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ABSTRACT

Introduction. Aging is a complex process related with the gradual diminution
in cellular and physiological functions. The geroprotective effect of 10 biologically
active substances (BASs) - rutin, squalene, kaempferol, biochanin A, ursolic acid,
chlorogenic acid, baicalin, mangiferin, quercetin and trans-cinnamic acid and 5 crude
extracts (Ginkgo biloba L., Pulmonaria officinalis L., Scutellaria baicalensis Georgi,
Hedysarum neglectum Ledeb. and Panax ginseng C.A. Mey) isolated from medicinal
plants of Altai Region of Russia were evaluated for their influence on the accumulation
of intestinal autofluorescence material (IAM) using Caenorhabditis elegans model.
The aim of the study. IAM facilitates age-related decline and is a non-intrusive
biomarker of senescence. This study assessed the impact of different bioactive sub-
stances in reducing the build-up of IAM using C. elegans model.

Materials and methods. Gravid nematodes were synchronized, and then seeded in
96-well plates to develop to L4-stage. Each BAS in 200 uM, 100 uM, 50 uM and 10 uM
concentrations and extracts with a tenth, hundredth and thousandth times-dilution
were administered to each well in 6 replicates for each treatment group. On incuba-
tiondays 1, 5, and 15, adult L4 nematodes underwent spectrofluorometric analysis
to determine the effect of the BASs and extracts on IAM accumulation.

Results. It was found that quercetin, kaempferol, baicalin, mangiferin, G. biloba
and P. officinalis extracts exhibited the most profound inhibition of IAM accumu-
lation compared to the control. It was noteworthy that the 10 uM concentration
of mangiferin significantly inhibited IAM accumulation in a manner comparable
to the 200 uM of baicalin and 100 uM of quercetin. In addition, the crude extracts
of G. biloba and P. officinalis respectively exhibited 2.8- and 1.8-fold decrease in IAM
accumulation.

Discussion. Theaccretion ofIAMisinversely proportional to longevity. Thus, the BASs
identified in this study to modulate IAM accumulation could serve as important
precursors or active ingredients for the pharmacosynthesis of geroprotective drugs
in future research.
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PE3IOME

BeedeHue. CmapeHue — C/I0XHbIl NpoUecc, C8A3aHHbIU C NOCMeNeHHbIM CHUXe-
HUeM KJ1lemoYHbIX U ¢husuosioaudeckux ¢pyHkyul. leponpomekmopHoe deticmaue
10 buonozuyecku akmusHbix sewecms (bAB) (pymuH, ckeasneH, kemngeposn, buo-
XAHUH A, ypcosi08as KUC/10md, XJ10po2eHo8as Kucaoma, 6atikanuH, MaHaugepuH,
KeepuyemuH U mpaHCKOPUYHAsA KUC/Ioma) U 5 HeoYUWeHHbIX IKCMPAKmoe (2UHK20
6us06a, medyHUYa ekapcmeeHHas, WiaeMHUK 6alkanbckuli, KoneeyHUK 3abwi-
meil U XXeHblWeHb 06bIKHOBEHHDbIU), 8bI0€/IEHHbIX U3 JIeKAPCMBEHHbIX pacmeHul
Anmalickozo Kpas Poccuu, 6bl1u oyeHeHbl Ha npedmMem Ux 8/1UsHUA HA Hakonsie-
HUe KuweYyHo20 aymodgyopecyeHmHo2o mamepuana (KAM) c ucnons3osaHuem
mooenu Caenorhabditis elegans.

Lens. KuweyHbil aymogyopecyeHmHbil Mamepuas cnocobcmayem 8o3pacm-
HOMY CHUXEHUIO U A8J19emcs HeUHBA3UBHbIM bUOMapKepom cmapeHus. B smom
ucc/1e008aHUU OUEHUBAIOCH 8/IUAHUE PA3/IUYHbIX BUOAKMUBHbIX 8eUeCM8 HA CHU-
XeHue HakonneHus KAM c ucnonezosaHuem modenu C. elegans.

