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Abstract

Background This study employs Caenorhabditis elegans (C. elegans) as a model organism to explore the anti-aging
effects of hydroxytyrosol (HT) and its underlying mechanisms.

Results The findings reveal that HT significantly extends the lifespan of C. elegans while improving their functional
performance (motility and pharyngeal function), and antioxidant capacity when administered on the first day

of adulthood (D1). However, its efficacy diminishes when treatment begins on or after the third day of adulthood (D3).
HT prolongs lifespan through a mechanism akin to that of skn-1 modulating the oxidative stress pathway.

Conclusions This study suggests that the administration timing is an important factor for of anti-oxidation com-

pounds to be effective in counteracting aging.

Keywords Hydroxytyrosol, Caenorhabditis elegans, Anti-aging, Oxidative stress

Background

According to the World Health Organization, the pro-
portion of the global population aged 60 and above is
projected to nearly double by 2050 (https://www.who.
int/news-room/fact-sheets/detail/ageing-and-health). As
population aging intensifies, gaining a deep understand-
ing of the essence of aging has become an urgent priority.
Aging is a complex biological process characterized by
declines at the molecular, cellular, tissue, and organ levels
[1]. In recent years, the rapid advancement of technolo-
gies such as genomics, epigenetics, and metabolomics has
propelled in-depth research into the mechanisms of aging
[2]. With the rapid advancement of these technologies,
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researchers have developed innovative high-throughput
screening methods, such as PICLS, which identified new
compounds that can extend the lifespan of human cells,
offering a novel tool for the development of anti-aging
drugs [3]. Additionally, current evidence indicates that
aging is closely associated with factors such as telomere
shortening [4], mitochondrial dysfunction [5], protein
homeostasis imbalance [6], and chronic inflammation
[7]. Research by Pietro et al. has highlighted the similari-
ties in telomeres across Arabidopsis, mice, and humans,
noting that they are composed of TTAGGG sequences
and safeguarded by specific proteins [8, 9]. Recent studies
have suggested a strong correlation between changes in
chromatin structure and cellular senescence [10]. Addi-
tionally, Yang et al. showed that inflammation plays a
crucial role in the senescence of mesenchymal stem cells,
suggesting targeting inflammatory pathways a promising
strategy for anti-aging therapies [11]. Concurrently, strat-
egies to delay aging have garnered widespread attention.
Moreover, there is considerable scientific interest in
neurodegenerative diseases that are closely associated
with cell death and aging, such as Parkinson’s and Alz-
heimer’s diseases [12]. PM20D1-NADA pathway was
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shown to play a protective role in Parkinson’s disease,
in which PM20D1 can alleviate oxidative stress and
neuroinflammation by producing the neuroprotective
metabolite NADA, thereby slowing the progression of
the disease [13]. Furthermore, Jiang et al. showed that,
in a mouse model of Parkinson’s disease, the cGAS-
STING-YY1 signaling axis accelerates neurodegenera-
tive progression through LCN2-dependent astrocyte
senescence [14]. In another aging-related condition,
neutralizing acyl-CoA binding protein (ACBP/DBI) has
been shown to significantly induce autophagy, reduce
fatty liver and fibrosis, and even reverse liver damage
during disease progression [15].

As for aging interventions, its aim is to slow the aging
process and reduce the incidence of age-related dis-
eases by modulating biological mechanisms associated
with aging [16]. Significant progress has been made in
this field, focusing primarily on the following areas:
Firstly, activating longevity-related pathways, such as
AMPK and mTOR signaling pathways, through caloric
restriction (CR) or caloric restriction-mimicking drugs
(such as rapamycin and metformin) [17]; secondly, tar-
geting the clearance of senescent cells (senolysis) by
using senolytic agents to selectively eliminate senescent
cells and mitigate the damage caused by their secreted
pro-inflammatory factors to tissues [18]; thirdly,
employing epigenetic reprogramming technology to
restore cellular youth by regulating gene expression
[19]; and fourthly, utilizing antioxidants or mitochon-
dria-targeted drugs to enhance mitochondrial function
and reduce oxidative stress damage to cells [20, 21].
Additionally, stem cell therapy and gene editing tech-
nology offer new possibilities for aging interventions
[22].

