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The Effects of Acorus calamus L. in Preventing Memory Loss, Anxiety,
and Oxidative Stress on Lipopolysaccharide-induced Neuroinflammation

Rat Models

Abstract

Objective: Several factors lead to memory loss, the most important of which is brain aging that
is caused mostly by neuroinflammation and oxidative stress. The need of finding preventive
treatments of memory impairment in elderly encouraged authors to assess the effect of Acorus
calamus on memory loss, anxiety, and antioxidant indices on neuroinflammation rat models.
Materials and Methods: Different fractions of 4. calamus were prepared. The subject rats were
grouped in 11 groups of 10 each. In the nine treated groups, the extract gavage began 1 week before
intraperitoneal (i.p.) injection of lipopolysaccharide (LPS) and continued for 2 weeks after the last
injection of LPS. Behavioral tests, including passive avoidance and elevated plus-maze (EPM)
tests, were run on days 24, 25, and 26 and the subjects were sacrificed on the day after the last
behavioral test, and their hippocampus was isolated to measure the oxidative stress markers.
Results: Assessment of oxidative stress markers in hippocampus samples revealed that the amounts
of endogenous antioxidant enzymes (superoxide dismutase, glutathione peroxidase, and total
antioxidant activity) in the groups that received different fractions were less than their equivalent
figures in LPS-control group, and levels of malondialdehyde (MDA) in treatment groups were less
than MDA level in LPS-control group. Moreover, the treatment groups with different fractions of
A. calamus revealed better performance compared to LPS-control group in shuttle-box test. In EPM
test, the groups with different fractions revealed lower stress level in comparison with LPS-control
group. The best performance in memory test and the lowest level of stress in EPM was observed in
the group with aqueous fraction at 600 mg/kg dose, and the least figures of oxidative stress markers
were of the group with aqueous fraction at 600 mg/kg dose. Conclusion: The oral administration of
different fractions of A. calamus, especially aqueous fraction, prevented from memory deficits and
stress through controlling oxidative stress and inflammation processes.

Keywords: Acorus calamus L., memory impairment, neuroinflammation, oxidative stress, stress and
anxiety

Introduction tangles within the neuronal cell made by

. . . . Tau proteins.?!
Neuroinflammation is a neurological

disorder that could lead to neurodegenerative
diseases. Alzheimer’s disease is one of
the most common neurodegenerative  cascade and several studies have found
diseases and one of the most common  that oxidative stress compared to
causes of mental decline in healthy people. = Alzheimer’s pathological symptoms are
It is the fourth leading cause of death in  premier and considered as an upstream
developed countries after heart disease,  cause.l’] There is also evidence which
cancer, and trauma. Considering the  proposes that beta-amyloid and Tau protein
statistically significant increase in patients  accumulation  constitute  compensatory
with Alzheimer’s disease, it is estimated  response to oxidative stress. It is found
that the number of affected people will  that oxidative stress causes behavioral
triple by 2050.' Pathological signs of and memory impairment.>® Moreover,
Alzheimer’s disease include accumulation  studies have also revealed that oxidative
of beta-amyloid plaques in and out of the  stress and neuroinflammation induce
neurons and the formation of neurofibrillary ~ stress and anxiety disorder.’*! In addition,

Oxidative stress is involved in the
initial levels of Alzheimer’s pathological
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in some studies, neuroinflammation is considered as a
leading cause of initiating pathological symptoms of
Alzheimer’s disease (beta-amyloid and Tau protein).4
Oxidative stress reflects an imbalance between the systemic
manifestation of reactive oxygen species and antioxidant
defense system’s ability to readily detoxify the reactive
intermediates or to repair the resulting damage. Antioxidant
defense system includes several enzymes that catalyze
reactions to neutralize free radicals and reactive oxygen
species. Superoxide dismutases (SODs) and glutathione
peroxidase (GPx) constitute endogenous antioxidant
enzymes. SODs are a class of enzymes that catalyze the
superoxide anion breakdown into oxygen and hydrogen
peroxide and are present in almost all aerobic cells and
in extracellular fluids. GPx is a selenium-containing
antioxidant enzyme that effectively reduces H,O, and lipid
peroxides to water and lipid alcohols, respectively. The lipid
peroxidation results in the production of toxic aldehydes;
one of the most toxic ones, the malondialdehyde (MDA),
is a colorless compound and a final product of fatty
oxide decomposition that increases the permeability of
the blood-brain barrier and is currently considered as
an indicator of lipid peroxidation. Therefore, the extent
of damage to cellular lipids caused by oxidation can be
determined by measuring the amount of MDA

