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ABSTRACT

Aging has been increasingly recognized as a global health burden. Current aging research suggests that preventative
strategies may increase both lifespan and healthspan. Many natural compounds or natural products have
demonstrated promising antiaging benefits and gained popularity in aging research. The present study evaluated
two compositions comprised of nicotinamide mononucleotide, quercetin, alpha ketoglutarate, white button
mushroom extract (standardized to spermidine), Transfer Factor (TF) (extracts from cow colostrum and chicken
egg yolk) with or without milk thistle fruit extract (standardized to silybin) and apigenin for their antiaging effect
in Caenorhabditis elegans (i.e., C. elegans). The active ingredients included in the two compositions were screened for
their senolytic effects on cell viability of irradiated human umbilical vein endothelial cells. To further explore their
potential molecular mechanisms of action, the two compositions were also tested for their binding activity to human
sirtuin enzymes and TF on natural killer cell activities in human peripheral blood mononuclear cells from both
young and old donors. Both compositions significantly increased the lifespan and healthspan of C. elegans. Both
compositions demonstrated significant dose-dependent inhibitory effect on several sirtuins. When treated with TF,
both younger and older human peripheral blood mononuclear cells bolstered natural killer cell activity. The present
study suggested that these two compositions significantly improved both lifespan and healthspan of C. elegans likely

by modulating sirtuin activity and rejuvenating senescent immune cells.
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INTRODUCTION

Aging is a major risk factor for nearly all major chronic diseases,
cardiovascular Alzheimer’s,

Parkinson’s and other neurodegenerative diseases [1-4]. Age-related

including diseases,  cancers,
decline of immune function, also known as immunosenescence,
has been increasingly recognized as an important cause of age-
related morbidity and mortality, which may extend beyond its
role in infectious diseases. Current aging research suggests that
preventative strategies may increase both lifespan and healthspan.
Potential restorative interventions reversing the many biological
clocks back to the young productive healthy state can help prevent
loss of function and possibly result in future performance gains.
Many agents including natural compounds or natural products have
demonstrated potential antiaging benefits and gained popularity in
aging research [5,0].

Nicotinamide Mononucleotide (NMN) is a precursor to
Nicotinamide Adenine Dinucleotide (NAD"), a coenzyme that plays
an important role in various cellular processes, including energy

metabolism and DNA repair. As individuals age, there is a decline

in NAD" levels, which is associated with decreased mitochondrial
function, impaired energy production and compromised cellular
repair mechanisms. NAD" is important for mitochondrial function
and maintaining optimal levels of this coenzyme may support the
efficiency of cellular energy production. NAD" is also a cofactor
for sirtuins, a class of enzymes that play a role in regulating various
cellular processes, including DNA repair, apoptosis and energy
metabolism. Sirtuins play roles in the extension of lifespan and
healthspan. The antiaging effects of NMN are primarily attributed
to its ability to boost NAD" levels within cells. Preclinical and
clinical studies have demonstrated that administration of NMN
can improve blood NAD* levels and improve biomarkers of aging.
NMN administration was also shown to increase Natural Killer
(NK) cell cytotoxic activity [7-9].

Quercetin (from Styphnolobium japonicum) is a flavonoid found in
various fruits, vegetables and plants. Recently it has been studied
and considered a senolytic, that selectively clear senescent cells.
Quercetin has also been reported to modulate the activity of immune
cells, including T cells, B cells and NK cells. It may enhance the
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production of certain cytokines and support a stronger immune
response, particularly in the context of immunosenescence [10,11].
Preclinical study showed that quercetin improved both healthspan
and lifespan in mice [12]. Apigenin (from Apium gravolens) is
another natural flavonoid that has been studied for its antiaging
effect and is considered a senolytic [13]. Apigenin induces apoptosis
and regulates Mitogen Activated Protein Kinases (MAPK) signaling
pathways in mouse macrophage Antinuclear Antibody-1 (ANA-1)
cells [14]. Apigenin has also been shown to protect against stress
factors and promote lifespan of C. elegans [15].

