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Abstract: Alzheimer’s disease (AD) is considered one of the main pathologies of our time,
whose incidence and prevalence are suggested to be strongly underestimated. AD presents
as a complex neurodegenerative condition characterized by marked neuroinflammation
and a significant decline in the cognitive and mnemonic functions of affected patients.
Recognized AD pathological hallmarks include amyloid beta plaque and neurofibrillary
tangle formation, synaptic dysfunction with considerable apoptosis of cholinergic and
dopaminergic neurons, and high levels of oxidative stress and neuroinflammation. The
available pharmacological treatments are represented by acetylcholinesterase inhibitors to
treat the mild to moderate form of the disease and N-methyl-D-aspartate inhibitors alone
or in combination with the previously cited ones in the late stage of the neurodegenerative
condition. Furthermore, emerging drug therapies such as monoclonal antibodies are
promising agents in AD management. Although scientific evidence highlights these
chemicals as effective in slowing down disease progression, significant limitations behind
their employment derive from the notable dose-dependent side effects and the single-target
mechanism of action. In this context, two well-studied phytotherapeutics, W. somnifera
(W. somnifera) and fungi belonging to the genus Cordyceps, have gained attention for
their chemical composition regarding their neuroprotective and anti-inflammatory effects.
Ashwagandha (obtained principally from the roots of W. somnifera) is an adaptogen that
relieves stress and anxiety. It contains several ergostane-type steroidal lactones—such
as withanolides and withaferin A—and various alkaloids, contributing to its antioxidant
and neuroprotective effects. Likewise, cordycepin is the main bioactive principle found in
Cordyceps fungi. This natural nucleoside has been reported to possess therapeutic potential
as an anti-cancer, immunomodulatory, and anti-inflammatory agent, with some studies
suggesting a beneficial role in AD treatment. The purpose of the present review is to
investigate the pharmacological properties of W. somnifera and Cordyceps species in the
context of AD treatment and explore the therapeutic potential of the constitutive bioactive
molecules in preclinical models mimicking this neurodegenerative condition.
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1. Alzheimer’s Disease: Pathophysiology and Current Therapies
Alzheimer’s disease (AD) is a complex, multifactorial, neurodegenerative disease that

presents itself as a global public health problem and the most common cause of dementia,
representing 60–70% of total cases. Globally, the incidence of this condition is expected to
triple, profoundly affecting the quality of life of patients and their respective caregivers [1].

AD’s classical pathological hallmarks include the deposition of amyloid β (Aβ) pep-
tides that aggregate, forming extracellular neuritic plaques localized throughout the cere-
bral cortex. The generation of these peptides depends on the cleavage and processing of the
amyloid precursor protein (APP), an integral membrane protein physiologically present
in the synapses of neurons. Oligomers of Aβ, especially Aβ42, exert synaptotoxic effects
through interaction with different receptors, leading to calcium influx, oxidative stress,
mitochondrial dysfunction, and neurotoxicity [2]. Another key neuropathological hallmark
of AD is the hyperphosphorylation of the tau protein, a microtubule-associated protein in
axons, synaptic compartments, and the nuclear membrane. Soluble forms of tau are highly
toxic and responsible for shattering mitochondrial function, calcium homeostasis, and
impairing synaptic transmission and plasticity. Under pathological conditions, tau tends
to become hyperphosphorylated and detach from microtubules, undergoing transmission
through trans-synaptic and non-synaptic routes. It accumulates in neurons and aggregates
into neurofibrillary tangles (NFTs), neuropil threads, and dystrophic neurites, promoting
neurotoxicity and the progression of the cognitive decline characteristics of AD [3]. In
this context, the intra- and extra-neuronal landscape alteration promotes glia-mediated
neuroinflammation. Microglia and astrocyte cells shift from their physiological supportive
role and drive neuroinflammatory pathways, accelerating neuronal death. Aβ and tau
aggregates chronically overstimulate microglial receptors Trigger Receptor Expressed on
Myeloid Cells-2 (TREM2) and C-X3-C Motif Chemokine Receptor 1 (CX3CR1), triggering
NOD-like receptor protein 3/Apoptosis-associated speck-like protein containing a CARD
(NLRP3/ASC) inflammasome assembly with the consequent caspase-1 activation and
release of pro-inflammatory cytokines, such as IL-1β, TNF-α, and IL-6, which, in turn, am-
plify neuroinflammation, contributing to neuronal dysfunction and neurodegeneration. In
detail, the release of pro-inflammatory cytokines triggers the apoptosis pathway, increases
neuronal excitotoxicity and immune activation, and causes overproduction of oxidative
stress, leading to neuron death [4]. Additionally, in a self-perpetuating loop, these cytokines
promote the activation of p38 mitogen-activated protein kinase (p38 MAPK) and glycogen
synthase kinase-3 Beta (GSK-3β), which exacerbates further tau hyperphosphorylation
and aggregation [5].

Current drug therapies approved by the Food and Drug Administration (FDA) aim to
manage symptoms of cognitive decline, although most are helpful only in the mild to mod-
erate initial phases of AD. Acetylcholinesterase (AChE) inhibitors, N-methyl-D-aspartic
acid receptor (NMDAR) antagonists, and anti-amyloid monoclonal antibodies represent
the principal class of medications administered in clinical practice today. Donepezil, Galan-
tamine, and Rivastigmine enhance cholinergic transmission and operate by increasing
acetylcholine (ACh) levels. Memantine, differently, is approved for the moderate to severe
forms of AD, alone or in combination with an AChE inhibitor, and acts as an antagonist of
NMDARs. By suppressing excessive glutamatergic activity, Memantine can reduce Ca2-
mediated excitotoxicity, ultimately preventing neuronal damage. Anti-amyloid monoclonal
antibodies (e.g., Aducanumab and Lecanemab) represent another possible treatment. This
class of therapeutics promotes Aβ plaque removal and clearance through three comple-
mentary pathways: the microglia-activated phagocytosis and lysosomal degradation of
pathological peptide aggregates, the direct binding of antibodies to Aβ fibrils in the central
nervous system (CNS), and the peripheral “sink” effect that favors the efflux of Aβ from
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brain interstitial fluid into the blood [6]. Given the broad impact of this neurodegenerative
disorder, the prevention and management of AD symptoms through safe and effective
bioactive compounds and complementary strategies should be highly considered. In this
regard, several phytotherapeutics have attracted attention for their potential contribution
to ameliorating neuroinflammation, metabolic status, and clinical markers specific to AD.
Examples are represented by Panax ginseng, Crocus sativus, Curcuma longa, and Berberis,
which have all been proven to exert beneficial effects in AD thanks to their recognized
anti-inflammatory, antioxidant, and anti-apoptotic properties [7].

The present work aims to systematically review current literature evidence about the
potential pharmacological properties of phytotherapeutics Withania somnifera (W. somnifera)
and Cordyceps species (C. spp.) in preclinical models (rodents) of AD, enabling us to report
and evaluate possible clinical applications.

2. W. somnifera and C. spp.: Bioactive Components and Major
Mechanisms of Action

W. somnifera and the medical fungi C. spp. are both herbal drugs with long traditional
use and clinical application in Asian medicine cultures.

2.1. W. somnifera: Pharmacological Profile and Therapeutic Targets

W. somnifera, commonly known as Indian ginseng or Ashwagandha, is a geographi-
cally widespread herb. It grows spontaneously in arid and semi-arid zones ranging from
the European basin to southern Africa and the Middle East, and spreading through Central
and South Asia across India, Pakistan, and Bangladesh. The botanical component of interest
with pharmacological applications is the raw root, whose integration has been associated
with cardioprotective, anti-cancer, sedative, antimicrobial, and neuroprotective benefits [8].
W. somnifera, belonging to the Ayurveda tradition, has attracted growing attention due
to the health benefits derived from its consumption [9]. Preparations in the form of root
powder have been traditionally used as a tonic and adaptogen to enhance vitality and coun-
teract fatigue, anxiety, and insomnia while promoting longevity and memory functions.
Nonetheless, W. somnifera has also been used in pastes and decoctions, and to produce
topical oils which have been employed for the management of respiratory, dermatological,
and inflammatory conditions [8]. In detail, the roots and leaves of W. somnifera contain a di-
verse array of phytochemicals with multi-target activity, including over 300 identified C-28
steroidal lactones known as withanolides, as well as other non-withanolide constituents
such as flavonoids, tannins, and steroidal saponins. Key bioactive compounds found in
the root extract include withaferin A, withanolides A, D, and E, withanone, sitoindosides
(VII–X), withanosides I–VII, and various alkaloids such as somniferine and pseudotropine.
These highly pleiotropic compounds exert potent activities across a wide range of dis-
ease models, including anti-cancer, antiproliferative, radiosensitizer, anti-inflammatory,
anti-adipogenesis, antimicrobial, and many more (Figure 1) [10–13].
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Figure 1. The principal bioactive constituents and major biological effects and properties of W.
somnifera extract. The scheme shows the principal bioactive compounds present in W. somnifera (on
the left) and the principal cellular effects (on the right). The figure was created in BioRender. Gabriele
Tancreda. (2025) https://app.biorender.com/illustrations/681b34276dcbff013d2f6f4b (accessed on 2
June 2025).

2.1.1. W. somnifera as a Promising Anti-Cancer Agent: Mechanistic Evidence Across
Tumor Models

Regarding the anti-cancer effect, W. somnifera compounds have demonstrated signifi-
cant anti-cancer properties across various cancer types, including breast, colon, prostate,
ovarian, gastric, and melanoma. These effects are mediated through multiple molecu-
lar mechanisms that target key pathways involved in cancer cell proliferation, survival,
metastasis, and angiogenesis [14], influencing several transcription factors involved in can-
cer aggressiveness and progression such as nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-κB), nuclear factor erythroid 2–related factor 2 (Nrf2), and p53 [9,13].

