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ABSTRACT

The search for new and better anti-aging strategies is a fairly essential research
area because of increasing aging populations and age-related disorders. This
review investigates the synergistic anti-aging potential of Cordycepin, Quercetin,
Vitamin Bi,, and Vitex negundo-derived Vitexin, focusing primarily on their
effects in yeast (Saccharomyces cerevisiae) and chicken fibroblast cell models.
These naturally-derived compounds individually demonstrate notable
antioxidant, anti-inflammatory, and anti-senescence properties, primarily through
modulating crucial molecular pathways involving NAD" metabolism,
mitochondrial biogenesis, oxidative stress regulation, and cellular longevity
markers.

Notably, synergistic interactions among these compounds enhance their
biological efficacy, potentially optimizing therapeutic outcomes. Through
analyses of recent literature (2018-2024), this review consolidates evidence on
cellular and molecular mechanisms underpinning lifespan extension, improved
mitochondrial function, decreased cellular senescence, and enhanced resistance
against oxidative stress. Additionally, this review evaluates bioavailability
challenges, innovative formulation strategies for improved therapeutic delivery,
and comprehensive safety profiles, highlighting their translational potential for
clinical applications. This work underscores the importance of integrating
multiple bioactive compounds as a promising, multi-targeted therapeutic
approach against aging and related chronic diseases.

Keywords: Cordycepin, Quercetin, Vitex negundo, Vitexin, Bioavailability.




Chapter 1

Introduction




Introduction:

Aging 1s associated with progressive functional decline at the cellular and
organismal levels, underpinned by hallmarks such as genomic instability,
epigenetic alterations, mitochondrial dysfunction, and cellular senescence. Model
organisms like the budding yeast S. cerevisiae provide tractable systems to study

anti-aging interventions, given their conserved aging pathways.[1]

In yeast, CLS (survival of non-dividing cells) and RLS (number of divisions per
mother cell) are influenced by nutrient-sensing pathways (e.g. TOR/AMPK) and
oxidative stress responses[1].

Developing interventions that simultaneously modulate these pathways could
synergistically delay aging and improve cellular health span.

1.1 Use of bioactive compunds
Cordycepin (3’-deoxyadenosine),

A bioactive compound from Cordyceps fungi, has emerged as a promising
anti-aging molecule. Recent systematic reviews conclude that cordycepin shows
broad protective effects via activation of energy-sensing kinase AMPK and
inhibition of the PI3K/Akt/mTOR growth pathway[1].

» These effects mimic caloric restriction, an intervention known to
extend lifespan in yeast and other species.

Notably, cordycepin’s suppression of mTOR signaling and promotion of
autophagy are beneficial for longevity. It also has potent anti-inflammatory
activity, reducing NF-kB activation and downstream cytokines — relevant because
chronic “inflammaging” contributes to age-related degeneration[2].




In vivo, Cordyceps extracts rich in cordycepin have improved healthspan
markers; for example, Cordyceps sinensis extract increased NAD" levels by
~20% and ATP production by ~68% in skin cells, while lowering intracellular
ROS by ~30%[5].

So, why Cordycepin?

These metabolic enhancements (higher NAD™ fuels sirtuin deacetylases
that maintain genome integrity[5]) suggest cordycepin can counteract age-
associated energy deficits and oxidative damage. Indeed, cordycepin
supplementation in aged rodents restores antioxidant status and reduces lipid
peroxidation[1].

However, cordycepin alone has limitations such as rapid degradation by
adenosine deaminase (ADA), motivating combination with stabilizing agents or
other geroprotectors.

Quercetin,

A flavonol metabolized present in fruits and vegetables, is another
candidate for multi-targeted anti-aging therapy. It exhibits antioxidant, anti-
inflammatory, and senolytic properties[8].

Quercetin scavenges ROS, and upregulates endogenous antioxidant
enzymes, leading to reduced oxidative stress[10]. In aging models, quercetin has
repeatedly shown pro-longevity effects. It extended the CLS of yeast by ~60%
while reducing biomarkers which are linked to oxidative stress and cell death in
aging yeast cells[10].

At the cellular level, quercetin can prevent or delay senescence. Treatment
of human endothelial and macrophage cells under oxidative or lipotoxic stress
(oxidized LDL exposure) significantly down-regulated senescence markers
pl6™K4 p21€PPl and p53, while activating AMPK and inhibiting mTOR
signaling[12].




Senescent cells often upregulate anti-apoptotic BCL-2 family proteins to
survive; quercetin disrupts this survival advantage and can selectively induce
apoptosis in senescent cells (a senolytic effect)[10].

Vitexin

is a less mainstream but highly potent phytochemical in this formulation. It is a
C-glycosylated flavone present in Vitex negundo (nirgundi)(locally known as
Banna) leaves, as well as other medicinal plants (passion flower, hawthorn, etc.).
Vitex negundo has long-standing use in traditional medicine for its anti-
inflammatory and analgesic properties, and modern studies have begun to
elucidate vitexin’s specific bioactivities.

Other studies reinforce vitexin’s multi-targeted benefits: in endothelial cells,
vitexin at micromolar concentrations significantly diminished ROS levels and
MDA (malondialdehyde) formation while upregulating SOD (superoxide
dismutase), indicating a strong antioxidant effect[16]. The same study noted
vitexin inhibited ox-LDL-induced apoptosis in endothelial cells and induced
autophagy through AMPK activation[16] — aligning with known pro-longevity
processes (AMPK activation and autophagy induction).

Given this background, an hypothesize that a combination of cordycepin,
quercetin, and vitexin will produce synergistic anti-aging effects in yeast.




Aimed Objectives

Each compound targets different but overlapping aging mechanisms —
energy metabolism (cordycepin, Bj»), oxidative stress (quercetin, vitexin),
proteostasis and autophagy (cordycepin, vitexin), cellular senescence and SASP
(quercetin, vitexin), and inflammation (cordycepin, quercetin, vitexin).

By attacking multiple aging hallmarks in unison, the combination may
yield a greater lifespan and healthspan extension than any single agent alone.

There is precedent for such synergy: a recent patent report by LG H&H
(2022) described a composition of cordycepin + quercetin + andrographolide
that showed superior anti-aging effects on skin elasticity compared to the
individual components, highlighting the promise of multi-component
formulations(patnet filed).

This thesis will explore this synergy in depth, detailing how to measure it
experimentally and considering formulation strategies to overcome any
pharmacokinetic hurdles. We will also review safety/toxicology data to ensure
that combining these compounds remains within safe margins.

The ultimate goal is to inform the development of a novel geroprotective
nutraceutical or therapeutic that leverages the strengths of all four ingredients to
combat cellular aging more effectively than traditional single-compound
interventions.’

Rationale of the study

e To observe the effects of different extracts.

e Optimise separate and combined extracts formulation.

o Elevate the synergic effects and dosage concentration of different
compounds.

e Try and replace the use of chemical quercetin with naturally occurring

quercetin in Vitex negundo.



https://xray.greyb.com/cosmetics/elastin-enhancing-compounds#:~:text=13,Effects%20on%20Basement%20Membrane%20Integrity
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Cordycepin and Anti-Aging Pathways

Cordycepin (3'-deoxyadenosine) is structurally similar to adenosine,
allowing it to influence many adenosine-regulated pathways. Its role in aging has
gained attention in recent years due to its AMPK activation and mTOR inhibition,
which mirror caloric restriction mimetics. In a comprehensive 2021 review by
Radhi et al., 36 out of 38 studies surveyed showed cordycepin significantly

reduces inflammatory mediators in cells[2].

