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ABSTRACT

Objective(s): During aging, cerebral structures undergo changes due to oxidative stress. The
consumption of some plants seems to improve neurological health. For example, rosemary extract
(RE) which is widely used as a flavoring food has anti-inflammatory and anti-oxidant activities.
Therefore, we aimed to study the effect of RE on the changes related to the aging process in the
prefrontal cortex (PFC).

Materials and Methods: Twenty-four male Wistar rats including young and old were purchased.
Each group was divided into two subgroups: vehicle and rosemary (old vehicle (OV), old rosemary
(OR), young vehicle (YV), and young rosemary (YR) groups). Then, we examined the number of intact
neurons, myelin base protein (MBP), white matter (WM), levels of malondialdehyde (MDA), and
glutathione peroxidase (GPx) in the PFC.

Results: The results showed that in the old vehicle rats compared to the young group without
treatment, except for the MDA level (which increased), other variables significantly decreased
(P<0.05). Additionally, RE consumption demonstrated a significant elevation of WMA, MBP intensity,
number of intact neurons, and GPx activity level, while MDA levels significantly reduced in the
treated old rats compared to the old vehicle group (P<0.05). However, there was no significant
difference between the OR and YV groups (P=0.05).

Conclusion: Overall, it seems that RE can protect and improve aging damages in the PFC due to its
anti-oxidant properties. So, the use of RE can be a suitable strategy to prevent aging complications in
the brain.
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Introduction

Aging has been understood as the collective process
of varied harmful changes in the cells and tissues, which
is a result of both environmental conditions and genetics
(1). Anatomical and functional evidence of the cerebral
structures revealed the rate of atrophy changes related
to age, depending on the brain region (2), and generally,
it happens in white matter (WM) of the temporal and
prefrontal cortex (PFC) (3). To explain the aging process,
there are numerous hypotheses (4). One of the most
important theories is the oxidative stress (OS) hypothesis,
which can explain the aging process and other events
associated with aging (5). The cells produce reactive oxygen
and nitrogen species (ROS/RNS) through various metabolic
processes, and these ROS/RNS may cause oxidative damage.
However, the anti-oxidants defend the body against ROS/
RNS (6). Oxidative damage particularly affects the brain
since it requires a great deal of oxygen and has a relatively
weak anti-oxidant defense system, especially in the aging
process (7). So, it seems that keeping ROS/RNS production
under control and anti-oxidant capacity at a desirable level
in the long term can help to lower aging damages. For this

reason, consumption of many plants and fruits and natural
products containing anti-oxidant combinations such as
phenolic acids or phenolic diterpenes of rosmarinus acid or
carnosic acid is recommended (8).

Rosemary is one of the traditional medicinal herbs with
needle-like, evergreen, and aromatic leaves which grows all
over the world, especially in the Mediterranean region (9).
It has many useful properties including anti-inflammation,
anti-carcinogenic, and antiviral (10). The anti-oxidant
properties of rosemary are due to phenolic diterpenes such
as carnosic acid, rosmarinus acid, and ursolic acid, and
these components act as hydrogen donors in the reaction of
free radical molecules (11, 12).

The effects of rosemary on neurodegenerative diseases
showed that this herb improves long-term memory and
dementia through prevention of acetylcholinesterase
activity and stimulation of butyrylcholinesterase in the
rat brain (13). Also, it was proved that consumption of
rosemary compounds such as carnosic acid reduces amyloid
plaque number and astrogliosis, while it increases synaptic
and dendritic markers in Alzheimer’s disease models (14).

Nutritional anti-oxidants may play an important role in
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preventing the aging process by reducing oxidative damage
(15). Therefore, this study aimed to investigate the effect of oral
rosemary extract consumption on the glutathione peroxidase
(GPx) activity, rate of MDA, structure of histology, and
immunohistochemistry of WM of PFC in old and young mice.

Materials and Methods
Materials

Toluidine Blue (89640), cresyl violet acetate (C1791-5g),
and 4',6-diamidino-2-phenylindole (DAPI) were purchased
from Sigma Chemical Co (Saint Louis, Missouri USA). The
rosemary extract was purchased from Hunan Geneham
Biomedical Technological Company of China and included
40% carnosic acid (RAP20-110401). GPx and MDA Kkits
were obtained from Randox, UK. The anti-myelin basic
protein (anti-MBP) and rabbit anti-mouse FITC were
supplied by Abcam.

Animals

Twenty-four male Wistar rats were used in this study. The
rats were purchased from the animal laboratory at Isfahan
University of Medical Sciences and were maintained under
a 12 hr light/dark cycle and a constant temperature of (21
+ 2 °C) with free access to food and water. This study was
approved by the Ethics Committee of the Isfahan University
of Medical Sciences (Grant no. 393236).