In breast cancer models, withaferin A induces G2/M phase cell cycle arrest and apop-
tosis by modulating cyclin-dependent kinases and increasing ROS production, leading to
mitochondrial dysfunction and activation of the intrinsic apoptotic pathway [15]. Specifi-
cally, withaferin A downregulates anti-apoptotic proteins, such as Bcl-2, and upregulates
pro-apoptotic proteins, like Bax, resulting in caspase activation and PARP cleavage [14].
Additionally, withaferin A inhibits the STAT3 signaling pathway, which is often consti-
tutively active in triple-negative breast cancer cells, thereby reducing cell proliferation
and metastasis [16].

In colon cancer cell lines (HCT-116, SW-480, and SW-620), withaferin A suppresses
the Notch-1 signaling pathway and downregulates the Akt/NF-κB/Bcl-2 axis, leading to
apoptosis [13]. It also induces G2/M cell cycle arrest by disrupting the spindle assembly
checkpoint through the degradation of Mad2 and Cdc20 proteins [17]. The pharmacological
activity of withaferin A was also studied in HCT116 cell xenograft tumors in nude mice,
where this compound attenuated tumor growth [18].

Similarly, in an in vitro model of human cervical cancer, withaferin A administration
was responsible for strong cell proliferation inhibition, downregulation of oncoproteins
expression, and an increase in p53 and p21 levels [19].

https://app.biorender.com/illustrations/681b34276dcbff013d2f6f4b
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In melanoma models, withaferin A induces apoptosis through ROS-mediated mito-
chondrial pathways and downregulation of anti-apoptotic proteins. This leads to DNA
fragmentation and cell death in melanoma cells [20].

Additionally, withaferin A exhibits anti-angiogenic and anti-metastatic properties
by targeting multiple pathways. It inhibits angiogenesis by downregulating vascular en-
dothelial growth factor (VEGF) expression and interfering with the ubiquitin–proteasome
pathway in endothelial cells [14]. Moreover, withaferin A suppresses metastasis by
inhibiting epithelial-to-mesenchymal transition (EMT) markers such as vimentin and
N-cadherin and by reducing matrix metalloproteinases (MMPs) involved in extracellular
matrix degradation [14].

2.1.2. Anti-Inflammatory Mechanisms of W. somnifera: Modulation of NF-κB, Nrf2, and
Cytokine Pathways

Several studies have demonstrated the anti-inflammatory properties of W. somnifera
(Ashwagandha) to be exerted by bioactive compounds such as withanolides, sitoindosides,
withanosides, and various alkaloids. One of the key molecular mechanisms involves the
inhibition of the nuclear factor kappa B (NF-κB) signaling pathway, a critical regulator of
inflammation. Withaferin A blocks the activity of IκB kinase β (IKKβ), thereby preventing
the degradation of IκBα and subsequent nuclear translocation of NF-κB. This leads to
decreased transcription of pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-6,
as well as pro-inflammatory enzymes such as COX-2 and iNOS [21–23].

Simultaneously, W. somnifera activates the Nrf2 pathway, enhancing the expression
of antioxidant enzymes like heme oxygenase-1 (HO-1), superoxide dismutase (SOD), and
glutathione peroxidase (GPx), which counter oxidative stress—a major driver of chronic
inflammation [24,25]. Another critical mechanism involves the inhibition of the JAK/STAT
signaling cascade, particularly the suppression of STAT3 phosphorylation, which results
in reduced IL-6 expression and modulation of immune responses [26]. W. somnifera also
exerts cardioprotective effects through Nrf2 cascade activation and the upregulation of Th1
cytokines, improving immune and stress responses [27].

Furthermore, W. somnifera affects the mitogen-activated protein kinase (MAPK) path-
ways by modulating p38, ERK, and JNK signaling, thereby disrupting inflammatory gene
expression cascades. The plant also suppresses the production of nitric oxide (NO) and
prostaglandins by downregulating iNOS and COX-2, leading to reduced tissue damage
and edema in inflammatory conditions [22].

All of these mechanisms have been validated both in vitro and in vivo models, posi-
tioning W. somnifera as a promising phytotherapeutic agent for the treatment of chronic
inflammatory diseases such as arthritis, colitis, and neuroinflammatory disorders [28].

2.1.3. Neuroprotective Effects of W. somnifera: Molecular Mechanisms and Therapeutic
Potential in Neurodegenerative Disorders

W. somnifera has garnered significant scientific attention for its neuroprotective proper-
ties, particularly in the context of neurodegenerative diseases such as Alzheimer’s disease
(AD), Parkinson’s disease, and Huntington’s disease [29]. Its neuroprotective actions are
attributed to a wide spectrum of phytochemicals which exert pleiotropic effects on neu-
ronal function and survival. One of the primary mechanisms involves the enhancement in
antioxidant defenses through the activation of the Nrf2 pathway, as already mentioned in
the previous paragraph [30], as the increment in antioxidant defenses plays a crucial role in
mitigating oxidative stress, a key pathological feature in neurodegenerative disorders.

In addition, W. somnifera extracts and isolated withanolides and withanosides can inter-
vene in multiple AD-related pathways, enhancing in vitro axon or dendrite outgrowth [31].
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Withanolide-rich extracts might favor Aβ clearance, improve Aβ-induced oxidative
stress, and counteract neuronal apoptosis. The upregulation of insulin-degrading enzyme
(IDE) and antioxidant defenses (e.g., heme-oxygenase-1) plays a crucial role in achieving
these ameliorating effects [32]. Interestingly, in a preclinical model of AD, withaferin A
reduced tau protein aggregation and amyloid oligomer formation properties by engaging
chaperone proteins, such as Heat shock protein 70 and 90 (Hsp70/Hsp90, respectively) [33].
In addition, this same compound has been shown to increase α-secretase while decreasing
β-secretase activity, shifting APP processing away from Aβ generation [34].

Both the plant extract and withanolide A have been shown to support cholinergic
function by inhibiting acetylcholinesterase and enhancing choline acetyltransferase activity,
thereby increasing synaptic levels of acetylcholine without affecting Gamma-aminobutyric
acid (GABA), N-methyl-D-aspartate (NMDA), or benzodiazepine receptors [35].

Notably, both W. somnifera extract and withanolide A have demonstrated neuro-
protective effects in hippocampal cells under hypoxic conditions, primarily through the
glutathione (GSH) pathway activation [32]. Furthermore, withanolide A administration
has been shown to have regenerating axonal properties and to promote synaptic repair in
cortical neurons exposed to Aβ peptide [36].

W. somnifera also enhances cholinergic neurotransmission by inhibiting acetyl-
cholinesterase (AChE) and increasing choline acetyltransferase (ChAT) activity, thus pre-
serving acetylcholine levels and improving cognitive function. It also modulates synaptic
plasticity by promoting dendritic and axonal regeneration, evidenced by increased neurite
outgrowth in both in vitro and in vivo models [29].

Overall, the neuroprotective efficacy of W. somnifera is rooted in its multi-target action
across oxidative, inflammatory, apoptotic, and protein aggregation pathways, offering promis-
ing therapeutic potential for the management and prevention of neurodegenerative diseases.

2.2. Cordyceps spp. as a Source of Bioactive Compounds in Inflammation, Cancer, and
Neurodegeneration

A noteworthy herbal remedy in traditional Chinese and Tibetan medicine is the en-
tomopathogenic fungal genus Cordyceps, which includes over 750 recognized species.
Members of this fungi genus manage to infect hosts from multiple insects, arthropods, or
even other fungi. They are predominantly found in humid temperate and tropical forests
across the Northern Hemisphere, but are especially abundant in South, East, and Southeast
Asia. Among these, 35 species have gained significant attention due to their notable pharma-
cological properties, including anti-cancer, antioxidant, anti-aging, and immunostimulatory
effects. Cordyceps sinensis (C. sinensis), for example, is praised as a kidney-nourishing,
lung-invigorating tonic, and together with Cordyceps militaris (C. militaris), their consump-
tion is associated with vitality and energy-enhancing outcomes [37].

Over 200 secondary metabolites have been isolated from C. spp., showcasing remark-
able phytochemical diversity. Key bioactive classes are represented by nucleosides and
analogs, polysaccharides, sterols, terpenoids, alkaloids, peptides, and flavonoids. Glucan
and acid polysaccharides exert strong free-radical scavenging actions as well as a protec-
tive role towards mitochondrial function (Figure 2). Furthermore, numerous compounds
belonging to the sterols, triterpenoids, and peptides group (e.g., cordymin) have been
studied for their anti-inflammatory activity via the inhibition of the NF-κB pathway and
the suppression of pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-α)
and IL-1β [38].
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Figure 2. The bioactive constituents and major biological effects of C. spp. extracts. The scheme
shows the principal bioactive compounds present in C. spp. (on the left) and the principal cellular
effects (on the right). The figure was created in BioRender. Gabriele Tancreda. (2025) https://app.
biorender.com/illustrations/681b7b959d4609b88c5f3859 (accessed on 2 June 2025).

Several in vitro studies have highlighted the immunostimulatory and immunomod-
ulatory effects of C. spp. In murine macrophage line cell RAW 264.7, derived from mice
infected with Abelson murine leukemia virus, a high-molecular-weight polysaccharide iso-
lated from C. militaris demonstrated anti-inflammatory, cytokine induction and macrophage
activation properties [39].

Another pivotal bioactive compound found in C. spp., cordycepin, displays broad
anti-inflammatory, antioxidant, anti-apoptotic, chemopreventive, and immunomodulatory
properties [38]. For example, in human colon cancer cells HT-29, cordycepin features
apoptosis activation properties through the Death receptor 3 (DR3) pathway [40].

Furthermore, both cordycepin and C. militaris extracts have been associated with
cancer-sensitizing and immunomodulatory actions in cancer cell models, altering the
expression of markers involved in immune-mediated killing of cancer cells, death receptors
such as Fas receptor (FasR) and Death receptor 4 (DR4), and apoptosis pathways [41].