Cordycepin Adenosine
(3'-deoxyadenosine)
NH,
B
HO N/) OH
0
OH OH OH OH

Fig 1:Structural comparison of Cordycepin (3'-deoxyadenosine) and Adenosine. Cordycepin differs from
adenosine by the absence of a hydroxyl group (-OH) at the 3’ position of the ribose sugar. This minor structural
modification significantly alters its biochemical behavior, allowing Cordycepin to interfere with nucleic acid

synthesis and cellular signaling pathways.[25]

Chronic, low-grade inflammation (“inflammaging”) is a hallmark of aging,
and cordycepin’s ability to suppress NF-kB nuclear translocation and
downstream cytokines like TNF-a, IL-1p, and IL-6 is well documented. [3]

For example, cordycepin consistently lowered nuclear NF-xB levels in
macrophages and glial cells, correlating with reduced secretion of pro-

inflammatory factors. [3]




It also interferes with TGF-f signaling — implicated in fibrotic aging processes —
by both inhibiting TGF- activation (via MMP inhibition) and blocking

downstream Smad activation.[3]

Beyond inflammation, cordycepin’s impact on longevity-regulating kinases is
particularly relevant to yeast and mammalian cell aging. Multiple studies confirm
cordycepin down-regulates the PI3K/Akt/mTOR pathway while up-regulating
AMPK in various cell types.[3]

mTOR is a central inhibitor of autophagy; by repressing mTOR cordycepin frees
cells to enhance autophagic turnover of damaged components, a known lifespan-

extending mechanism in yeast and animals.

Notably, cordycepin-treated cells show signs of metabolic reprogramming
consistent with a youthful state: improved insulin sensitivity and reduced protein

synthesis burden[3].

One in vitro study on human lung fibroblasts found cordycepin prevented H,O»-
induced premature senescence by activating the AMPK—-FOXO3a axis, which
increased expression of anti-oxidant enzymes and ameliorated lysosomal

dysfunction (lysosomal stress is a trigger of senescence).[4]

In yeast, while direct studies of cordycepin on replicative/chronological lifespan
are sparse, its known targets suggest it would extend longevity: activating AMPK

and inhibiting TOR are classical interventions that prolong yeast lifespan[1].

Additionally, cordycepin can increase cellular NAD" levels indirectly. A 2024
Cordyceps sinensis extract study showed a 20% rise in NAD" in
keratinocytes after cordycepin-rich extract treatment [5], which in turn
boosted sirtuin (SIRT1, SIRT3, SIRT6) expression by 10-72%][5]. Sirtuins




are NAD"-dependent deacetylases that promote DNA repair and

mitochondrial biogenesis, essential for longevity.[5]

Therefore, cordycepin helps maintain the NAD "/SIRT axis often seen to decline

with age. Cordycepin’s potential was also evidenced in an in vivo context: old
rats given cordycepin had enhanced endogenous antioxidant capacity and lower

markers of oxidative damage than age-matched controls.[6]

Combined with observations that Cordyceps extracts can improve physical vigor
and immunity in animal models (some studies in fruit flies demonstrated
prolonged lifespan with Cordyceps supplementation), these data underscore

cordycepin’s promise as an anti-aging agent. [7]

Key point: Cordycepin is synergistic-ready but faces a major pharmacokinetic
challenge: rapid breakdown by adenosine deaminase (ADA) in plasma.
Preclinical studies have overcome this by co-administering ADA inhibitors like

deoxycoformycin (pentostatin), which dramatically increase cordycepin’s half-
life and efficacy [2].

For example, cordycepin alone showed limited activity in leukemia models, but

in combination with pentostatin it achieved therapeutic levels and sustained
effects[2].

This is somewhat relevant to our formulation strategy (discussed later) — any
benefiticial use of cordycepin likely requires either an ADA inhibitor or a

protected delivery system to fully realize its anti-aging benefits.
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Quercetin in Oxidative Stress and Cellular Senescence

Quercetin has one of the most extensive literatures among natural
compounds for anti-aging and disease prevention. As a polyphenolic flavonoid,
its antioxidant capacity is well known: quercetin’s multiple hydroxyl groups can
directly neutralize ROS and reactive nitrogen species, and it chelates metal ions

that catalyze free radical formation.[§]

It also induces phase II antioxidant enzymes via Nrf2 pathway activation.
In cells undergoing oxidative stress, quercetin pretreatment consistently leads to
lower DCFDA fluorescence (ROS levels) and reduced oxidative damage to
proteins, lipids, and DNA[S].

For instance, Boots et al. (2020) showed quercetin protected human fibroblasts
from t-BHP (tert-butyl hydroperoxide) assault by maintaining glutathione levels
and preventing mitochondrial depolarization. Such antioxidant effects are directly
relevant to yeast chronological aging, which is largely driven by oxidative

damage accumulation in stationary phase[8].

Indeed, in the yeast S. cerevisiae, quercetin at low micromolar concentrations
extended chronological lifespan by enhancing resistance to oxidative and

apoptotic stress [9]

Alugoju et al. (2018) observed that quercetin-treated aging yeast cultures had
higher viability; specifically, survival at day 6 of stationary phase increased from

~20% in controls to ~50% with quercetin.[10]

This was attributed to quercetin’s ability to preserve mitochondrial function and
suppress an apoptosis-like cell death in yeast (yeast can undergo acetic acid-
induced apoptosis during aging). The pep4A mutant (deficient in vacuolar
protease, prone to apoptotic death) especially benefited from quercetin, which

curtailed excessive ROS and caspase-like activity in those cells.

These findings align with quercetin’s general role as a cell survival

enhancer under stress.
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Perhaps most exciting is quercetin’s role as a senotherapeutic — an agent that can

modulate or eliminate senescent cells.

Senescent cells contribute to aging and pathology via SASP factors that drive
inflammation and tissue damage. Quercetin, often in combination with other

drugs, has been identified as a senolytic in certain cell types.[11]

The combination of quercetin with the tyrosine kinase inhibitor dasatinib (D+Q)
was the first senolytic cocktail reported to selectively kill senescent human

adipocyte progenitors and endothelial cells while sparing normal cells.

Although, quercetin alone has more modest senolytic activity, but still can induce
apoptosis in senescent human fibroblasts at higher concentrations (e.g. 20-50
uM) by inhibiting anti-apoptotic BCL-2/BCL-xL proteins[11].

A recent study by Liang et al. (2023) demonstrated that quercetin ameliorated

oxidized LDL-induced senescence in vascular cells by acting on multiple fronts:

» it decreased pl6 and p21 expression, increased the ratio of
phosphorylated AMPK/AMPK,
» and lowered the ratio of p-mTOR/mTOR in endothelial cells[12]

By activating AMPK, quercetin likely triggers a metabolic shift unfavorable to
senescent cells (which rely on pro-survival anabolic pathways). In the same study,
quercetin-treated cells showed reduced SASP secretion (lower IL-6, IL-1p) and
less NF-kB activity[12], indicating a senomorphic effect (modulating the

phenotype of senescent cells to be less inflammatory).

