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Abstract.
BACKGROUND: The rhizomes of Kaempferia parviflora (KP), have been traditionally used for treating various ailments
with 5,7-dimethoxyflavone (DMF) as a prominent compound.
OBJECTIVE: To investigate the anti-aging and neuroprotective properties of KP and DMF in Caenorhabditis elegans.
METHODS: C. elegans (wild-type (N2), transgenic and mutant strains) were treated with KP and DMF and were monitored
for lifespan and neuroprotection through physiological assays, fluorescence microscopy and qPCR analysis. Molecular
docking studies were employed to identify the interaction mode of DMF with DAF-16 and SKN-1.
RESULTS: KP and DMF significantly increased the lifespan of N2 along with modulating pharyngeal pumping and lipofus-
cin accumulation. They also exhibited neuroprotection in A� transgenic strains by improving lifespan and delaying paralysis.
Further, they reduced ROS accumulation significantly in worms exposed to UV-A, thereby exhibiting anti-photoaging poten-
tial. KP and DMF could activate SKN-1, DAF-16 which was evident from molecular docking and qPCR analysis. The DAF-2
and DAF-16 mutants did not exhibit any variations in lifespan upon treatment with KP and DMF suggesting the involvement
of the DAF-16 mediated pathway in regulating the anti-aging and neuroprotective effects.
CONCLUSION: Our findings suggest that KP with DMF as an active ingredient is a potential nutraceutical for aging and
associated disorders.
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1. Introduction

Aging could be described as the periodic and pro-
gressive loss of molecular, cellular, physiological
functioning of body leading to several chronic patho-
logical conditions [1]. Alzheimer’s disease (AD) is
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one of the most recurrent neurodegenerative condi-
tions linked to aging, and is challenging to diagnose.
Also, the present treatment strategies could not effec-
tively reduce the progression of the disease [2]. Plant
based herbal medicine is on the rise against aging and
age associated diseases and is considered to be safe
with limited side effects, which could improve both
the lifespan and healthspan of the host [2, 3].

The “Thai ginseng” Kaempferia parviflora, which
was initially found in Thailand, belongs to the
family Zingiberaceae. The rhizomes of this plant,
commonly known as black ginger, has abundant
medicinal properties and is traditionally known to
be used for the treatment of inflammation, depres-
sion, ulcers, gout, colic disorder, abscesses, allergy,
osteoarthritis and many more [4, 5]. The major con-
stituent identified from the K. parviflora rhizome
(KP) extract is methoxyflavone and so far, 16 different
types of methoxyflavones have been identified, with
5,7-dimethoxyflavone (DMF) being the prominent
phytoconstituent which imparts many of the health
benefits [4].

KP rhizomes were reported to contain 5-Hydroxy-
3,7-dimethoxyflavone, 5-hydroxy-7-methoxyflavo-
ne, 5-hydroxy-3,7,4’-trimethoxyflavone, 5-hydroxy-
7,4’-dimethoxyflavone, 5-hydroxy-3,7,3’,4’-tetram-
ethoxyflavone, 3,5,7-trimethoxyflavone, 3,5,7,4’-tet-
ramethoxyflavone, 5,7,4’-trimethoxyflavone, 5,7,3’,
4’-tetramethoxyflavone, 5,7-dimethoxyflavone, 3,5,
7,3’,4’-pentamethoxyflavone, tectochrysin, 5,3’-di-
hydroxy-3,7,4’-trimethoxyflavone, 5-hydroxy-7,3’,
4’-trimethoxyflavone and genkwanin as some of the
major flavonoids and phytoconstituents [6–8].

The extract along with the methoxyflavones have
been reported to exhibit positive effects on cellular
metabolism regulation, anti-cancer, cardioprotection,
sexual enhancement, neuroprotection, anti-allergic,
anti-inflammatory, antioxidant, anti-osteoarthritis,
and antimicrobial activity [4]. The KP extract has
been analyzed for its effects in humans and a recent
systemic review suggested positive correlation of
KP in physical or exercise performance in improv-
ing hand grip, erectile response, pain indicators, and
energy expenditure with no adverse effects reported
[5]. However, the overall mechanism involved behind
the KP mediated health benefits is still unclear.