The rats were divided into old (18 months) and young
(2 months) groups. Each group consisted of sub-groups:
old vehicle (OV, n=6), old rosemary (OR, n=6) groups,
young vehicle (YV, n=6), and young rosemary (YR, n=6)
groups. The animals in the vehicle groups received 1 ml of
distilled water orally via animal-feeding incubation needles
(Perfecta, German), while the animals in the rosemary
groups received rosemary extract (100 mg/kg/day, orally)
dissolved in 1 ml of distilled water for 12 weeks based
on the previous studies (16, 17). After treatment, the rats
were anesthetized using ketamine and xylazine (150 mg/
kg and 15 mg/kg, respectively) and were perfused through
the left cardiac ventricle with 200 ml of saline solution,
followed by 200 ml of paraformaldehyde 4% in 0.1 M
phosphate buffer saline (PBS). Then, samples of the brain
were fixed with paraformaldehyde 4% overnight, cleared
in xylene, and embedded in paraffin. The brains were cut
by a rotary microtome (LEICA RM 2235) and then stained
with Toluidine blue or Cresyl-violet (Nissl staining). Serial
sections were prepared (1.3-4.3 mm of Bregma) from the
PFC region at a thickness of 4 um in the coronal plane of
each brain. The five sections of each brain were used for
each histology technique.

Toluidine blue stains

Toluidine blue is a synthetic, acidophilic, metachromatic
dye that has an affinity for nucleic acids therefore, it binds
to a high DNA and RNA content in chromatin or Nissl
substance and selectively stains the nucleus as dark blue
and the cytoplasm as light blue. After sectioning, slides were
immersed in a solution of 1% KMno4 for 1-5 min. Then,
the slides were rinsed with distilled water and bleached
with 5% oxalic acid. 1% toluidine blue solution was used
for staining and slides were dipped in 0.2% uranium nitrate
for a few seconds. Finally, the slides were observed by a
light microscope and photomicrographs were studied using
Image-j software for analyzing the WM (18).

Cresyl-violet staining (Nissl staining)
PEC sections were stained with 0.1% cresyl violet for 30
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min at 56 °C to demonstrate intact cell bodies. To this end,
five sections of each PFC were analyzed by a microscope
at 40X magnification. The intact cells were counted in the
four fields using Image-j software. Finally, the average cell
number of five sections was considered as the cell number
of each rat (19).

Immunohistochemistry

The immunohistochemical staining for MBP was
performed on formalin-fixed and paraffin-embedded brain
tissue. The brain sections were treated with HCl at 37 °C for
10 min. The endogenous peroxidase activity was inhibited
using 3% hydrogen peroxide for 10 min. Then, the sections
were washed with PBS and incubated in a blocking solution
(PBS containing 3% goat serum and 0.2% TritonX-100)
for 30 min at room temperature. After washing with PBS,
the sections were incubated overnight at 4 °C with anti-
myelin basic protein antibody (MBP101) (ab62631) diluted
in PBS (1:1000) (20). Afterward, the sections were washed
and incubated with goat anti-mouse IgG H& L (FITC)
(ab6785) (1:400) (21). The cell nuclei were stained with
DAPI (1:1000). The stained sections were studied under a
fluorescent microscope (Olympus BX51, Japan).

Anti-oxidant enzymes detect

After the treatment, the remaining rats were anesthetized
with ketamine (150 mg/kg) and xylazine (15 mg/kg). The
brains were immediately removed and the PFC was isolated.
Then, the samples were immersed in liquid nitrogen and
stored at —80 °C until biochemical analysis. Afterward,
the tissue samples were homogenized in ice-cold Tris-Hcl
(1:10 W/V) and then centrifuged at 12000 xg for 20 min at
4 °C. The supernatants were separated and used for a GPx
enzyme activity assay and MDA.

GPx and MDA activity

GPx activity was determined spectrophotometrically
based on the Wheeler method (22) and using Randox kit
recommendations. The reaction was initiated by adding
0.2 mm of H,O,, 0.1 mm of GSH, 0.14 U of glutathione
reductase, 1.5 mm of NADPH, 0.1 mm of sodium acid,
0.1 M phosphate buffer, and 1 mg/ml of the hippocampus
supernatant at room temperature. The enzyme activity
was calculated based on oxidized nicotinamide adenine
dinucleotide phosphate. The absorbance changes were
recorded at 340 nm. MDA is used as a standard measurement
for oxidation level damage by free radicals and this process
was characterized by the Satoh method (16).