Importantly, quercetin’s senolytic effects might be context-dependent — it

tends to eliminate senescent cells under intense stress (such as doxorubicin-
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induced senescence) by exacerbating their dysfunction (e.g. inducing ER stress

beyond tolerance)[13].

From a broad perspective, quercetin’s pleiotropic actions — antioxidant,
anti-inflammatory, senostatic/senolytic, metabolic modulator — make it a

cornerstone of our anti-aging combination.

It covers several bases that cordycepin or vitexin might miss. For example,
quercetin directly scavenging ROS can immediately reduce oxidative DNA
damage, while cordycepin/vitexin work more on signaling pathways to indirectly

lower ROS over time.

Research opportunities

Its major drawback is poor bioavailability — quercetin is lipophilic and
extensively metabolized (glucuronidated/sulfated) in the gut and liver. Peak
plasma levels from oral dosing are relatively low, which has spurred research into
nano-formulations as discussed later. Nonetheless, in cell culture and yeast
experiments, bioavailability is not an issue; quercetin can be added directly to

media where it readily enters cells.

Thus, for our yeast assays, quercetin is expected to reliably produce

measurable protective effects, serving as a benchmark for the other compounds.

Vitex negundo (Vitexin) and Cellular Senescence

Vitexin (apigenin-8-C-glucoside) may be less famous than quercetin, but
recent research positions it as a potent anti-aging and cytoprotective agent. As
discussed, vitexin directly counteracts cell senescence. Han et al. (2024) provided
strong evidence of vitexin’s efficacy in both in vivo and in vitro models of

accelerated aging.[14]
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In their D-galactose-induced aging mouse model, vitexin-treated mice
showed slower appearance of aging phenotypes such as loss of fur, kyphosis, and
lethargy compared to untreated progeroid mice. Molecularly, vitexin reduced
serum inflammatory cytokines and liver lipid peroxidation in these mice
(common markers of systemic aging). In cultured human fibroblasts, vitexin
prevented doxorubicin-induced senescence: vitexin-treated cells had a lower
percentage of SA-B-gal-positive cells and maintained a normal spindle-like
morphology, whereas control cells became enlarged and flat (a typical senescent

morphology) [14].

STAT3 is a transcription factor that upregulates many SASP components (IL-6,

IL-8, MMPs), so its inhibition by vitexin explains the reduced SASP observed
(the study noted vitexin-treated senescent cells secreted fewer inflammatory
cytokines)[14].

In essence, vitexin can turn a senescent cell from a pro-inflammatory state
to a more quiescent state, or possibly even delay the onset of senescence so cells

have more divisions before arresting.

In skin aging models, vitexin shows complementary effects to those of
cordycepin and quercetin. Vitex negundo extracts have been used in Asia for
skincare (sometimes in anti-acne or anti-inflammatory creams). Wang et al.
(2020) isolated a vitexin-rich lignan (VBI1) and demonstrated that it protected
human dermal fibroblasts from UVA-induced photoaging.[15]

UVA irradiation accelerates cellular aging by causing DNA damage and
activating MAPK pathways leading to MMP-1 (collagenase) expression.
VB1/vitexin treatment significantly reduced UVA-triggered SA-B-gal staining in
fibroblasts, and also lowered MMP-1 expression while increasing type I

procollagen levels[15].
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This suggests vitexin helps maintain extracellular matrix integrity in aging
skin. Mechanistically, the study found vitexin directly binds to MAPK1 (ERK2)

at specific amino acid residues, partially inhibiting its activity[15].

By dampening the ERK pathway, vitexin prevented the cascade that leads
to AP-1 activation and MMP-1 transcription in photoaged fibroblasts.
Additionally, vitexin may activate other survival pathways; in vivo, topical
application of VB1 on mouse skin after UV exposure led to less wrinkle formation

and more collagen content than controls[15].

Vitexin’s antioxidative power also deserves note. A 2023 review on Vitex
negundo’s cardioprotective effects highlights vitexin as a major contributor to the
plant’s activity. In human umbilical vein endothelial cells (HUVECs), vitexin
reduced ROS to ~60% of control levels under oxidative challenge and increased
SOD expression nearly 2-fold.[16]

It also inhibited ox-LDL-induced overexpression of ICAM-1 and E-selectin
(adhesion molecules) and inflammatory cytokines, thereby protecting endothelial
function[16].

Vitexin also showed anti-apoptotic effects in that setting: it prevented ox-LDL-
induced caspase-3 cleavage in endothelial cells by about 50% and maintained
Bcl-2 levels[16].

This means vitexin can help cells survive acute stresses that might otherwise

push them into apoptotic or senescent fates.
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From a safety perspective, vitexin and Vitex negundo extracts are generally safe.
Traditional use of V. negundo in Ayurvedic medicine extends to oral ingestion (as
anti-arthritic) and topical application (as oils for pain relief), with few reports of

toxicity.

Modern toxicology studies indicate V. negundo leaf extracts have no acute
toxicity in rodents up to very high doses. For example, an acute oral toxicity study
in mice found no lethality or major organ damage at doses up to 5 g/kg of a crude
extract (limit test)[16].

These data suggest that vitexin, as one component, is unlikely to have any
toxicity at the concentrations used in cell culture or in prospective supplements

(usually in the milligram range).

On the contrary, it offers protective health benefits like cardioprotection
and neuroprotection in animal models. In summary, vitexin fortifies our anti-
aging formulation by targeting cellular senescence (especially the SASP via
JAK/STAT3 inhibition) and support antioxidant defenses.

It shares some mechanistic overlap with quercetin (both are flavonoids
with antioxidant and AMPK-activating properties) but also has unique angles,
such as collagen preservation and direct STAT3 inhibition, which quercetin does

not strongly do.

Combining vitexin with quercetin might produce an additive or synergistic
effect in clearing senescent cells and suppressing the SASP, as multiple distinct
pathways (NF-kB, STAT3, AKT/mTOR) would be simultaneously restrained.
The literature thus provides a compelling rationale for including vitexin as a

fourth pillar in this anti-aging strategy.
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Use of Naturally Derived Quercetin from Vitex negundo in Place of

Synthetic Quercetin

Recent research has emphasized the use of Vitex negundo as a rich natural
source of flavonoids, particularly quercetin, which contributes to its therapeutic
efficacy. Unlike synthetic quercetin, which may face issues of purity, cost, and
bioavailability, plant-derived quercetin from V. negundo offers an eco-friendly
and biologically synergistic alternative. Multiple phytochemical studies have
confirmed the presence of quercetin, along with vitexin, luteolin, and other

polyphenols, in the leaf and root extracts of Vitex negundo [17], [18]

These compounds act synergistically to exert antioxidative, anti-
inflammatory, and anti-senescence effects through modulation of cellular
pathways such as Nrf2, NF-xB, and JAK/STAT. Notably, quercetin isolated from
Vitex negundo has shown comparable or superior radical scavenging ability to

commercial quercetin standards in DPPH and ABTS assays. [19]

Additionally, in vivo and in vitro studies have demonstrated that V
negundo-derived quercetin exhibits enhanced cellular uptake and antioxidant
capacity due to the presence of other co-existing flavonoids, which may enhance
solubility and bioavailability .[20]

Therefore, leveraging Vitex negundo as a natural quercetin source aligns
with the goals of green chemistry and integrated plant-based therapeutic

development.
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Synergistic Interactions

Crucially, while we have discussed each compound individually, the
premise of this thesis is that the some agents together can yield synergistic anti-
aging effects. Synergy means the combined effect is greater than the sum of

individual effects. Based on the literature:
Multi-Pathway Coverage:

Aging is multifactorial; addressing one pathway often triggers
compensatory decline in another. By hitting multiple targets (metabolic,
oxidative, inflammatory), a combination therapy can achieve a balance that single
drugs cannot. Cordycepin and quercetin both activate AMPK and inhibit mTOR,

reinforcing each other’s action on metabolism and autophagy[12].