Mamepuansi u mMemoodbl. bepemeHHble HeMAMOObI 6blIU CUHXPOHU3UPOBAHbI,
a3amem nocesiHbl 8 96-/1yHOYHbIe NiaHWemel 0718 pazgumus 0o cmaouu L4. Kax-
Oblli BAB 8 koHUeHmpauyusx 200, 100, 50 u 10 MKMOJIb U SKCMpakmel ¢ pasbasJie-
HueMm 8 0ecsimb, CMo U MbICAYy pa3 8800UJIUCH 8 KAXOY!I0 JIYHKY 8 6 N0OBMOpPEeHUsX
0715 Kaxoou epynnel obpabomku. Ha 1-U, 5-0 u 15-0 OHU UHKy6ayuu 83pocsisie
HemMamoOos! L4 npowiiu cnekmpogiyopuMempuyeckul aHanus 0718 onpedesieHus
enusaHuA bAB u sxcmpakmos Ha HakonsieHue KAM.

Pe3ynemamel. b0 06HApyXXeHO, YUMo KeepuemuH, kemngepos, 6alKanuH,
MaHeugepuH, skcmpakmel G. biloba u P. officinalis npooemoHcmpuposanu Hau-
6osnee 2n1y60koe uHaubuposaHue HakonneHus KAM no cpasHeHuto ¢ KOHmposiem.
MpumeyamenbHo, YMo KOHUeHMpayus maHeugepuHa 10 MKMOJIb 3Ha4UmMesbHO
uHeubuposana HakonneHue KAM, conocmasumoe ¢ KoHyeHmpauuet 6alikanuHa
200 mkmosib U KeepyemuHa 100 MKkmosib. Kpome moeo, ceipbie Skcmpakmel G. biloba
u P, officinalis npodemoHcmpuposaau coomeemcmeeHHo 2,8- u 1,8-kpamHoe CHu-
XeHue HakonseHus KAM.

3aknioyeHue. HakonneHue KAM 06pamHo nponopuyuoHanbHo NpooosixKumero-
Hocmu xu3Hu. Takum obpasom, bAB, 8biseieHHbIe 8 XMoM UCC1e008aHUU 0715 MOOY-
nayuu HakonaeHus KAM, mo2ym ciyxume 8axHbIMU npeowecmeeHHUKamu
UsluU AKMUBHbIMU UH2peOUeHMamu 0718 (pdpMakoCuHmMe3d 2eponpoOMeKMOpPHbIX
npenapamos 8 6yoyuux ucc/1ie008aHuUsX.

Kniouesole cnosa: cmapeHue, 6uosioeudecku dkmugHele geujecmad,
Caenorhabditis elegans, aymocgpnoopecyeHyus KuleyHUKa
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JleYeHUN HaTypanbHbIMU NPOAYKTaMM Ha pacTUTeNbHON ocHoBe. Acta biomedica scientifica.
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INTRODUCTION

By 2050, every sixth person in the globe will be over
65 years old, making up 16 % of the overall population,
as opposed to 2019, when only 9 %, or every eleventh per-
son lived past this mark [1]. Furthermore, it has been pre-
dicted that by 2050, the number of seniors (those over 65)
worldwide will triple. As people age in life, there is a change
in physical abilities, which may lead to unpleasant expe-
riences, such as a decline in mental capabilities, difficulty
in social interactions, or limitation in the types and quali-
ty of task execution. These transformations are manifested
as one of the several age-related diseases like cardiovascu-
lar diseases, cancer, neurodegeneration (Parkinson'’s, Alz-
heimer’s, and other dementia). The process of aging is intri-
cately linked to the steady decline in physiological and cel-
lular activities [2]. However, current research has shown that
food or naturally occurring substances referred to as gero-
protectors can slow down, prevent, or even reverse this age-
related deterioration [3].

According to recent aging studies, bioactive com-
pounds have exhibited enormous promises for managing
even the most severe ailments and may one day replace con-
ventional medications [4]. Nevertheless, the effects of many
medicinal plant products on human are largely a mystery,
despite the multitudes of research in this area. G. biloba, P. of-
ficinalis, S. baicalensis, H. neglectum and P. ginseng (or their
active compounds) are some of the medicinal plants that
are often explored for their geroprotective properties [5].
These plants were chosen because of their folkloric usage
in the Altai region for the management of various geriatric
conditions as well as their established abundance in bio-
logically active substances. The intestinal autofluorescence
material (IAM - identified by various scholars as lipofuscin,
age-pigment or death fluorescence) is a non-invasive bio-
marker of senescence that can be monitored to evaluate
the geroprotective effect of bioactive substances in ani-
mal models over time [6]. It is an intralysosomal waste ma-
terial with a complex chemical composition including pro-
teins, polyunsaturated fatty acid oxidation products, car-
bohydrates, and some trace elements (such as Al, Ca, Cu,
Fe, Mn, and Zn) in varying concentrations [2]. In mammals
and invertebrates, the build-up of IAM has been established
as the most persistent and perceptible alteration through-
out the aging process [2].

