF) production, which improves brain blood
circulation (van Praag, Shubert, Zhao & Gage, 2005; Ra-
dak, Kumagai, Taylor, Naito & Goto, 2007).
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Figure 3. Partial effect size of age and treatment alone or in combination on Superoxide Dismutase (SOD), Glutathione Peroxi-
dase (Gpx) and Catalase (CATA) enzymes activity, Total Antioxidant Capacity (TAC), and Malondialdehyde (MDA) levels

Exercise improves cognitive functions and delays the
onset of Alzheimer disease (Rovio et al., 2005). In a re-
cent study, moderate treadmill exercise (20 min/d) for
4 weeks decreased GFAP (glial fibrillary acidic protein)
and NO (nitric oxide), but increased glutamine synthe-
sis in the hippocampus (Bernardi et al., 2013). Rosma-
rinus officinalis extract contains several antioxidant
compounds, polyphenols, diterpenes, exhibiting differ-
ent properties, such as hepatoprotective, anti-hypergly-
cemic, anti-ulcerogenic, and photo-protection effects
(Corréa Dias, Foglio, Possenti & de Carvalho, 2000; So-
telo-Félix et al., 2002; Kumar, Subramaniyan & Thiru-
vengadam, 2013; Pérez-Sanchez et al., 2014). Also,
rosemary extract consumption by old rats decreased
catalase activity, lipid peroxidation, and ROS levels in
the cerebrum (Posadas et al., 2009).

In the present study, we examined learning and work-
ing memory using the shuttle box in old and young rats
treated with daily 100 mg/kg rosemary extract and FAE
over 12 weeks. In the PA test, STL data showed that old
animals in the control group spent less time in the light

compartment than young animals on this day of the test
with the same conditions. On the other hand, the perfor-
mances of old and young animals, which received treat-
ments (exercise and rosemary, alone or in combination)
were similar on the second day of the PA test. These data
reveal that aging can decrease learning and memory, but
exercise like the administration of rosemary extract can
improve these functions. This finding means that exer-
cise and rosemary, alone or in combination, improve the
PA learning ability of old animals and help them function
like the young ones.

Many studies have shown that exercise activities have
mental health benefit (Deslandes et al., 2009). Exercise
can improve brain function by regulating growth fac-
tors and reducing risk factors (Cotman et al., 2007). It is
suggested that Insulin-like Growth Factor 1 (IGF-1) and
BDNF pathways are important targets during exercise.
Blocking hippocampal receptors for IGF-1 (IGF-1R) or
BDNF (TrkB) can eliminate the effectiveness of exercise
on hippocampal plasticity and increase some molecules,
including synapsin 1, calcium/calmodulin-dependent ki-

367
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Table 1. Partial Pearson correlation between enzymes and Step-Through Latency (STL) scores

Enzyme/Level

Pearson Correlation

STL (Day 1) / STL (Day 2)

Superoxide dismutase

Significance (2-tailed)

Glutathione peroxidase

Significance (2-tailed)

Catalase

Significance (2-tailed)

Total Antioxidant Capacity

Significance (2-tailed)

Malondialdehyde

Significance (2-tailed)

Correlation

Correlation

Correlation

Correlation

Correlation

0.189/0.389
0.167 / 0.003™"
-0.022 /0.141
0.875/0.304

0.012/0.185

0.931/0.185

0.140/0.342

0.307 /0.011"
-0.271/-0.573

0.045" / 0.000""

*P<0.05; *P<0.01; **P<0.001.

nase I, and mitogen-activated protein kinase II (Vayn-
man, Ying & Gomez-Pinilla, 2004; Ding, Vaynman,
Akhavan, Ying & Gomez-Pinilla, 2006; Kaliman et al.,
2011). Lower neurogenesis in the hippocampus is as-
sociated with cognitive decline (Drapeau et al., 2003),
whereas exercise enhances neurogenesis, contributing to
improved cognitive functions (van Praag, Christie, Se-
jnowski & Gage, 1999; van Praag et al., 2005).

The previous studies revealed that memory deficits
(tested by PA learning task) caused by morphine in rats
were improved with acute treadmill running (2 hours at 5
m/min for 10 days) (Alaei et al., 2006). Exercise by the
treadmill (30 min/d for 6 weeks, with a maximum speed of
8 m/min) also increased neurogenesis and both spatial and
short-term memory functions and suppressed apoptosis in
the dentate gyrus in old rats but not in young rats (Kim et
al., 2010). On the other hand, treadmill exercise (1 h/d, 5
d/wk) for 4 weeks in preadolescence rats (4-6 weeks old)
could facilitate PA performance, decrease 5-HT levels in
the hippocampus, and reduce 5-HT1A receptor expres-
sion in the amygdala (Chen et al., 2008). Another study
showed that carnosic acid could ameliorate spatial learn-
ing and memory impairments due to beta-amyloid toxic-
ity of rats’ hippocampus (Rasoolijazi et al., 2013).