Meanwhile, vitexin’s JAK/STAT inhibition complements quercetin’s NF-xB
inhibition[ 14][2], together dampening the pro-inflammatory SASP network more
comprehensively than either alone. Vitamin B, ensures these processes have the
necessary co-factors to run efficiently (e.g., adequate methylation capacity for

DNA repair, sufficient mitochondrial substrate flow for energy).

Essentially, each compound “fills a gap” in the anti-aging armor of the

others.

Enhanced Stress Resistance:

We anticipate that yeast cells treated with all these compounds will resist
stressors (like oxidative burst, UV, toxins) far better than untreated or single-agent
treated cells. For example, under a heavy oxidative challenge (H2O, exposure),
quercetin and vitexin directly neutralize ROS and induce antioxidant enzymes,
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cordycepin and Bi, mitigate mitochondrial ROS production by optimizing
metabolism, and all reduce the chance of stress-induced senescence/apoptosis.
This could manifest in assays as significantly lower DCFDA fluorescence (ROS

levels) in the combination group than in any single treatment group.

Senescent Cell Clearance and Renewal:

In an aged cell population, some cells are irreversibly senescent. Quercetin
can push some of these to apoptosis (senolysis), and vitexin may further sensitize
them by blocking survival signals (STAT3). Cordycepin, by lowering chronic
inflammatory signaling, might prevent nearby cells from paracrine senescence.
The net effect could be a rejuvenation of the cell culture, where senescent cell

burden drops and healthy proliferative cells repopulate.

In yeast, which do not have senescence per se but do undergo apoptotic
death in stationary phase, a similar effect would be extended viability of the

population.

Existing evidence of synergy includes the earlier mentioned patent, where
cordycepin + quercetin + andrographolide showed synergistic strengthening of

dermal structures

One patent (CA3221157A1) stated -Composition Comprising Cordycepin,
Andrographolide, and Quercetin with Synergistic Effects on Basement

Membrane Integrity showed synergistic strengthening of dermal structures.

Anti-aging cosmetic composition filed for patent pending.
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Another example is nutraceutical formulations: some commercial “anti-aging”

supplements already combine NAD precursors, flavonoids, and vitamins.

One patent (US 20130196937) on an anti-aging nutritional supplement lists
ingredients including quercetin, vitamins (like Bi,), and plant flavonoids, aiming

to cover metabolic and antioxidant needs.

This underscores a trend that multi-ingredient formulations are considered
advantageous. That said, synergy must be empirically verified — it’s possible that
some effects are not additive. This experiment is designed to test combination vs.

individual effects to confirm true synergy.

Finally, we note that bioavailability and delivery will influence the real-world

synergy achievable, which is to be addressed.

In cell culture and yeast, compounds are readily available to the cells; but in an
organism, differences in absorption and metabolism might cause one compound
to dominate or wane. Our literature review informs those considerations — for
instance, quercetin’s poor solubility can be overcome by nanoparticle

encapsulation, which has been shown to greatly increase its cellular uptake.[21]

Cordycepin’s rapid metabolism can be countered by encapsulation in liposomes
or co-delivery of ADA inhibitors [2].

We will integrate these insights in the formulation section to ensure synergy

observed in vitro can be translated in vivo.

In summary, the literature strongly supports the anti-aging potential of
cordycepin, quercetin, and vitexin, and suggests their combination will have

complementary and possibly synergistic interactions.
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Yeast Model (Saccharomyces cerevisiae)

We will use S. cerevisiae (budding yeast) as a eukaryotic aging model, focusing
on chronological lifespan (CLS), which is defined as the survival time of non-
dividing yeast in stationary phase[22]. A yeast strain such as BY4741 wild-type
will be employed, possibly along with a stress-sensitive mutant (e.g., pep4A
mutant that accumulates damaged proteins) to test effects on apoptosis-like cell
death[23].

Treatment Protocol: Yeast cells will be grown in liquid culture (e.g., 2% glucose
YPD medium) to mid-log phase, then shifted to water or nutrient-poor medium
to initiate chronological aging [22]. At the onset of stationary phase (day 0 of
CLS), cultures will be supplemented with: (a) vehicle control (water or DMSO
as applicable), (b) cordycepin (in water), (c) quercetin (dissolved in
DMSO/ethanol), (d) vitamin Bj, (cyanocobalamin in water), (e) vitexin (in
DMSO), (f) combinations (cordycepintquercetin, cordycepintvitexin,
quercetint+vitexin, etc., and all four). Each condition will be done in triplicate

cultures for statistical robustness.

Dosage: Based on literature and preliminary tests, we will use concentrations that
are effective but not toxic to yeast. For cordycepin, 100—200 uM is often used in
cell studies as an IC_50 for proliferation; we might start with 100 uM cordycepin.
Quercetin can have paradoxical effects on yeast: low doses (~10 pM) are
protective, whereas very high doses can be pro-oxidant. Alugoju et al. used 10
UM quercetin to extend yeast CLS, so we will use 10 uM and possibly 50 uM as
a higher test dose. Vitamin B, is water-soluble and yeast can synthesize certain
forms; an excess of 100 pg/L (approximately 0.25 uM) B, will ensure saturation
of any uptake systems without harming cells. Vitexin’s effect on yeast is less
known; as a flavonoid similar to apigenin, it might be beneficial at 10-50 uM.
We will initially use 25 uM vitexin. The full combination doses will simply be
the sum of each (we keep doses the same when combining, to observe synergy

rather than dose escalation).
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Chronological Lifespan Assay: We will measure CLS by periodically assessing
viability of aging yeast cultures. A standard method is colony-forming units
(CFU) assay: at regular time points (e.g., days 1, 3, 5, 7, 9,... until most control
cells die), samples of each culture are diluted and plated on YPD agar, then
colonies counted after 2 days incubation[22]. Viability (% of initial) is plotted
over time. We expect control cultures to lose viability rapidly after ~day 3—4 in
water (due to acetic acid accumulation and oxidative stress), whereas treated
cultures should show extended viability. An alternative method is using
fluorescent probes like FUN-1 or methylene blue staining to quantify live vs.
dead yeast. Additionally, to probe mechanisms, we can assay intracellular ROS
in yeast using DCF-DA (yes, the same DCFH-DA can be loaded into yeast to
detect ROS[24]). Mitochondrial function in yeast can be gauged by measuring
oxygen consumption rate or using a mitochondrial membrane potential dye (e.g.,
Rhodamine 123 uptake).