Previously, our group has identified that KP ex-
tract can induce neuroprotection against gluta-
mate induced toxicity by diminishing extracellular
signal-regulated kinase (ERK) phosphorylation and
reactive oxygen species (ROS) regulation, recovering
brain-derived neurotrophic factor (BDNF) and mod-

ulating apoptosis [9]. The KP extract was able to
improve the level of serotonin, norepinephrine, and
dopamine in the rat hippocampus. Additionally, pro-
teins related to the synaptic function, endocytosis,
and ATP synthesis were regulated apart from improv-
ing the levels of mitochondria-targeted antioxidants
enzymes [10].

The free-living soil nematode, Caenorhabditis ele-
gans is being extensively used recently for the study
of human and ecological toxicology, drug targets
and drug development, as well as elucidating over-
all mechanism through high-throughput screening
mechanisms. The model can typify the distinctive
characteristics of various pathological conditions that
occurs in human through physiological and molec-
ular approach. Additionally, it can be employed to
understand various stress response mechanisms that
could be well correlated with the humans because
of the existing homologs for nearly 80% of genes
[11, 12].

C. elegans have been used to study the anti-
aging, stress resistance and neuroprotective effects of
various traditional medicinal plants including, Cleis-
tocalyx nervosum [13, 14], Lignosus rhinoceros [15],
Bacopa monnieri [16], Caesalpinia mimosoides [17]
and Diplocyclos palmatus [18]. In the present study,
the anti-aging and neuroprotective effects of KP and
its active constituent DMF has been analyzed using
C. elegans model.

2. Materials and methods

2.1. Chemicals, reagents, and equipments used

All the chemicals used in the study were obtained
from Sigma-Aldrich (St. Louis, MO, USA) and
HiMedia Laboratories (Mumbai, India), unless other-
wise specified. UV-A exposure for C. elegans strains
was done by exposing them (4 h) under a UV transil-
luminator, SANKYO DENKI (F20T10BL).

2.2. Collection of KP and extraction

KP plant was collected with permissions obtained
from College of Oriental Medicine, Rangsit Uni-
versity, Thailand in 2019 from Phu Ruea District,
Loei province in Northeast of Thailand. The plant
was authenticated by the pharmaceutical botanist,
Asst. Prof. Nijsiri Ruangrungsi (Rangsit University,
Thailand), recorded with the identification number
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ORMRSU2019001. The rhizomes were washed,
shade-dried, powdered and extracted with 95%
ethanol by using the Soxhlet extractor for 24 h. The
extract was dissolved in dimethyl sulfoxide (100 mg/
mL) and stored at –20 ◦C until further use [9].

2.3. C. elegans strains used and culture
conditions

All the C. elegans strain used in the study were
purchased from Caenorhabditis Genetics Center,
(University of Minnesota, USA) and were maintained
under standard conditions [19].

2.4. Lifespan assay

Young adult nematodes (first day adults) (wild type
or mutants; 10 numbers) were treated with different
concentrations of KP extract (100–1000 �g/ml for N2
strain; 400 – 600 �g/ml for transgenic and mutant
strains) and DMF (10 –100 �M for N2 strain; 70 –
90 �M for transgenic and mutant strains) in 24-well
plate containing M9 buffer. The live nematodes from
five independent trials were counted every 24 h and
calculated for their percentage of survival [14].

2.5. Estimation of pharyngeal pumping

The young adult N2 worms (10 numbers) were
treated with KP/DMF, as explained earlier in NGM
plates and the pharyngeal contractions were moni-
tored under a stereomicroscope and counted at every
24 h [14].

2.6. Brood size assay

Treatment to young adult stage N2 nematodes (10
numbers) in NGM plates were done as explained ear-
lier. The number of eggs laid was counted once in 24
h and the experimental worms were changed to new
plates, until the egg laying was ceased [20].

2.7. Fluorescence imaging

Wild type nematodes (for lipofuscin) and the
LG333 strain (for skn-1 expression) were treated
with varying concentrations of KP (400 – 600 �g/ml)
and DMF (70 – 90 �M) consecutively for 5 days.
After treatment period, the worms from three inde-
pendent trials were washed thoroughly and imaged
under ZEISS LSM 700 Confocal microscope (10X).

The obtained images were processed using Image J
and fluorescence intensity was denoted in arbitrary
units (AU) [13].