This study focuses on one of the aging intervention
strategies—anti-aging drugs—and reveals that hydroxy-
tyrosol (HT) can extend the lifespan of Caenorhabditis
elegans (C. elegans). HT is a polyphenolic compound
naturally found in olive oil, olive leaves, and olive fruits,
possessing strong antioxidant, anti-inflammatory,
and anti-aging properties [23, 24]. As one of the most
important bioactive components in olive oil, HT signif-
icantly contributes to the health benefits of the Medi-
terranean diet [25]. Its biological effects are extensive,
including antioxidant, anti-inflammatory, cardiovas-
cular protection, anti-aging, and neuroprotection [26].
These characteristics make HT a promising candidate
for applications in functional foods, pharmaceutical
development, and cosmetics [27]. In this study, the
lifespan-extending effect of HT in C. elegans further
confirms its anti-aging potential, supporting for its
application and promotion in the field of anti-aging.
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Methods

Strains and culture of C. elegans

This study utilized wild-type C. elegans (N2) along with
one mutant strains skn-1(zj15) as model organisms. All
strains were maintained at 20 °C on standard nematode
growth medium (NGM) plates seeded with Escherichia
coli OP50 as the food source. Experiments were con-
ducted using synchronized worms at early adulthood.

HT treatment

HT was dissolved in sterile water to prepare a stock solu-
tion at the desired concentration. The stock solution was
aliquoted and stored at—80 °C until use. Before each
experiment, the stock was diluted 100-fold with sterile
water to prepare the working solution. To prepare the
NGM plates, 200 pL of Escherichia coli OP50 suspension
was pipetted onto the center of each plate and incubated
at 20 °C for 48 h to form a uniform bacterial lawn. The
plates were then exposed to ultraviolet light to thor-
oughly kill the bacteria. Subsequently, 200 uL of the HT
working solution was evenly distributed across the bac-
terial lawn using a pipette, ensuring complete coverage.
The plates were left at 20 °C overnight to allow for uni-
form absorption of the HT. For the control group, sterile
water was used in place of the HT solution, following the
same procedure.

Staged drug administration

Drug intervention was initiated at specific time points
corresponding to the adult stages of C. elegans: day 1
(adult stage), day 3, day 5, day 7, day 9, day 11, day 13,
and day 15. Each group consisted of at least 200 syn-
chronized worms, with one group serving as the control
(treated exclusively with sterile water). At the desig-
nated time points, 0.25 mg/mL HT working solution was
evenly applied to the bacterial lawn on NGM plates using
a pipette, ensuring complete coverage. The plates were
left overnight to ensure uniform distribution of the com-
pound. During non-treatment periods, both the control
and treatment groups were treated with sterile water
instead of HT to eliminate any potential procedural
effects on the results.

Lifespan measurement

Synchronized worms at early adulthood were transferred
to NGM plates containing either the treatment or control
solutions, with at least 200 worms per group. Worm sur-
vival was monitored daily until all individuals had died.
The time of death for each worm was recorded to cal-
culate the median and maximum lifespan. In this study,
survival curves for the first 20 days were presented. To
prevent interference from bacterial overgrowth, worms
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were transferred to fresh HT-treated plates every 2 days
during the experiment.

Motility assessment

Worm motility was assessed using a stereomicroscope
through a swimming assay. Individual worms were
transferred to a 96-well plate containing 1 mL of M9
buffer, and the number of body thrashes within 30 s was
recorded. Each experimental group included at least 10
worms to ensure the reliability of the data.

Pharyngeal pumping frequency measurement

Pharyngeal pumping was observed under a stereomi-
croscope, and the number of pumps within 15 s was
recorded. At least 10 worms were observed per group,
and the average pharyngeal pumping frequency was
calculated.