Alpha Ketoglutarate (AKG) is a small molecule that is naturally
present in the human body. It is used as a fuel by mitochondria,
thereby improving cellular mitochondrial health. AKG levels
decline about 10 fold between 40 and 80 years old [16]. It is not
readily available in the diet, thus requiring supplementation and
has been shown to extend lifespan and improve healthspan in
various organisms, including humans [17].

White button mushroom (from Agaricus bisporus) has been
investigated  for its
inflammatory and antiaging effects. Spermidine, a naturally

potential immunomodulatory, anti-
occurring polyamine in white button mushroom, has been
shown to induce autophagy, a cellular process responsible for
the degradation and recycling of damaged cellular components.
Autophagy is important for maintaining cellular homeostasis
and thus longevity and the mitigation of agerelated diseases.
The induction of autophagy by spermidine may also contribute
to the removal of dysfunctional components within immune
cells, promoting their overall functionality [18,19]. Spermidine
was shown to improve lifespan in mice, via autophagy induction
[20]. Another study further suggested that spermidine might also
improve lifespan via protecting against telomere attrition [21]. Milk
thistle (from Silybum marianum) fruit extract has been investigated
for its potential anti-aging effects, primarily due to its antioxidant,
anti-inflammatory, immunomodulatory and senolytic activities
[22]. Further, one study performed in transgenic mice and human
breast SKBR3 tumor cells suggest that silybin may act as a senolytic
based on a senescent like growth arrest on the tumor cells [23].

TF, a combination of cow colostrum filtrates and chicken egg yolk
extract, has been shown to modulate immune responses in a variety
of human ex vivo and murine immune cells [24-27]. Most recently,
it has been used for improving immune functions in humans [28].

Whilst there are many studies of individual natural product
ingredients targeting the attributes of aging, there are few that
explore this area with combinations of natural product ingredients.
In this effort, there lies the potential to realize additive or synergistic
benefits in different combinations of ingredients, particularly
those that target different attributes of aging. In the present study,
two compositions including NMN, quercetin, AKG, white button
mushroom extract (standardized to spermidine) and TF with or
without milk thistle fruit extract (standardized to silybin) or apigenin
were evaluated for their antiaging effect in C. elegans, which is a
standard model to assess improvements in lifespan and healthspan.
The ingredient composition in the two formulas were designed to
towards increasing lifespan and healthspan in C. elegans, taking
into account the constraints of providing a convenient and cost-
effective capsule delivery format designed for human consumption.

The active ingredients included in the two compositions were
screened for their senolytic effects on cell viability irradiated Human

Umbilical Vein Endothelial Cells (HUVEC), which represents one
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of the key attributes of aging. To further explore their potential
molecular mechanisms of action, the two compositions were also
tested for their binding activity to human sirtuin enzymes, which
may play a role in several attributes of aging, including genomic
stability, mitochondrial function and loss of proteostasis. TF’s effect
on NK cells activities in human Peripheral Blood Mononuclear
Cells (PBMCs) from both young and old donors was also evaluated
as a surrogate for immune senescence.

MATERIALS AND METHODS

Test compounds and formulations used in studies

All ingredients and formulas were supplied by 4Life Research.
Colostrum filtrates were prepared by defatting whole bovine
colostrum and ultra or nano-filtering to concentrate the peptides
and proteins with molecular sizes smaller than 10,000 or 5000
Daltons, respectively. The colostrum filtrates were spray dried to a
fine powder. Chicken egg yolk extract was prepared by separation
of the yolk from the albumen and eggshell, followed by spray
drying to a fine powder. TF is a proprietary combination of these
colostrum filtrates with the egg yolk extract. NMN is a food grade
bulk powder, greater than 98% pure.