Stress Resistance Tests: As part of CLS characterization, we will test resistance
to acute stresses — a hallmark of long-lived yeast is improved stress tolerance[22].
For example, on day 3 of aging, we’ll expose aliquots of each culture to H20:
(e.g., 5 mM for 30 min) and then measure survival. Similarly, heat shock at 50°C
for 30 min can be applied. We expect treated cultures (especially with
quercetin/vitexin) to survive significantly better due to upregulated antioxidant

defenses.
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Chapter 3
Material and Method




3.1 Materials:
The following materials were used during the experimental process:
Biological Samples

« Cordyceps militaris slants — obtained from ICAR-Directorate of
Mushroom Research (DMR), Solan

« Vitex negundo leaves — collected from Shamlaghat region, Shimla

« Saccharomyces cerevisiae yeast strain — for antioxidant bioassays

Chemicals and Reagents

« Quercetin (flavonoid standard)

« Vitamin B, (cyanocobalamin)

« Ethanol

« DCFDA (2',7'-Dichlorofluorescin diacetate)
« DPPH (2,2-diphenyl-1-picrylhydrazyl)

« TBA (Thiobarbituric Acid)

« TCA (Trichloroacetic Acid)

« Methanol, PBS, DMSO, Distilled water

All chemicals and solvents were of analytical quality and used as received.

3.2 Methods

3.2 Culture and Extraction of Cordyceps militaris

Cordyceps militaris is a well-documented entomopathogenic fungus with strong
antioxidant, anti-inflammatory, and immunomodulatory properties. To utilize its
bioactive compounds:

« Fungal Culture:
o C. Militaris slants were procured from ICAR-DMR Solan.
o Culturing was done on sterilized brown rice beds supplemented with
nutrients such as peptone or yeast extract, MgSOs, and a
multivitamin mix.
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o Cultures were incubated in dark conditions for the first 7-8 days,

followed by exposure to light for fruiting body development.
« Extraction:

o Fully grown and dried fruiting bodies were finely powdered.

o Stock solutions were prepared using distilled water and PBS
buffer, with gentle heating and shaking to aid solubilization.

o Supernatants were collected after centrifugation for downstream use
In antioxidant assays.

Fig 2: Stepwise culturing of Cordyceps militaris. (A) Pure culture of C. militaris in a liquid broth medium showing
initial mycelial growth (liquid spawn preparation). (B) Advanced liquid culture after 5-7 days of
incubation, with dense mycelial biomass suspended in the nutrient-rich medium. (C) Inoculation of
sterilized brown rice substrate in jars using prepared liquid spawn under aseptic conditions. (D) Jars
incubated under controlled conditions (temperature, humidity, and light cycle) to facilitate fruiting body
development. This flow represents the sequential process from inoculation to substrate colonization for
secondary metabolite extraction and biomass generation.
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Fig 3: Cordyceps militaris extracts prepared using two different solvents: phosphate-buffered saline (PBS) and
distilled water. The beaker on the left contains the PBS-based extract, while the right shows the water-based
extract.

3.3 Collection and Preparation of Vitex negundo Extract

Vitex negundo is known for its strong antioxidant and anti-inflammatory
phytochemicals like vitexin and isovitexin.

« Leaf Collection and Drying:
o Leaves were collected from various V. negundo plants near
Shamlaghat, Shimla.
o Samples were dried under pressure using newspaper layers in a
moisture-free environment.
o Only healthy green lamina were retained; petioles and base parts
were discarded.
« Grinding and Extraction:
o Leaf material was crushed both with and without liquid nitrogen to
ensure cellular disruption.
o Extracts were prepared in water, ethanol, or PBS depending on
downstream requirements.
o After incubation, extracts were centrifuged, and the supernatant was
stored at 4°C for further testing.

3.4 Preparation of Quercetin and Vitamin By, Solutions

« Quercetin:
o Stock solutions were prepared by dissolving quercetin in ethanol, a
polar organic solvent that enhances flavonoid solubility.
o The solution was diluted with water or PBS to desired working
concentrations.
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« Vitamin B1a:
o Vitamin B1, was dissolved in sterile PBS or distilled water to prepare
standard stock solutions.

3.5 Yeast Strain and Culture Conditions

The model organism selected for the antioxidant assays was Saccharomyces
cerevisiae, owing to its genetic tractability, well-conserved stress response
pathways, and established use in redox biology.

« Strain: Saccharomyces cerevisiae

« Growth Medium: YPD broth (Yeast Extract 1%, Peptone 2%, Dextrose
2%)

« Culture Volume: 10 mL per test tube, inoculated with 150 pL of actively
growing yeast culture

« Incubation Conditions: Cultures were incubated at 30°C in a shaking
incubator at 180 rpm to ensure aeration and uniform growth

« Growth Monitoring: Optical Density (ODsi7) was recorded at regular
time intervals: 0, 2, 4, 6, 8, 12, and 24 hours, using a UV-Visible
spectrophotometer

This time-course data allowed assessment of growth dynamics and extract-
induced variations in proliferation patterns under oxidative stress conditions.

To rigorously evaluate the synergistic anti-aging effects of the four
compounds, we propose a multi-tiered experimental design. The study will be
done on yeast aging. Each arm will test the effects of individual compounds
(cordycepin, quercetin, Bj,, vitexin), pairwise combinations, and the full
combination of all three, compared to appropriate controls.

3.6 Experimental Design and Treatment Groups

To evaluate the individual and combined antioxidant effects of Cordycepin,
Quercetin, Vitamin B1z, and Vitex negundo extract, multiple treatment groups
were established. All treatments were performed in triplicate to ensure statistical
reliability.

27




Treatment Groups and Dosage Scheme

Group Name Treatment Description

Control No treatment (baseline yeast growth)

Cordycepin (200 pL) + Quercetin (150 pL) + Vitex negundo
extract (200 pL)

Medium Dose Cordycepin (450 pL) + Quercetin (220 pL) + Vitex negundo
Combo extract (350 pL)

Cordycepin (1000 pL) + Quercetin (400 pL) + Vitex
negundo extract (600 pL)

Vitamin B12 Vitamin Bi» (100 pL), tested alone and in combination with
Group selected extracts

Low Dose Combo

High Dose Combo

Each combination aimed to reflect a dose-response model to identify optimal
concentrations for maximum antioxidant or growth-promoting effects.

Treatment volumes were standardized across all groups to eliminate solvent-
based variability. The responses were monitored using growth curve analysis and
ROS quantification assays described in subsequent sections.

3.7 Antioxidant Assays

Antioxidant-related assays were performed to assess the bioactivity of the tested
compounds.

3.7.1 DPPH Radical Scavenging Assay

Principle: This colorimetric assay measures the ability of antioxidants to
scavenge the stable DPPH free radical, resulting in a decrease in absorbance at
507 nm.

Procedure:

« 1 mL of 0.1 mM DPPH solution (in methanol) was mixed with 1 mL of the
test sample.