In the context of cardiometabolic disease, the in vivo administration of a polysaccha-
ride component isolated from Cordyceps cicadae (C. cicadae) was linked to improvements in
mucosal barrier indicators, lower levels of serum lipopolysaccharide (LPS), and microbiota
restoration properties in diabetic mice [42].

Among the primary biological effects associated with C. sinensis extract are its neu-
roprotective and cognitive-enhancing properties, mediated through the activation of an-
tioxidant signaling pathways. A polysaccharide isolated from C. sinensis has demonstrated
protective effects against hydrogen peroxide-induced damage in PC12 neural cell models,
evidenced by reduced malondialdehyde (MDA) levels and increased activities of antioxi-
dant enzymes such as glutathione peroxidase (GPx) and superoxide dismutase (SOD) in
pretreated samples [43]. Using the same in vitro model (PC12 cells), Shen et al. confirmed
the role of an acid polysaccharide derived from C. mycelia in increasing cellular survival
and antioxidant enzyme levels post oxidative damage exposure. The study also pointed
out that lactate dehydrogenase and MDA levels decrease [44].

https://app.biorender.com/illustrations/681b7b959d4609b88c5f3859
https://app.biorender.com/illustrations/681b7b959d4609b88c5f3859
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Regenerative properties have been found in HT-29 cells and indomethacin-injured
rats. In fact, hot water extract of C. sinensis stimulated cell proliferation and accelerated
gastric mucosal healing [45].

3. Emerging Role of Phytotherapeutic Compounds from W. somnifera
and C. spp. In Alzheimer’s Disease
3.1. Neuroprotective Properties of W. somnifera Extract and Bioactive Constituents in Preclinical
Model of Alzheimer’s Disease

Among the 33 studies that emerged from electronic databases (18—Google Scholar;
15—PubMed), only 11 were considered eligible for inclusion in the present review, as
we excluded duplicates and review articles, focusing our attention solely on studies that
reported experimental data on the effects of W. somnifera on AD (for further details, please
refer to Supplementary Figure S1, which outlines the screening process and the exclusion
criteria applied). As shown in Table 1, both methanolic and aqueous extracts of W. somnifera
effectively promoted neuronal health via the upregulation of antioxidant enzymes and
the stimulation of Aβ clearance in preclinical rodent models of AD. High-dose treatments
were found not only to be safe and well tolerated but also to exert dose-dependent protec-
tive effects. Interestingly, cognitive and behavioral improvements, preservation of brain
structure, and inhibition of Aβ deposition were also reported for the bioactive constituents
withanone and withanoside IV when administered individually.

Table 1. Summary of included studies using aqueous/methanolic extract of W. somnifera or its
bioactive constituents in preclinical models of Alzheimer’s Disease.

Num Year Ref.
Country Paper Title

Animal
Model

(Species;
Gender)

Intervention Control Results

1 2024 [46]; USA
and Canada

W. somnifera
(ashwagandha)
improves spatial
memory, anxiety,
and depressive-
like behavior in
the 5× FAD
mouse model of
Alzheimer’s
disease.

Mice (5×
FAD; male
and female)

Administration of
aqueous extract of
dried W. somnifera
at 0, 0.5, or
2.5 mg/mL via
drinking water ad
libitum for 4 weeks.
Behavioral testing
was conducted in
the final week
of treatment.

Wild-type
mice admin-
istered
drinking
water

 The aqueous extract of
W. somnifera improved
spatial memory,
anxiety-related
symptoms, and
depressive-like behavior
at both intervention doses.

 It reduced deposition of
Aβ plaques in the cortex
and hippocampus in the
2.5 mg/mL intervention
group compared to the
0 mg/mL group.

 The aqueous extract of
W. somnifera reduced
astrocytic and microglial
activation through the
modulation of GFAP in
the cortex and
hippocampus and IBA1
in the hippocampus.

 The aqueous extract of
W. somnifera induced an
increase in the
antioxidant response in
the cortex through
upregulation of genes
Nrf2 and NQO1.



Int. J. Mol. Sci. 2025, 26, 5403 9 of 23

Table 1. Cont.

Num Year Ref.
Country Paper Title

Animal
Model

(Species;
Gender)

Intervention Control Results

2 2014 [47]; India

W. somnifera and
Eclipta alba
ameliorate
oxidative
stress-induced
mitochondrial
dysfunction in an
animal model of
Alzheimer’s
disease.

Albino rats
(Wistar;
male)

60 rats were
divided into ten
groups: a control
group, a toxicant
group
(carboxymethyl
cellulose), two
standard
drug-treated
groups (donepezil
and Piracetam),
three groups
treated with a
methanolic extract
of W. somnifera (at
doses of 50, 100,
and 200 mg/kg),
and three groups
treated with
methanolic extract
of Eclipta alba (at
doses of 50, 100,
and 200 mg/kg).
The intervention
lasted for 8 days.
On the 8th day,
animals were
subjected to
scopolamine
treatment and
induction of
oxidative stress.

Albino rats
adminis-
tered
car-
boxymethyl
cellulose

 Pretreatment with the
methanolic extract of
W. somnifera successfully
reversed scopolamine-
induced amnesia in a
dose-dependent manner.

 Pretreatment with the
methanolic extract of
W. somnifera decreased
the concentration of
MDA measured in brain
homogenates.

 Pretreatment with the
methanolic extract of
W. somnifera at a dose of
200 mg/mL successfully
prevented mitochondrial
functional reduction.

3 2022 [48]; China

Sodium–calcium
exchanger
isoform-3-
targeted W.
somnifera (L.)
Dunal
therapeutic
intervention
ameliorates
cognition in the
5× FAD mouse
model of
Alzheimer’s
disease.

Mice (5×
FAD; male)

Animals were
divided into four
groups: control
group (1 mL of
saline 0.9%/day),
low-dose
treatment group
(200 mg/kg/day
of methanol extract
of W. somnifera),
high-dose
treatment group
(400 mg/kg/day of
methanol extract of
W. somnifera), and a
positive control
group (200 mg/kg
day of resveratrol).

5× FAD
mice treated
with 1 mL of
saline 0.9%

 Learning performance,
memory recall, spatial
learning, and working
memory improved in
mice treated with
W. somnifera at both doses.

 W. somnifera at lower and
higher doses upregulated
NC3X expression in the
cortex and hippocampus,
suggesting a positive
effect on the
calcium-regulated
mechanisms in neurons.

 Both doses of
W. somnifera reduced
total Aβ levels in the
cortex and hippocampus.

 Lower and higher doses
of W. somnifera reduced
the deposition of Aβ
plaques in the cortex
and hippocampus.

 W. somnifera positively
impacted oxidative stress
and antioxidant activity
through the regulation of
MDA, SOD, and GHS
brain levels.
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Table 1. Cont.

Num Year Ref.
Country Paper Title

Animal
Model

(Species;
Gender)

Intervention Control Results

4 2012 [49]; India

W. somnifera
reverses
Alzheimer’s
disease
pathology by
enhancing
low-density
lipoprotein
receptor-related
protein in liver.

Mice
(APP/PS1,
APPSwInd
(J20 line),
WT; male
and female)

Transgenic mice
were divided into
two groups:
one receiving
W. somnifera’s
extract (1 g/kg) in
ethanol and the
control group
receiving an
equivalent volume
of ethanol daily via
oral administration
for 7–30 days.

Transgenic
mice admin-
istered
drinking
water

 Withania extract
administration led to
complete recovery of the
behavioral deficits in
middle-aged APP/PS1
and APPSwInd J20 mice
evaluated through the
radial maze task and
Morris water maze.
Gradual improvements
were also observed in the
old APP/PS1 mice group.

 Withania extract
administration reduced
amyloid pathology,
favoring the elimination
of plaques in the cortex
and hippocampus in
middle-aged APP/PS1
mice and markedly
reducing plaque burden
in old APP/PS1 and
APPSwInd J20 mice.
Furthermore, the
treatment determined an
important reduction in
Aβ deposition in brain
microvessels in both old
APP/PS1 and APPSwInd
J20 mice.

 W. somnifera
administration
significantly decreased
Aβ42 in both the cortex
and hippocampus in
middle-aged male and
old APP/PS1 mice
without affecting APP
mRNA or protein
expression. A significant
decrease in Aβ oligomer
levels in the cortex of
APP/PS1 mice after the
30-day treatment
was observed.

 Between days 7 and 14,
treatment groups
presented a significant
increase in plasma Aβ
42/40 levels, suggesting
the protein’s clearance
from the brain to the
bloodstream.

 LPR mRNA and protein
expression in the cortex
increased significantly
between days 14 and 30
of treatment.

 A progressive increase in
liver NEP and LRP
mRNA and levels of
plasma sLRP after day 7
of treatment was
observed.
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Table 1. Cont.

Num Year Ref.
Country Paper Title

Animal
Model

(Species;
Gender)

Intervention Control Results

5 2021 [50]; India

W. somnifera
against
glutamate
excitotoxicity
and neuronal cell
loss in a
scopolamine-
induced rat
model of
Alzheimer’s
disease.

Rats (Wistar
albino; male)

Rats were divided
into five groups:
control;
scopolamine-
induced
Alzheimer’s model
(2 mg/kg
intraperitoneally) +
normal saline
administered
orally;
scopolamine-
induced
Alzheimer’s
model + donepezil
hydrochloride
(5 mg/kg)
administered orally.
The intervention
lasted for 30 days.
Rats were then
decapitated and
their brains
removed for
analysis.

Scopolamine-
induced
Alzheimer’s
model of
Wistar albino
male rats

 Methanolic and water
W. somnifera extracts
decreased glutamate
expression in the cortex
and hippocampus to
levels comparable to the
control group.