2.8. Paralysis assay

Synchronized eggs of CL4176 were maintained at
15 ◦C, on the NGM plates for 36 h followed by treat-
ment of worms with different concentrations of KP
(400 – 600 �g/ml) and DMF (70 – 90 �M) and were
incubated at 25 ◦C to induce expression of A�. After
24 h of temperature shift, paralyzed nematodes (that
did not respond to touch) were monitored every hour.
The paralyzed worms were counted and expressed as
percentage of paralysis [21].

2.9. Analysis of photoaging effect

The wild type young adult nematodes were trans-
ferred to 24-well plate in two batches. In the first
batch, the nematodes were treated (pre-treatment)
with varying concentrations of KP extracts (400 –
600 �g/ml) and DMF (70 – 90 �M) individually and
exposed to UV-A for 4 h. In the second batch, the
nematodes were first exposed to UV-A for 4 h, which
is followed with KP/DMF treatment individually
(post-treatment). Lifespan was monitored for every
24 h and was represented as percentage of survival
[22].

2.10. Measurement of extracellular ROS using
DCF

The worms were transferred to 24-well plate and
treatment were carried out as explained in the previ-
ous section (2.9) followed by incubation at 15 ◦C for 5
days. After treatment period, the worms were exposed
to DCFH-DA (5 �g/ml) for 20 minutes, followed by
washing and imaged under confocal microscope [14].

2.11. Molecular docking analysis

The molecular docking analysis was done as previ-
ously reported with slight modifications [23]. In the
absence of the protein structures, 3D structures of
SKN-1 (Uniprot ID: P34707) and DAF-16 (Uniprot
ID: 16850) were developed by homology modelling
using the online platform server trROSETTA [24].
The chemical structure of DMF was obtained from
PubChem and was considered for molecular docking
with grid-based docking approach using DockThor
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Table 1

List of primers used

Gene Name Forward Primer Reverse Primer

act-2 ATCGTCCTCGACTCTGGAGATG TCACGTCCAGCCAAGTCAAG
skn-1 ATCCATTCGGTAGAGGACCA GGCGCTACTGTCGATTTCTC
daf-16 TGGTGGAATTCAATCGTGAA ATGAATATGCTGCCCTCCAG

and the binding energies of were calculated and com-
pared with resveratrol as the reference compound
[25].

2.12. Total RNA isolation and real time PCR
analysis

Wild type nematodes were treated with KP and
DMF as explained earlier and total RNA was iso-
lated using Trizol kit. Real-Time PCR analysis was
done with the converted cDNA from the experi-
mental groups according to manufacturer’s protocol
(Bioneer, Korea) using specific primers (Table 1). The
obtained data were normalized to actin as the internal
control [14].

2.13. Statistical analysis

All the experimental results were indicated as
mean of independent trials. One-way ANOVA (SPSS
17) was employed for statistical investigation and
(p < 0.05) was represented as significant upon com-
paring between control vs treated.

3. Results

3.1. KP and DMF prolonged the lifespan of
C. elegans

Lifespan analysis of varying concentrations of KP
and DMF tested showed that they were able to pro-
long the lifespan of wild type C. elegans. The doses
ranging between 400 – 600 �g/ml of KP exhibited
significant (p < 0.05) increase in lifespan which was
up to 25, 27 and 25 days respectively. Likewise, DMF
(70 – 90 �M) exhibited prolonged lifespan, which
was up to 27, 27 and 25 days respectively, while
the solvent control survived for 22 days similar to
control (Fig. 1). The results indicate that there was
no change induced by the solvent in the lifespan of
the nematodes. The concentrations which showed the
maximum survival rate (400 – 600 �g/ml of KP and

70 – 90 �M of DMF) were taken for further experi-
ments.

3.2. KP and DMF augmented the healthspan of
C. elegans

For pharyngeal pumping a single dose of KP
(500 �g/ml) and DMF (80 �M) individually were
analyzed. Upon treatment with KP/DMF, a signifi-
cant improvement in the pharyngeal pumping were
observed compared to control (Fig. 2A). The brood
size of the nematodes also improved slightly after
treatment with KP and DMF however, it was not
significant (Fig. 2B).

In addition, the expression of lipofuscin, which is
a marker of aging in the nematodes was analyzed
upon treatment with 400 – 600 �g/ml of KP and
70 – 90 �M of DMF. A significant attenuation in
the fluorescent level of lipofuscin accumulation was
observed in all the tested concentrations compared
to control (Fig. 3), implying that both KP and DMF
were successful in slowing down the aging process,
as it could improve pharyngeal pumping and reduce
the lipofuscin level without changing the brood
size.