Heat stress assay

Treatment was administered to wild-type C. elegans
starting on the first and third days of adulthood. During
the initial 3 days of adulthood, the worms were trans-
ferred daily to fresh NGM plates. On the third day, these
plates were incubated at 37 °C. The number of surviving,
deceased, and missing worms on each plate was recorded
at 2, 4, and 8 h post-incubation.
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Statistical analysis

All experimental data are presented as mean +standard
deviation (Mean+SD). Statistical analyses were per-
formed using GraphPad Prism software. Group com-
parisons were conducted using a two-tailed paired t-test,
with a P-value of less than 0.05 considered statistically
significant. For lifespan data, Kaplan—Meier survival
analysis was used to compare differences between treat-
ment groups, and the Log-rank test was applied to assess
statistical significance.

Quality control

Control groups were included in all experiments to
ensure consistency in experimental conditions. Worm
health was regularly monitored, and any abnormal indi-
viduals were excluded. All experiments were repeated at
least twice to ensure the reliability and reproducibility of
the results.

Results

Early administration of HT extends lifespan of C. elegans

In our initial screening of anti-aging compounds (includ-
ing Resveratrol, Fisetin, Quercetin, Hydroxytyrosol,
ABT263 and Aspirin, Fig. 1la—f), we unexpectedly found
that HT significantly extends both the median and maxi-
mum lifespan of C. elegans (Fig. 1d). To delve deeper into
how the timing of drug administration influences lifes-
pan extension, we systematically examined the effects of
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Fig. 1 Administration of HT extends lifespan of C. elegans. a—f Lifespan analyses of WT animals in the presence of 50 uM Resveratrol (a), 200 uM
Fisetin (b), 100 uM Quercetin (c), 0.25 mg/mL Hydroxytyrosol (d), 10 uM ABT263 (e), 500 uM Aspirin (f). Compounds were administrated every
2 days from the first day of adulthood to the end of the experiment; n > 100 worms/each group. ns, No significant difference; *p < 0.05; **p < 0.01;
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HT at various adult stages. The results revealed a pro-
nounced time-dependence in the lifespan-extending
effects of HT. Specifically, administration on the first day
of adulthood (D1) yielded the most substantial lifespan
extension (Fig. 2b), while administration on D3 resulted
in a relatively weaker effect (Fig. 2c), contrary to our ini-
tial hypothesis. Notably, when HT was administrated
at D5 or beyond, no lifespan-extending effects could be
observed anymore (Fig. 2d—1i).

Early administration of HT enhances functional
performance of C. elegans

To comprehensively evaluate the effects of HT on the
physiological functions of C. elegans, we conducted a
series of functional assays. On the one hand, we meas-
ured the number of thrashes in a swimming assay to
assess motility. At the D5 time point, compared to the
control group, administration on D3 and D7 did not
significantly enhance the motility of C. elegans (Fig. 3a).

Page 4 of 8

Although administration on D1 showed a trend of
increased motility, it did not reach statistical significance.
However, administration on D5 significantly enhanced
motility (Fig. 3a), suggesting a time-dependent effect of
HT on motility. At the D7 time point, compared to the
control group, administration on D1, D3, and D7 did not
significantly affect motility (Fig. 3b), while administration
on D5 still showed a trend of increased motility (Fig. 3b).
This result further supports the hypothesis that HT
may significantly enhance motility within a short period
(48 h). At the D9 time point, compared to the control
group, only administration on D1 significantly affected
motility (Fig. 3¢).

On the other hand, we assessed pharyngeal pumping
function by quantifying the number of pumps. At the
D5 time point, compared to the control group, admin-
istration on D1, D3, and D5 significantly enhanced
pharyngeal pumping function (Fig. 3d). Interestingly,
administration on D7 (prior to D5 administration) also
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Fig. 2 Early administration of HT extends lifespan of C. elegans. a Survival analyses of wild-type C. elegans treated with 0.25 mg/mL HT with vehicle
(NC) as control, mOS was extended by 2 days; Compounds were administrated every 2 days from the first day of adulthood to the end

of the experiment. p=0.0034**; n = 100 worms/each group. b-i Lifespan analyses of wild-type C. elegans treated with 0.25 mg/mL HT starting