Quercetin is extracted from Styphnolobium japonicum buds,
standardized to greater than 95% purity. Silybin is extracted from
Silybum marianum fruiting body, standardized to greater than
30% purity. Apigenin is extracted from Apium gravolens seeds,
standardized to greater than 98% purity. Spermidine is extracted
from Agaricus bisporus fruiting body, standardized to greater than
1% purity. Alpha ketoglutarate is a food-grade crystalline powder,
greater than 99% pure. Other individual ingredients (e.g., green tea
extract, fisetin extract) were also examined in the senescence assay

but are not described in detail due to their lack of activity.

The formulas were comprised of various combinations of the
above ingredients. Formula 1 is a combination of AKG (>45%),
NMN (>25%), colostrum filtrates (>5%), quercetin extract (>2%),
spermidine extract (>2%), egg yolk extract (>2%) and apigenin
extract (>2%). Formula 2 is a combination of AKG (>75%),
colostrum filtrates (>5%), quercetin extract (>2%), spermidine
extract (>29%), egg yolk extract (>2%) and silybin extract (>2%).

Screening of natural products for selective cellular
senescence activity

HUVECs (Lonza) were thawed from cryopreservation and seeded
to T-182 cm? flasks in growth medium: Vascular Cell Basal Medium
(PCS-100-030) supplemented with an Endothelial Cell Growth Kit-
VEGF (PCS-100-041). Cells were passaged when confluence reached
80% and were detached using accutase following manufactures
guidelines. Incubation conditions were 37.0°C with 50% CO,.

Upon initiation of study, HUVEC were seeded to white, clear
bottom 96 well plates at a seeding density of 12,600 cells/well in
100 pL of growth medium for downstream work in dosing with
4Life compounds. Cells were also seeded to black, clear bottom
96 well plates at a seeding density of 12,600 cells/well in 100 pL
of growth medium for downstream quality control of senescent
phenotype expression. All plates were then subsequently irradiated
with a 10 Gy insult to induce cellular senescence. Plates were
incubated for 72 h post-irradiation with a complete media change
to 100 pL fresh growth medium 24 h post irradiation.

At 48 h post-irradiation of group 1, HUVEC maintained in culture
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were seeded to white, clear bottom 96 well plates at a seeding density
of 6,300 cells/well to match the remaining cells that experienced
irradiation from group 1 for downstream use in dosing. Cells were
also seeded to black, clear bottom 96 well plates at a seeding density
of 6,300 cells/well in 100 pL of growth medium for downstream
quality control of senescent phenotype expression.

Study samples were reconstituted in DMSO to 10 mg/mL. White,
clear bottom 96 well plates from Group 1 and Group 2 were
removed from incubation and dosed in 11 point serial dilution
with study samples in triplicate. Plates were imaged directly post-
dose and returned to incubation for 72 h.

Upon completion of the 72 h incubation, plates were removed
from incubation and imaged for representation of dosing
effects. Plates were then subsequently analyzed for viability using
CellTiterGlo Luminescent Cell Viability Assay (Promega G7570)
following vendor protocols. Raw luminescent values were plotted
against study samples concentrations to look for dose-response and
Effective Concentration 50 (EC50) values plotted as compared to
Navitoclax.

Cellular senescence was verified using HUVEC seeded to black,
clear bottom 96 well plates from Group 1 and Group 2 were
analyzed the same day as initial dosing for senescent phenotype
expression using the following methods: ClickiT EdU Staining
(Thermo C10338), SAB-Gal (Cell Signaling 9860) following

vendor recommended procedures [29].