3.3. KP and DMF imparts protection against Aβ

in transgenic C. elegans

The transgenic strains of C. elegans CL2006 (con-
stitutive expression) and CL4176 (upon temperature
upshift) that expresses A�1–42 were used to study
the neuroprotective effect of KP and DMF. Both KP
and DMF were observed to prolong the lifespan of
the CL2006 worms significantly as they survived up
to 19, 20 and 19 days when treated with KP (400
– 600 �g/ml) and 20, 21 and 19 days when treated
with DMF (70 – 90 �M) upon comparison with con-
trol which survived for 17 and 18 days respectively
(Fig. 4) suggesting the neuroprotective potential of
the extract.

The transgenic strain CL4176 expresses A�1–42
in the body wall muscles when the temperature is
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Fig. 1. KP and DMF could extend the maximum lifespan in C. elegans. (A) Average maximum survival rate of KP extract (100 – 1000 �g/ml)
in N2 worms, wherein 400 – 600 �g/ml exhibited significant (p < 0.05) extension of lifespan when compared to control (B) KP extract (400
– 600 �g/ml) significantly (p < 0.05) prolonged the lifespan of nematodes to 25, 27 and 25 days respectively (C) Average maximum survival
rate of DMF (10 – 100 �M) in N2 worms, wherein 70 – 90 �M exhibited significant (p < 0.05) extension of lifespan when compared to
control (D) DMF (70 – 90 �M) significantly (p < 0.05) prolonged the lifespan of nematodes to 27, 27 and 25 days respectively.

Fig. 2. Influence of KP and DMF on (A) Pharyngeal pumping rate (B) Reproductive behavior. Pharyngeal pumping rate was monitored on
Day 0, Day 3, Day 6 and Day 10. Both KP (D6 and D10) and DMF (D10) were able to significantly (p < 0.05) prolong the pumping rate.

upshifted resulting in paralysis of the nematodes.
Both KP and DMF significantly (p < 0.05) delayed
the paralysis, as the worms remained active until 34,
35 and 34 h when treated with KP (400 – 600 �g/ml)
and 35, 35 and 34 h when treated with DMF (70 –
90 �M) when compared to controls which remained
active until 32 h (Fig. 5) suggesting the neuroprotec-
tive potential of the extract.

3.4. KP and DMF exhibits anti-photoaging in
C. elegans

The protective as well as repair effects of varying
concentrations of KP/DMF was analyzed upon pre-
and post- exposure to UV-A. A significant (p < 0.05)
increase of lifespan in worms pre-treated with KP and
DMF was observed upon UV-A exposure (Fig. 6).
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Fig. 3. Effect of KP and DMF on the aging marker lipofuscin in N2 nematodes. (A) Control (B) KP-400 �g/ml (C) KP-500 �g/ml (D)
KP-600 �g/ml (E) DMF-70 �M (F) DMF-80 �M (G) DMF-90 �M (H) Quantification of lipofuscin fluorescence intensity in N2 worms
treated with different concentrations of KP and DMF. All the tested concentrations exhibited significant (p < 0.05; control vs treated; n = 10)
reduction in lipofuscin levels.

Fig. 4. KP and DMF can impart neuroprotection in A� transgenic strain CL2006 (A) Maximum lifespan upon treatment with 400 – 600 �g/ml
KP, wherein 500 �g/ml exhibited significant (p < 0.05) extension of lifespan when compared to control (B) KP extract (400 – 600 �g/ml)
prolonged the lifespan in CL2006 nematodes to offer neuroprotection against A� expression (C) Maximum lifespan upon treatment with 70
– 90 �M DMF, wherein 80 – 90 �M exhibited significant (p < 0.05) extension of lifespan when compared to control (D) DMF (70 – 90 �M)
prolonged the lifespan in CL2006 nematodes.

The post-treated worms also showed extended lifes-
pan when compared to control, which was not as
significant as the pre-treatment (Fig. 6).

Exposure to UV-A lead to the formation of ROS
in C. elegans. On that note, the antioxidative prop-
erty of KP (400 – 600 �g/ml) and DMF (70 – 90 �M)
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Fig. 5. Effect of KP and DMF on paralysis in A� transgenic strain CL4176 (A) KP 400 – 600 �g/ml (B) DMF 70 – 90 �M. Treatment with
KP and DMF significantly (p < 0.05) diminished A�-induced paralysis when compared to control.