at different time points. Significant mOS extension was detected only when HT administration started at early stages of adult (D1 and D3). HT
administration started at the indicated developmental stages of adulthood, every 2 days to the end of the experiment; n> 100 worms/each group.
ns, No significant difference; *p <0.05, **p < 0.01; ***p < 0.001; ****p <0.0001
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Fig. 3 Early administration of HT enhances functional performance of C. elegans. a—c Motility analysis of wild-type C. elegans in the presence

of 0.25 mg/mL HT starting at D1, D3, D5, D7, respectively. Measurements were performed for 30 s on days 5 (a), 7 (b) and 9 (c), n> 10 worms/
each group. d—f Pharyngeal pumping frequency of wild-type C. elegans in the presence of 0.25 mg/mL HT starting at D1, D3, D5, D7, respectively.
Measurements were performed for 15 s on days 5 (d), 7 (e) and 9 (f); n > 10 worms/each group. ns, No significant difference; *p <0.05; **p <0.01;

=) < 0,001; %% < 0.0001

showed a significant enhancement in pharyngeal pump-
ing (Fig. 3d), which may be related to fluctuations in the
physiological state of C. elegans. At the D7 time point,
compared to the control group, only administration on
D3 significantly enhanced pharyngeal pumping (Fig. 3e).
At the D9 time point, compared to the control group,
administration on D1, D5, and D7 did not enhance phar-
yngeal pumping (Fig. 3f), although administration on D3
showed a trend of enhancement, it did not reach statisti-
cal significance (Fig. 3f).

HT promotes survival over oxidative stress akin to skn-1

Recognizing HT as a potent antioxidant, this study
seeks to explore its impact on the antioxidant capacity
and lifespan of C. elegans. We evaluated the antioxidant
capacity of C. elegans using a heat shock assay and sys-
tematically recorded survival rates at three time points
(2 h, 4 h, and 8 h) (Fig. 44, b). The results indicated that,
at the 8-h time point, compared to the control group, the

survival rate of C. elegans with HT administered on D1
was significantly higher, while the survival rate of those
with HT administration on D3 was only slightly higher
than the control group. This finding is in agreement with
the result that administration on D1 and D3 can improve
the physiological functions of C. elegans. Notably, com-
pared to administration on D1, the survival rate of C.
elegans administered on D3 significantly decreased, con-
sistent with the conclusion that HT has the most pro-
nounced lifespan-extending effect when administered on
DI1.

Next, we examined whether the lifespan-extending
effects of HT are closely linked to the oxidative stress
pathway. To test this idea, we carried out experiments
using C. elegans line (skn-1(zj15)), a gain of function
mutant resistant to oxidative stress. The results revealed
that the skn-1 mutant displayed a significantly extended
lifespan, which, however, could not be further extended
by HT treatment (Fig. 4c, d). This finding suggests that
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HT may operate through mechanisms akin to those of
skn-1 within the oxidative stress pathway.

Discussion

This study reveals a tight association between the tim-
ing of HT administration and lifespan extension in C.
elegans, demonstrating that earlier administration results
in a more pronounced extension of lifespan. This inno-
vative finding holds significant theoretical importance in
the field of anti-aging research and provides new insights
and directions for future studies and applications.

From a molecular perspective, early administration
allows HT to rapidly intervene in the physiological and
metabolic processes of C. elegans. As a potent anti-
oxidant, HT efficiently and precisely eliminates reac-
tive oxygen species (ROS) generated during the early
active metabolic stages of C. elegans [28]. If not promptly
removed, ROS, being highly oxidative, can cause severe
damage to cellular structures and biomolecules such

as DNA, proteins, and lipids [29-31]. The antioxidant
action of HT effectively prevents such damage, maintain-
ing normal cellular function and metabolic homeostasis
[32], thus laying a solid foundation for the long-term sur-
vival of C. elegans.