Lifespan and healthspan effects of two formulas in C.
elegans

The methods employed are necessarily the same as originally
published. Wild type (N2) C. elegans were cultured on 60 mm petri
dishes (Fisher Scientific; Austin, TX, USA) on a standard food
source of E. coli OP50 and incubated for 48 h at 20°C. For age
synchronization, a suspension of gravid adults in 20 mg/mL E. coli
OP50 were loaded into microfluidic chips and allowed to lay eggs
for 2 h [30]. These progenies were grown for 3 days and then loaded
into microfluidic chips along with 20 mg/mL of E. coli OP50 in
liquid Nematode Growth Medium (NGM). Two concentrations of
Formula 1 (2.088 mg/mL and 4.176 mg/mL) and Formula 2 (2.492
mg/mL and 4.984 mg/mL) were formulated in liquid NGM and
mixed with DMSO (Fisher Scientific). The lower concentrations
represent the Human Equivalent Dose (1x HED) in C. elegans
based on human consumption dosage of these formulas and the
higher concentration represents 2x HED [31]. A positive control
group with 100 uM Resveratrol and a vehicle control were also
included. In all tested solutions, the final concentration of DMSO
was maintained at 0.2% v/v and the food concentration was

maintained at 20 mg/mL of E. coli OP50.

Each microfluidics assay was conducted in triplicate (three
biological replicates) and each biological replicate consisted of 2
technical replicates. One technical replicate is a population of ~60
animals in a microfluidic growth chamber. For each lifespan assay,
videos were acquired each day to determine live counts, prior to
feeding fresh doxazosin solutions. L4 stage was counted as day O of
adulthood. Videos were analyzed using the Infinity Code software
(NemalLife Inc., TX) for animal survival and motility. The number
of living animals in the population was determined based on
detectable movement.

Mobility was determined based on the displacement of individual
animals from the rectangular area (bounding box) that encloses
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their whole body. The inverse of the pixel correlation was used to
indicate how far the worm has moved outside of the box within 30s.
If the animal has entirely left the box, there is no pixel correlation
between the two frames, an activity score of 1 was given and were
labelled “highly active.” If the worm has not moved at all between
the two frames, then the pixel correlation is identical, which gives
an activity score of 0.

The percentage of highly active animals in the population was then
calculated. Statistical comparisons were performed in GraphPad
Prism using two-way Analysis of Variance (ANOVA). Kaplan Meier
curves from the lifespan assays were generated using GraphPad
Prism.

Sirtuin binding effect of two formulas

Experiments followed standard procedures of Eurofins Cerep
(Celle 1'Evescault, France). Briefly, the test compound, reference
compound or water (control) are preincubated for 5 min at 22°C
with enzyme in a buffer containing 45 mM Tris-HCI (pH 8.0),
123.3 mM NaCl, 2.43 mM KClI, 0.9 mM MgCl, and 0.18% BSA.
For stimulated control measurements, the mixture also contains 1
uM of activator resveratrol.

Thereafter, the reaction is initiated by adding 200 uM of the
fluorogenic HDAC substrate and 500 pM of B-NAD co-substrate
(for Sirtuin-2: 150 pM of the fluorolysine sirtuin 2 deacetylase
substrate and 400 pM of B-NAD co-substrate; for Sirtuin-3: 20 pM
of the fluorolysine sirtuin 2 deacetylase substrate and 500 uM of
INAD co-substrate; for Sirtuin-6: 50 pM of the fluorogenic HDAC
substrate and 150 pM of B-NAD co-substrate) and the fluorescence
intensity is measured at A_=355 nm and A_ =460 nm using a
microplate reader (Envision, Perkin Elmer). This measurement at
t=0 allows the detection of any compound interference with the
fluorimetric detection method at these wavelengths. The mixture
is then incubated for 20 min at 22°C.

After incubation, the reaction is stopped by adding one assay
volume of buffer containing 1 cc HDAC developer (peptidase
activity, BPS Bioscience). After 15 min (for Sirtuin 6: 60 min), the
fluorescence intensity emitted by the reaction product fluorolysine
is then measured at the same wavelengths (for Sirtuin-1, t=35; for
Sirtuin-2, t=75; for Sirtuin-3, t=60; for Sirtuin-6: 60 min). The
enzyme activity is determined by subtracting the signal measured
at t=0 from that measured at the end. The results are expressed
as a percent inhibition of the control activity. The standard
inhibitory reference compound is tested in each experiment at
several concentrations to obtain an inhibition curve from which
its Inhibitory Concentration 50 (IC50) value (for activator, EC50)
is calculated.