Fig. 6. Pre-treatment with KP and DMF exhibit anti-photoaging potential against UV-A exposure. Graphs representing (A) Mean survival
days by pre- and post-treatment of KP (400 – 600 �g/ml) upon exposure to UV-A (B) Lifespan extension by pre- and post-treatment of KP
(400 – 600 �g/ml) during UV-A exposure (C) Mean survival days by pre- and post-treatment of DMF (70 – 90 �M) upon UV-A exposure (D)
Lifespan extension by pre- and post-treatment of DMF (70 – 90 �M) during UV-A exposure. The pre-treatment of KP and DMF displayed
significant (p < 0.05) anti-photo-aging effect compared to UV-A exposure.

was analyzed. Both KP and DMF treatment showed a
significant (p < 0.05) reduction in ROS, which could
be manifested from the diminution in fluorescence
intensity indicating its protective effect against ROS
formation (Fig. 7). The results indicate that KP/DMF
can counteract ROS formation and could offer pro-
tection against UV-A induced photoaging to the
nematodes.

3.5. KP and DMF induced SKN-1 in C. elegans

The interaction between SKN-1 and DMF was ana-
lyzed by docking approach and the binding affinity
was compared with that of the one of the known
positive regulators, resveratrol. DMF showed high
binding affinity (–8.932 kcal/mol) towards SKN-
1 with π-anion interaction, amide-π stacked and
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Fig. 7. KP and DMF could reduce ROS formation (A) Quantification of ROS fluorescence intensity in N2 worms pre-treated with KP
(400 – 600 �g/ml) and DMF (70 – 90 �M) (n = 10; significance at p < 0.05 # Control vs UV-A treated; ∗UV-A treated vs UV-A + KP/DMF
treated Representative image of worm showing the level of ROS (B) Un-exposed control (C) UV-A exposed (D – F) KP (400 – 600 �g/ml)
pre-treatment + UV-A exposure (G – I) DMF (70 – 90 �M) pre-treatment + UV-A exposure.

carbon-hydrogen interactions, when compared to
resveratrol (–7.313 kcal/mol) indicating the phyto-
chemical can activate SKN-1 (Fig. 8A, B). The
data observed from in silico analysis was further
confirmed using qPCR analysis of skn-1 in wild
type nematodes (Fig. 8C) and localization of skn-1
in skn-1::GFP transgenic strain LG333. The qPCR
analysis showed significant upregulation of skn-1
when treated with KP and DMF. Similarly, a sig-
nificant (p < 0.05) increase in the fluorescence level
was displayed in LG333 strain when treated with
KP (600 �g/ml) and DMF (90 �M) implying the
activation of skn-1 (Fig. 9). The results suggests
that the activation of skn-1 by KP/DMF might
be the reason for the activation of the antioxi-
dant mechanism to offer protection against various
insults.

3.6. KP and DMF mediated effects is dependent
of DAF-16 pathway

Further, CF1038 strain (DAF-16 mutant) and
CB1370 strain (DAF-2 mutant) were treated with
both KP (400 – 600 �g/ml) and DMF (70 – 90 �M)
and the survival rate was monitored. The DAF-2
mutants showed survival up to 50, 50 and 49 days
when treated with KP (400 – 600 �g/ml) and 48, 48
and 48 days when treated with DMF (70 – 90 �M)
wherein the untreated control survived up to 49 days
and the DMSO treated worms survived up to 48 days
respectively (Fig. 10). Meanwhile, DAF-16 mutants
survived up to 16, 16 and 15 days when treated
with KP (400 – 600 �g/ml) and 15, 16 and 16 days
when treated with DMF (70 – 90 �M) wherein the
untreated control survived up to 15 days (Fig. 11).
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Fig. 8. In silico analysis showed activation of SKN-1 (A) Resveratrol showing binding affinity of –7.313 kcal/mol towards SKN-1 (B) DMF
showing binding affinity of –8.932 kcal/mol towards SKN-1 (C) KP and DMF significantly (p < 0.05) induced skn-1 gene expression in
C. elegans.