Although, IAM has been reported not to be biodegrad-
able, which is further highlighted by the fact that starv-
ing cells with activated autophagy and lysosomal hydro-
lases are unable to break down or get rid of the pigment
[7]. This could be due to the polymerization and cross
linking of peptides with aldehydes that results in plastic-
like structures resistant to biological degradation there-
by leading to bioaccumulation over time [7]. However,
there is no consensus regarding the likelihood of lysoso-
mal IAM degeneration or its exocytosis-mediated remov-
al. The most recognizable characteristic of IAM is its fluo-
rescence property, which can be detected through spec-
trofluorimetric analysis, or laser-scanning microscopy
at excitation/emission maxima of 290-420/430-650 nm
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[2, 8]. The intensity of colour emission changes over time
(from immature pigment to mature pigment), which makes
it easy to monitor [8]. Short-lived creatures like fruit flies,
zebra fish, mice, rats, and nematodes accumulate the IAM
at a greater rate than long-lived species thus validating
their use as model animals for aging studies. This is par-
ticularly because of their highly active mitochondria,
which produce more superoxide and hydrogen peroxide
radicals than long-lived species [9]. These models make
it easier to thoroughly research how newly created medi-
cations affect the aging process. However, the model or-
ganism C. elegans is gaining increasing popularity in these
studies because of its numerous advantages. They include
short lifespan, easy lab maintenance, transparent body
for real-time imaging, advanced genetic, genomic and mo-
lecular tools and manipulations, high genetic homology
with human, etc.

Autofluorescence has long been recognized as a cor-
relate of aging in C. elegans [8]. Similar to mammalian cells,
C. elegans intestinal cells frequently exhibit intracellular
granules of lysosomal origin, which are the primary source
of autofluorescence [10]. In this study, 10 biologically active
substances (BASs) namely rutin, squalene, kaempferol, bio-
chanin A, ursolic acid, chlorogenic acid, baicalin, mangiferin,
quercetin and trans-cinnamic acid isolated from medicinal
plants of Altai Region of Russia and 5 crude extracts (G. bilo-
ba, P. officinalis, S. baicalensis, H. neglectum, and P. ginseng)
were evaluated for their capacity to delay the onset of ag-
ing by monitoring the dynamics of IAM accumulation us-
ing C. elegans model.

MATERIALS AND METHODS

Reagents and chemicals

Tryptone (Lot No. 1135C419), agar — European type
technical grade (Lot No. 0000542402) and peptone were
products of VWR Life Science AMRESCO Inc. (Russia), Appli-
Chem GmBH (Germany), and Helicon (Russia), respective-
ly. Tissue culture 96-well plates (TPP, Switzerland), 90 mm
Petri dishes (Pertin, Russia), and other chemicals used were
of analytical grade, supplied by Thermo-Fisher Scientific Inc.
(Russian Federation).

Biologically active substances and crude extracts

Stock solutions of all the BASs (10 mM) and crude ex-
tracts were provided by the Laboratory of Bioassay of Nat-
ural Nutraceuticals, Kemerovo State University (Rus-
sia) and stored at 4 °C. The crude extract of G. biloba
and P. ginseng were prepared by percolation in a solution
of 50 % ethanol mixed with water-glycerol (1:1, v/v %);
S. baicalensis and H. neglectum were extracted in a so-
lution of 50 % ethanol and water-propylene glycol (1:1,
v/v %); whereas P. officinalis was extracted in 50 % ethanol.
Then, all extracts were diluted in sterilized deionized water
in ten-, hundred- and thousand-times and used in this study.
The BASs were dissolved in sterilized deionized water
to arrive at the concentrations of 200 uM, 100 uM, 50 uM,
and 10 uM of each BAS.