 The W. somnifera extract
induced upregulation in
glutamate
dehydrogenase activity in
the cortex and
hippocampus
comparable to the
control group.

 Histopathological studies
highlighted the
W. somnifera extract’s’
role in reversing
neuronal cell loss in the
cortex and hippocampus
of treated groups
compared to the
non-treated
Alzheimer’s model.

6 2022 [51]; Saudi
Arabi

The
neuroprotective
effect of
Lycopodium and
W. somnifera on
Alzheimer’s
disease induced
by aluminum
chloride in rats.

Rats (Wistar
albino;
female)

Rats were divided
into five groups:
the control
administered with
distilled water; the
AD group
(aluminum chloride
175 mg/kg) treated
with a water
extract of
Lycopodium
(50 mg/kg); the
AD group
(aluminum chloride
175 mg/kg) treated
with a water
extract of
W. somnifera
(200 mg/kg); the
AD group
(aluminum chloride
175 mg/kg) treated
with W. somnifera
(200 mg/kg) and
Lycopodium
extract (50 mg/kg).

Aluminum
chloride-
induced
Alzheimer’s
model of
Wistar albino
female rats

 W. somnifera
administration alone or
combined with
Lycopodium exerted
beneficial effects towards
cholinergic enzymes
through the
downregulation of AChE
and BchE expressed in
brain homogenates.

 W. somnifera
administration alone or
combined with
Lycopodium reduced
Aβ-42 concentration in
brain homogenates.

 W. somnifera
administration alone or
combined with
Lycopodium positively
impacted the levels of
tyrosine hydroxylase and
the activity of Na+/K+

ATPase in the brain
homogenates or rats.
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Table 1. Cont.

Num Year Ref.
Country Paper Title

Animal
Model

(Species;
Gender)

Intervention Control Results

7 2022 [48]; China

Aβ1–42-related
sodium–calcium
exchanger
isoform-3
downregulation
in models of
Alzheimer’s
disease:
therapeutic
significance of
W. somnifera root
extract.

Mice (5×
FAD; male
and female)

5× FAD mice were
administered
300 mg/kg/day of
W. somnifera’s
methanolic extract
via oral gavage for
30 days.

5× FAD
mice admin-
istered with
vehicle

 W. somnifera treatment
ameliorated cognitive
and behavioral
parameters evaluated
through the Barnes
circular maze, time spent
in the target zone, and
Y-maze task.

 W. somnifera treatment
increased the protein
expression of NCX3 in
the cortex and
hippocampus of brain
homogenates.

 W. somnifera treatment
attenuated the deposition
of Aβ-42 and plaque
formation in the cortex
and hippocampus of
brain homogenates.

 W. somnifera treatment
positively modulated
oxidative stress in the
mice’s brain, inducing the
reduction in MDA
concentration and
upregulating SOD and
GSH levels.

8 2014 [52]; India

Dose-dependent
effect of
W. somnifera on
the cholinergic
system in
scopolamine-
induced
Alzheimer’s
disease in rats.

Rats (Wistar;
male)

Rats were divided
into groups: a
normal control; a
scopolamine-
induced
Alzheimer’s
control (2 mg/kg
per b.w.
intraperitoneally);
and experimental
groups treated
with methanol or
aqueous extracts
(100, 200,
300 mg/kg, orally)
or donepezil
(5 mg/kg, orally).
Treatments lasted
10 days to evaluate
their potential
neuroprotective
effects against
scopolamine-
induced cognitive
impairment.

Scopolamine-
induced
Alzheimer’s
male Wistar
rats

 Dose-dependent
decreases in the activity
of AChE in the cerebral
cortex, cerebellum, and
hippocampus but not the
hypothalamus in rats
treated with the
methanolic extract of
W. somnifera (300 mg/kg
b.w.) were observed.

 The aqueous extract of
W. somnifera (300 mg/kg
b.w.) induced a
dose-dependent decrease
in AChE activity in all
brain regions analyzed.

 The methanol extract of
W. somnifera at
300 mg/kg significantly
increased the
concentration of Ach in
the hippocampus of
rat brains.

 The aqueous extract of
W. somnifera at
300 mg/kg increased the
concentration of Ach in
the hippocampus and
cerebellum of rat brains.
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Table 1. Cont.

Num Year Ref.
Country Paper Title

Animal
Model

(Species;
Gender)

Intervention Control Results

9 2018 [53]; India

Multifunctional
neuroprotective
effect of
withanone, a
compound from
W. somnifera
roots, in
alleviating
cognitive
dysfunction.

Rats (Wistar;
male)

Rats were divided
into six groups:
sham control; CSF
control group
(bilateral ICV
injection 10 µL on
each side); STZ
control group (ICV
injection of STZ
10 µL on each side);
three drug-treated
groups (5 or 10 or
20 mg/kg of
withanone, orally).
The drug treatment
lasted for 21 days
after the surgery.

Rats in the
STZ control
group (ICV
injection of
STZ 10 µL on
each side)

 Withanone (20 mg/kg)
led to a significant
decrease in transfer
latency, indicating
improvements in
cognitive function in
treated STZ rats.

 Withanone (20 mg/kg)
reduced brain
Aβ deposition
and concentration.

 Withanone (5, 10, and
20 mg/kg) significantly
decreased the expression
of TNF-α, IL-1β, IL-6,
and MCP-1 in the brain
of treated rats in a
dose-dependent manner.

 Withanone (10 and
20 mg/kg) significantly
increased Ach levels in
the brain of treated rats.

 Withanone (10 and
20 mg/kg) decreased the
levels of β- and
γ-secretase enzymes in
the brains of treated rats.

 Withanone (5, 10, and
20 mg kg) improved
levels of oxidative stress
parameters (MDA, nitric
oxide, catalase) in brain
tissue of treated rats in a
dose-dependent manner.

 Withanone (20 mg/kg)
modulated the expression
of Th1 and Th17
cytokines in the
peripheral blood.

10 2006 [54]; Japan

Withanoside IV
and its active
metabolite,
sominone,
attenuate
Aβ(25–35)-
induced neurode-
generation.

Mice (ddY;
male)

Mice were divided
into two groups:
the treatment
group (25 nmol of
Aβ(25–35) injected
into the right
ventricle); and the
control group
(vehicle injected
into the right
ventricle). Seven
days after intra-
cerebrovascular
injection, the
treatment group
received
withanoside IV
(10 µmol/kg/day)
administered once
daily for 13 days.
The vehicle group
received 0.5%
Arabic gum solution
administered orally
on the same schedule.

Mice in the
vehicle
group were
adminis-
tered with
0.5% Arabic
gum solution
after intra-
cerebrovascular
injection of
Aβ(25–35)

 Withanoside IV treatment
led to improvements in
learning acquisition and
memory retention.
Locomotor abilities were
found to be similar
between groups.

 Withanone IV treatment
increased the NF-H
positive area in the
temporal cortex of treated
mice. Furthermore, the
treatment increased the
MAP-2 positive area in
region C3 of the
hippocampus and in the
parietal cortex and
synaptophysin-positive
area in the hippocampal
CA1 region, parietal, and
temporal cortexes.
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(Species;
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Intervention Control Results

11 2021 [55]; India

Development of
synergy-based
combination for
learning and
memory using
in vitro, in vivo,
and TLC-MS-
Bioautographic
studies.

Rats (Wistar;
male)

Rats were divided
into nine groups:
control group
(10 mL 0.5%
CMC/rat);
negative control
(scopolamine
2 mg/kg);
treatment groups 3
to 6 received either
the selected high or
low dose of an
aqueous extract of
W. somnifera or
Myristica fragans
together with
scopolamine;
treatment group 7
was administered
with the high dose
of the W. somnifera
extract in
combination with
the low dose of
Myristica fragans
together with
scopolamine;
treatment group 8
was administered
with the high dose
of Myristica fragans
in combination
with the low dose
of W. somnifera
together with
scopolamine; the
positive control
group (Pyracetam
200 mg/kg)
received
scopolamine. The
treatment lasted for
37 days, and
behavioral tests
were carried out
between days 30
and 36.

Wistar male
rats were ad-
ministered
with
scopolamine

 Treatment with
W. somnifera extract alone
or in combination with
Myristica fragrans led to
marked improvements in
behavioral and cognitive
function in Alzheimer’s
disease rat models. The
most significant results
were obtained with the
coadministration of the
high dose of W. somnifera
in combination with the
low dose of
Myristica fragrans.

W. somnifera and its bioactive components, withanone and withanoside IV, have
been studied for their neuroprotective and neuroenhancing properties in vitro and in
preclinical models. The antioxidant activity is achieved via Nrf2 pathway activation and
ROS scavenging [53].

As reported by Gladen-Skolarsky et al., administration of an aqueous extract of
W. somnifera in transgenic mice mimicking AD determined the upregulation of the genes
Nrf2 and NAD(P)H quinone oxidoreductase 1 (NQO1) in the cortex of mouse brain, along
with the concomitant reduction in Aβ plaque deposition in the hippocampus and improve-
ments in cognitive, behavioral, and psychological symptoms [46].
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Likewise, mice treated with a methanolic extract of W. somnifera demonstrated positive
modulation of oxidative stress and antioxidant activity through the reduction in MDA
levels and the upregulation of GSH and SOD levels analyzed in the brain [47].

Interestingly, Afewerky et al. reported a significant role of this phytotherapeutic in
promoting mitochondrial health and function. Specifically, upregulation of the neuronal
sodium–calcium exchanger isoform 3 (NCX3) in the cortex and hippocampus with the
use of the herb’s methanolic extract is suggested to exert a protective effect against Ca2+

dyshomeostasis [48].
A pivotal anti-Alzheimer mechanism reported for W. somnifera extract is Aβ forma-

tion inhibition in the brains of treated animal models. This remarkable result may be
attributed to the combined effects exerted by this plant, primarily its antioxidant and
anti-inflammatory activity, as well as the documented suppressing activity of withanone
towards β- and γ-secretase levels in the brains of mice. B-secretase is the aspartic enzyme
responsible for the cleavage of APP and the generation of the C99 peptide fragment that
is subsequently processed by γ-secretase, leading to the formation of Aβ40 and Aβ42. By
inhibiting the enzymatic processing cascade, withanone-rich W. somnifera extracts might be
a promising formulation for managing AD clinical features [53].

