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Abstract

Background: Oxidative stress is the primary factor responsible for the development of neuroinflammation and brain defi-
cits. As aging occurs, the chances of oxidative stress increase due to lifestyle modification, environmental, and genetic factors.
The brain is especially susceptible to oxidative damage because of its elevated oxygen consumption, lipid composition, and
comparatively inadequate antioxidant defenses. Oxidative stress associated with aging results in DNA damage, mitochondrial
dysfunction, and compromised repair mechanisms.

Objectives: To investigate the efficacy of Cordyceps militaris extract (CME) and alpha-lipoic acid (ALA) in mitigating oxida-
tive stress and neuroinflammation in aged rats and to assess their potential therapeutic effects on cognitive performance,
antioxidant enzyme activity, and oxidative stress markers.

Materials and Methods: This study involved using aged rats to evaluate the impact of CME and ALA on oxidative stress
and neuroinflammation. The rats were administered CME and ALA, and various assessments were conducted to measure
cognitive performance, antioxidant enzyme activity, and oxidative stress markers.

Results: The administration of CME and ALA to aged rats significantly improved cognitive performance. Additionally, there
were an enhancement in antioxidant enzyme activity and a reduction in oxidative stress markers. These findings indicate that
both CME and ALA positively mitigate oxidative stress and neuroinflammation.

Conclusion: CME extract and ALA exhibit therapeutic potential in treating aging-related oxidative stress and inflamma-
tion. Their use could be beneficial in combating brain disorders caused by aging, highlighting their importance in the field of
geriatric healthcare.
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Introduction Progressive declines in memory and mobility are two of the
most prevalent effects of neurodegenerative illnesses associ-
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vascular dementia, Huntington’s disease, Parkinson’s disease,
and amyotrophic lateral sclerosis. Oxidative stress has been
shown to play a role in the development of impaired mem-
ory.* Many studies have examined the relationship between
specific biomarker levels associated with oxidative stress and
cognitive function as assessed by the cognitive impairment
examination. A prior study found a correlation between more
significant levels of inflammatory molecules and oxidative
stress markers like glutathione peroxidase and malondialde-
hyde (MDA) with poor mental function in older institutional
residents.’> Reactive oxygen species (ROS) and glutathione
(GSH) levels may rise due to poor glutathione peroxidase
activity, as GSH is a substrate for the enzyme.®

Cordyceps spp. mushrooms have been utilized as natural
ingredients in Asian traditional medicine for many years
because of their adaptogenic and tonic qualities, their capac-
ity to alleviate fatigue, and their ability to boost the human
immune system.” Of the roughly 500 Cordyceps species,
Cordyceps sinensis has received the most scientific attention.
This particular species has been listed in the Chinese
Pharmacopoeia (2015) and is notably rich in adenosine, mak-
ing it the key quality measure. However, because of a simpler
and more sustainable culture, uniform quality, and higher
quantity of medicinal substances like cordycepin, Cordyceps
militaris is frequently favored over C. sinensis. It is also less
costly than C. sinensis, which is rarer and more expensive.%?
Based on the studies, there are many biologically active com-
pounds like cordycepin, ergothioneine, d-mannitol,
y-aminobutyric acid (GABA), glycoproteins, vitamins, and
biominerals.!%!! Moreover, cordycepin is a primary bioactive
compound with anti-inflammatory,!?> immunostimulant,!3
antitumor, ergogenic, neuroprotective, antiviral, hypolipe-
mic, antimicrobial, and antioxidant activity.” Previous
research, including national and international, has failed to
conclude the effect of C. militaris bioactive compounds on
aging and oxidative stress-related problems.

Materials and Methods

Drugs and Chemicals

Quercetin, gallic acid, nitrogen blue tetrazolium, and
2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from
HiMedia, India. Folin—Ciocalteu’s reagent was purchased
from Central Drug House, India, and alpha-lipoic acid (ALA)
was purchased from Setu Nutrition Pvt. Ltd., India. All other
chemicals used in the current study were of analytical grade.