Comparative analyses of different administration tim-
ings reveal that the lifespan extension effect in the late
administration group is significantly less pronounced
than in the early administration group. By the late stage,
substantial irreparable damages have accumulated within
the worms [33]. For instance, mitochondrial function,
which is crucial for energy production, is often severely
impaired in late-stage worms, leading to disrupted energy
metabolism [34]. Moreover, recent research indicates
that quinolinic acid accelerates microglial cell senescence
by inhibiting mitophagy, which in turn shortens the lifes-
pan of C. elegans [35]. This finding underscores a critical
role mitochondrial health and function play in determin-
ing an organism’s lifespan. Although HT can reduce ROS
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through its antioxidant action at this stage, the structural
and functional damages within the mitochondria are too
severe to be fully restored by antioxidant measures alone,
in turn, has an impact on the lifespan of C. elegans [34,
36, 37].

Notably, this study also found that HT extends the lifes-
pan of C. elegans through mechanisms similar to those of
the transcription factor skn-I by modulating the oxida-
tive stress pathway. skn-1 plays a critical role in regulating
oxidative stress responses [38, 39]. Early administration
of HT may mimic the activation process of skn-1, upreg-
ulating the expression of a series of antioxidant enzyme
genes, such as superoxide dismutase (SOD) and catalase
(CAT), thereby enhancing the antioxidant capacity of C.
elegans and effectively extending their lifespan [40, 41].
In experiments with mutant C. elegans (skn-1(zj15)), HT
treatment did not result in significant changes in lifespan,
further confirming the similar mechanistic roles of HT
and skz-1 in the oxidative stress pathway.

Furthermore, early administration may activate longev-
ity-related signaling pathways in C. elegans, such as the
insulin/IGF-1 signaling pathway (IIS) [42], at an earlier
stage. The IIS pathway plays a central role in regulating
the lifespan of C. elegans [43, 44]. HT, acting early on
C. elegans, may modulate the expression of key genes in
the IIS pathway, such as daf-2 and daf-16, promoting the
nuclear translocation of daf-16 and regulating the expres-
sion of a series of downstream genes [45]. This enhances
the antioxidant capacity, stress resistance, and cellu-
lar repair abilities of C. elegans, leading to a significant
extension of lifespan [40]. It’s conceivable that the regula-
tion of the oxidative stress pathway by HT may synergize
with the IIS pathway to promote lifespan extension, war-
ranting further investigation. Moreover, a link between
oxidative stress and AMPK has been established. Hu et al.
found that the loss of AMPK activity during oocyte aging
results in organelle dysfunction and increased oxidative
stress, underscoring a pivotal role of AMPK in preserving
oocyte function and delaying the aging process [46]. This
finding suggests that multiple signaling pathways in the
body are interconnected with oxidative stress, and the
extension of lifespan in C. elegans may be a result of the
collective impacts of these pathways on oxidative stress.

Conclusion

HT significantly extends lifespan when administrated on
the early stages of adulthood in C. elegans, which works
out in a way in line with the oxidative stress pathway akin
to those of skn-1, thereby delaying aging and enhanc-
ing functional performance. Our findings highlight the
importance of timing for anti-aging intervening, setting a
theoretical basis for developing natural polyphenol-based
anti-aging and antioxidant therapies.
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Abbreviations

C.elegans  Caenorhabditis elegans

HT Hydroxytyrosol

D1 The first day of adulthood

D3 The third day of adulthood

CR Caloric restriction

NGM Nematode growth medium
ROS Reactive oxygen species

SOD Superoxide dismutase

CAT Catalase

I Insulin/IGF-1 signaling pathway

Acknowledgements

We would like to express our deepest gratitude. Special thanks go to Dr. Zhuo
Du’s laboratory at the Chinese Academy of Sciences for their generosity in
providing us with C. elegans strains, both wild-type and mutant. We are also
immensely grateful to Jinyi Liu and Xusheng Hao for their exceptional support
and guidance throughout the research process.

Author contributions

Project supervision and concept: QS; data collection and analysis: ND and
LS with help from RY, KL, ZN and ZZ; manuscript: ND and QS; All authors
reviewed and approved the manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (32450119) and the CAMS Innovation Fund for Medical Sciences
(2021-12M-5-008).

Availability of data and materials
Data supporting findings reported in this study are available in the supple-
mentary materials.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Received: 21 February 2025 Accepted: 15 March 2025
Published online: 21 May 2025

References

1. Lépez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. Hallmarks of
aging: an expanding universe. Cell. 2023;186(2):243-78.