Sehgal et al. identified a novel mechanism by which W. somnifera promotes Aβ clear-
ance. They showed that high-dose extract administration markedly increases hepatocyte
expression of the low-density lipoprotein receptor-related protein (LRP), the primary recep-
tor mediating Aβ endocytosis. Moreover, these hepatocytes shed LRP’s large extracellular
domain into the bloodstream as soluble LRP (sLRP), which binds circulating Aβ and traps
it in the periphery, thereby preventing its re-entry into the brain [49].

Furthermore, as described by Abdullah et al., the pharmacological potential of W.
somnifera also includes support for cholinergic function through the downregulation of brain
levels of AChE and BACE, both of which are involved in acetylcholine degradation [51].

Another interesting target reported for this medical plant is glutamate dehydrogenase.
Methanolic and aqueous extracts of W. somnifera decreased glutamate expression in the
cortex and hippocampus of treated rodents to levels comparable to the control group in
scopolamine-induced Wistar albino male rats. Visweswari et al. were able to link the
upregulation of glutamate dehydrogenase activity in the brain to the attenuation of neural
cell loss in the cortex and hippocampus via histopathological observations [50]. This
further testifies to the positive impact of W. somnifera extract and its bioactive compounds
on neurotoxicity and the recovery of cognitive function, learning, memory, and behavioral
deficits, all recognized as hallmarks of AD clinical features [54,55].

Despite the lack of randomized clinical trials exploring the anti-Alzheimer effects of
W. somnifera extracts in affected patients, Lopresti et al. showed that 240 mg of a standard-
ized ashwagandha extract once daily for 60 days exerted anxiolytic and mood-enhancing
effects in adults with self-reported high stress [56]. Likewise, the results from the 8-week
randomized clinical trial carried out by Pandit et al. confirmed the previous ones. The
three administered doses of standardized W. somnifera extracts produced significant, dose-
dependent drops in fasting plasma cortisol and adrenocorticotropic hormone, lowering
perceived stress and improving anxiety and depressive scores. Remarkably, the treatment
led to a significant drop in pro-inflammatory cytokines too, suggesting protection against
oxidative stress [57].
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3.2. Neuroprotective Properties of C. spp. Extract and Bioactive Constituents in Preclinical Model
of Alzheimer’s Disease

The number of studies regarding the neuroprotective mechanisms and pharmacologi-
cal application of C. spp. is more limited than those explored for W. somnifera. In detail,
10 studies published in the last 20 years emerged in the electronic database (4 from Google
Scholar and 6 from PubMed). Of these, only four studies (two from Google Scholar and
two from PubMed) were included in this review, as they reported experimental data on the
effects of C. spp. on AD (additional information regarding the screening methodology and
exclusion criteria is provided in Supplementary Figure S2). C. spp. (i.e., militaris, cicadeae,
ophioglossoides mycelium) and the bioactive constituent cordycepin, administered alone,
were associated with improvements in cognitive and memory skills, Aβ deposition, and
key enzyme activities in preclinical models of AD (Table 2).

Table 2. Summary of included studies using aqueous/ethanolic/methanolic extract of C. spp. or its
bioactive constituents in preclinical models of Alzheimer’s disease.

Num Year Ref.
Country Paper Title

Animal
Model
(Specie;
Gender)

Experimental Design
and Intervention Control Results

1 2018 [58]; Korea

Protective role of
C. s militaris in
in vivo
Aβ1–42-induced
Alzheimer’s
disease.

Mice (IR;
male)

Mice were divided into
the following groups:
normal group (water;
Aβ1–42 intra-
cerebrovascularly
injected control group
(3 µL/3 min); Aβ1–42
injection + ethanol
extract of C. militaris
(100 mg/kg/day)
group; Aβ1–42
injections + C.
mimlitaris ethanol
extract
(200 mg/kg/day)
group; Aβ1–42
injections + donepezil
(5 mg/kg/day) group.
Aβ1–42 injections took
place on day 3 of the
experimental schedule,
while the oral
administration of C.
spp. extract or
donepezil started on
day 8 and continued till
day 23. Behavioral and
cognitive functions
were evaluated
between days 15 and
23. Sacrifices took place
on day 24 of the
experiment.

Male IRC mice
with Aβ1–42
intra-
cerebrovascularly
injected
(3 µL/3 min)

C. militaris extract
at 100 and 200 mg/kg/day
led to significant
improvements in cognitive
and behavioral functions in
treated mice. Space
perceptive ability, objective
cognitive ability, and
cognitive abilities related to
the Morris water maze test
all improved in relation to
the treatment.
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Num Year Ref.
Country Paper Title

Animal
Model
(Specie;
Gender)

Experimental Design
and Intervention Control Results

2 2021 [59]; Taiwan

C. cicadae NTTU
868 mycelium
with the addition
of bioavailable
forms of
magnesium from
deep ocean water
prevents
Aβ40 and
Streptozotocin-
induced memory
deficit by
suppressing
Alzheimer’s
disease risk
factors and
increasing
magnesium
uptake in
the brain.

Rats
(Sprague
Dawley;
male)

Rats were divided into
the following groups:
normal control
(standard chow);
vehicle group
(intra-cerebrovascular
injection of the vehicle);
negative control
injected with Aβ-STZ
solution (24.299 µg
Aβ40 + 0.9 mg STZ in
180 µL) in the left
lateral ventricle;
treatment group
administered with
Aβ-STZ solution +
deep ocean water
(0.0976 mL/kg/day);
treatment groups
administered with
Aβ-STZ solution +
C. cicadae cultured in
ultrapure water
(200 mg/kg/day) or
deep ocean water
(220 mg/kg/day) or in
MgCl2 (137 mg/kg
day); treatment groups
administered with
N6-(2-hydroxyethyl)-
adenosine
(1.12 mg/kg/day) or
polysaccharides
(1.5 mg/kg/day). The
treatment lasted for
28 days after the
intra-cerebrovascular
injection, and
experiments were
conducted during the
last week
before sacrifice.

The negative
control group
was injected
intra-
cerebrovascularly
with Aβ-STZ
solution
(24.299 µg
Aβ40 + 0.9 mg
STZ in 180 µL)
in the left
lateral
ventricle

 Learning and
memory skills
improved the most in
the group
administered with
C. cicadae cultured in
deep ocean water.

 Cultured C. cicadae in
deep ocean water led
to significant
decreases in Aβ40
and BACE protein
concentrations in the
hippocampus of rats.

 The administration of
C. cicadae cultured in
deep ocean water
was the most
effective in
decreasing the
protein expression of
pro-inflammatory in
the hippocampus
and cortex. Other
beneficial treatments,
although less
effective, included
C. cicadae cultured
under different
experimental
conditions and the
administration of
polysaccharides and
N6-(2-hydroxyethyl)-
adenosine.

 sRAGE was
upregulated the most
in the group
administered with
C. cicadae cultured in
deep ocean water.

 C. cicadae cultured in
deep ocean water led
to increased
concentrations of
Mg2+ in the
hippocampus
and cortex.

 Groups administered
with deep ocean
water, C. cicadae
cultured in deep
ocean water, and
magnesium
demonstrated a
higher concentration
of the MAGT1
protein in the
hippocampus.
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Experimental Design
and Intervention Control Results

3 2023 [60]; China

Cordycepin
improved
neuronal
synaptic
plasticity
through
CREB-induced
NGF
upregulation
driven by
MG-M2
polarization, a
microglia-
neuron
symphony
in AD.

Mice
(double-
transgenic
APP/PS1,
C56BL/6;
male and
female)

Double-transgenic
APP/PS1 mice were
divided into two
groups: the negative
control group was
administered
intragastrically with
distilled water; the
treated group was
administered with q
water extract of
cordycepin from
C. militaris
(10 mg/kg/day).
C56BL/6 mice served
as the positive control
group, administered
intragastrically with
distilled water. The
treatment lasted
4 weeks.

Double-
transgenic
APP/PS1 mice

 Cordycepin treatment
resulted in improve-
ments in learning
and memory
impairments in
APP/PS1 mice while
maintaining the same
locomotor capacities.

 Cordycepin treatment
led to reduced cellular
senescence through
the downregulation
of β-Galactosidase’s
expression in the
hippocampus.

 Cordycepin treatment
resulted in the enh-
ancement in neuronal
plasticity through the
upregulation of
neuronal markers
MAP2 and NeuN.
Furthermore, cordy-
cepin administration
led to the upregulation
of synaptic proteins
GAP43, synaptophysin,
and PSD-95.

 Cordycepin treatment
resulted in improved
synaptic morphology
observed via transmissi-
on electron microscopy.

 Cordycepin administ-
ration led to a
remarkable decrease
in pro-inflammatory
markers (IL-1β,
TNF-α, iNOS) and an
increase in anti-
inflammatory markers
(IL-10, TGF-β, Arg1)
in the hippocampus.
Furthermore, cordycepin
administration
resulted in a decrease
in Iba-1 and CD86
expression while
increasing the
expression of CD206
in the hippocampus
of APP/PS1 mice.