Sample Collection

C. militaris used in this study were procured and authenti-
cated from Indian Council of Agricultural Research (ICAR):
Directorate of Mushroom Research, Solan, Himachal
Pradesh, India [Accession Number: DMRO 1163]. Further
mushrooms were cleaned with distilled water followed by air

dried, grinded into coarse powder, and stored in an air-tight
container for further use.

Extraction

The extraction was done with the help of a Soxhlet extraction
apparatus. The hydroethanolic solvent was used (i.e., 50%
ethanol and 50% water). A total of 1,000 g of fresh mushroom
was obtained and then air-dried at normal room temperature
until fully dried, and then grind by the help of electric grinder
and a total 200 g of powder was obtained. The 200 g of pow-
dered sample was loaded into the thimble. The extraction pro-
cess was run for 8 h at 60-70°C. Filter the extract using
Whatman filter paper and was evaporated through rota evap-
orator. The collected extract was then further stored in deep
freezer at —20°C.'4

Animals and Treatments

Before the animal research began, the protocol for the experi-
ment was approved by the Maharishi Markandeshwar (MM)
College of Pharmacy’s Institutional Animals Ethics Committee
(Protocol no. MMCP-IAEC-110, dated 20/11/2021) and car-
ried out in accordance with the regulations on animal experi-
mentation issued by the Committee for Control and Supervision
of Experiments on Animals (CCSEA), Government of India.
Forty-eight Wistar rats, young (4—6 months old, body weight
150-250 g) and aged rats (18—24 months, body weight = 300—
350 g) were kept in typical laboratory settings with controlled
humidity, temperature, and a natural light and dark cycle
(between 22°C and 25°C and 50% relative humidity). Before
conducting any behavioral tests, the rats were acclimatized to
the laboratory environment. The eight groups listed below
comprised the rats (n = 6).

Group I (young rats): 4—6-month-old rats received ad libi-
tum diet.

Group II (aged rats): 18—24-month-old rats received ad
libitum diet.

Group Il (aged + CME 125): Cordyceps militaris extract
(CME) was administered (100 mg/kg p.o.) daily to aged rats
for 3 months.15,16

Group 1V (aged + CME 250): CME (250 mg/kg/day p.o.)
was administered to aged rats daily for 3 months.15,16

Group V (aged + CME 500): CME (500 mg/kg/day p.o.)
was administered to aged rats daily for 3 months.15

Group VI (aged + ALA 50): ALA (50 mg/kg/day p.o.) was
administered to aged rats daily for 3 months.17

Group VII (aged + ALA 100): ALA (100 mg/kg/day p.o.)
was administered to aged rats daily for 3 months.18

Group VIII (aged + CME 125 + ALA 50): CME (125 mg/
kg/day) and ALA (50 mg/kg/day) were administered in com-
bination daily to aged rats for 3 months.

After 3 months of treatment, all the behavioral parameters
(assessment of depression, anxiety, memory, and pain) were
performed, and animals were fasted overnight for 12 h and then
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blood was collected for biochemical and molecular estimations.
At the end, all the rats were sacrificed and the brain was isolated
for biochemical, molecular, and histopathological analysis.

Analysis of Behavioural Parameters

All behavioral parameters were analyzed using various dif-
ferent procedures. The Morris water maze was performed as
earlier described by Vorhees and Williams!%-2° and passive
avoidance test was performed as earlier described by Eagle
et al.?! to evaluate memory impairment. For measuring the
anxiolytic behavior elevated plus maze test was performed as
described by Walf and Frye.?? To measure the immobility
time in an unescapable environment, forced swim test was
performed as earlier described by Porsolt et al.>? The locomo-
tor activity was measured by using a digital actophotometer
described by Bhosale et al.?* The motor coordination was
assessed using the rotarod apparatus as described by Bansal
and Chopra.?® To assess the thermal nociception, a tail immer-
sion test was performed as earlier described by Courteix
et al.?6 and mechanical nociception via Randall-Selitto test
by Santos-Nogueira et al.?’