2. Deelen J, Beekman M, Capri M, Franceschi C, Slagboom PE. Identifying
the genomic determinants of aging and longevity in human population
studies: progress and challenges. BioEssays News Rev Mol Cell Dev Biol.
2013;35(4):386-96.

3. Alfatah M, Zhang Y, Naaz A, Cheng TYN, Eisenhaber F. PICLS with human
cells is the first high throughput screening method for identifying novel
compounds that extend lifespan. Biol Direct. 2024;19(1):8.

4. Cherif H, Tarry JL, Ozanne SE, Hales CN. Ageing and telomeres: a study
into organ- and gender-specific telomere shortening. Nucleic Acids Res.
2003;31(5):1576-83.

5. Singh B, Schoeb TR, Bajpai P, Slominski A, Singh KK. Reversing wrinkled
skin and hair loss in mice by restoring mitochondrial function. Cell Death
Dis. 2018;9(7):735.

6. FuY,Jiang F, Zhang X, PanY, Xu R, Liang X, Wu X, Li X, Lin K, Shi R, et al.
Perturbation of METTL1-mediated tRNA N(7)-methylguanosine modifica-
tion induces senescence and aging. Nat Commun. 2024;15(1):5713.



Du et al. Biology Direct

20.

21

22.

23.

24.

25.

26.

27.

28.

(2025) 20:62

Gulen MF, Samson N, Keller A, Schwabenland M, Liu C, Gliick S, Thacker
VWV, Favre L, Mangeat B, Kroese LJ, et al. cGAS-STING drives ageing-related
inflammation and neurodegeneration. Nature. 2023;620(7973):374-80.
Di Pietro E, Burla R, La Torre M, Gonzélez-Garcia MP, Dello loio R, Saggio .
Telomeres: an organized string linking plants and mammals. Biol Direct.
2024;19(1):119.

Fischer M, Sammons MA. Determinants of p53 DNA binding, gene regu-
lation, and cell fate decisions. Cell Death Differ. 2024;31(7):836-43.
Shaban HA, Gasser SM. Dynamic 3D genome reorganization during
senescence: defining cell states through chromatin. Cell Death Differ.
2025;32(1):9-15.

. Yang X, Wang Y, Rovella V, Candi E, Jia W, Bernassola F, Bove P, Piacentini

M, Scimeca M, Sica G, et al. Aged mesenchymal stem cells and inflam-
mation: from pathology to potential therapeutic strategies. Biol Direct.
2023;18(1):40.

Vitale |, Pietrocola F, Guilbaud E, Aaronson SA, Abrams JM, Adam D,
Agostini M, Agostinis P, Alnemri ES, Altucci L, et al. Apoptotic cell death
in disease—current understanding of the NCCD 2023. Cell Death Differ.
2023;30(5):1097-154.

YangY, Chen S, Zhang L, Zhang G, Liu Y, Li Y, Zou L, Meng L, Tian Y, Dai L,
et al. The PM20D1-NADA pathway protects against Parkinson'’s disease.
Cell Death Differ. 2024;31(11):1545-60.

Jiang SY, Tian T, Yao H, Xia XM, Wang C, Cao L, Hu G, Du RH, Lu M. The
cGAS-STING-YY1 axis accelerates progression of neurodegeneration in
a mouse model of Parkinson’s disease via LCN2-dependent astrocyte
senescence. Cell Death Differ. 2023;30(10):2280-92.

Motifio O, Lambertucci F, Joseph A, Durand S, Anagnostopoulos G, Li S,
Carbonnier V, Nogueira-Recalde U, Montégut L, Chen H et al. ACBP/DBI
neutralization for the experimental treatment of fatty liver disease. Cell
Death Differ. 2024.

Chaib S, Tchkonia T, Kirkland JL. Cellular senescence and senolytics: the
path to the clinic. Nat Med. 2022,28(8):1556-68.

Madeo F, Carmona-Gutierrez D, Hofer SJ, Kroemer G. Caloric restriction
mimetics against age-associated disease: targets, mechanisms, and
therapeutic potential. Cell Metab. 2019;,29(3):592-610.