Nematode growth conditions

The nematodes C. elegans wildtype N2 Bristol strain
was provided by the Swammerdam Institute of Life Sciences,
Department of Molecular Biology and Microbial Food Safe-
ty, University of Amsterdam (Netherlands). They were seed-
ed with 100 pL of Escherichia coli OP50 (Engelhardt Insti-
tute of Molecular Biology, Russia) pre-coated on nema-
tode growth medium (NGM) plates and housed in a Bind-
er Growth Chamber (KBWF 240, GmbH Tuttlingen, Germa-
ny) at 20 °C.

Nematodes synchronization

Adult gravid nematodes were synchronized using so-
dium hypochlorite solution to collect eggs, which were
left overnight in S-media to produce L1 nematodes.
The young nematodes were inoculated with 100 mg/mL
of Escherichia coliOP50 and 120 pL of the C. elegans/E. coli
OP50 solution, were dispensed in 96-well plates, where
they were allowed to mature to adult L4 stage. Forty-
eight hours later, an aliquot (15 pL) of 1.2 mM 5'-fluoro-
2-deoxyuridine (FUDR) was added into each well. Fi-
nally, after 24 hours, 15 pL of each BASs and crude ex-
tracts at varying concentrations were added to each well
to make up a total volume of 150 uL/well. The dynamics
of IAM accumulation was evaluated per-treatment group
on days 1, 5, and 15. All experiments were conducted
with 6 repeats for each treatment condition. The nema-
tode count per well for BASs treatment and the crude ex-
tract treatments are shown in Supplementary Tables S1
and S2 respectively.

Intestinal autofluorescence accumulation assay

The level of IAM accumulation was measured spectro-
fluorimetrically at excitation — emission maxima of 340-
430 nm using CLARIOstar® Plus multimodal plate read-
er (BMG Labtech, Germany). The non-invasive measure-
ment of IAM accumulation was first recorded 24 hours
after treatment with the BASs and crude extracts after
which the live nematodes were returned to their growth
chamber. In the control group, the BASs or crude extracts
were replaced with an equal volume of S-media. On days 5
and 15 post-administrations of the BASs and crude extracts,
the measurements were repeated. Each experiment was re-
peated three times.

Statistical data analysis

The data obtained were expressed as the difference be-
tween the mean relative fluorescence units-RFU (Supple-
mentary Tables S3-58) of IAM accumulation at each day
of measurement compared to the first day (Equation 1)
for the mean value of six replicates per treatment group.
The statistical analysis was conducted using Microsoft Office
Professional Plus 2021 (Microsoft Corp., USA) and GraphPad
Prism 9.0 (GraphPad Software, USA). Using Tukey’s post-hoc
test, the results were considered to be statistically signifi-
cant at p < 0.05 and the error bars on each graph depicts
the standard error of means.

RRFUdifference = {MeanRF UforDay5(dayl5)—meanRF UforDayl} (1.
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RESULTS

Dose-dependent mode of BASsinfluence
on IAM accumulation

The administration of 50 uM and 100 pM of rutin sig-
nificantly (p < 0.05) decreased the rate of IAM accumula-
tion by 0.8- and 1.2-folds, respectively, when compared
to the control (Fig. 1). In addition, the difference in RFU
of IAM accumulation in C. elegans treated with 200 uM
and 100 uM of quercetin were 1.8- and 2.1-folds, respec-
tively (Fig. 1). Similar to rutin, the administration of 200 uM
and 50 uM of kaempferol significantly (p < 0.05) decreased
the rate of IAM accumulation when compared to the con-
trol (Fig. 1).

Furthermore, the 200 uM of baicalin and chloro-
genic acid facilitated a reduction in IAM accumulation
whereas the lower doses did not (Fig. 1). The treatment
with squalene and biochanin A at all experimental doses
did not have any significant effect in the rate of IAM accu-
mulation when compared to the control (Fig. 2). Although,
the accumulation of IAM was decreased at all doses inves-
tigated for ursolic acid, trans-cinnamic acid and mangi-
ferin (Fig. 2), the decreases by mangiferin at all treat-
ment doses (Fig. 2) were particularly noteworthy. Further-
more, the efficacy of kaempferol, baicalin and chlorogen-
ic acid were only significant (p < 0.05) at 200 uM, whereas
quercetin was more effective at 100 uM (Fig. 2). Mangiferin
was the only compound to exhibit a significant (p < 0.05)
decrease in IAM accumulation at the extremely low dose
of 10 uM (Fig. 2). In addition, the IAM accumulation low-
ering effect of quercetin at 100 and 200 uM, kaempferol,
baicalin and chlorogenic acid at 200 pM, and mangiferin
at50and 10 uM, were evidently visible from day 5 of meas-
urement compared to the control.