Fig. 9. KP and DMF could activate SKN-1 in LG333 transgenic strain (A) Control (B – D) KP (400 – 600 �g/ml) wherein 600 �g/ml showing
significance (p < 0.05) (E – G) DMF (70 – 90 �M) wherein 90 �M showing significance (p < 0.05) (H) Quantification of SKN-1 fluorescence
intensity of LG333 transgenic worms upon treatment with KP (400 – 600 �g/ml) and DMF (70 – 90 �M) (∗ represents significance at
p < 0.05; n = 10).

There was no significant change in the lifespan of
both the mutants upon treatment with KP and DMF
indicating the importance of DAF-16 mediated path-
way in the health benefits mediated by KP and DMF.

The results are further substantiated with in silico
studies. The mode of interaction of DMF with DAF-
16 was analyzed with resveratrol as the reference
compound. DMF showed interaction with the amino
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Fig. 10. KP and DMF displays DAF-2-dependent increase in lifespan (A) Average maximum lifespan of daf-2 mutants upon treatment with
KP (400 – 600 �g/ml) (B) Lifespan extension effect of KP (400 – 600 �g/ml) in daf-2 mutants (C) Average maximum lifespan of daf-2
mutants upon treatment with DMF (70 – 90 �M) (D) Lifespan extension effect DMF (70 – 90 �M) in daf-2 mutants.

Fig. 11. KP and DMF displays DAF-16-dependent increase in lifespan (A) Average maximum lifespan of daf-16 mutants when treated with
KP (400 – 600 �g/ml) (B) Lifespan extension effect of KP (400 – 600 �g/ml) in daf-16 mutants (C) Average maximum lifespan of daf-16
mutants when treated with DMF (70 – 90 �M) (D) Lifespan extension effect of KP (400 – 600 �g/ml) in daf-16 mutants.
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Fig. 12. In silico analysis showed activation of DAF-16 (A) Resveratrol showing binding affinity of –7.668 kcal/mol towards DAF-16 (B)
DMF showing binding affinity of –8.032 kcal/mol towards DAF-16 (C) KP and DMF significantly (p < 0.05) induced the expression of
daf-16 in C. elegans.

acid residues of DAF-16 through hydrogen bonding
and carbon-hydrogen bonding with a higher binding
energy of –8.032 kcal/mol when compared to that of
resveratrol –7.668 kcal/mol indicating the compound
can interact with the protein and activate the pathway
(Fig. 12A, B). The qPCR analysis also showed upreg-
ulation of daf-16 upon treatment with KP and DMF,
further substantiating the obtained results (Fig. 12C).

4. Discussion

Aging and diseases or disorders associated with
aging (dermatological, cardiovascular, neurodegen-
erative) were always prominent area of research in
medicine. Many herbal plants known for their tradi-
tional health benefits have been used by researchers
to slow down the rate of aging and to reduce the
severity of age-related disorders. These plants act
as antiaging and antioxidant factors, improve cogni-
tive impairments, reduce oxidative stress and other
age associated markers, and reduce cardiovascular
and neurodegenerative risks, through physiologi-
cal and molecular mechanisms. Different bioactive

compounds in these plants makes it multi-faceted
with limited or negligible side effects, making it one
of the most preferred medication [26–28].

K. parviflora is one such herb, which has been
pharmacologically proven to have health enhancing
properties and the main effector components were
methoxyflavones, which majorly includes DMF [29].
Pioneering studies have been done with KP to iden-
tify the anti-cancer activity by increasing apoptosis
or inhibiting melanogenesis, neuroprotective activity
by improving memory and related neurotransmit-
ters such as serotonin and dopamine, and other
metabolism related activities such as maintaining
energy expenditure and physical fitness, improving
antioxidant levels, increasing the blood flow to dif-
ferent organs, increasing the sperm and testosterone
levels and reducing the impact of photoaging, among
many more [4, 5]. However, the mode of action
elicited by KP in incorporating these health benefits
are still unclear. The current study was intended to
decipher the anti-aging and neuroprotective effect of
KP and DMF using C. elegans as the model.

The toxicological evaluation of KP rhizome extract
through mutagenicity and sub-chronic toxicity
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analysis has revealed no genotoxic or histopatholog-
ical effects and instead was proven safe for daily
consumption, in humans as well [30, 31]. In the
present study, the toxicity and anti-aging properties
were evaluated in wild type C. elegans. KP (100
– 1000 �g/ml) and DMF (10 –100 �M) were able
to extend the lifespan at all doses without any spe-
cific toxicity at any doses, wherein selective doses
were able to significantly extend lifespan (Fig. 1).
KP extract was able to induce anti-aging activity in
fibroblasts and experimental animals by attenuating
senescence and activating other molecular mecha-
nisms [32]. DMF was previously identified for its
anti-aging activity, as it reduced sarcopenia (muscle
aging) in mice by improving mitochondrial function
and protein turnover [33].