 Cordycepin treatment
resulted in the
restoration of NGF
concentrations in the
hippocampus of
APP/PS1 mice to
levels comparable to
those of C56BL/6
mice. Furthermore,
cordycepin treatment
upregulated the
expression of CREB
and pCREB.
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4 2004 [61]; Korea

Mycelial extract
of C. spp.
ophioglossoides
prevents
neuronal cell
death and
ameliorates
b-amyloid
peptide-induced
memory deficits
in rats

Rats
(Sprague
Dawley
male)

Rats were divided into
three different groups:
the negative control
group was injected
intracranially with Aβ
(1 mg/mL) to induce
AD-like pathology; the
treatment group was
administered with
methanolic extract
of C. spp.
ophioglossoides
mycelium
(100 mg/kg/day)
intraperitoneally before
Aβ (1 mg/mL)
injection; rats in the
positive control group
received distilled water
intracranially. The
experiment lasted
3 weeks.

Rats injected
intracranially
with Aβ
(1 mg/mL)

Treatment with the extract
of C. spp. ophioglossoides
mycelium was effective in
preventing pathological
alterations in spatial
memory and learning
capacity induced by
Aβ injection.

In the context of AD, both C. spp. extracts and cordycepin alone show a promising
role in the management of cognitive dysfunction, neuroinflammation, and Aβ plaque
deposition in preclinical models of this neurodegenerative disease. Consistently, in a rodent
model of Parkinson’s disease, cordycepin treatment preserved mitochondrial morphology
and function, preventing vacuolar degeneration and rotenone-induced neurotoxicity [62].

In another study, cordycepin exerted a pivotal role in preserving the integrity of white
matter in the brain of a traumatic brain injury mouse model and ameliorated neurological
deficits. The adenosine analog conferred long-term neuroprotection via the microglia and
macrophage inhibition, the promotion of anti-inflammatory pathways, and the suppression
of matrix metalloprotease (MMP) activity, together with neutrophil infiltration [63].

Wu et al. observed that the neuroprotective properties of C. spp. can be greatly in-
fluenced by the culture conditions. In their study, co-fermentation of C. cicadea in deep
ocean water boosted the fungi’s mycelial biomass and its N(6)-(2-Hydroxyethyl) adeno-
sine (HEA) content. The novel multi-component fungal preparation effectively inhibited
the amyloidogenic pathway, reducing the protein expression of β-secretase and Aβ40 in
the hippocampus of rats. It also prevented tau hyperphosphorylation and suppressed
microglial inflammation by upregulating the soluble receptors for the advanced glycation
end products (sRAGE) and downregulating TNF-α, IL-1β, and IL-6, ultimately leading
to ameliorating results in AD-like cognitive deficits. One of the mechanisms underlying
these results involves the upregulation of magnesium transporter 1 (MAGT1), a protein
that facilitates Mg2+ influx into neurons and supports endothelial barrier function. Co-
fermentation with deep ocean water enables C. cicadae to absorb and biotransform Mg2+

into an organic form. Elevated intracellular Mg2+ levels suppress BACE expression and
inhibit GSK-3β activity, thereby reducing tau generation and hyperphosphorylation and
limiting Aβ production [59].

Interestingly, in the study carried out by Ock Kim et al., the treatment with cordy-
cepin from C. militaris (10 mg/kg body weight/day for 4 weeks) improved markers of
cellular senescence and enhanced neuronal plasticity, evaluated through the upregula-
tion of microtubule-associated protein 2 (MAP2) and neuronal nuclei (NeuN). Further-
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more, as previously pointed out, cordycepin skewed microglial polarization from the M1
pro-inflammatory pathway towards the anti-inflammatory one, promoting the release of
neurotrophic factors and the creation of a neuroprotective microenvironment, dampening
chronic inflammation that drives Aβ deposition and tau pathology [60].

Consistent with the evidence discussed, the involvement of these pleiotropic mecha-
nisms is suggested to contribute to the improvement in pathological features of AD and to
support the restoration of cognitive and behavioral functions, including spatial memory
and learning capacity, as reported by Jin et al. and He et al. [58,61].

To the best of our knowledge, there is a lack of scientific research concerning clinical
trials that explore the effects of C. spp. extracts in ameliorating cognitive and psycholog-
ical symptoms in human cohorts. Nonetheless, coherently with in vitro and preclinical
evidence, the administration of C. mycelium culture extract for 8 weeks to healthy adults
resulted in significant enhancements in natural killer (NK) cell cytotoxic activity compared
to the placebo group, suggesting possible clinical translation regarding AD [64].

4. Conclusions
Based on the current literature, W. somnifera and C. spp. extracts may represent

valuable adjuncts to established pharmacological treatments such as donepezil. In ad-
dition to compelling preclinical data, randomized placebo-controlled clinical trials have
reported improvements in multiple parameters directly involved in the onset and pro-
gression of Alzheimer’s disease while also confirming the in vivo safety and tolerability
of these natural compounds. Their neuroprotective properties—spanning antioxidant
and anti-inflammatory effects, the modulation of β-amyloid metabolism, the inhibition
of amyloidogenic enzymes, mitochondrial support, and the enhancement in neuronal
plasticity—complement the cholinesterase inhibitory action of donepezil. The combination
of these mechanisms may offer a broader and more integrated therapeutic approach to mit-
igating the neurodegenerative and neuroinflammatory processes underlying Alzheimer’s
pathology. Notably, bioactive constituents such as withanolides (e.g., withanone and
withanoside IV) and cordycepin appear central to these effects.

However, translating findings from in vitro and in vivo studies in murine models to
clinical applications in humans presents several limitations, including the pharmacokinetic
and pharmacodynamic behavior of the compounds in humans, which often differs from
that observed in animal models. In this specific case, it is necessary to consider that
when compounds are administered orally, their ability to reach the CNS is frequently
hindered by poor bioavailability and limited permeability across the blood–brain barrier
(BBB). Therefore, further high-quality clinical studies and pharmacological optimization
are necessary before bioactive compounds from W. somnifera and C. spp. can be considered
co-adjuvants in the comprehensive management of AD.
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Withania somnifera (L.) Dunal (Ashwagandha): A Comprehensive Review on Ethnopharmacology, Pharmacotherapeutics,
Biomedicinal and Toxicological Aspects. Biomed. Pharmacother. 2021, 143, 112175. [CrossRef]

9. Mikulska, P.; Malinowska, M.; Ignacyk, M.; Szustowski, P.; Nowak, J.; Pesta, K.; Szeląg, M.; Szklanny, D.; Judasz, E.;
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Jana Grandego Krakowie, S.; Nowak, A.; Cywka, Ł.; Szwed, W.; Szpital Specjalistyczny Olsztynie Piotr Machowiec, W.; et al.
Benefits of Withania somnifera (Ashwagandha) Supplementation in Obesity. J. Educ. Health Sport. 2023, 35, 11–22. [CrossRef]

19. Munagala, R.; Kausar, H.; Munjal, C.; Gupta, R.C. Withaferin A Induces P53-Dependent Apoptosis by Repression of HPV Oncogenes
and Upregulation of Tumor Suppressor Proteins in Human Cervical Cancer Cells. Carcinogenesis 2011, 32, 1697–1705. [CrossRef]

20. Mayola, E.; Gallerne, C.; Esposti, D.D.; Martel, C.; Pervaiz, S.; Larue, L.; Debuire, B.; Lemoine, A.; Brenner, C.; Lemaire, C.
Withaferin A Induces Apoptosis in Human Melanoma Cells through Generation of Reactive Oxygen Species and Down-Regulation
of Bcl-2. Apoptosis 2011, 16, 1014–1027. [CrossRef]

21. Heyninck, K.; Lahtela-Kakkonen, M.; Van Der Veken, P.; Haegeman, G.; Berghe, W. Vanden Withaferin A Inhibits NF-KappaB
Activation by Targeting Cysteine 179 in IKKβ. Biochem. Pharmacol. 2014, 91, 501–509. [CrossRef] [PubMed]

22. Ichikawa, H.; Takada, Y.; Shishodia, S.; Jayaprakasam, B.; Nair, M.G.; Aggarwal, B.B. Withanolides Potentiate Apoptosis,
Inhibit Invasion, and Abolish Osteoclastogenesis through Suppression of Nuclear Factor-KappaB (NF-KappaB) Activation and
NF-KappaB-Regulated Gene Expression. Mol. Cancer Ther. 2006, 5, 1434–1445. [CrossRef] [PubMed]

https://doi.org/10.1002/alz.13809
https://doi.org/10.1038/aps.2017.28
https://doi.org/10.1186/s12974-023-02853-3
https://www.ncbi.nlm.nih.gov/pubmed/37452321
https://doi.org/10.1016/j.brainresbull.2011.10.004
https://www.ncbi.nlm.nih.gov/pubmed/22024597
https://doi.org/10.1038/s41572-021-00269-y
https://www.ncbi.nlm.nih.gov/pubmed/33986301
https://doi.org/10.1016/j.jconrel.2024.01.047
https://doi.org/10.3390/biomedicines12081812
https://doi.org/10.1016/j.biopha.2021.112175
https://doi.org/10.3390/pharmaceutics15041057
https://doi.org/10.3389/fonc.2019.01468
https://doi.org/10.3389/fphar.2017.00610
https://www.ncbi.nlm.nih.gov/pubmed/28943850
https://doi.org/10.3390/molecules26247696
https://doi.org/10.3389/fphar.2023.1049334
https://www.ncbi.nlm.nih.gov/pubmed/37063285
https://doi.org/10.3390/ph16020160
https://doi.org/10.1016/j.biopha.2020.111124
https://doi.org/10.4103/2394-4722.157601
https://doi.org/10.3390/ph16070915
https://www.ncbi.nlm.nih.gov/pubmed/37513827
https://doi.org/10.12775/JEHS.2023.35.01.001
https://doi.org/10.1093/carcin/bgr192
https://doi.org/10.1007/s10495-011-0625-x
https://doi.org/10.1016/j.bcp.2014.08.004
https://www.ncbi.nlm.nih.gov/pubmed/25159986
https://doi.org/10.1158/1535-7163.MCT-06-0096
https://www.ncbi.nlm.nih.gov/pubmed/16818501