. Magkouta S, Veroutis D, Papaspyropoulos A, Georgiou M, Lougiakis N,

Pippa N, Havaki S, Palaiologou A, Thanos DF, Kambas K, et al. Generation
of a selective senolytic platform using a micelle-encapsulated Sudan
Black B conjugated analog. Nat Aging. 2025;5(1):162-75.

. Yang JH, Hayano M, Griffin PT, Amorim JA, Bonkowski MS, Apostolides JK,

Salfati EL, Blanchette M, Munding EM, Bhakta M, et al. Loss of epigenetic
information as a cause of mammalian aging. Cell. 2023;186(2):305-326.
e327.

Byrns CN, Perlegos AE, Miller KN, Jin Z, Carranza FR, Manchandra P,
Beveridge CH, Randolph CE, Chaluvadi VS, Zhang SL, et al. Senescent
glia link mitochondrial dysfunction and lipid accumulation. Nature.
2024;630(8016):475-83.

Oyewole AQ, Birch-Machin MA. Mitochondria-targeted antioxidants.
FASEB J Off Publ Fed Am Soc Exp Biol. 2015;29(12):4766-71.

Su P, Miao YL. A genome-wide CRISPR/Cas9 screen identifies regulatory
genes for stem cell aging. Methods Mol Biol. (Clifton, NJ) 2024.

Silva AFR, Resende D, Monteiro M, Coimbra MA, Silva AMS, Cardoso
SM. Application of hydroxytyrosol in the functional foods field: from
ingredient to dietary supplements. Antioxidants (Basel, Switzerland).
2020;9(12):1246.

Arangia A, Marino Y, Impellizzeri D, D’Amico R, Cuzzocrea S, Di Paola R.
Hydroxytyrosol and its potential uses on intestinal and gastrointestinal
disease. Int J Mol Sci. 2023;24(4):3111.

Karkovi¢ Markovic¢ A, Tori¢ J, Barbari¢ M, Jakobusi¢ Brala C. Hydroxytyro-
sol, tyrosol and derivatives and their potential effects on human health.
Molecules (Basel, Switzerland). 2019;24(10):2001.

Vilaplana-Pérez C, Aundn D, Garcia-Flores LA, Gil-lzquierdo A. Hydroxy-
tyrosol and potential uses in cardiovascular diseases, cancer, and AIDS.
Front Nutr. 2014;1:18.

Batarfi WA, Yunus MHM, Hamid AA, Lee YT, Maarof M. Hydroxytyrosol: a
promising therapeutic agent for mitigating inflammation and apoptosis.
Pharmaceutics. 2024;16(12):1504.

Ristow M, Zarse K. How increased oxidative stress promotes longevity
and metabolic health: the concept of mitochondrial hormesis (mito-
hormesis). Exp Gerontol. 2010;45(6):410-8.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 8 of 8

Dizdaroglu M. Oxidative damage to DNA in mammalian chromatin.
Mutat Res. 1992,275(3-6):331-42.

Berlett BS, Stadtman ER. Protein oxidation in aging, disease, and oxidative
stress. J Biol Chem. 1997;272(33):20313-6.

Esterbauer H, Schaur RJ, Zollner H. Chemistry and biochemistry of
4-hydroxynonenal, malonaldehyde and related aldehydes. Free Radical
Biol Med. 1991;11(1):81-128.

Dong Y, Yu M, Wu'Y, Xia T, Wang L, Song K, Zhang C, Lu K, Rahimnejad S.
Hydroxytyrosol promotes the mitochondrial function through activating
mitophagy. Antioxidants (Basel, Switzerland). 2022;11(5):893.

Haynes CM, Hekimi S. Mitochondrial dysfunction, aging, and the mito-
chondrial unfolded protein response in Caenorhabditis elegans. Genetics.
2022;222(4):iyac160.