Analysis of Biochemical and Molecular Estimations

Brain samples were washed with ice-cold saline solution con-
taining 0.9% sodium chloride. These samples were homoge-
nized in chilled phosphate buffer with a potential of hydrogen
(pH) value of 7.4. The homogenized samples were used to

measure various parameters including lipid peroxidation,?>-28
superoxide dismutase (SOD),>? reduced GSH,?>30 cata-
lase,?>3! acetylcholinesterase (AChE) activity,?532 and tumor
necrosis factor-alpha (TNF-a)* were measured. The hippo-
campal and cortical regions of the brain were also used to
measure necrosis factor kappa B 65 [nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB)] activity.?3

Histopathological Analysis

The histopathological analysis of the hippocampal region of
the rat brain sample was performed by first fixing the brain
tissue in formalin, embedding it in paraffin, and slicing it into
thin sections. These sections were then stained with hema-
toxylin and eosin (H&E), enabling the visualization of cellu-
lar structures under a microscope and the assessment of
neuronal morphology, tissue integrity, and pathological
changes in the hippocampus. Additionally, the number of
densely stained, irregularly shaped pyknotic neurons was
counted at a 200 um scale bar using a 40x objective.3*

Statistical Analysis

The results were shown as means + standard error of the
mean. The behavioral, biochemical, and histopathological
evaluations were analyzed using a one-way analysis of vari-
ance (ANOVA), followed by Tukey’s post hoc test, using
GraphPad Prism software version 5.01.
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Figure |. Effect of Cordyceps militaris Extract (CME) on Spatial Learning and Memory. (A) Escape Latency, (B) Time Spent in the Target
Quadrant. Data values are expressed as mean * standard deviation (SD). n = 6 in each group. “denotes p < .05 vs young rats, “denotes p
< .01, ®denotes p < .00 vs young rats; ##denotes p < .00l vs aged rats.

Source: GraphPad Prism version 5.01.
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Results

Effect of CME on Behavioural Parameters

Morris Water Maze Test

In comparison to a younger group of rats, the aged rats on day
5 had substantially (p < .001) higher escape latencies (EL)
and less time spent in the target quadrant (TSTQ), as seen in
Figure 1. In comparison to the aged group rats, CME therapy
(250 and 500 mg/kg) and ALA (100 mg/kg) significantly
(p < .001) reduced EL and increased TSTQ on day 5.
Furthermore, compared to the aged group rats, CME+ALA-
treated rats showed a substantial decrease (1.7-fold) in EL and
an increase (2.6-fold) in TSTQ (p < .001). Rats treated with
CME (125 mg/kg) and ALA (50 mg/kg) showed a notable
decrease in EL and an increase in TSTQ; however, the impact
was not statistically significant.

Passive Avoidance Test

During the passive avoidance test, step-down latency (SDL)
was measured, representing the time the animal took to step
down. The prolongation of SDL was taken as a parameter for
learning. SDL significantly decreased (3-fold), while the
number of errors significantly increased (4-fold) in aged rats
in contrast to the young group of rats (Figure 2). Further, SDL
was enhanced considerably (p <.001). At the same time, sev-
eral errors were significantly attenuated (p < .001) in aged

rats after treatment with CME (250 and 500 mg/kg) and ALA
(100 mg/kg) for 3 months dose-dependently compared to the
aged group rats. A marked increase in SDL and a decrease in
the number of errors were observed in CME (125 mg/kg) and
ALA (50 mg/kg) treated rats, but the effect was not at a sig-
nificant level. However, when CME (125 mg/kg) and ALA
(50 mg/kg) were given in combination, a substantial rise in
SDL (2.9-fold) and a decrease in the number of errors (3.2-
fold) were the key observations in these rats in contrast to the
aged group of rats.

Effect of CME on anxiety (elevated plus maze) and depres-
sion (forced swim test) in aged rats.