Three compounds (TF, Formula 1 and 2) were tested for IC50 or
EC50 determination. Compound enzyme inhibition effect was
calculated as a % inhibition of control enzyme activity. Results
showing an inhibition or stimulation higher than 50% are
considered to represent significant effects of the test compounds.

Activation of NK cell activity by TF in human PBMCs

The methods used are necessarily the same as described previously
[32]. Briefly, immune activity of tested samples was evaluated based
on ability of treated PBMC (Cellular Technology Limited) samples
to kill K562 cells (ATCC), which are identified as health threats.
112 serves as the positive control in this assay. PBMC samples
were taken from six younger subjects (3 females, 3 males) with an

3
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average age of 27 and five older subjects (2 females, 3 males) with
an average age of 62.

The samples were treated for 48 h prior to analysis. Killing events
are quantified by flow cytometry using DAPI (4',6-diamidino-2-
phenylindole) staining. Results were normalized using PBMC+K562
treatment alone. The treatment group was PBMC+K562+TF.
Differences between groups were explored using ANOVA.
Statistical significance was determined with the ttest method.
Results were considered statistically different if p<0.05.

RESULTS

Cellular senescence was demonstrated in irradiated HUVEC
as compared to non-rradiated controls by EdU staining and

OPEN a ACCESS Freely available online

B-Galactosidase activity (Figure 1). Irradiated HUVEC showed
lower viability compared to non-irradiated HUVEC as measured
by luminescence signals via CellTiterGlo®. Navitoclax, as positive
control, showed a half maximal EC50 that is 0.0865 pg/mL in
non-irradiated HUVEC and an EC50 0.169 pg/mL in irradiated
HUVEC (Table 1).

The spermidine and silybin extracts are the only two compounds
among all tested compounds that trended, though not statistically
significant, towards differential effects in non-rradiated and
irradiated HUVEC. NMN, quercetin and apigenin all showed a
dose response, but little difference in EC50 values between non-
irradiated and irradiated HUVEC. Transfer Factor and alpha
ketoglutarate did not show an impact on cell viability, thus no
dose-response or EC50 value in either non-irradiated or irradiated

HUVEC.

Non-Irradiated

EdU

Irradiated

SA-B-Gal

in green pixels in EAU and increased blue staining in f-Galactosidase.

Figure 1: EAU staining and B-Galactosidase activity in non-irradiated and irradiated HUVEC cells. Greater cellular senescence is denoted by a decrease

Table 1: EC50 (ug/mL) of tested compounds in non-irradiated and irradiated HUVEC cells. Differences between non-irradiated and irradiated cells for

each ingredient were not significant.

Sample name EC50, non-irradiated HUVEC ~ EC50, irradiated HUVEC Difference in EC50 Response difference

Spermidine extract 21.5 10.1 11.5 High
Silybin extract 39.7 18.4 213 High

NMN 4.6 3.1 1.6 Medium

Quercetin extract 3.6 3.1 0.5 Medium
Apigenin extract 5 5 0 Low
Transfer factor ND ND ND Null
AKG ND ND ND Null
Navitoclax (control) 0.1 0.2 0.1 Low
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Lifespan and healthspan effects of two formulas in C.
elegans

The resveratrol group showed statistically higher survival than the
control group on days 12, 18, 21, 23, 25 and 28. Like the resveratrol
group, both doses of Formula 1 showed statistically higher survival
than the control group. Worthy of note, the low dose of Formula 1
(Ix HED) showed the highest survival, higher than the resveratrol
group and high dose of Formula 1 group (2x HED). Specifically,
the low dose of Formula 1 group showed statistically higher survival

than resveratrol group and the high dose of Formula 1 group on
days 25 and 28 (Figure 2).