Int. J. Mol. Sci. 2025, 26, 5403 22 of 23

23. Gambhir, L.; Checker, R.; Sharma, D.; Thoh, M.; Patil, A.; Degani, M.; Gota, V.; Sandur, S.K. Thiol Dependent NF-KB Suppression
and Inhibition of T-Cell Mediated Adaptive Immune Responses by a Naturally Occurring Steroidal Lactone Withaferin A. Toxicol.
Appl. Pharmacol. 2015, 289, 297–312. [CrossRef] [PubMed]

24. Basudkar, V.; Gujrati, G.; Ajgaonkar, S.; Gandhi, M.; Mehta, D.; Nair, S. Emerging Vistas for the Nutraceutical Withania somnifera
in Inflammaging. Pharmaceuticals 2024, 17, 597. [CrossRef]

25. Palliyaguru, D.L.; Chartoumpekis, D.V.; Wakabayashi, N.; Skoko, J.J.; Yagishita, Y.; Singh, S.V.; Kensler, T.W. Withaferin A
Induces Nrf2-Dependent Protection against Liver Injury: Role of Keap1-Independent Mechanisms. Free. Radic. Biol. Med. 2016,
101, 116–128. [CrossRef]

26. Um, H.J.; Min, K.j.; Kim, D.E.; Kwon, T.K. Withaferin A Inhibits JAK/STAT3 Signaling and Induces Apoptosis of Human Renal
Carcinoma Caki Cells. Biochem. Biophys. Res. Commun. 2012, 427, 24–29. [CrossRef]

27. Guo, R.; Gan, L.; Lau, W.B.; Yan, Z.; Xie, D.; Gao, E.; Christopher, T.A.; Lopez, B.L.; Ma, X.; Wang, Y. Withaferin A Prevents
Myocardial Ischemia/Reperfusion Injury by Upregulating AMP-Activated Protein Kinase-Dependent B-Cell Lymphoma2
Signaling. Circ. J. 2019, 83, 1726–1736. [CrossRef]

28. Logie, E.; Berghe, W. Vanden Tackling Chronic Inflammation with Withanolide Phytochemicals-A Withaferin a Perspective.
Antioxidants 2020, 9, 1107. [CrossRef]

29. Lerose, V.; Ponticelli, M.; Benedetto, N.; Carlucci, V.; Lela, L.; Tzvetkov, N.T.; Milella, L. Withania somnifera (L.) Dunal, a Potential
Source of Phytochemicals for Treating Neurodegenerative Diseases: A Systematic Review. Plants 2024, 13, 771. [CrossRef]

30. Khalil, H.M.A.; Eliwa, H.A.; El-Shiekh, R.A.; Al-Mokaddem, A.K.; Hassan, M.; Tawfek, A.M.; El-Maadawy, W.H. Ashwagandha
(Withania somnifera) Root Extract Attenuates Hepatic and Cognitive Deficits in Thioacetamide-Induced Rat Model of Hepatic
Encephalopathy via Induction of Nrf2/HO-1 and Mitigation of NF-KB/MAPK Signaling Pathways. J. Ethnopharmacol. 2021,
277, 114141. [CrossRef]

31. NeuroReport. Available online: https://journals.lww.com/neuroreport/abstract/2002/10070/axon__or_dendrite_predominant_
outgrowth_induced_by.5.aspx (accessed on 8 May 2025).

32. Baitharu, I.; Jain, V.; Deep, S.N.; Shroff, S.; Sahu, J.K.; Naik, P.K.; Ilavazhagan, G. Withanolide A Prevents Neurodegeneration by
Modulating Hippocampal Glutathione Biosynthesis during Hypoxia. PLoS ONE 2014, 9, e105311. [CrossRef]

33. Sinadinos, C.; Quraishe, S.; Sealey, M.; Samson, P.B.; Mudher, A.; Wyttenbach, A. Low Endogenous and Chemical Induced Heat
Shock Protein Induction in a 0N3Rtau-Expressing Drosophila Larval Model of Alzheimer’s Disease. J. Alzheimer’s Dis. 2013,
33, 1117–1133. [CrossRef] [PubMed]

34. Tiwari, S.; Atluri, V.S.R.; Yndart Arias, A.; Jayant, R.D.; Kaushik, A.; Geiger, J.; Nair, M.N. Withaferin A Suppresses Beta Amyloid
in APP Expressing Cells: Studies for Tat and Cocaine Associated Neurological Dysfunctions. Front. Aging Neurosci. 2018, 10, 291.
[CrossRef] [PubMed]

35. Gautam, A.; Wadhwa, R.; Thakur, M.K. Assessment of Cholinergic Properties of Ashwagandha Leaf-Extract in the Amnesic
Mouse Brain. Ann. Neurosci. 2016, 23, 68. [CrossRef] [PubMed]

36. Kuboyama, T.; Tohda, C.; Komatsu, K. Neuritic Regeneration and Synaptic Reconstruction Induced by Withanolide A. Br. J.
Pharmacol. 2005, 144, 961. [CrossRef]

37. Olatunji, O.J.; Tang, J.; Tola, A.; Auberon, F.; Oluwaniyi, O.; Ouyang, Z. The Genus Cordyceps: An Extensive Review of Its
Traditional Uses, Phytochemistry and Pharmacology. Fitoterapia 2018, 129, 293–316. [CrossRef]

38. Sharma, H.; Sharma, N.; An, S.S.A. Unique Bioactives from Zombie Fungus (Cordyceps) as Promising Multitargeted Neuropro-
tective Agents. Nutrients 2023, 16, 102. [CrossRef]

39. Liu, Y.; Yang, J.; Guo, Z.; Li, Q.; Zhang, L.; Zhao, L.; Zhou, X. Immunomodulatory Effect of Cordyceps Militaris Polysaccharide on
RAW 264.7 Macrophages by Regulating MAPK Signaling Pathways. Molecules 2024, 29, 3408. [CrossRef]

40. Lee, S.Y.; Debnath, T.; Kim, S.K.; Lim, B.O. Anti-Cancer Effect and Apoptosis Induction of Cordycepin through DR3 Pathway in
the Human Colonic Cancer Cell HT-29. Food Chem. Toxicol. 2013, 60, 439–447. [CrossRef]

41. Thepmalee, C.; Jenkham, P.; Ramwarungkura, B.; Suwannasom, N.; Khoothiam, K.; Thephinlap, C.; Sawasdee, N.; Panya, A.;
Yenchitsomanus, P.T. Enhancing Cancer Immunotherapy Using Cordycepin and Cordyceps Militaris Extract to Sensitize Cancer
Cells and Modulate Immune Responses. Sci. Rep. 2024, 14, 21907. [CrossRef]

42. Sun, L.; Yuan, H.; Ma, H.; Wang, Y. Effects of Cordyceps Cicadae Polysaccharide on Gut Microbiota, the Intestinal Mucosal Barrier,
and Inflammation in Diabetic Mice. Metabolites 2025, 15, 8. [CrossRef] [PubMed]

43. Li, S.P.; Zhao, K.J.; Ji, Z.N.; Song, Z.H.; Dong, T.T.X.; Lo, C.K.; Cheung, J.K.H.; Zhu, S.Q.; Tsim, K.W.K. A Polysaccharide Isolated
from Cordyceps Sinensis, a Traditional Chinese Medicine, Protects PC12 Cells against Hydrogen Peroxide-Induced Injury. Life Sci.
2003, 73, 2503–2513. [CrossRef] [PubMed]

44. Shen, W.; Song, D.; Wu, J.; Zhang, W. Protective Effect of a Polysaccharide Isolated from a Cultivated Cordyceps Mycelia on
Hydrogen Peroxide-Induced Oxidative Damage in PC12 Cells. Phytother. Res. 2011, 25, 675–680. [CrossRef]

https://doi.org/10.1016/j.taap.2015.09.014
https://www.ncbi.nlm.nih.gov/pubmed/26408225
https://doi.org/10.3390/ph17050597
https://doi.org/10.1016/j.freeradbiomed.2016.10.003
https://doi.org/10.1016/j.bbrc.2012.08.133
https://doi.org/10.1253/circj.CJ-18-1391
https://doi.org/10.3390/antiox9111107
https://doi.org/10.3390/plants13060771
https://doi.org/10.1016/j.jep.2021.114141
https://journals.lww.com/neuroreport/abstract/2002/10070/axon__or_dendrite_predominant_outgrowth_induced_by.5.aspx
https://journals.lww.com/neuroreport/abstract/2002/10070/axon__or_dendrite_predominant_outgrowth_induced_by.5.aspx
https://doi.org/10.1371/journal.pone.0105311
https://doi.org/10.3233/JAD-2012-121534
https://www.ncbi.nlm.nih.gov/pubmed/23114515
https://doi.org/10.3389/fnagi.2018.00291
https://www.ncbi.nlm.nih.gov/pubmed/30356847
https://doi.org/10.1159/000443573
https://www.ncbi.nlm.nih.gov/pubmed/27647956
https://doi.org/10.1038/sj.bjp.0706122
https://doi.org/10.1016/j.fitote.2018.05.010
https://doi.org/10.3390/nu16010102
https://doi.org/10.3390/molecules29143408
https://doi.org/10.1016/j.fct.2013.07.068
https://doi.org/10.1038/s41598-024-72833-x
https://doi.org/10.3390/metabo15010008
https://www.ncbi.nlm.nih.gov/pubmed/39852351
https://doi.org/10.1016/S0024-3205(03)00652-0
https://www.ncbi.nlm.nih.gov/pubmed/12954458
https://doi.org/10.1002/ptr.3320


Int. J. Mol. Sci. 2025, 26, 5403 23 of 23

45. Marchbank, T.; Ojobo, E.; Playford, C.J.; Playford, R.J. Reparative Properties of the Traditional Chinese Medicine Cordyceps
Sinensis (Chinese Caterpillar Mushroom) Using HT29 Cell Culture and Rat Gastric Damage Models of Injury. Br. J. Nutr. 2011,
105, 1303–1310. [CrossRef]

46. Gladen-Kolarsky, N.; Monestime, O.; Bollen, M.; Choi, J.; Yang, L.; Magaña, A.A.; Maier, C.S.; Soumyanath, A.; Gray, N.E.
Withania somnifera (Ashwagandha) Improves Spatial Memory, Anxiety and Depressive-like Behavior in the 5xFAD Mouse Model
of Alzheimer’s Disease. Antioxidants 2024, 13, 1164. [CrossRef]

47. Bhaskar, M.; Chintamaneni, M. Withania somnifera and Eclipta Alba Ameliorate Oxidative Stress Induced Mitochondrial Dysfunc-
tion in an Animal Model of Alzheimer’s Disease. Am. J. Phytomedicine Clin. Ther. 2014, 2, 140–152, ISSN 2321-2748.