Anxiety and depression in aged rats were significantly
increased, as indicated by decreased time spent in open arms
(3.3-fold) and increased immobility time (2-fold) compared
with the young rats’ group. The administration of CME (500
mg/kg) and ALA (100 mg/kg) led to a significant (p < .001)
increase in the duration spent in the open arms. Additionally,
CME (250 and 500 mg/kg) and ALA (100 mg/kg) resulted in a
significant reduction in immobility time (p <.001) when com-
pared with aged rats. After receiving CME (250 mg/kg) treat-
ment, aged rats showed a significant increase (p < .01) in the
time they spent in the open arms. A marked increase in time in
the open arms and a decrease in immobility time were observed
in CME (125 mg/kg) and ALA (50 mg/kg) treated rats, but the
effect was insignificant. However, when CME (125 mg/kg)
and ALA (50 mg/kg) were administered in combination, a sig-
nificant increase in time spent in the open arms (3.2-fold) and
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Figure 2. Effect of Cordyceps militaris Extract (CME) on Passive Avoidance Paradigm. (A) Step-Down Latency, (B) and No. of Errors.
Data values are expressed as mean * standard deviation (SD). n = 6 in each group. “denotes p < .0l vs young rats, ““denotes p <.00I vs

young rats; ##denotes p < .00 vs aged rats.

Source: GraphPad Prism version 5.01.
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Figure 3. Effect of Cordyceps militaris Extract (CME) on Anxiety and Depression (A) Time Spent in Open Arm, (B) Immobility Time.
Data values are expressed as mean + standard deviation (SD). n = 6 in each group. “denotes p < .0l vs young rats, ““denotes p < .001 vs
young rats; ##denotes p < .0l vs aged rats, ##denotes p < .00I vs aged rats.

Source: GraphPad Prism version 5.01.

a decrease in immobility time (1.7-fold) were observed in these
rats in contrast to aged group rats (Figure 3).

CME Effect on Locomotion (Actophotometer) and
Motor Coordination (Rota Rod)

Locomotor activity and motor coordination were signifi-
cantly decreased (2-fold and 3.6-fold) in aged rats, unlike the
young group rats (Figure 4A and B). However, the number of
counts and fall-off time were significantly increased
(p <.001) in aged rats after treatment of CME (250 and 500
mg/kg) with ALA (100 mg/kg) for 3 months dose-depend-
ently compared to aged rats. A mild increase in counts and
fall-off time was observed in rats treated with CME
(125 mg/kg) and ALA (50 mg/kg), but the effect was insig-
nificant. However, CME (125 mg/kg) and ALA (50 mg/kg)
were administered in combination, and a high rise in the num-
ber of counts (2-fold) and fall-off time (3.2-fold) was seen in
these rats as contrary to aged group rats (Figure 4).

Analgesic Effect of CME by Tail Inmersion and
Randall-Selitto Test

Tail withdrawal and paw withdrawal threshold were signifi-
cantly decreased (almost 3-fold) in aged rats in comparison to
young group rats (Figure 5A and B). However, tail withdrawal
latency and paw withdrawal threshold were significantly
increased (p < .001) in the aged group of rats after treatment

with CME (250 and 500 mg/kg) and ALA (100 mg/kg, p.o.) for
3 months, dose-dependently, compared to aged rats. Marked
increases in tail withdrawal latency and paw withdrawal thresh-
old were observed with CME (125 mg/kg) treated rats, but the
impact was minimal. However, CME (125 mg/kg) and ALA
(50 mg/kg) were administered in combination. Significantly
increased tail withdrawal latency (2.8-fold) and paw with-
drawal threshold (approx. 3-fold) were observed in these rats in
comparison to aged group rats (Figure 5).