Lowering of IAM signals in the presence
of medicinal plants extracts

Next, the 10-fold dilution of G. biloba and 1000-fold
dilution of P. officinalis significantly (p < 0.05) decreased
the accretion of IAM by 2.8- and 1.8-folds, respectively
(Fig. 3). S. baicalensis at all treatment doses did not have
a significant (p < 0.05) effect on the rate of IAM accumu-
lation, when compared to the control (Fig. 3). In addition,
C. elegans pretreated with the 100-fold dilution concen-
tration of H. neglectum and 10-fold dilution concentration
of P. ginseng exhibited 75 and 50 % decrease in IAM accu-
mulation, respectively (Fig. 3).

Relative to the dynamics of IAM accumulation, the high-
est (10-fold dilution) concentration of G. biloba exhibited
the most significant (p < 0.05) decrease in the rate of IAM
accumulation while the lower doses were ineffective (Sup-
plementary Table S8). In contrast, the lowest (1000-fold di-
lution) concentration of P. officinalis was required to pro-
duceasimilar IAM lowering effect (Supplementary Table S8).
However, the 10-fold dilution concentration of P. ginseng
exhibited the most significant decrease in IAM accumula-
tion relative to the control. G. biloba produced a swift ef-
fect, noticeable from day 5 whereas the effect of P. offici-
nalis was not evident until day 15 (Fig. 3).
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was measured on days 1, 5, and 15 after treatment with BASs. The IAM accumulation results were presented as a difference value between
the mean RFU of 6 replicates on days 5 and 15 of measurement, compared to the RFU value on day 1.

Comparison of the inhibitory effect of the most
effective BASs and extracts during C. elegans

adulthood

The rate of IAM inhibition exhibited by the 200 uM
of quercetin, kaempferol, baicalin, and mangiferin on day 15
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of adulthood were 19.94 %, 18.88 %, 20.60 %, and 43.41 %,
respectively, when compared to the control (Fig. 4). In ad-
dition, the crude extracts of G. biloba and P. ginseng exhib-
ited 16.21 and 24.12 % inhibition of IAM accumulation re-
spectively (Fig. 4).
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DISCUSSION

Several research have shown that plant-derived nu-
traceuticals can increase the average lifespan of C. ele-
gans [11, 12]. Also, experimental data suggests that the ac-
cretion of IAM which is inversely proportional to longev-
ity can be modulated [13]. A cell culture experiment re-
vealed that IAM formation was hampered by exposure
to iron chelators, antioxidants and 8 % oxygen medium.
In contrast, the production rate of IAM was accelera-
ted by oxidative stressors (such as UV lights, free radicals
and heat), as well as the exposure to extremely low-molec-
ular-weight iron compounds and 40 % oxygen. A steady in-
crease in the intracellular build-up of IAM has been repor-
ted to proliferate oxidative injury in cells via the disruption
of lysosomal activity, lysosomal hemochromatosis, causing
a decline in the antioxidant defense system, dysfunction-
al mitochondria and cell death [2]. Consequently, any sub-
stance that can slow down the rate of accretion of the IAM
would make a good therapeutic option for healthy aging.