Neural tissue due to its high amounts of phospholipid and high
level of unsaturated fatty acids together with high metabolism
is very sensitive to oxidative stress-induced damage. It is
assumed that any increase in oxidative stress constitute one
of the major factors affecting brain structure and function.!'*’
Considering that processes of inflammation and oxidative
stress are pathophysiologically very close occurrences,!”
targeting these two processes in a simultaneous manner can
be considered as a preventive measure and a therapeutic
procedure for the Alzheimer’s disease.

“Acorus calamus L.” (Vej, or yellow Lily) is a wild plant
growing along the rivers. Its roots decoction is consumed
in Iranian ethnomedicine as a memory enhancer. This
plant was referred to as an effective medication for
increasing memory in popular sources of Iranian traditional
medicine."® There exits articles suggesting this plant
for treatment of Alzheimer’s disease.l'? A. calamus
extract contains various compounds such as flavonoids,
alpha-asarone, beta-asarone, alkaloids, mucilages, lectins,
phenols, quinones, saponins, etc.!]

This plant has been consuming to treat insomnia,
melancholia, epilepsy, hysteria, remittent fevers and
neurosis.?>?! Some studies revealed antioxidant properties
of this plant.?2%*2] Due to the presence of alpha- and
beta-asarone, this plant is endowed with antiinflammatory
properties which reduce inflammatory cytokines.?¢27

Attempt is made in the study to assess the preventive and
protective features of the traditional medicinal plant on
memory loss, anxiety, and oxidative stress markers.
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Materials and Methods
Plant material and extraction

A. calamus dried roots (Agire torki in Persian) were
collected from traditional medicine bazar in Isfahan and
confirmed by Department of the Pharmacognosy, Pharmacy
Faculty, Isfahan University of Medical Sciences, Iran. The
dry roots were chopped into small pieces, powdered, and
a volume of 4 kg was added in a maceration tank of 20 L
ethanol: water (70:30) and kept for 3 days. The filtrated
extract was concentrated by a rotary evaporator at 40°C at
reduced pressure of 70 mbar. The dried extract of 237 g
equal to 6% (w/w) of dried plant materials was kept in
refrigerator before consumption. By applying a separating
funnel, a total extract of 140 g was partitioned between
aqueous and ethyl acetate phases. Both parts were separated
and concentrated as aqueous and ethyl acetate fractions.

Extract standardization by determination of
total polyphenols

Total phenolic content was assessed by a colorimetric
method named Folin-Ciocalteau and quantified as the mg
of gallic acid equivalents (GAESs).”® Calibration standard
curve was plotted against different concentrations of gallic
acid. For illustration of calibration curve and determination
of phenolic content, 20 puL of each concentration of
standard solution was mixed with 1.58 mL water and
100 pL of Folin—Ciocalteau reagent. After 10 min shaking,
300 uL saturated sodium bicarbonate was added to the
mixture. After 2 h, the absorbance was measured at 765 nm
through spectrophotometry. After plotting calibration curve,
total extract and blank were analyzed as mentioned above
in triplicates.”

Animals

In this study, 110 adult, male Wistar rats weighing 250-200
g were prepared from the laboratory of experimental
animals of Pasteur Institute, Tehran. They were kept in
a room at 20°C, and 40-50% humidity, subject to 12 h
dark/light conditions. All animals were freely allowed
to consume standard water and food on their own. One
week before the beginning of the study, all animals were
transferred to the lab. The study was run in the animal
house of the medical school of Isfahan University of
Medical Sciences.