Statistical analysis

The data were presented as the means + standard error
and analyzed by the SPSS statistical software, version 26.
Statistical comparisons between groups were performed
through one-way analysis of variance (ANOVA), followed
by Tukeys post hoc test, where the P-value<0.05 was
considered statistically significant.

Results
The white matter area

The results of the staining of PFC revealed a significant
decrease in the percentage of the WM area in the OV group
compared with the YV group (P<0.05). As shown in Figure 1,
a significant increase in the mean percentage of the WM area
was observed in the OR group compared with the OV group
(P<0.05). However, there were no significant differences
between neither OR and YV groups nor the YV and YR
groups (P=0.05).
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Intact cell count

As displayed in Figures 2A and B, a significant reduction
was observed in the mean percentage of intact cells of PFC
in the old rats without treatment compared to the normal
young rats (P<0.01). Also, treatment with rosemary extract
in old rats significantly increased the percentage of intact
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cells of the PFC compared to the OV group (P<0.01).

Percent of MBP density

The treatment efficiency of rosemary extract was
evaluated by immunocytochemistry analysis (Figure
3A) and the cells of the PFC region were stained with the
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Figure 1. (A) Representative images of the white matter area following Toluidine blue staining x20, Scale bar=200 um (a-d); The young vehicle (YV) group
(a), young rosemary (YR) group (b), old vehicle (OV) group (c), old rosemary (OR) group (d). (B) Comparison of the mean percentage of the white matter
(WM) area in different groups (mean + SEM)

(* P<0.05: significant difference between OV group with different groups), the number of animals (n=6) in each group.
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Figure 2. (A) Photomicrograph shows the intact cells (arrows) in the medial prefrontal cortex (PFC) in different groups (a: young vehicle (YV) with X10,
b: YV with 20X, and ¢, d, e, f related to YV, young rosemary (YR), old vehicle (OV), old rosemary (OR) groups, respectively with 40X magnification). Scale
=500 pum. (B) Histogram shows differences in the mean intact cells in different groups (mean + SEM)

(** indicates significant difference at P<0.01 between the OV group and other groups), the number of animals (n=6) in each group.
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Figure 3. (A) IHC photomicrograph of myelin base protein (MBP) antibody and 4',6-diamidino-2-phenylindole (DAPI) staining in different groups: young
vehicle (YV) group (a), young rosemary (YR) group (b), old vehicle (OV) group (c), and old rosemary (OR) group (d), X40 magnification, scale bar=500
pm. (B) The comparison of the mean percentage of MBP positive cells in different groups (mean + SEM)

(** °Cl: significant difference between OV with different groups), the number of animals (n=6) in each group.
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Figure 4. (A) Comparison of the mean level of glutathione peroxidase (GPx) in different groups, (B) Comparison of the mean level of malondialdehyde

(MDA) in various groups (mean + SEM)

(* °C5 and ** °C1 indicate significant difference between the OV group with different groups), the number of animals (n=6) in each group.

marker against MBP (myelinating potential), and cell
nuclei were stained with DAPI. The data demonstrated a
significant decrease in the mean percentage of MBP density
in the OV group compared to the YV group (P<0.01) and
a significant increase in the OR group compared to the OV
group (P<0.01). However, the results show no significant
difference between old rats treated with rosemary extract
and young rats without treatment (P=0.05) (Figure 3B).

Anti-oxidant enzyme activity in the PFC

Figure 4A shows that GPx enzyme activity level in the
PFC was significantly decreased in the OV group compared
to the YV group (P<0.01). However, a significant increase
of GPx activity level was observed after treatment with
rosemary extract in old rats compared to the OV group
(P<0. 01). There was no significant difference in the GPx
activity level between treated groups with rosemary extract
and young rats without treatment (P>0.05).

Determination of MDA concentration

The concentration of MDA was measured as a ROS
marker in the PFC (Figure 4B). Although it was noticed that
the mean MDA level significantly decreased in treated old
rats compared to old rats without treatment (P<0.05), there
was no significant difference between the treated groups
and the YV group (P=0.05).

Discussion

The present study indicated a significant decline in GPx
activity level and a significant increase of MDA in the
OV group. In contrast, the three-month RE diet caused a
significant increase in GPX level and a significant decrease
in MDA level in the treated old rats compared to the OV
group.