The BASs and plant extracts adopted in this study are
potential geroprotectors with their influence on longevi-
ty, antioxidant, and other age-related ailments already es-
tablished in open scientific literature. For instance, querce-
tin was reported to exhibit a significant extension of lifes-
pan, stimulate motility in heat-stressed and aged nema-
todes via the modulation of hsf-1 activity, p38-MAPK and IIS
pathways [14]. Baicalein has been shown to influence lon-
gevity and stress tolerance in C. elegans via skn-1, whereas
it does not affect daf-16 [15]. Chlorogenic acid and its iso-
mers (4-caffeoylquinic acid and 5-caffeoylquinic acid) act-
ed on the lIS pathway’s upstream of akt, and then its life-ex-
tending and anti-aging properties were primarily mediat-
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ed through daf-16 and its downstream stress factors, hif-1,
skn-1,and hsf-1[16]. The life extension and oxidative stress
tolerance effect of trans-cinnamic acid was also reported
by A.M. Fedorova et al. [17]. G. biloba has been reported
to prevent mitochondrial dysfunction through the suppres-
sion of caspase-9 activation, mitochondrial ROS generation
as well as the expression of toll-like receptors thereby mit-
igating cell necrosis [18]. Similarly, various extracts of gin-
seng have been reported to sustain healthy aging and lifes-
panin C. elegans [19].

The aggregation of the aging marker IAM increases
with time which can be aggressive in a number of age-re-
lated debilitating diseases, thus leading to cellular and orga-
nofunctional deterioration [2]. Hence, our research was de-
signed to investigate the influence of our BASs and crude
extracts on the dynamics of IAM accumulation.

Theresults of our study suggests that the BASs — querce-
tin, kaempferol, baicalin and mangiferin as well as the crude
extracts of G. biloba and P. officinalis exhibited the most pro-
found effect in the lowering of IAM accumulation albeit
at varying concentrations. In contrast, our study could not
find a substantial amount of evidence to support the effec-
tiveness of rutin and squalene as they stimulated the pro-
cess of IAM production while biochanin A was rather in-
conclusive.

Furthermore, during aging, there is an unwanted de-
cline in the rate of auto-phagocytosis, proteolysis, lyso-
somal degradation, mitochondrial function, exocytosis,
and lipid metabolism all of which partly or in combination
promotes the intracellular aggregation of the IAM [20].
Quercetin, a prominent food antioxidant, was able to miti-
gate the accretion of IAM by 2.1-folds which was consistent
with the findings by A. Kampk®étter et al. [21]. The amelio-



rative effect of quercetin on mitochondrial function and li-
pid metabolism has been well established as it can restore
mitochondrial membrane potential, scavenge reactive ox-
ygen species, and stimulate AMP-activated protein kinase
(AMPK) activity [22]. Also, quercetin has been attributed with
the restoration of lysosomal function and autophagy flux
in pancreatic B-cells through the modulation of lysosomal
membrane permeability [23]. Thus, the reversal of lysosomal
dysfunction, improvement of lipid metabolism, stimulation
of mitochondrial function and autophagocytosis could be
some of the plausible mechanisms responsible for the ef-
fective reduction in IAM accumulation exhibited by querce-
tin as early as day 5. The steady decline up to day 15 sug-
gests that the rate of elimination exceeds the rate of accu-
mulation, resulting in a net offset of the IAM. Both in vivo
and in vitro studies suggests that the activation of AMPK fa-
cilitates lipolysis and suppresses lipid biosynthesis. Scutel-
leria baicalensis and its active constituent baicalin play in-
tegral role in the prevention and management of meta-
bolic syndrome through the upregulation of the AMPK-fa-
cilitated modulation of glucose and lipid metabolism [24].
Similarly, kaempferol in combination with cinnamaldehyde
ameliorated lipid metabolism disorders via the activation
of AMPK. Thus, kaempferol and baicalin might have acted
to subjugate the accretion of IAM via the regulation of lipid
metabolism. Also, baicalin exhibits iron-chelating proper-
ty thus, precluding iron overloading which promotes IAM
production [25]. The IAM accumulation mitigatory effect
exhibited by kaempferolin our study corroborates the find-
ings by A. Kampkétter et al. [21] where treatment with fise-
tin and kaempferol led to a reduction in IAM accumulation.