Experimental method

Rats were randomly grouped in 11 groups 10 in each.
The first group includes the rats which are treated by
vehicle (distilled water as a solvent of the fractions)
and known as Sham-control. The second group
known as lipopolysaccharide (LPS)-control includes
intraperitonially (i.p.) injected rats at 250 ug/kg dose for
7 days, which are treated by the vehicle. Other groups
received LPS, and were treated with aqueous, ethanolic,

International Journal of Preventive Medicine 2018, 9: 85



Esfandiari, et al.: Effects of Acorus calamus L. on lipopolysaccharide-induced neuroinflammation rat models

and ethyl acetate fractions at different doses of 200, 400,
and 600 mg/kg. In the treated groups, the extract gavage
began 1 week before i.p. injection of LPS and continued
until 2 weeks after the last injection of LPS. The behavioral
tests were performed on days 24, 25, and 26 and subjects
were sacrificed on the day after the last behavioral test, and
their hippocampus was isolated to measure the oxidative
stress markers.

LPS-induced neuroinflammation model

Neuroinflammation model was induced by the i.p. injection
of LPS, which leads to cognitive and behavioral disorders
similar to those observed in Alzheimer's patient. This
i.p. injection can lead to progressive neurodegenerative
diseases, as a result of neuroinflammatory effect of this
substance.’®3) Some studies revealed that LPS-induced
neuroinflammation can enhance beta-amyloid generation
and can accelerate the tau phosphorylation.B!3%

In this study, animals were transferred to the workroom
one week before the study. LPS was prepared daily in glass
vials in an amount of 250 pg/kg per body weight. Sterile
saline solution 0.9% was added to each 0.5 mL LPS vial.
In seven consecutive days, LPS was injected i.p. to normal
animals at 250 dose ug/kg per day.

Passive avoidance: Behavior test

The shuttle box was equipped with two dark and light
cubicles separated by a space separator. Rat was placed
inside the light room; after that the separator pulled up 10 s
later. After the rat enters the dark room, the separator was
pushed down and an electric shock of 1 mA was applied to
its foot for 3 s. Then the animal was removed from the dark
room and placed in a cage. The second step is to evaluate
the rat memory. 24 h after receiving the electric shock, once
more it was placed inside the light room and the separator
was pulled up. Its move toward the dark room takes time,
which was considered as a delayed time or transfer latency,
and the maximum time which was considered for each step
of this test was 300 s. A longer delayed time for the entry
into the darkroom in the second day indicates that animal
has a good memory and can remember that dark room
could be dangerous.*

Elevated plus-maze: Behavior test

The elevated plus maze (EPM) consists of two open arms
and two closed arms opposite each other, connected by a
central plate,®Y with a setup 50 cm from the lab ground.
The experiment was run in a dark and silent room. To
begin the test, the mouse is placed on the central portion of
the device in a gentle and cautious manner.*! The number
of entries into the open arm and the amount of elapsed time
in the open arms are recorded for 5 min. When a rat spends
more time in open arms and has more number of entries to
open arms compared to the other rat, then it indicates that
it has a lower level of stress. It is worth mentioning that
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the criterion for entering the open arms is the full crossing
of the four feet of rat, from the junction of central portion
to open arm. The appliance was cleaned with clean cloth
and alcohol after each test.

Preparing tissue samples

To sacrifice, a rat was anesthetized through ketamine i.p.
injection (100 mg/kg). Next, its head was separated and
the brain was extracted immediately and the hippocampus
was removed and rinsed with 0.9% cold sterile saline.
The isolated hippocampus was immediately frozen in
liquid nitrogen and stored at —80°C. In order to prepare
the homogenecous component in each sample, 1.15%
KCI solution (w/v 1:10) was added to the tissue. The
hippocampal tissue was prepared and then centrifuged
in 20,000g by means of homogeneous mechanical
homogenizer for 10 min at 4°C. The supernatant was
extracted for further chemical analysis. Total protein content
in supernatant was measured through the Bradford method,
where bovine albumin serum was used as a standard.B®

Assessing  glutathione
dismutase

peroxidase and superoxide

To assess cytosolic enzyme activity, the hippocampus
samples were homogenized in 1.15% KCI solution. GPx
enzyme activity was determined through the Paglia and
Valentine method and measured by the Randox kit (UK).
In this method, the oxidation of glutathione (GSH)
is catalyzed through GPx. In presence of glutathione
reductase and  nicotinamide  adenine  dinucleotide
phosphate (NADPH), the oxidized glutathione is
immediately converted into its reduced form through
concomitant oxidation of NADPH into NADP+. A decrease
in absorbance at 340 nm is measured.?”! Tissue SOD was
measured through Woolliams method by Ransod kit. In
this method, xanthine and xanthine oxidase are applied
in order to generate superoxide radicals which react with
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride (INT) to yield a red formazan dye. The SOD
activity is then determined by the degree of inhibition of
this reaction. One unit of SOD causes a 50% inhibition of
INT reduction rate subject to conditions of the assay.l*®