Effect of CME on Biochemical Parameters

Effect of CME on Oxidative Stress Parameters

MDA levels noticeably rose (4.2-fold) and SOD, catalase,
and GSH were significantly decreased (2.7, 3.6, and 2.1-fold)
in aged rats, in contrary to young group rats (Figure 6A-D).
However, the MDA level was significantly decreased
(p <.001) in the aged group of rats after treatment with CME
(125, 250, and 500 mg/kg) and ALA (100 mg/kg), and SOD,
catalase, and GSH were significantly increased in aged rats
after treatment with CME (250 and 500 mg/kg) and ALA
(100 mg/kg) for 3 months dose-dependently compared to
aged rats. However, CME (125 mg/kg) and ALA (50 mg/kg)
were administered in combination, and a significant decrease
in MDA levels (3.4-fold) and increased in SOD (2.5-fold),
catalase (3.3-fold), and GSH (1.9-fold) in these rats in com-
parison with the aged group rats (Figure 6).
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Figure 4. (A) Cordyceps militaris Extract (CME) Effect on Locomotor Activity, (B) CME Effect on Motor Coordination. Data values

are expressed as mean * standard deviation (SD). n = 6 in each group. “denotes p < .05 vs young rats, “denotes p < .0l vs young rats,

“denotes p < .001 vs young rats; ##denotes p < .00I vs aged rats.

Source: GraphPad Prism version 5.01.
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Figure 5. (A) Effect of Cordyceps militaris Extract (CME) on Thermal Hyperalgesia by Tail Immersion Test, (B) Effect of CME on
Mechanical Hyperalgesia by Randall-Selitto Test. Data values are expressed as mean * standard deviation (SD). n = 6 in each group.

“denotes p < .05 vs young rats, ““denotes p < .001 vs young rats; ##denotes p < .00| vs aged rats.

Source: GraphPad Prism version 5.01.
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Figure 6. (A) Cordyceps militaris Extract (CME) Effect on Lipid Peroxidation, (B) CME Effect on Superoxide Dismutase (SOD), (C) CME Effect on
Catalase, (D) CME Effect on Glutathione (GSH). Data values are expressed as mean * standard deviation (SD). n = 6 in each group. “denotes p <
.05 vs young rats, “denotes p < .0l vs young rats, ““denotes p <.001 vs young rats; #denotes p < .0l, ##denotes p < .00I vs aged rats.

Source: GraphPad Prism version 5.01.
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Figure 7. Cordyceps militaris Extract (CME) Effect on
Acetylcholinesterase (AChE). Data values are expressed as mean
+ standard deviation (SD). n = 6 in each group. ““denotes p < .001
vs young rats; #denotes p < .0l vs aged rats, ##denotes p < .001
vs aged rats.

Source: GraphPad Prism version 5.01.

Effect of CME on AChE

The level of AChE showed a significant increase (p <.001) in
aged rats compared to young rats (Figure 7). However, the
ACHhE level was significantly decreased (p <.001) in the aged
group of rats after treatment with CME (250 and 500 mg/kg)
and ALA (100 mg/kg) for 3 months dose-dependently com-
pared to aged rats. Marked decreases in AChE levels were
observed in rats treated with CME (125 mg/kg) and ALA (50
mg/kg), but the effect was not significant. However, CME (125
mg/kg) and ALA (50 mg/kg) were administered in combina-
tion, and a considerable increase in AChE levels was observed
in these rats (p <.001) in comparison with the aged group rats.

Effect of CME on Molecular Parameters
Effect of CME on Neuroinflammation

In aged rats, there was a significant increase (p < .001) in
TNF-a and NF-«B compared to the young group rats
(Figure 8A and B). Following treatment with CME (250 and
500 mg/kg) and ALA (100 mg/kg) for 3 months, TNF-o and
NF-«B showed a significant decrease (p <.001) in aged rats
in a dose-dependent manner compared to aged rats. A
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Figure 8. Effect of Cordyceps militaris Extract (CME) on Inflammatory Markers (A) Effect on Tumor Necrosis Factor-alpha (TNF-a), (B)
Effect on p65 of Nuclear Factor Kappa-light-chain-enhancer of Activated B Cells (NF-kB). Data values are expressed as mean * standard
deviation (SD). n = 6 in each group. “denotes p < .0l vs young rats, ““denotes p < .00| vs young rats; ##denotes p < .00| vs aged rats.