Apart from mediating lifespan, KP and DMF were
able to mediate the healthspan of the nematodes
as well. Both the treatments improved pharyn-
geal pumping of the nematodes while reducing the
accumulation of lipofuscin (Fig. 2, 3), which are
known markers of healthspan [14, 15]. Both KP and
DMF were found to enhance energy metabolism in
myocytes by mediating the phosphorylation of AMP
activated protein kinase [34]. KP was able to inhibit
fat accumulation and muscle atrophy [35], improve
physical fitness and muscular endurance [36], and
improve energy metabolism by activating brown adi-
pose tissue [37] in mice models. The KP extract
was also able to improve physical fitness, heart rate
and oxygen consumption in a randomized double-
blind trial [38, 39], reduce body fat [40] and the
polymethoxyflavones from KP were found to reduce
visceral fat area and subcutaneous fat area in another
randomised, double-blind, placebo-controlled trial
[41]. These reports fall parallel to the point that both
KP and DMF could improve the healthspan.

The neuroprotective efficacy of both KP (400
– 600 �g/ml) and DMF (70 – 90 �M) was moni-
tored in the transgenic strain which could express
A�. It was observed that, both KP and DMF could
prolong the lifespan of the A� transgenic strain,
CL2006 (Fig. 4), indicating neuroprotection [42].
Another A� transgenic strain, CL4176, expresses
A� in the body wall muscle, which is accompa-
nied by paralysis upon temperature upshift from
15 ◦C to 25 ◦C [21]. Both KP (400 – 600 �g/ml)
and DMF (70 – 90 �M) were able to significantly
delay the paralysis phenotype suggesting that it could
induce neuroprotection in C. elegans (Fig. 5). The
KP extract and the methoxyflavones present in it
were able to increase the transcription of cAMP

response element in PC12D cells, which is essential
for long term memory thereby preventing cognitive
decline [43]. Additionally, KP improved the learn-
ing and memory in mice and prevented the brain
from valproic acid mediated toxicity by increas-
ing the level of doublecortin in sub granular zone
of brain [44]. KP also mediated different neuro-
transmitters by increasing serotonin, norepinephrine
and dopamine in the rat hippocampus [10]. DMF
exhibited butyrylcholinesterase inhibitory activity
[45], whereas another methoxyflavone, 3,5,7,3’,4’-
pentamethoxyflavone exhibited acetylcholinesterase
inhibitory activity [46].

Exposure to ultraviolet (UV) radiation will induce
photoaging by creating oxidative stress, which will
disrupt the antioxidant mechanism of the host [47].
In this regard, the antioxidant potential of KP and
DMF were monitored upon UV-A-induced oxidative
stress, which has been reported to induce photoaging
[20, 48]. The pre-treatment of KP/DMF was able to
significantly prolong the lifespan of worms exposed
to UV-A indicating the protective effect of KP and
DMF against UV-A induced photoaging (Fig. 6).

One of the major markers in UV-A-induced pho-
toaging in C. elegans is the elevation of ROS level
[48]. ROS can be categorized into intracellular and
extracellular ROS, wherein the former is generated
due to the damaged mitochondrial function and the
latter is induced by NADPH oxidase (NOX) [49].
In addition, the generation of either of the ROS can
complement the induction of the other contributing to
the oxidative microenvironment. Further, intra- and
extracellular ROS can damage proteins, lipids, carbo-
hydrates and DNA in the cells, oxidize lipoproteins
and activate collagen degrading matrix metallo-
proteases, respectively which can have irreversible
damages to the host cells [50]. Although low level
of ROS can contribute to antioxidant defense mech-
anism, increase in ROS is associated with aging and
associated diseases through epigenetic modulations
[51–53]. It was observed that the worms exhibited
significant reduction in fluorescence upon KP/DMF
treatment indicating the inhibition of accumulation
of ROS during UV-A exposure suggesting its antiox-
idative and anti-photoaging potential (Fig. 7). Both
KP and DMF were reported to inhibit the production
of cellular ROS in pyocyanin-stimulated HUVECs
[54]. The antioxidant property of KP was instru-
mental in eliciting anti-inflammatory effect in mice
skin tissue when exposed to solar UV (95% UV-A)
radiation [55]. In another study wherein obese mice
were exposed to UV-B, the KP extract reduced the
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harmful effects by reducing the level of subcutaneous
adipocyte tissues and retaining the structure of col-
lagenous fibers in the dermis [56]. The KP extract was
also able to prevent the loss of collagen fibers and pre-
vent wrinkle formation by mediating the expression
of matrix metalloproteases and increasing the expres-
sion of catalase and other inflammatory mediators in
hairless mice during UV-B induced photoaging [57].