Assessing total antioxidant activity

Total antioxidant activity (TAC) was assessed through
ABTS assay based on Miller’s method. In this method,
where ABTS (2,2'-azino-di-[3-ethylbenzthiazoline
sulfonate]) is incubated with a peroxidase (metmyoglobin)
and H202 to produce the radical cation ABTS. This has
a relatively stable blue-green color, which is measured
at 600 nm. Antioxidants in the added sample cause
suppression of this color production to a degree which is
proportional to their concentration.>”)
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Malondialdehyde assessment

Malondialdehyde (MDA) was assessed based on its reaction
with thiobarbituric acid, followed by adding normal
butanol as an extractor and its absorbance was measured
at 532 nm through spectrophotometry. The absorbance rate
was compared with standard curve.[*]

Statistical analysis

The data were analyzed by one-way analysis of variance
(ANOVA) and repeated measures. Data were presented as
mean =+ standard deviation (SD). In all calculations, the
significance level of the difference was P < 0.05.

Results

Extract standardization
measurement

through total phenolics

As observed in Figure 1, the calibration curve was plotted
by linear regression in the range of 0.5-5 ug/mL. The
regression equation was expressed as: y = 0.065x + 0.0167.
y-axis shows absorption where x-axis shows GAE phenol
concentration in sample (ug/mL) with the correlation factor
of 2 =0.9921. The content of total extract is 6.71 £+ 0.64%
GAE (mg/100 mg).

Passive avoidance behavioral tests

As observed in Figure 2, the one-way ANOVA did not
reveal any significant difference between transfer latency
in the experimental groups on the first day (F = 0.53,
P = 0.85). However, there was a significant difference
between the groups in the second day (F = 3.81,
P = 0.002). Repeated-measures ANOVA indicated that
mean of transfer latency in the first day is significantly
different from second day (P = 0.000). Also, the average
of the second day (198.13 £ 12.04 s) is higher than the
average in treatment groups with fractions on the first
day (11.00 £ 1.02 s). The highest figure of transfer latency
was observed in the group that received aqueous fraction at
600 mg/kg dose, indicating the best performance with the
least memory impairment.

Elevated plus-maze behavioral tests

As observed in Figure 3a, one-way ANOVA test revealed
significant differences in elapsed time by the groups

0.4
y =0.065x+ 0.0167

035 1 R2=0.9921
03 -

g 025
0.2
2 015 -
o
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0 4 2 3 4 5 6
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Figure 1: Calibration curve of gallic acid for Acorus Calamus L
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treated with the total extract and fractions, compared to
the LPS-control group. The most elapsed time in the open
arms was observed in groups that received aqueous fraction
at 600 and 400 mg/kg doses. As observed in Figure 3b,
the groups treated with the different fractions made more
entries to open arms in comparison with LPS-control group.
A significant difference was observed between LPS-control
group and groups with aqueous fraction at 200 and
600 mg/kg doses (P = 0.000). The highest entry numbers in
open arms and time spent there were observed in the group
with aqueous fraction at 600 mg/kg dose, indicating the
least level of stress against the other experimental groups.

Antioxidant activity

As observed in Table 1, the LPS-control group gained
the highest figures of oxidative stress biomarkers (SOD,
GPx, TAC, and MDA), compared to Sham-control group.
In the treatment group with different fractions, the levels
of oxidative stress markers are close to equivalent figures
in Sham-control group. The lowest numbers in oxidative
stress markers’ levels are related to the group with aqueous
fraction of 600 mg/kg dose.