Like the resveratrol group, both doses of Formula 2 showed
statistically higher survival than the control group on days 12,
18, 21, 23, 25 and 28. Both doses of Formula 2 further showed
statistically higher survival than the resveratrol group on days 21,
23 and 25. No statistical difference was found between the two
doses of Formula 2. However, the high dose of Formula 2 showed
higher survival than both the low dose of Formula 2 group and the
resveratrol group on day 28 (Figure 3).

The resveratrol group did not show significant improvement in
healthspan (defined hereafter as activity) except on day 25, relative
to the control group (Figure 4). The low dose of Formula 1 showed
statistically higher activity than both the control group and the
resveratrol group on days 18, 21, 23, 25 and 28. The high dose
of Formula 1 showed statistically higher activity than the control
group on days 18, 23, 25 and 28. The low dose of Formula 2
showed statistically higher activity than both the control group and
the resveratrol group on days 18, 21, 23 and 25 and statistically

OPEN aACCESS Freely available online

higher activity than the control group on day 28. The high dose
of Formula 2 showed statistically higher activity than the control
group on days 21 and 25.

Sirtuin binding effect of two formulas

Formula 1 showed significant dose-dependent inhibitory effect on
both enzymes Sirtuin 3 (IC50=0.7 mg/mL) and Sirtuin 6 (IC50=0.7
mg/mL), but not much effect on enzymes Sirtuin 1 and Sirtuin 2.
Formula 2 showed significant dose-dependent inhibitory effect on
all four tested enzymes: Sirtuin 1 (IC50=0.7 mg/mL), Sirtuin 2
(IC50=0.6 mg/mL), Sirtuin 3 (IC50=0.8 mg/mL) and Sirtuin 6
(IC50=0.3 mg/mL) (Table 2).

IC50 values of Formula 1 and Formula 2 (range from 0.3 mg/
mL to 0.8 mg/mL) are significantly higher than that of Reference
Compounds (ADP Ribose for Sirtuin 6, suramin for Sirtuin 1 and
2, niacinamide for Sirtuin 3) for the respective enzymes (range from

0.005 mg/ml to 0.04 mg/mL).

Neither Formula 1 nor Formula 2 showed any activating effect on
Sirtuin 1 enzyme. Another tested compound, TF, did not show any
inhibitory or activating effect on any of the tested enzymes (data
not shown).

Activation of NK cell activity by TF in human PBMCs

When treated with TF, both younger and older PBMC samples
bolstered NK cell activity to a statistically similar level, as
demonstrated by percent killing of K562 cancer cells (Figure 5). IL-
2, the control for this assay, also showed positive activity.

1004 a : — Control
© — Resveratrol
2 goH a
s b — HED-F1
=] c
‘m_' 60 b — 2XHED-F1
c
8
5 40
o
20
""" TrrrrrrrrrprrrrrrrrTT
10 20 30
Day

Figure 2: C. elegans survival probability from Day 4 to Day 28, Formula 1. Note: (a): Indicates significant statistical difference between resveratrol and
control group (p<0.05); (b): Indicates significant statistical difference between 2.088 mg/mL Formula 1 and control group (p<0.05); (c): Indicates
significant statistical difference between 4.176 mg/mL Formula 1 and control group (p<0.05).
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Figure 3: C. elegans survival probability from Day 4 to Day 28, Formula 2. Note: (a): Indicates significant statistical difference between resveratrol and
control group (p<0.05); (b): Indicates significant statistical difference between 2.492 mg/mL Formula 1 and control group (p<0.05); (c): Indicates
significant statistical difference between 4.984 mg/mL Formula 1 and control group (p<0.05).

J Aging Sci, Vol. 13 Iss. 1 No: 1000395



Han L, et al.