Source: GraphPad Prism version 5.01.
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Figure 9. The Effect of Cordyceps militaris Extract (CME) on Rat Brain Hippocampal Region. Data values are given as mean * standard
deviation (SD), with six animals in each group. ““denotes p < .001 vs young rats; #denotes p < .05 vs aged rats; ##denotes p < .00I vs

aged rats.

Source: GraphPad Prism version 5.01.

marked decrease in TNF-a and NF-kB was observed in
CME (125 mg/kg) and ALA (50 mg/kg) treated rats, but the
effect was insignificant. However, CME (125 mg/kg) and
ALA (50 mg/kg) were given in combination. A substantial
rise in TNF-a (2.2-fold) and NF-kB (almost 3-fold) was
observed in these rats (2.2-fold) compared to the aged group
rats (Figure 8).

Histopathological Parameters

During the histopathological examination of rats’ brain hip-
pocampal region, neuronal damage was noted in the dentate
gyrus of the brains of elderly rats, compared with young rat’s
brains, as indicated by large number of pyknotic and granule
dead cells. Administration of CME (250 and 500 mg/kg) and
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Figure 10. Histopathological Examination of Rats’ Brain Hippocampal Region. Red Arrow Indicates Damaged Cell and Green Arrow

Indicates Healthy Cells.

Source: GraphPad Prism version 5.01.

ALA (50 and 100 mg/kg) dose-dependently modulates the
neuronal damage by a reduction in pyknotic and granule dead
cells, as shown in Figure 8. Further, administration of CME
(125 mg/kg) in combination with ALA (50 mg/kg) markedly
reduced the neuronal damage in the rat hippocampal region
(Figures 9 and 10).

Discussion

Age is the leading risk factor for most neuronal impair-
ments.?® Free radicals are very reactive molecules or atoms
with one or more unattached electrons in their outer shell,
which can be created when oxygen reacts with certain
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compounds.3¢ These radicals are generated within cells when
a lone electron is either gained or lost, allowing them to act as
either reducing agents or oxidizing agents.’” Free radicals
cause chronic oxidative damage that ages the brain and modi-
fies neural connections, eventually deteriorating cognitive
decline.?® In addition, we found that elderly rats had signifi-
cantly higher levels of inflammation, oxidative stress indica-
tors, and impairments in memory, nociception, anxiety, and
depression when compared to younger rats. These findings
suggest that age-related neuronal deficiencies may cause neu-
ronal impairments in old rats.

Compared to elderly rats, the administration of CME
improves nociception, sadness, anxiety, memory, and learn-
ing. These outcomes were consistent with previous research
published by Kim et al., which showed that the administra-
tion of C. militaris improves memory deficits caused by
worldwide cerebral ischemia and scopolamine-induced mem-
ory deterioration.?® It may also be used as a treatment option
for neuroinflammatory illnesses and vascular dementia and to
protect the hippocampus. Further, the study by Lin et al.*0
reported that the medicinal fungus known as C. militaris may
be used to treat mood disorders such as anxiety and depres-
sion.** Furthermore, research conducted by Phull et al.!
stated that the primary component in C. militaris, “cordyce-
pin,” suppressed the expression of two genes linked to inflam-
mation: inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2).#! Administration of ALA
improves memory,*> depression,* anxiety,* and nocicep-
tion.** In our study, we also made observations, which state
that a combination of CME and ALA significantly improved
memory, depression, anxiety, and nociception in aged rats.