Discussion

Many studies have suggested that neuroinflammation is the
cause of pathological signs (beta-amyloid accumulation and
Tau protein) in Alzheimer’s disease.’'¥ In this context,
activated phagocytosis cells release the reactive species
at the site of inflammation, causing cellular damage and
oxidative stress. Oxidative stress acts as an endogenous
stimulus, inducing an in situ inflammation process. Studies
indicated that in pathological conditions, oxidative stress
and inflammation processes may occur consequently.
In other words, when one of them (oxidative stress and

350
ap By
300 A
250 4
200 - By qpy

150 -
OFirstday

100 4 @Second day

Transfer latency (s)

Figure 2: Effect of total extract, aqueous, and ethyl acetate fractions of
A. calamus on transfer latency time. Through Dunnett’s test, significant
differences were observed among following groups: (1) a indicating the
Sham-control group with groups of ethyl acetate at 400 and 600 mg/kg
doses. (P < 0.05), (2) B indicating the LPS-control group with Sham-control
group, aqueous group at 600 mg/kg dose, and groups of ethyl acetate at
400 and 600 mg/kg doses (P < 0.001), and (3) y indicating the group of
aqueous at dose of 600 mg/kg with groups of ethyl acetate at 400 and
600 mg/kg doses (P < 0.05)
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Figure 3: (a) Effect of total extract, aqueous, and ethyl acetate fractions of A. calamus on the percentage of time spent in the open arms in EPM tests.
Tukey’s test revealed that there are significant differences among LPS-control group and groups of aqueous fractions at 200 and 600 mg/kg doses (P=0.002).
(b) Effect of total extract, aqueous, and ethyl acetate fractions of A. calamus on the numbers of open arm entries in EPM during 5 min. By applying
Tukey'’s test, significant differences were seen between the following groups (P < 0.05): (1) A indicating the LPS-control group with all groups except the
group of total extract at 600 mg/kg dose, (2) € indicating the Sham-control group with groups of ethyl acetate at 600 mg/kg dose and total extract at a
dose of 600 mg/kg, (3) findicating the group of aqueous at 200 mg/kg dose with groups of total extract at 600 mg/kg dose and ethyl acetate at 600 mg/kg
dose, (4) 4 indicating the group of aqueous at 600 mg/kg dose with groups of total extract at 400 and 600 mg/kg doses and the groups of ethyl acetate
at 200, 400, and 600 mg/kg doses, and (5) ¢ indicating the group of aqueous at a dose of 400 mg/kg with the group of ethyl acetate at 200 mg/kg dose

Table 1: Effect of total extract, aqueous and ethyl acetate fractions of Acorus calamus on endogenous antioxidant
enzymes including superoxide dismutase (SOD), and glutathione peroxidase (GPX), malondialdehyde (MDA) as lipid
peroxidation marker, and total antioxidant capacity (TAC) in hippocampus of rats

Study groups SOD GPx TAC MDA
LPS-injected group 19.46+0.02 1180.92+24.95 64.84+0.49 2340.53+14.92
Control group 5.30+0.30 540.12+11.27 21.18+0.50 954.20+45.20
Total extract 200 (mg kg) 8.49+0.31" 737.09+2.40° 42.20+1.86" 1291.66+ 7.01"
400 (mg kg) 10.79+0.01 811.94+1.13 49.08+0.57 1436.22+34.35
600 (mg kg) 13.29+0.21 976.48+5.58 54.92+0.72 1674.18+7.49
Aqueous fraction 200 (mg kg) 9.57+0.22 777.28+4.08 48.05+0.39 1354.16+0.0
400 (mg kg) 7.44+0.08" 630.30+1.05™ 36.57£1.96™ 1228.52+4.03*
600 (mg kg) 6.46+0.05™" 583.53+7.77" 36.46+1.87" 1151.65+30.16™"
Ethyl acetate fraction 200 (mg kg) 13.31+0.57 929.09+4.48 53.93+0.04 1610.66+21.02
400 (mg kg) 11.52+0.01 884.25+£12.95 51.67+0.01 1516.89+21.56
600 (mg kg) 12.74+0.12 904.44+8.17 53.67+0.01 1551.96+36.81
One-way analysis of Test value 271.32 345.68 136.66 58.63
variance P-value 0.000 0.000 0.000 0.000

*P <0.05; #*P<0.001; ***P < 0.001 versus LPS-control group. One-way ANOVA test revealed that there was significant differences among
LPS-control group and the other groups (P=0.000). One-way ANOVA test showed significant differences among Sham-control group and
other experimental groups, except the groups with aqueous fraction at 400 and 600 mg/kg doses (P < 0.05)

inflammation) appears, the possibility of occurrence of
another process is intensified.!” Regarding the above
mentioned, inhibition and control of inflammation and
oxidative stress processes in a simultaneous manner
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can prevent pathological occurrences associated with
Alzheimer’s disease, such as beta-amyloid and Tau protein
accumulation, lipid peroxidation, nerve cell membrane
destruction, and nerve cell death.
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Several studies claimed that i.p. injection of LPS causes
learning and memory impairment. Likewise, here it is
revealed that rats in LPS-control group developed memory
loss.