48. Afewerky, H.K.; Li, H.; Zhang, T.; Li, X.; Mahaman, Y.A.R.; Duan, L.; Qin, P.; Zheng, J.; Pei, L.; Lu, Y. Sodium–Calcium Exchanger
Isoform-3 Targeted Withania somnifera (L.) Dunal Therapeutic Intervention Ameliorates Cognition in the 5xFAD Mouse Model of
Alzheimer’s Disease. Sci. Rep. 2022, 12, 1537. [CrossRef]

49. Sehgal, N.; Gupta, A.; Valli, R.K.; Joshi, S.D.; Mills, J.T.; Hamel, E.; Khanna, P.; Jain, S.C.; Thakur, S.S.; Ravindranath, V.
Withania somnifera Reverses Alzheimer’s Disease Pathology by Enhancing Low-Density Lipoprotein Receptor-Related Protein in
Liver. Proc. Natl. Acad. Sci. USA 2012, 109, 3510–3515. [CrossRef]

50. Visweswari, G.; Visweswari, G.; Christopher, R.; Rajendra, W. Withania somnifera against Glutamate Excitotoxicity and Neuronal
Cell Loss in a Scopolamine-Induced Rat Model of Alzheimer’s Disease. Eur. J. Biol. Res. 2021, 11, 156–167. [CrossRef]

51. Abdullah, F.; Nour, N.; Mansouri, R. The Neuroprotective Effect of Lycopodium and Withania somnifera on Alzheimer’s Disease
Induced by Aluminum Chloride in Rats. Eur. Online J. Nat. Soc. Sci. 2022, 11, 852–861, ISSN 1805-3602.

52. Visweswari, G.; Christopher, R.; Rajendra, W. Dose-dependent effect of Withania somnifera on the cholinergic system in
scopolamine-induced alzheimer’s disease in rats. Int. J. Pharm. Sci. Res. 2014, 5, 4240–4248. [CrossRef]

53. Pandey, A.; Bani, S.; Dutt, P.; Kumar Satti, N.; Avtar Suri, K.; Nabi Qazi, G. Multifunctional Neuroprotective Effect of Withanone, a
Compound from Withania somnifera Roots in Alleviating Cognitive Dysfunction. Cytokine 2018, 102, 211–221. [CrossRef] [PubMed]

54. Kuboyama, T.; Tohda, C.; Komatsu, K. Withanoside IV and Its Active Metabolite, Sominone, Attenuate Aβ(25-35)-Induced
Neurodegeneration. Eur. J. Neurosci. 2006, 23, 1417–1426. [CrossRef]

55. Khan, M.A.; Srivastava, V.; Kabir, M.; Samal, M.; Insaf, A.; Ibrahim, M.; Zahiruddin, S.; Ahmad, S. Development of Synergy-Based
Combination for Learning and Memory Using in Vitro, in Vivo and TLC-MS-Bioautographic Studies. Front. Pharmacol. 2021,
12, 678611. [CrossRef]

56. Lopresti, A.L.; Smith, S.J.; Malvi, H.; Kodgule, R.; Wane, D. An Investigation into the Stress-Relieving and Pharmacological
Actions of an Ashwagandha (Withania somnifera) Extract: A Randomized, Double-Blind, Placebo-Controlled Study. Medicine 2019,
98, e17186. [CrossRef] [PubMed]

57. Pandit, S.; Srivastav, A.K.; Sur, T.K.; Chaudhuri, S.; Wang, Y.; Biswas, T.K. Effects of Withania somnifera Extract in Chronically
Stressed Adults: A Randomized Controlled Trial. Nutrients 2024, 16, 1293. [CrossRef]

58. He, M.T.; Lee, A.Y.; Kim, J.H.; Park, C.H.; Shin, Y.S.; Cho, E.J. Protective Role of Cordyceps Militaris in Aβ1–42-Induced
Alzheimer’s Disease in Vivo. Food Sci. Biotechnol. 2018, 28, 865. [CrossRef]

59. Wu, Y.Z.; Lee, C.L. Cordyceps Cicadae NTTU 868 Mycelium with The Addition of Bioavailable Forms of Magnesium from Deep
Ocean Water Prevents the Aβ40 and Streptozotocin-Induced Memory Deficit via Suppressing Alzheimer’s Disease Risk Factors
and Increasing Magnesium Uptake of Brain. Fermentation 2021, 7, 39. [CrossRef]

60. Jiao, L.; Yu, Z.; Zhong, X.; Yao, W.; Xing, L.; Ma, G.; Shen, J.; Wu, Y.; Du, K.; Liu, J.; et al. Cordycepin Improved Neuronal Synaptic
Plasticity through CREB-Induced NGF Upregulation Driven by MG-M2 Polarization: A Microglia-Neuron Symphony in AD.
Biomed. Pharmacother. 2023, 157, 114054. [CrossRef]

61. Jin, D.Q.; Park, B.C.; Lee, J.S.; Choi, H.D.; Lee, Y.S.; Yang, J.H.; Kim, J.A. Mycelial Extract of Cordyceps Ophioglossoides Prevents Neuronal
Cell Death and Ameliorates β-Amyloid Peptide-Induced Memory Deficits in Rats. Biol. Pharm. Bull. 2004, 27, 1126–1129. [CrossRef]

62. Zhang, X.-L.; Huang, W.-M.; Tang, P.-C.; Sun, Y.; Zhang, X.; Qiu, L.; Yu, B.-C.; Hong, Y.-X.; He, Y.; Ge, X.-Q. Anti-Inflammatory and
Neuroprotective Effects of Natural Cordycepin in Rotenone-Induced PD Models through Inhibiting Drp1-Mediated Mitochondrial
Fission. Neurotoxicology 2021, 84, 1–13. [CrossRef] [PubMed]

63. Wei, P.; Wang, K.; Luo, C.; Huang, Y.; Misilimu, D.; Wen, H.; Jin, P.; Li, C.; Gong, Y.; Gao, Y. Cordycepin Confers Long-Term
Neuroprotection via Inhibiting Neutrophil Infiltration and Neuroinflammation after Traumatic Brain Injury. J. Neuroinflammation
2021, 18, 137. [CrossRef] [PubMed]

64. Jung, S.J.; Jung, E.S.; Choi, E.K.; Sin, H.S.; Ha, K.C.; Chae, S.W. Immunomodulatory Effects of a Mycelium Extract of Cordyceps
(Paecilomyces Hepiali; CBG-CS-2): A Randomized and Double-Blind Clinical Trial. BMC Complement. Altern. Med. 2019, 19, 77.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1017/S0007114510005118
https://doi.org/10.3390/antiox13101164
https://doi.org/10.1038/s41598-022-05568-2
https://doi.org/10.1073/pnas.1112209109
https://doi.org/10.5281/zenodo.4426779
https://doi.org/10.13040/IJPSR.0975-8232.5(10).4240-48
https://doi.org/10.1016/j.cyto.2017.10.019
https://www.ncbi.nlm.nih.gov/pubmed/29108796
https://doi.org/10.1111/j.1460-9568.2006.04664.x
https://doi.org/10.3389/fphar.2021.678611
https://doi.org/10.1097/MD.0000000000017186
https://www.ncbi.nlm.nih.gov/pubmed/31517876
https://doi.org/10.3390/nu16091293
https://doi.org/10.1007/s10068-018-0521-z
https://doi.org/10.3390/FERMENTATION7010039
https://doi.org/10.1016/j.biopha.2022.114054
https://doi.org/10.1248/bpb.27.1126
https://doi.org/10.1016/j.neuro.2021.02.002
https://www.ncbi.nlm.nih.gov/pubmed/33549657
https://doi.org/10.1186/s12974-021-02188-x
https://www.ncbi.nlm.nih.gov/pubmed/34130727
https://doi.org/10.1186/s12906-019-2483-y
https://www.ncbi.nlm.nih.gov/pubmed/30925876

	Alzheimer’s Disease: Pathophysiology and Current Therapies 
	W. somnifera and C. spp.: Bioactive Components and Major Mechanisms of Action 
	W. somnifera: Pharmacological Profile and Therapeutic Targets 
	W. somnifera as a Promising Anti-Cancer Agent: Mechanistic Evidence AcrossTumor Models 
	Anti-Inflammatory Mechanisms of W. somnifera: Modulation of NF-B, Nrf2, and Cytokine Pathways 
	Neuroprotective Effects of W. somnifera: Molecular Mechanisms and Therapeutic Potential in Neurodegenerative Disorders 

	Cordyceps spp. as a Source of Bioactive Compounds in Inflammation, Cancer, and Neurodegeneration 

	Emerging Role of Phytotherapeutic Compounds from W. somnifera and C. spp. In Alzheimer’s Disease 
	Neuroprotective Properties of W. somnifera Extract and Bioactive Constituents in Preclinical Model of Alzheimer’s Disease 
	Neuroprotective Properties of C. spp. Extract and Bioactive Constituents in Preclinical Model of Alzheimer’s Disease 

	Conclusions 
	References