Mirza Z, Walhout AJM, Ambros V. A bacterial pathogen induces devel-
opmental slowing by high reactive oxygen species and mitochondrial
dysfunction in Caenorhabditis elegans. Cell Rep. 2023;42(10):113189.
Dongol A, Chen X, Zheng P, Seyhan ZB, Huang XF. Quinolinic acid impairs
mitophagy promoting microglia senescence and poor healthspan

in C. elegans: a mechanism of impaired aging process. Biol Direct.
2023;18(1):86.

Gao X, Yang X, Deng C, Chen Y, Bian Y, Zhang X, Jin Y, Zhang J, Liang XJ. A
mitochondria-targeted nanozyme with enhanced antioxidant activity to
prevent acute liver injury by remodeling mitochondria respiratory chain.
Biomaterials. 2025;318:123133.

Membrez M, Migliavacca E, Christen S, Yaku K, Trieu J, Lee AK, Morandini F,
Giner MP, Stiner J, Makarov MV, et al. Trigonelline is an NAD(+) precursor
that improves muscle function during ageing and is reduced in human
sarcopenia. Nat Metab. 2024;6(3):433-47.

LiH, Liu X, Wang D, Su L, Zhao T, Li Z, Lin C, Zhang Y, Huang B, Lu J, et al.
O-GlcNAcylation of SKN-1 modulates the lifespan and oxidative stress
resistance in Caenorhabditis elegans. Sci Rep. 2017,7:43601.

Ramos CM, Curran SP. Comparative analysis of the molecular and physi-
ological consequences of constitutive SKN-1 activation. GeroScience.
2023;45(6):3359-70.

Carrara M, Richaud M, Cuqg P, Galas S, Margout-Jantac D. Influence of
oleacein, an olive oil and olive mill wastewater phenolic compound,

on Caenorhabditis elegans longevity and stress resistance. Foods (Basel,
Switzerland). 2024;13(13):2146.

Romero-Marquez JM, Navarro-Hortal MD, Jiménez-Trigo V, Mufioz-Ollero
P, Forbes-Herndndez TY, Esteban-Mufnoz A, Giampieri F, Delgado Noya

I, Bullon P, Vera-Ramirez L, et al. An olive-derived extract 20% rich in
hydroxytyrosol prevents 3-amyloid aggregation and oxidative stress, two
features of Alzheimer disease, via SKN-1/NRF2 and HSP-16.2 in Caeno-
rhabditis elegans. Antioxidants (Basel, Switzerland). 2022;11(4):629.
Murphy CT, Hu PJ. Insulin/insulin-like growth factor signaling in C. elegans.
WormBook Online Rev C elegans Biol. 2013;1-43.

Berk S. Insulin and IGF-1 extend the lifespan of Caenorhabditis elegans by
inhibiting insulin/insulin-like signaling and mTOR signaling pathways:

C. elegans—focused cancer research. Biochem Biophys Res Commun.
2024;729:150347.

Wang J, Zhu D, Cui H, Xu Y, Shang S, Miao Y, Xu Z, Li R. Molecular mecha-
nism of culinary herb Artemisia argyi in promoting lifespan and stress
tolerance. NPJ Sci Food. 2024;8(1):111.

Feng S, Zhang C, Chen T, Zhou L, Huang Y, Yuan M, Li T, Ding C. Oleuro-
pein enhances stress resistance and extends lifespan via insulin/IGF-1
and SKN-1/Nrf2 signaling pathway in Caenorhabditis elegans. Antioxi-
dants (Basel, Switzerland). 2021;10(11):1697.

Hu LL, Liao MH, Liu YX, Xing CH, Nong LL, Yang FL, Sun SC. Loss of AMPK
activity induces organelle dysfunction and oxidative stress during oocyte
aging. Biol Direct. 2024;19(1):29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Early-stage administration of hydroxytyrosol extends lifespan and delays aging in C. elegans
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Strains and culture of C. elegans
	HT treatment
	Staged drug administration
	Lifespan measurement
	Motility assessment
	Pharyngeal pumping frequency measurement
	Heat stress assay
	Statistical analysis
	Quality control

	Results
	Early administration of HT extends lifespan of C. elegans
	Early administration of HT enhances functional performance of C. elegans
	HT promotes survival over oxidative stress akin to skn-1

	Discussion
	Conclusion
	Acknowledgements
	References