It should be noted that in LPS-control group endogenous
antioxidant enzymes (SOD, GPx, and MDA) increased
significantly compared to normal values in Sham-control
group; consequently, these changes could be considered a
defensive reaction as a result of processes of inflammation
and oxidative stress. Moreover, the amount of MDA was
more than twice in LPS-control group compared with that
of Sham-control group. Due to the high amount of MDA,
high level of lipid peroxidation and cell damage is evident.
It is considered that an increase in endogenous antioxidant
enzymes could not compensate destructive effects of
oxidative stress.

The assessment on MDA indicated its low levels in groups
treated with fractions; especially the group with aqueous
fraction at 600 mg/kg dose allocated the least amount of
MDA to itself. The levels of lipid peroxidation and cell
damage in groups which received fractions were lower,
compared with that of LPS-control group, indicating that
the pretreatment method could prevent inflammation and
oxidative stress processes can damage cells. Furthermore,
the low levels of endogenous antioxidant enzymes in
groups treated with fraction against LPS-control group
indicate that antioxidant defense system in treatment
groups was less activated compared to that of LPS-control

group.

In the treated groups with extracts, the figures of oxidative
stress markers were close to the normal amounts in the
Sham-control group. Likewise, Manikandan et al. also
revealed that the ethanolic and ethyl acetate extracts of
A. calamus effectively inhibit stress-induced changes in
endogenous antioxidant enzymes system and this effect is
achieved by sweeping free radicals and modulating levels of
enzymes antioxidant system.*] Muthuraman et al. claimed
that the hydroalcoholic extract of 4. calamus improved the
behavioral and biochemical changes induced in the painful
environmental neuropathy model and they thought that the
antioxidant and antiinflammatory effects of this extract play
the main role in this context.*” Shukla ef al. showed that the
hydroalcoholic extract of A. calamus has a neuroprotective
effect on ischemic rats (through central cerebrospinal
fluid obstruction), and this effect was due to the reduction
of lipid peroxidation and modulation of endogenous
antioxidant enzymes.[*! Shukla et al. also revealed that the
hydroalcoholic extract of 4. calamus against neurotoxicity
has a protective effect and improves behavioral changes
and modulates the enzymes of endogenous antioxidants
such as glutathione S-transferase.[*!]

The memory test in this study revealed that the groups
treated with fractions, especially group with aqueous
fraction at 600 mg/kg dose, outperform LPS-control

6

group; therefore, the memory impairment in groups that
received fractions was noticeably less compared with that
of LPS-control group.

Moreover, Shin et al. revealed that alpha-asarone, as a
major component of the 4. calamus, improves memory in
animals with induced memory impairment.?®! Furthermore,
Geng et al. showed that beta-asarone, as an important
component of A. calamus, improves cognitive function
in rats with memory impairment with intrahippocampal
beta-amyloid injection.

Some studies suggested that stress and anxiety could be
considered as a result of the inflammation and oxidative
stress processes.[®! Likewise, stress test in this test
revealed the low levels of stress in groups treated with
fraction in comparison to LPS-control group, which could
be considered due to presence of antiinflammatory and
antioxidant substances in 4. calamus. In addition, several
studies have suggested that extract of 4. calamus and
its major compounds have the antiinflammatory effect
through reducing the preinflammatory cytokines.[2643-47]
Due to the close correlation between the inflammatory
and the oxidative stress processes, weakness in one
would have a direct effect on the other. Because
this plant (4. calamus) is endowed with antioxidant,
antiinflammatory, = and  antiacetylcholine  esterase
properties, it can affect the multiple cellular pathways,
leading to Alzheimer’s pathogenesis. This plant also
acts more successfully than the available chemical drugs
which affect only on one cellular pathway. In addition,
natural substances have less side effects in comparison to
synthetic drugs.

Conclusion

The results of this study revealed that different fractions of
A. calamus L. are dose-dependently effective in preventing
memory impairment and stress development through
controlling oxidative stress and inflammation.
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