« The mixture was incubated in the dark for 30 minutes at room temperature.

« Absorbance was recorded at 507 nm.
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Gallic acid or ascorbic acid was used as a positive control.

Scavenging Percentage was calculated using:

ScaVenging %Z((Abcontrol_Absample)/ Abcontrol)x 100

3.8 Data Analysis

Each assay was conducted in triplicates, and results were expressed as

mean * standard deviation (SD).

Graphs were created using Microsoft Excel for visual data representation.
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Chapter 4

Result and Discussion

(Summarized Data & Figures)
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This section presents the key findings from the experimental
investigations, alongside relevant data extracted from recent literature for
comparison. All results are synthesized to highlight the individual and combined
effects of cordycepin, quercetin, and, vitexin on aging markers in yeast.

Below are some growth curves related to some varied experiments.

“Yeast Growth Curve under Cordycepin and Quercetin Combination
Treatments”

Control (TTO)
—#— TT1 (Very Low C + Low Q) /

—4— TT2 (Low C + Low Q) /
20H—* TT3 (Low C + Medium Q) 5 ;

TT4 (Medium C + Medium Q) :
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Fig 4;Yeast was treated with escalating combinations of Cordycepin and Quercetin across six groups (TT0 to
TT5). High-dose combinations (TT5: 1 mL Cordycepin + 500 uL Quercetin) showed late-phase growth
dominance, while low-to-medium groups plateaued earlier. Results indicate delayed but stronger synergistic
effects at higher concentrations over 24 hours.

Experimental Conditions
Treatment Group Description
TTO Control (No treatment)

TTI Very Low Cordycepin + Low Quercetin
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Treatment Group Description

TT2
TT3
TT4

TTS

Low Cordycepin + Low Quercetin
Low Cordycepin + Medium Quercetin
Medium Cordycepin + Medium Quercetin

High Cordycepin + High Quercetin

Growth Trends and Interpretation

1. Early Phase (4-6 hours)

o

o

All groups show rapid growth, typical of the lag to exponential
transition.

TT1 (Very Low C + Low Q) exhibits an early spike possibly due to
low-dose stimulation (hormetic effect).

Other groups are closely clustered.

2. Mid Phase (612 hours)

o

TTO (Control) shows the highest OD * suggesting maximum
uninhibited growth.

TT4 (Medium C + Medium Q) catches up quickly, surpassing
several treated groups.

TT5 (High C + High Q) lags initially but begins to rise steeply after
12 hours, indicating delayed but strong response.

3. Late Phase (1224 hours)

o

TTS5 shows the highest final OD, suggesting the synergistic effect
of high-dose Cordycepin and Quercetin on late-phase
proliferation or stress resistance.

TTO, TT4, and TT3 converge * indicating moderate effectiveness
or saturation of lower doses.

TT1 and TT2 platecau earlier * indicating sub-optimal
concentrations.
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Key Deductions
1) Dose Dependency:
a) Higher doses (TTS) eventually produce the strongest growth response.

b) Very low doses (TT1) may induce early activation but fail to sustain
growth.

2) Synergistic Effects:

a) Combination of Cordycepin and Quercetin at moderate to high levels
enhances growth over time.

b) Delayed acceleration in TT5 suggests compensatory or stress-adaptive
proliferation.

3) Control Performance:

a) Control remains consistently high until TTS overtakes, suggesting that
untreated yeast may grow faster initially but lacks long-term stimulation
or protection that bioactive compounds provide.

Scientific Explanation

o Cordycepin: Enhances energy metabolism via AMPK activation and
mTOR inhibition — prolongs proliferative lifespan.

o Quercetin: Potent antioxidant, reduces intracellular ROS — supports cell
survival and replication.

o Together, they likely:
o Stabilize proteostasis
o Enhance mitochondrial performance
o Delay senescence

o Promote adaptive stress responses
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Conclusion

The combination of Cordycepin and Quercetin demonstrates a dose-dependent
synergistic effect on yeast growth. While moderate doses promote consistent
growth (TT4), high-dose combinations (TT5) significantly enhance
proliferation during the late growth phase, possibly through improved redox
balance and cellular stress resilience. These findings support the hypothesis that
natural compound synergy can mimic caloric restriction-like effects and promote
longevity-associated traits in yeast.

“Comparative Yeast Growth Curve Under PBS-Based vs. Water-Based
Extract Formulations”

Liy No Dose
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Fig 5;Growth curve of yeast treated with low and high doses of extracts prepared in either phosphate-buffered
saline (PBS) or distilled water. Water-based formulations (both low and high doses) outperformed PBS-based
ones, indicating better extract compatibility and bioavailability. The control group exhibited slower growth,
confirming the stimulatory impact of the formulations.

Experimental Conditions
Group Name Description

No Dose Untreated control
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Group Name Description

Low PBS Extract dissolved in PBS (low dose)
High PBS Extract in PBS (high dose)

Low Water  Extract dissolved in water (low dose)

High Water  Extract in water (high dose)

Growth Trends and Interpretation
1. Early Phase (4 Hours):
All groups begin with similar OD values (~0.33—0.39)

High PBS starts with the highest OD (~0.37), indicating early stimulatory
response

2. Mid Phase (8 Hours):

OD values diverge:

o Water-based groups (Low/High) and No Dose all show similar
and higher OD (~0.75-0.76)

o PBS-based groups (Low/High) show slower growth (~0.62—-0.63)
3.Late Phase (12 Hours):
o Water-based treatments outperform PBS-based ones

o High Water and Low Water reach ~1.10 and 1.09, respectively

o No Dose also performs comparably (~1.08)

o High PBS and Low PBS lag behind at ~0.75 and 0.82, respectively

Conclusions
1. Water-Based Extracts Enhance Growth

o Both Low and High Water groups showed better overall growth than
their PBS counterparts.

o The effect is dose-independent for water-based extracts, as both
low and high doses performed similarly.
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2. PBS-Based Extracts May Impede Growth
o Possible reasons include:
« Buffer incompatibility with active compounds

= lIon imbalance or osmotic interference with yeast
metabolism

o High PBS showed initial stimulation but plateaued early,
suggesting possible stress adaptation or extract instability in PBS.

3. Control (No Dose) Shows Stable Growth

o Indicates that extract addition did not wuniversally boost
growthbenefits were formulation-dependent.

Biological Implication

« Water may serve as a better solvent system for preserving or releasing
bioactive compounds in a way that yeast can utilize efficiently.

« PBS, while commonly used, may affect:
o pH buffering
o Bioavailability of phenolic/flavonoid components

o Interactions with yeast membrane or nutrient uptake

Summary Statement:

The water-based extract formulations (both low and high doses) promoted greater
yeast proliferation compared to their PBS-based counterparts, as indicated by
ODsoo measurements over 12 hours. This suggests superior bioavailability or
compatibility of the water-based preparation. In contrast, PBS-based treatments
exhibited reduced growth, possibly due to extract instability or interference with
cellular uptake. These findings emphasize the importance of solvent selection in
extract formulation for bioefficacy studies.
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“Growth curve analysis of different Experimental Groups”

Growth Curve Analysis of Different Experimental Conditions

2.25F

2.00F
S 1.75F
o
)
a
O 150}
2
2 1.25¢
]
(=)
S 1.00f
-
%
O

0.75F No Dose (Control)

—e— Low Cordyceps (200uL)
—e— High Cordyceps (1000puL)
0.501 —e— Low Cordyceps, Low Quercetin (50uL each)
- Medium Cordyceps, Medium Quercetin (150uL each)
0.25+ —e— High Cordyceps, High Quercetin (ImL + 500pL)
5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
Time (hours)

Fig 6: This growth curve compares yeast growth under control conditions and various concentrations of
Cordycepin and Quercetin (individually and in combination). The group receiving high doses of both Cordycepin
(1 mL) and Quercetin (500 ul) showed the most significant growth, particularly after 12 hours, suggesting
synergistic interaction. All combinations outperformed the control, confirming the antioxidant synergy.