OPEN 8ACCESS Freely available online

Control

Day

oed ¥ = Resveratrol
v == HED - F1

g : v v mm 2X HED - F1
& 04 . YV mm HED - F2
2 vy
% . mm X HED - F2
N ‘ I ‘ | I‘l‘l i

1.0 0 1 T

18 21 23 25 28

Figure 4: Healthspan (Activity Score) of C. elegans from Day 18 to Day 28. Note: * indicates significant statistical difference compared to control group
(p<0.05); V indicates significant statistical difference compared to both control group and resveratrol group (p<0.01).
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Figure 5: Percentages of K562 killing in PBMC from both young donors and old donors, treated with test compound TF (a combination of colostrum
filtrate and egg yolk extract). Young donors, N=6, age<35 with an average age of 27. Old donors, N=5, age>55 with an average age of 62.

Old

Table 2: Binding effect (mg/mL) of two formulas to sirtuin enzymes.

Assay 1C50

Sirtuin 3 (h) (inhibitor effect) 0.7

Formula 1
Sirtuin 6 (h) (inhibitor effect) 0.7
Sirtuin 1 (h) (inhibitor effect) 0.7
Sirtuin 2 (h) (inhibitor effect) 0.6

Formula 2
Sirtuin 3 (h) (inhibitor effect) 0.8
Sirtuin 6 (h) (inhibitor effect) 0.3

DISCUSSION spermidine derived from mushroom, which are rich in polyamines

Screening of natural products for selective cellular
senescence activity

Among all tested active ingredients, silybin and spermidine
extracts are two compounds that showed similar effect in non-
irradiated and irradiated HUVEC to navitoclax, the positive
control, suggesting they possess potential to selectively target
senescent cells. Comparable results were observed in a senescent
human dermal fibroblast model utilizing a Silybum marianum flower
extract, including selective targeting of senescent cells [33]. Several
studies have also shown spermidine to have senolytic activity
[34,35], though most studies utilize wheat-germ extracts [36]. To
the best of our knowledge, this is the first standardized extract of

J Aging Sci, Vol. 13 Iss. 1 No: 1000395

to demonstrate selectivity and activity towards cellular senescence

(371

NMN and quercetin and apigenin extracts all showed certain dose-
response effect in non-irradiated and irradiated HUVEC, but no
difference in EC50 values between the two conditions, suggesting
a lack of selectivity in targeting senescent cells. These compound
results are partly consistent with other studies demonstrating the
senolytic activity in this same cell line or combinations with other
senolytic compounds though these studies did not necessarily
evaluate selectivity towards non-irradiated and irradiated cell lines
and they utilized different means of inducing senescence (e.g.,
peroxide, doxorubicin) [38-40]. Another quercetin study showed
similar lack of selectivity in HUVEC cells and suggested that
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human coronary artery endothelial cells may be more relevant cell
line for this type of work [41].

Colostrum filtrates, egg yolk extract and alpha ketoglutarate did
not show any impact on cell viability in non-irradiated HUVEC
or irradiated HUVEC. Interestingly, this lack of response could
suggest a potential use for protecting HUVEC cells against DNA
damage caused by irradiation and has been observed with other
natural products [42].

Lifespan and healthspan effects of two formulas in C.

elegans

Consistent with previous studies the resveratrol control group
showed statistically improved lifespan over the course of the study
when compared to the vehicle control group [43]. Both Formulas
1 and 2 showed a significantly greater lifespan when compared
to either control groups, demonstrating the strong potential for
lifespan improvements. Not surprisingly, comparable results have
been observed with some of the individual ingredients that make
up these formulas or compounds that utilize the same pathway and
was, in part, the basis for selection of these formula ingredients

(44,45].

This C. elegans model also uses a novel Al-driven technology to
monitor in real-time the activity (e.g., locomotion, behavior, etc.) of
the nematodes over the course of the study [46]. While activity can
be measured across multiple days that represent early, mid and late-
life phases of the worm’s lifespan, in this study, only late-life activity
measurements (i.e., days 18, 21, 23, 25 and 28) were recorded
and evaluated. The activity results demonstrate an improved
healthspan in the late-life phase for both formulas compared to
either control group. These overall improvements in healthspan
with both formulas are noteworthy considering that other studies
have not necessarily seen a correlation between improved lifespan
and improved healthspan, though it should be noted these models
compared wild-type and longlived mutants rather than different
treatment strategies of wild type worms (47,48].