Also, this study revealed that the levels of SOD, GPx,
CATA, MDA enzymes, and TDC are low in the hip-
pocampus of old control rats, but our treatments could
change their levels. At the same time, rosemary could
not change the level of CATA and GPx levels alone.
Also, exercise could not change the level of GPx, alone.

However, the combination of exercise and rosemary
could affect CATA and GPx, like the other ones. It is
shown that exercise could be more effective than rose-
mary for changing the SOD, CATA, TAC, and MDA
levels in old rats. Most probably, due to the current high
level of antioxidant ability in the brain of young rats, no
such improvement was observed in these animals.

Consistent with our results, it was shown that physi-
cal exercise improves TAC through modulation of Nerve
Growth Factor (NGF) and Sirtuins (SIRT1 & SIRT3)
genes in 3- to 5-month-old male rats (Franzoni et al.,
2017). Superoxide (O, ) is one of the most toxic mol-
ecules in the brain that should be neutralized and become
less dangerous forms of oxygen (O, + H,0,) by the SOD
enzyme (Musalmah, Fairuz, Gapor & Ngah, 2002; Ishrat
et al., 2006). Also, it was indicated that long-term exer-
cise treatment significantly increases the SOD enzyme
activity in 12-month-old rats compared to the control
group (Marosi et al., 2012), resulting in the removal of
H,0, by CATA and GPx enzymes (Ishrat et al., 2006).

Similar to our results for these enzymes, another
study showed some improvement in GPx and CATA
activity following sumac extract administration among
25-month-old rats than the control group (Abbass, Mah-
moud, Hussein & Gabr, 2012). It was shown the same
increase in antioxidant enzymes in the spleen and liver
tissues in quails due to rosemary treatment (Bulbul, Bul-
bul, Biricik, Yesilbag & Gezen, 2012), which is consis-
tent with our findings. Posadas et al. also suggested that
the rosemary extract has efficacy on the activity of the
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Figure 4. Intragroup comparisons for antioxidant enzyme activities

A: For Superoxide Dismutase (SOD); B: Glutathione Peroxidase (Gpx); and C: Catalase (CATA); also D: The evaluation of Total
Antioxidant Capacity (TAC); and E: Malondialdehyde (MDA) levels in the hippocampus in old and young animals in different

groups (Mean+SEM).
"P<0.05, "P<0.01, ""P<0.001.

antioxidant enzymes in the brain tissue of old rats (Posa-
das et al., 2009). Results of another study showed that
the rosemary extract could increase antioxidant enzyme
activity in the hippocampus and also reduces the MDA
level in rats (Rasoolijazi et al., 2015).

Oxidative damage to lipids and proteins causes altera-
tion in cell membrane structures, decreases the activity
of enzymes, and leads to cell death (Niki, 2008; Man-

sour & Mossa, 2009). This index correlates with aging
in some organs, such as the brain and liver. At the same
time, there is no association in the heart and lungs for
these factors (Péréz, Lopez & de Quiroga, 1991). On the
other hand, the results of the examination of the peroxi-
dation of lipids on the liver of old male and female rats
demonstrated that the MDA levels of the liver increased
50% in old rats compared to younger animals, while the
MDA level was 50% lower than younger animals in fe-
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males. As a result, they suggested that the MDA level
depends on the sex and age of these animals (Rikans &
Roger Hornbrook, 1997). Furthermore, exercise and vi-
tamin E dietary could significantly increase the activity
of oxidative enzymes (CATA, GPx, SOD) and also cause
significant reduction of MDA levels in the hippocampus
in middle-aged rats (Asha Devi & Ravi Kiran, 2004).

The present study shows that daily administration of
100 mg/kg rosemary extract and FAE on a treadmill
(1 h/d) for 3 months could improve working memory
evaluated by shuttle box task in old rats. Measuring an-
tioxidants enzyme activity, SOD, TAC, and MDA levels
confirmed the results of the behavioral tests. These re-
sults may partly be due to the effects of aerobic activ-
ity on improving the efficiency of the capillary system,
which triggers the plasticity in the hippocampus, and the
antioxidant activity of rosemary extract.

5. Conclusion

Using the natural antioxidants in the diet or doing aero-
bic exercises every day may effectively prevent the de-
cline of cognitive functions, which occurs through the
aging process due to oxidative stress in rats.
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