Experimental Design Summary

Group Treatment Description

Control No Cordycepin or Quercetin (baseline growth)
Low C 200 pL Cordycepin only

High C 1000 nL Cordycepin only

Low C + Low Q 50 uL Cordycepin + 50 uL Quercetin

Medium C + Medium Q 150 pL each of Cordycepin and Quercetin
High C + High Q 1000 uL Cordycepin + 500 uL Quercetin
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Growth Trends

1. Early Phase (0—6 hours):
o All groups show minimal increase in OD (lag phase).

« High C + High Q starts at a significantly higher OD (~0.9) than other
groups, possibly due to pre-adaptation or enhanced metabolic state
induced by synergistic stimulation.

2. Exponential Phase (6-12 hours):

o All groups begin steep upward growth.

« High C + High Q exhibits a sharp spike, reaching ~1.95 by 12 h'well
above others.

« All other treatments follow a consistent but less dramatic trajectory (OD
~1.3-1.5).

3. Stationary Phase (1224 hours):
o All groups show sustained increase, but plateauing is observed.

« High C + High Q continues to outperform (OD ~2.25), while other
treatments converge (~2.0) including Control.

Interpretation & Insights

1. High-Dose Combination (Cordycepin + Quercetin) Significantly
Enhances Growth:

o High doses lead to early adaptation, rapid proliferation, and
elevated final biomass.

o Likely due to:
=  ROS reduction
= Enhanced mitochondrial efficiency
= Stress tolerance activation via AMPK/mTOR modulation
2. Single Treatments (Cordycepin only) Are Less Effective:

o Low C and High C alone perform worse than combination
treatments, suggesting Cordycepin’s limited solo effect.

3. Medium-Dose Combination Is Comparable to Control:
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o Medium C+ Q doesn’t significantly outperform Control — indicates
threshold of synergy exists.

4. Low-Dose Combination Slightly Improves Growth:

o Compared to Low C or High C alone, Low C + Q shows better
consistency in exponential phase — early synergistic effect likely
beneficial at this range.

Biological Mechanism Hypothesis
o Cordycepin promotes autophagy via AMPK activation and mTOR

inhibition.
o Quercetin reduces ROS, enhances mitochondrial membrane potential,
and supports FOXO pathway.

o Together, they mimic caloric restriction effects, extend proliferation, and
suppress senescence.

Conclusion

The combination of Cordycepin and Quercetin, particularly at high
concentrations, exhibits a synergistic effect on yeast growth, with significantly
enhanced proliferation and biomass accumulation compared to individual
treatments or the untreated control. This suggests a dose-dependent interaction
wherein both compounds collaboratively improve cellular homeostasis, likely via
antioxidant action and stress-resistance pathway activation.
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“Yeast Growth Curve under combined treatment of Cordycepin,
Quercetin and Vitex Extract”

Yeast Growth Curve under Combined Treatment of Cordycepin, Quercetin, and Vitex Extrac
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Fig 7:Yeast growth was measured over 8 hours following treatment with increasing doses of a Cordycepin,
Quercetin, and Vitex extract blend. All treated groups grew faster than the control, with the low-dose group

showing superior early proliferation. Growth plateaued in all treatment groups by hour 8, further supporting a
hormetic response at lower doses.

Yeast Growth Curve under Combined Treatment of Cordycepin,
Quercetin, and Vitex Extract

Treatment Groups & Dosages
Group Treatment

Control 0 pL (no treatment)

Cordycepin (200 pL) + Quercetin (150 pL) + Vitex negundo (200
pL)

Medium Cordycepin (450 pL) + Quercetin (220 uL) + Vitex negundo (350
Dose uLl)

Low Dose

Cordycepin (1000 uL) + Quercetin (400 uL) + Vitex negundo (600

High Dose
8 pL)
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Observations from the Graph
1. Initial Point (0 h):

o All groups start at nearly identical OD (~0.10), confirming equal
starting biomass.

2. 4 Hours:

o All treated groups (low, medium, high) show rapid exponential
growth compared to the control.

o Low dose shows the highest OD (~1.0), slightly outperforming
medium and high doses.

3. 6 Hours:

o Low, medium, and high dose groups converge between OD600
~1.2-1.3, still significantly higher than control (~0.55).

4. 8 Hours:

o All treated groups plateau around OD600 ~1.4-1.5, while control
reaches ~0.9.

o The Low Dose group maintains a marginal lead over Medium and
High.

Interpretation and Deductions
1. Enhanced Growth by All Extract Combinations

o The treatments combining Cordycepin + Quercetin + Vitex negundo
extract led to markedly enhanced yeast growth over the control at all
time points.

« This suggests synergistic action of the three compounds in promoting cell
proliferation.

2. Low Dose is Surprisingly Most Effective (Hormesis)

o« The Low Dose group shows better growth than Medium or High,
especially in early time points.

« This indicates a possible hormetic effect © where low levels of bioactive
stressors stimulate growth, while higher doses may induce mild
inhibitory effects or metabolic burden.
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3. High Dose Doesn’t Equal High Growth

« Although not cytotoxic, the high-dose group does not outperform lower
doses.

« This plateau suggests the presence of an optimal concentration window,
beyond which no additional benefit is gained.

4. Time-Dependent Effectiveness

« Differences are most notable at early and mid-log phase (4—6 hours),
confirming that the combined extract accelerates the exponential growth
phase.

« All treatment groups begin plateauing around 8 hours, entering stationary
phase.

Scientific Explanation

o Cordycepin: Known to inhibit mTOR and promote autophagy, enhances
growth in nutrient-stressed cells.

e Quercetin: Antioxidant that protects cells from ROS and stabilizes
mitochondrial function.

o Vitex negundo extract: Contains flavonoids (e.g., vitexin), which also
offer antioxidant, anti-inflammatory, and growth-supporting properties.

Together, these likely:
o Boost mitochondrial efficiency
« Reduce oxidative stress
o Enhance biosynthetic metabolism

o Delay stress-induced stalling of cell division

Conclusion

The combined treatment of Cordycepin, Quercetin, and Vitex negundo extract
significantly improved yeast proliferation compared to the control group.
Notably, the low-dose combination showed the most pronounced effect,
suggesting a hormetic response, where moderate stimulation triggers protective
and pro-growth mechanisms. This dose-dependent outcome supports the potential
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of these compounds in anti-aging and growth-enhancing applications, with
implications for optimizing dosage in nutraceutical or therapeutic formulations.