Sirtuin binding effect of two formulas

To explore the mechanisms involved in the improved lifespan and
healthspan of the C. elegans model, the activity of the two formulas
was tested in several sirtuin binding as says. C. elegans have four
sirtuins one of which has shared homology with humans and are
thought to be intimately involved in lifespan improvements [49-51].
Formula 2 shows moderate activity for all sirtuins tested, whereas
Formula 1 only shows moderate activity for SIRT3 and SIRT6. TF
was also tested and showed no sirtuin activity, likely because it has
been observed previously to have little direct activity in different
binding assays [52].

The lesser activity of Formula 1 is interesting since it contains an
NAD precursor (i.e., NMN) that is important in sirtuin activity
and resulting lifespan improvements [53]. The omission of NMN
in Formula 2 was compensated for by additional AKG, which has
reportedly been shown to coordinate NAD-SIRT1 signaling and
results in improved lifespan and healthspan on C. elegans [54].
Further, Formula 2 includes more potent senolytic ingredients,
according to the senescence screening assay and can play a role in
increased sirtuin activity [55]. Together, these differences in sirtuin
activity between the two formulas might partially explain their
subtle variances in lifespan and healthspan improvements observed
in C. elegans model.
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Activation of NK cell activity by TF in human PBMCs

Though TF did not show any sirtuin activity, it has been repeatedly
demonstrated for its immunomodulatory properties, including
boosting natural killer cell activity [25,56]. The impact of other
immunostimulants on natural killer cells in the C. elegans model
demonstrates its therapeutic potential and may be particularly
relevant given the impact of NK cells on the aging human immune
system.

One of the more striking human studies evaluated NK cytotoxicity
of centenarians and showed their immune system was more closely
related to younger subjects compared to middle-aged subjects. The
fact that TF treatment significantly increased NK cell activity in
PBMC samples from both younger and older donors suggests that
it has the potential to rejuvenate immunosenescent cells into a
more youthful and active state. Further investigations are warranted
to determine if TF directly translates into improved lifespan and
healthspan of C. elegans.

CONCLUSION

This study highlights the potential of natural compounds and
formulations in targeting cellular senescence, improving lifespan
and enhancing healthspan. Specifically, spermidine and silybin
extracts demonstrated selective senolytic activity in irradiated
HUVEC cells, suggesting their potential as therapeutic agents
for senescence related conditions. Both Formula 1 and Formula
2 significantly improved lifespan and healthspan in the C. elegans
model with Formula 1 showing strong effects at lower doses and
Formula 2 demonstrating strong sirtuin activity. Moreover, the
immunomodulatory effects of TF on NK cell activity in human
PBMCs, especially in rejuvenating immune function in older
individuals, further support its therapeutic potential. These
findings provide the possibility for further studies targeting the
hallmarks of aging and their relevance in aging biology.

There are several limitations to these studies that are worth noting.
Foremost is the lack of lifespan and healthspan as well as sirtuin
activity data on the individual ingredients contained in the two
formulas, which could then lend better insights into additive or
synergistic benefits when combining the ingredients. The selection
of the formula composition was primarily driven by a combination
of existing literature for C. elegans and sirtuin activity, as well as
the senolytic activity of the screened ingredients. Further, some
of the ingredients chosen in the formulas were trending toward
selective senolytic activity but did not reach statistically significant
differences in the non-irradiated and irradiated HUVEC cells,
which may suggest uncertainty in their selectivity as senolytic agents.
Finally, while it is understood there are homologous genes between
C. elegans and humans, there is little evidence that improvements in
lifespan or healthspan are analogous across those species.
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