GPx is one of the important enzymatic anti-oxidants
that prevent oxidative damage (23) and there is an inverse
relationship between age and plasma GPx activities (24),
while MDA is a lipid oxidation end product and can be
applied as an important biomarker of oxidative stress (25).
Also, there is a controversial relationship between GPx
anti-oxidants and MDA levels (26). In the hippocampus of
aging rats, consumption of RE (100 and 50 mg/kg) led to
a significant increase in the GPx activity level (16). In fact,
the reaction between polyunsaturated lipids and ROS / RNS
leads to MDA production during the aging process, which
in turn reflects elevated MDA levels.

This suggests the positive anti-oxidant effect of RE as a
preventative agent in lipid peroxidation during the aging
process. It seems that RE and its anti-oxidant compounds
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inhibit lipid peroxidation and free radical production
both in vitro and in vivo (27). These results suggest that
RE is likely to prevent and reduce ROS/RNS and inhibit
oxidative damage during aging thanks to containing
many anti-oxidants, anti-inflammatory, and anti-cancer
compounds. For example, carnosic acid is a lipophilic anti-
oxidant that scavenges free radicals. Therefore, carnosic
acid can prevent lipid peroxidation and protect biological
membranes (28). A similar study suggested, that the use of
rosemary and Bacopa monnieri caused an increase in anti-
oxidant properties, reduced lipid peroxidation, increased
the production of brain-derived neurotrophic factors, and
inhibited the production of amyloid precursor proteins in
the glial cell and embryonic mouse hypothalamus cells (29).
The polyphenol content is one of the other compounds of RE
that plays an important role in absorbing and neutralizing
free radicals, quenching singlet and triplet oxygen, and
decomposing peroxides (30). Also, RE consumption reduced
lipid peroxidation and ROS levels in the cerebrum of aged
rats (31). It has been reported that treatment with rosemary
leaf extract (100 mg/kg) for 3 weeks caused a significant
increase in epinephrine levels in the cerebral cortex (32). In
fact, rosemary and its derivatives can improve age-related
changes in the brain through several mechanisms such as
the greater production of nerve growth factors, total choline
level, acetylcholine, decrease of atrophy of cholinergic
neurons and hippocampal neurons against AP, and
inhibition of acetylcholinesterase and butyrylcholinesterase
in the brain (33).

Furthermore, the results of this study demonstrated
a significant decrease in the mean percentage of rat PFC
intact cells in the OV group compared to the YV group.
Some studies have reported that ROS/RNSs such as O,
OH, H,0,, and nitric oxide (NO) are created in all aerobic
cells and generally exist in equilibrium with the anti-oxidant
system (34, 35). The aging process reflects the accumulation
of free radicals in cells and tissues (36). Commonly, neuronal
losses occur following aging in the human brain even if its
volume appears normal (37). Thus, the loss of intact cells in
PEC following aging can be due to the increase of oxidative
damages (ROS/RNS) and the decline of the anti-oxidant
defense system or loss of balance between them (38). In
the present study, the administration of RE in old rats
increased intact cells in PFC due to RE improvement of the
anti-oxidant system and free radical scavenging, resulting
in the protection of neurons against oxidative damage and
reduction of cell injury.

We observed a reduction in the percentage of the WM
area in the OV group compared with the YV group, while
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an increase was observed in treated old rats, which was not
significantly different from the YV group. WM occupies
a wide volume of the human cerebrum and it includes
myelinated axons and many myelin-producing glial cells.
In aging, PFC particularly WM in this region undergoes
fundamental changes, and its thickness decreases about
5% every 10 years (39). Studies based on MRI evaluations
emphasize that WM volume decreases given the age of the
monkey and human brain, mainly in the frontal lobe (40,
41). Also, a study showed that the integrity of WM structure
in the normal aging process was less organized compared
to the young (42). Generally, cortical thinning especially in
the frontal and temporal regions has been found following
aging (43).

The MBP density of PFC was evaluated by the antibody
against MBP and IHC technique in the OR group. This
protein is one of the most important proteins of myelin
commonly used as a marker for myelin expression. MBP
forms almost 30% of all myelin proteins and consists of two
families: classic- and golli-MBP (44, 45). Classic-MBP is
found in mature oligodendrocytes and myelin sheaths (46).

In general, immunohistochemically staining, labeling the
Classic-MBP utilized for myelin staining (7). As previously
mentioned, our data MBP intensity showed a significant
decrease in the OV group, while there was no significant
difference between treated old rats with RE compared to
young rats without treatment.

Conclusion

The main results of this study reveal that the normal aging
process can cause structural and functional deteriorating
changes in rat's PFC (WMA, myelinated fibers, anti-oxidant
capacity, lipid peroxidation, and cortical cell). However, a
three-month consumption of RE can have beneficial effects
on preventing and improving these changes.
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