“Yeast Growth Curve with Varying Doses of Cordycepin and Vitex Extracts”
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Fig 8: Yeast growth curve under varying concentrations of Cordycepin and Vitex negundo extracts over a 12-hour
incubation period. Optical density (ODsoo) measurements were recorded at 2, 6, and 12 hours. All treated groups
exhibited significantly enhanced growth compared to the untreated control, with the high-dose combination
showing the most rapid initial proliferation. By 12 hours, all treatment groups converged at similar OD levels
(~2.1-2.2), suggesting strong dose-responsive early effects followed by eventual saturation. These results
highlight the synergistic role of Cordycepin and Vitex in promoting yeast cell proliferation.

Experimental Overview

Group Treatment Description
Control 0 uL (untreated)
Low Dose Cordycepin + Vitex (low concentration)

Medium-Low Dose Intermediate dose between low and medium
Medium Dose Cordycepin + Vitex (moderate concentration)

High Dose Cordycepin + Vitex (high concentration)
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Growth Pattern Interpretation
At 2 Hours (Early Lag Phase)
o OD values show clear dose-dependent separation:
o Control is lowest (~0.1)
o Growth increases progressively with each higher dose

o High Dose already achieves OD ~0.72, indicating enhanced early
metabolic activation

At 6 Hours (Exponential Phase)
« Control shows negligible growth (~0.12), still in lag phase.
o All treated groups show moderate growth:

o Low Dose and Medium-Low doses remain closely grouped (~0.40—
0.45)

o High Dose reaches OD ~0.89 * double that of Medium Dose,
reflecting robust early proliferation.

At 12 Hours (Log-Stationary Transition)
o All treatment groups rapidly increase OD, converging near:
o High Dose: ~2.20
o Medium Dose: ~2.15
o Medium-Low: ~2.12
o Low Dose: ~2.10

« Control: OD ~1.25 ¥ growth improved but significantly lower than all
treated samples.

Conclusions and Deductions
1. Cordycepin + Vitex Promotes Yeast Growth in a Dose-Responsive Manner

o All treatment groups showed enhanced growth over the untreated
control.

o @Growth curves exhibit a clear dose-dependent pattern, especially in
early growth.
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2. High Dose Has Early Onset and Strongest Effect

o High Dose starts strong and maintains a consistent lead through all
phases.

o Indicates better activation of metabolic or antioxidant pathways,
allowing faster transition from lag to exponential growth.

3. All Doses Converge by 12 Hours

o Despite early differences, by 12 hours, all treatment groups converge
near OD ~2.1-2.2.

o Suggests that cell proliferation eventually equalizes, possibly due to
nutrient saturation or carrying capacity of the medium.

4. Control Group Lags Significantly

o The untreated control grows at a slower and steadier pace,
confirming the stimulatory effect of the bioactive compounds.

Biological Insight

o Cordycepin: Likely activates AMPK and inhibits mTOR, promoting
energy efficiency and autophagy.

o Vitex negundo: Rich in vitexin and antioxidant flavonoids, enhances redox
stability and supports biosynthesis.

o Combined: They mimic mild stress and trigger adaptive growth pathways,
especially effective during exponential growth.

Conclusion

The combination of Cordycepin and Vitex negundo extract significantly enhanced
yeast proliferation in a dose-responsive manner. While higher doses accelerated
early growth (notably at 2—6 hours), all treatment groups achieved similar ODsoo
values (~2.1-2.2) by 12 hours. The untreated control lagged throughout,
reinforcing the bioactive synergy between Cordycepin and Vitex components.
These findings support the hypothesis that combined phytochemical treatment
can improve cellular resilience and promote growth, with implications for
antioxidant therapy and anti-aging research.
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Fig 9: DPPH radical scavenging activity of Cordycepin, Vitex negundo extract, their combinations, and Gallic
acid (standard control). Gallic acid showed the highest antioxidant activity (>80%), followed by high-dose
Cordycepin. Vitex exhibited moderate scavenging, with low doses performing better than high. Combined
treatments showed reduced efficacy at higher concentrations, suggesting potential antagonism or redox

imbalance. Results highlight the antioxidant potential of individual compounds and the importance of dose
optimization in combinatorial use.

Some key findings:

» Gallic acid (a standard antioxidant) shows the highest scavenging activity,
validating the test.

» High-dose cordycepin + Vitex shows relatively low activity, suggesting
no additive effect at that concentration.

» Medium and low doses of individual and combined extracts show
moderate antioxidant potential.

» High-dose cordycepin alone has significant scavenging activity,
indicating strong concentration-dependent behavior.
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Fig 10: Visual representation of the DPPH scavenging assay using different plant extract samples. The first image
(left) shows the test tubes immediately after mixing the extracts with DPPH solution, before the onset of the
reaction. The second image (right) was captured after incubation, indicating varying degrees of color fading due
to the reduction of DPPH radicals. Greater discoloration (pale or yellowish appearance) corresponds to higher
antioxidant activity. The sample on the right in the second image shows the most prominent fading, suggesting a
strong free radical scavenging effect.

Fig 11: Cultivation and Harvest of Lab-Grown Cordyceps militaris Using Brown Rice Substrate. (Top) Cordyceps
militaris cultures incubated in glass jars under controlled laboratory conditions, showing moderate mycelial
colonization and sporulation over brown rice medium. (Bottom) Dried fruiting bodies harvested from the cultures,
with observed biomass yields of 7.19 g and 5.0 g respectively. Despite suboptimal growth compared to expected
standards, the cultures successfully produced identifiable stromata characteristic of C. militaris.
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Chapter 5

Conclusions




5.1 Conclusion

This study aimed to evaluate the anti-aging and cell-proliferative potential of
Cordycepin, Quercetin, Vitamin Bi,, and Vitex negundo (Vitexin) using
Saccharomyces cerevisiae as a model organism. A series of experiments
involving different dosages, combinations, and delivery media (water vs PBS)
were conducted to determine optimal growth and stress-resilience conditions.

Results showed that while all bioactive treatments improved yeast growth
compared to control under certain conditions, the best-performing results were
consistently observed at low or moderate doses. These findings suggest a
hormetic effect, where low doses enhance cellular processes while high doses
may induce metabolic stress or cytostatic effects. Water-based formulations
showed superior efficacy compared to PBS-based ones. Additionally, combined
treatments, particularly those involving Cordycepin and Vitex negundo,
demonstrated clear synergistic benefits. Growth curves, OD analysis, and
antioxidant assays (DPPH) supported the overall efficacy and potential of these
natural compounds in modulating cell growth and oxidative stress responses.

5.2 Key findings

* Low-dose combinations of Cordycepin, Quercetin, and Vitex negundo
significantly enhanced yeast growth in early and exponential phases.
* High-dose treatments displayed temporary growth suppression, supporting the
hypothesis of a hormetic effect.
» Water-based extract formulations were more effective than PBS-based ones.
* Synergistic effects were observed in combinations, particularly with Cordycepin
and Vitex, supporting their use in natural therapeutic formulations.
* Growth curve data highlighted dose-specific responses and time-sensitive
metabolic adaptations.
* DPPH assays confirmed antioxidant activity, further supporting extract efficacy.
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