The tremendous health benefit of mangiferin has been
reported, ranging from antioxidative, antiaging, antidia-
betic, immunomodulatory, antiviral amongst others [26].
Mangiferin shields the cell from oxidative stress through
the expression of antioxidant enzymes catalase, superox-
ide dismutase, glutathione peroxidase and mitigates lipid
peroxidation [26]. Also, mangiferin stimulates the produc-
tion of proteins such as cytochrome C oxidase subunit 1,
important for mitochondrial biogenesis and suppress-
es the production of proteins such as acetyl-coA carbox-
ylase 1, integral for lipogenesis [27]. Hence, the protective
effect of mangiferin towards the aggregation of IAM par-
ticularly at the lowest concentration (10 pM) implies that
it must have acted through multiple mechanisms. Also,
it can be adduced from our findings that a trace amount
is enough to stimulate the myriads of molecular interven-
tions critical for the inhibition of IAM biogenesis including
the restoration of AMPK-mediated autophaghy, oxidative
balance, lysosomal and mitochondrial function, modulation
of lipid and carbohydrate metabolism [22]. The incapabili-
ty of rutin (a glycosylated variant of quercetin — quercetin-
3-O-rutinoside) to delay the accumulation of IAM has also
been reported by A. Kampkotter et al. [21]. This could be
attributed to the absence of more reactive centers in rutin,
thus reducing its antioxidant potential, when compared
to its aglycone variant quercetin. However, this is in con-
trast to our findings where the 100 uM of rutin significant-
ly reduced the rate of IAM accumulation.
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Also, the ineffectiveness of squalene (a long chain fatty
acid-C30H50 and precursor for cholesterol synthesis) could
be due to the absence of the cholesterol-synthesis branch
of the mevalonate pathway in C. elegans [28]. This could
lead to bioaccumulation and probably serve as lipid source
for IAM production, hence the increased production re-
ported in this study. Unlike rutin and squalene, the gero-
protective effect of biochanin A is still unclear. However,
the solubility and bioavailability of biochanin A has been re-
ported and its ineffectiveness in the mitigation of IAM accu-
mulation could simply be attributed to its poor absorption
by the nematodes to elicit its biological activity.

Ursolic acid and trans-cinnamic acid were able to slow
down the rate of IAM accumulation at all doses investigat-
ed. However, their effects were not in folds which might
imply poor pharmacokinetics between the drug(s) and or-
ganism, or the dose range adopted in this study is outside
the optimal dosage required to stimulate pharmacologi-
cal response comparable with quercetin and mangiferin.

The 10-fold dilution concentration of G. biloba and 1000-
fold dilution concentration of P. ginseng exhibited the most
profound reduction in IAM accumulation, whereas P. of-
ficinalis, S. baicalensis and H. neglectum exhibited a mod-
erate reduction which can be attributed to their constit-
uent BASs. Quercetin and kaempferol were isolated from
G. biloba while mangiferin was isolated from H. neglectum.
Furthermore, age-related deterioration involves multiple
pathologies that act in synchronization to facilitate aging.
As such, the multitudes of BASs present in the crude extract
could exert antiaging effect via pharmacodynamic synergy
with various compounds acting on different receptor targets
of the aging pathways [29]. Thus, the swift and profound ef-
fect of the crude extracts of G. biloba reported in this study
can be attributed to the abundance and potential synergis-
tic effect of these BASs towards the repression of IAM pro-
duction. A similar effect was not observed in H. neglectum
treatment group, probably due to the presence of other
impurities that might have acted as antagonist for the bio-
active function of mangiferin. Our findings on the effect
of P. ginseng on IAM accumulation are consistent with cur-
rent available literature [19]. Ginsenoside, a bioactive com-
ponent of P. ginseng has been reported to extend lifespan
and reduce IAM accumulation via the modulation of lipid
metabolism and activation of the stress response biomol-
ecules [30]. The rate of IAM clearance was also facilitated
in C. elegans treated with the 1000-fold dilution concen-
tration of P. officinalis. This can be attributed to the miti-
gation of oxidative stress via the removal of mitochondrial
ROS which culminates in enhanced mitochondrial function.

CONCLUSION

The intestinal autofluorescence material is not only
a hallmark of aging but also a facilitator of age-related de-
terioration; thus, any substance capable of clearance and/or
slow down the rate of accretion of IAM will constitute anim-
portant supplement towards healthy aging. Our finding
has identified baicalin, quercetin, kaempferol, and mangi-



ferin as potential geroprotectors that could be subjected
to further studies towards the realization of the UN decade
goal of healthy aging. Their probable mechanism of clear-
ance includes the enhancement of intra-lysosomal degra-
dation, autophagocytosis, mitochondrial function and li-
pid metabolism. In addition, G. biloba and P. officinalis
can be considered as animportant source for potential ger-
oprotector development in future research.
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