The body commonly experiences oxidative stress. Enzyme
systems involved in in vivo redox homeostasis typically keep
intracellular levels of ROS low under normal conditions, in
order to maintain physiological balance. Thus, it may be
stated that an imbalance in the body between prooxidants and
antioxidants is referred to as oxidative stress.*® MDA, SOD,
GSH, and catalase are examples of oxidative stress biomark-
ers that are crucial for determining the extent of disease and
the advantages of antioxidants for general health. One of the
main theories of aging is oxidative stress, and the first line of
defense antioxidants are SOD, GSH, and catalase.*” Reduced
SOD expression increases the vulnerability of many species
to oxidative stress.*® Reduced GSH levels in the brain are
linked to neurodegeneration or aging-related neuronal loss.*
Several age-related degenerative disorders are related to the
pathophysiology of catalase dysfunction or shortage.>

A study by Olatunji et al.’! stated that the C. militaris attenu-
ates the levels of lipid peroxidation product (MDA), while
enhancing the functioning of antioxidants (SOD and GSH) in
6-hydroxydopamine-treated cells.’! Further, the study by Li
et al.>2 found that C. militaris polysaccharide dramatically
raised the performance of catalase, SOD, glutathione peroxi-
dase, and antihydroxyl radicals in the liver of mice.2 Moreover,
a study by He et al.5* demonstrated that C. militaris inhibited

the activity of AChE in the brains of AD mice injected with
AmyloidB1-42. ALA exerts strong antioxidant properties, and
when administered, it reduces MDA levels and AChE activity
in the brains of elderly rats,>* while also enhancing the activity
of antioxidant enzymes in cases of lipopolysaccharide-induced
kidney dysfunction.3 Consequently, we also discovered that
the combination of CME and ALA significantly lowers the
generation of oxidative stress and raises the activities of anti-
oxidant enzymes compared to aged rats.

The activation of oxidative stress can result in the activa-
tion of various transcription factors, which in turn leads to
the differential expression of particular genes that are impli-
cated in inflammatory processes.’® For example, studies
have shown that the production of TNF-o and the activation
of NF-«B significantly impact the inflammatory process,
leading to certain chronic disorders.’” ROS can impact both
synaptic and nonsynaptic neuronal communication in brain
tissues, potentially leading to memory loss, neurodegenera-
tion, and neuroinflammation.>® The body might trigger sev-
eral immune system cells if an inflammatory reaction
occurs. The body releases different chemicals known as
“inflammatory mediators,” including histamine and brady-
kinin, which cause the small blood vessels in the tissue to
enlarge and allow more blood flow to the damaged area.
Heat is felt in reddish-pink inflammatory areas.>® Biomarkers
such as ROS, cytokines [including TNF-a and interleukin-6
(IL-6)], chemokines, C-reactive proteins (CRPs), prosta-
glandins, NF-«B, and critical immune cell types have a sig-
nificant impact on the pathophysiology of inflammation.®
Considering that growing older is a significant cancer risk
factor, systemic, sterile, age-related chronic inflammation—
also known as inflammaging—is deemed to have a connec-
tion to the illness’s underlying etiology.’! The CRP, along
with other inflammatory markers, rises with age. As people
age, their gut microbiota is assumed to play a part in sys-
temic chronic inflammation, evolving and becoming more
proinflammatory.6?

According to Jo et al.®> CME suppressed the growth, sur-
vival, and migration of ovarian cancer cells, perhaps via coor-
dinating NF-kB activation with TNF-o/tumor necrosis factor
receptor 1 (TNFR1) signaling.®® Further, a study by Park
et al.** CME dramatically decreased the level of TNF-a.% In
research conducted by Akbari et al.,% the impacts of ALA
supplementation on inflammatory markers in individuals
with metabolic syndrome and related disorders were
reported.®®> Furthermore, ALA suppresses NF-kB activation
independently of its antioxidant action.®® Consequently, our
study also revealed that the CME and ALA combination sig-
nificantly reduced aging-related inflammation.

Conclusion

The combination of CME and ALA demonstrated signifi-
cant potential in improving cognitive function, reducing
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oxidative stress, and enhancing antioxidant enzyme activi-
ties in aging models. This study adds new evidence support-
ing their synergistic neuroprotective effects. However, the
present findings are limited to preclinical models, and fur-
ther clinical studies are necessary to confirm their efficacy
in humans. These insights suggest that targeting oxidative
stress and inflammation with CME and ALA could be prom-
ising for managing neurodegenerative diseases linked to

aging.
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