The evolutionarily conserved mammalian Nrf-2 is
responsible for antioxidant, anti-inflammatory and
lifespan extending properties. The ortholog of Nrf-
2 in C. elegans is SKN-1. SKN-1 plays diverse role
in C. elegans that could promote longevity, indicat-
ing the importance of SKN-1 in mediating aging and
other mechanisms [58, 59]. The molecular docking
analysis revealed that DMF could bind effectively
with the target SKN-1 with higher energy and acti-
vate the pathway when compared to that of the known
SKN-1 activator resveratrol (Fig. 8) [22, 60]. The
upregulation of skn-1 after the treatment with KP
and DMF also supported this view. The activation
of SKN-1 was further confirmed using the trans-
genic strain LG333 treated with KP and DMF. It was
revealed that both KP and DMF could activate skn-1
which was proportional to the fluorescence intensity
expressed by the nematodes (Fig. 9) [61, 62]. SKN-
1 was already reported to mediate anti-aging and
neuroprotection in C. elegans [14, 63]. Even though
there are no direct reports suggesting the activation
of SKN-1 by KP extract, several evidences suggest
that quercetin present in KP has better binding affin-
ity with sirtuins, and the extract could elevate sirtuin
catalytic activity, suggesting the activation of this
antioxidant enzyme [64, 65].

SKN-1 acts in parallel with DAF-16, the fork-
head box transcription factor homolog in C. elegans,
to mediate anti-aging and stress resistance. DAF-
2, the ortholog of insulin/insulin-like growth factor,
mediates the activation of DAF-16. In simple terms,
reduction in DAF-2 causes the activation of DAF-16
leading to lifespan extension, stress resistance and
other positive effects [59, 66]. The contribution of
DAF-16 mediated pathway in KP and DMF initi-
ated lifespan extension was monitored by analyzing
the effect of both KP and DMF in the mutants of
daf-2 and daf-16 individually. Both the mutants did
not display any significant changes in the lifespan
when treated with KP or DMF indicating the impor-
tance of DAF-16 mediated pathway in the anti-aging
and neuroprotective efficacies (Fig. 10, 11) [48, 67].
The qPCR analysis also suggests the activation of
daf-16 when treated with KP and DMF. This was

further confirmed through molecular docking anal-
ysis wherein DMF exhibited better binding affinity
with DAF-16 when compared to resveratrol indicat-
ing the activation of DAF-16 (Fig. 12).

The KP extract was previously reported to medi-
ate the activity of phosphatidylinositol 3 kinase and
thereby mediate the forkhead box O3a in human der-
mal fibroblasts leading to anti-aging activity [32] and
the same effect was observed in obese mice, which
lead to anti-obesity and anti-aging potential by KP
extract [35]. DMF was reported to stimulate the phos-
phatidylinositol 3-kinase-Akt pathway and mediate
the phosphorylation of Forkhead box O3 in mice
thereby reducing sarcopenia [33]. Our results indicate
that the anti-aging and neuroprotective properties of
KP and DMF in C. elegans were mediated by DAF-16
pathway along with SKN-1.

5. Conclusions

Aging and age-related diseases are associated with
elevated oxidative stress and attenuation of antioxi-
dant mechanisms in the host. Our study shows that
traditionally important Kaempferia parviflora extract
and its phytoconstituent DMF exerts anti-aging and
neuroprotection in the model organism C. elegans
via SKN-1 and DAF-16 pathway. With the epidemi-
ological evidences pointing on the role of nutritional
antioxidants against several pathological conditions,
K. parviflora could be used as a nutraceutical as a
booster against age-associated disorders.
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