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Abstract: Oleacein, a bioactive compound of olive oil and olive mill wastewater, has one of the
strongest antioxidant activities among olive phenolics. However, few reports explore the in vivo
antioxidant activity of oleacein, with no clear identification of the biological pathway involved. Earlier
studies have demonstrated a link between stress resistance, such as oxidative stress, and longevity.
This study presents the effects of oleacein on Caenorhabditis elegans mean lifespan and stress resistance.
A significant lifespan extension was observed with an increase of 20% mean lifespan at 5 µg/mL with
a hormetic-like dose-dependent effect. DAF-16 and SIR-2.1 were involved in the effects of oleacein on
the longevity of C. elegans, while the DAF-2 receptor was not involved. This study also shows the
capacity of oleacein to significantly enhance C. elegans resistance to oxidative and thermal stress and
allows a better understanding of the positive effects of olive phenolics on health.

Keywords: oleacein; C. elegans; aging; olive oil; olive mill wastewater

1. Introduction

Extra virgin olive oil (OO) comprises up to 36 phenolic compounds [1,2]; they have
been associated with various health benefits [3,4], such as their antioxidant [5–7] and
anti-inflammatory [8–10] activities, both in vitro and in vivo. Several studies also show
that the consumption of OO phenolics may help to prevent cardiovascular, metabolic, or
age-related diseases [11–14], and promote healthy aging [15,16]. In consequence, the con-
sumption of OO is believed to be of great importance for the benefits of the Mediterranean
diet [17]. Olive mill wastewater (OMW), an aqueous polluting waste generated during OO
production, contains 98% of available olive phenolics [18], making it an interesting source
of these compounds. Hydroxytyrosol is the most studied phenolic compound in OO and
OMW for its antioxidant properties [19–21]. Oleacein (the dialdehydic form of elenolic
acid conjugated with 3, 4-(dihydroxyphenyl)ethanol (3, 4-DHPEA-EDA)), another phenolic
compound found in OO and OMW (Figure 1), has been the subject of fewer studies but has
been shown to have one of the strongest in vitro antioxidant activities among olive pheno-
lics [22–25]. Only a few studies on the in vivo testing of oleacein antioxidant activity are
reported, with no clear identification of the biological pathways involved [26,27], although
Nikou et al. suspect a contribution of the Ins/IGF-dependent pathway.

Lifespan is regulated by signaling pathways that are conserved from yeast to hu-
mans [28,29]. Some of the most widely studied are target of rapamycin (mTOR) sig-
naling [30], nicotinamide adenine dinucleotide (NAD+)-dependent sirtuins [31], and
insulin/insulin-like growth factor 1 (IGF-1) regulatory pathways [28]. The roundworm
Caenorhabditis elegans (C. elegans) possesses all of these regulatory pathways [28]. Because of
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its short lifespan, and readily available molecular tools and mutant strains [32], C. elegans
is a suitable model for drug screening [33,34]. Previous reports highlighted the positive
effects of phenolic compounds on the lifespan of C. elegans [35–37]. For example, Brunetti
et al. previously demonstrated the ability of hydroxytyrosol to increase C. elegans mean
lifespan by 14% at 250 µg/mL [38].
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It has been reported that some phenolic compounds may induce a hormetic re-
sponse [39–41]. Hormesis is characterized by a moderate and non-permanent stress that
induces a beneficial effect at low doses and a deleterious effect at high doses and is con-
sidered an adaptive response [42,43]. More precisely, hormetic compounds are a source
of stress and at low doses trigger innate overcompensation with an overall positive effect.
At higher doses, this stress overwhelms defense mechanisms, explaining the observed
negative effect [44]. Previous reports have shown that the hormesis function is absent
in C. elegans mutations in the Daf-16 C. elegans gene [45,46]. The Daf-16 gene encodes
an ortholog of the human FOXO family of transcription factors, and its genetic targets
include, among others, reactive oxygen species (ROS) scavengers such as Sod-3 (superoxide
dismutase) or gene-encoding chaperones such as Hsp-16.2 (heat shock protein) [47,48]. Ac-
tivation/inhibition processes of the DAF-16 transcription factor are regulated by molecular
pathways such as the Daf-2 (Ins/IGF)-dependent signaling pathway. Downregulation of the
Daf-2 (Ins/IGF)-dependent signaling pathway leads to activation of DAF-16, resulting in a
twofold extension of C. elegans lifespan [49,50]. The C. elegans Sir-2.1 gene is an ortholog of
mammalian SIRT1 that belongs to the Sir-2 family of NAD+-dependent protein deacetylase-
encoding genes. The deacetylase encoded by the Sir-2.1 gene can extend C. elegans lifespan
via the DAF-16 transcription factor [51], notably when activated by oxidative stress [52,53].

In this manuscript, we show for the first time that oleacein can promote healthy aging
in an in vivo model of C. elegans by promoting its stress resistance and extending its lifespan
expectancy. We also identify C. elegans genes involved in its mechanism of action.

2. Materials and Methods

Reagents and Chemicals
HPLC-MS-grade methanol and water were purchased from Carlo-Erba reagents

(Carlo-Erba reagents, Val-de-Reuil, France). DMSO was purchased from Sigma-Aldrich
(Sigma-Aldrich/Merck, Darmstadt, Germany). Oleacein was purchased from Toronto
Research Chemicals (Toronto Research Chemicals, Toronto, ON, Canada, ref. O524550)
and was dissolved in DMSO at 15 g/L and stored at −20 ◦C until use. The compound
5-fluorodeoxyuridine (FUdR) was purchased from Sigma-Aldrich (Sigma-Aldrich/Merck,
Darmstadt, Germany) and was dissolved in water at 0.4 M and stored at −20 ◦C until use.

Oleacein stability in experimental media
S-base medium [54] with oleacein at 5 or 20 µg/mL was stored in the dark at 20 ◦C

and regularly analyzed for up to 70 days. Oleacein was quantified by reverse-phase
liquid chromatography (Ultimate 3000, Thermo Scientific, Waltham, MA, USA) coupled to
quadripole mass spectrometry (ISQ EC, Thermo Scientific) and ESI in negative ion mode.
Mobile phases were MeOH—0.001% formic acid (A) and water—0.001% formic acid (B)
delivered at 0.4 mL/min with linear gradient elution across a biphenyl column at 40 ◦C. The
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gradient program was 0–2 min, 75% B; 2–10 min, 75–45% B; 10–13 min, 45% B; 13–14 min
45–0% B; 14–15 min 0% B; 15–16 min 0–75% B; and 16–20 min 75% B. The injection volume
was 5 µL, and analyses were carried out in triplicate.

Worm Strains
The N2 Bristol strain was used as a wild-type genetic background. The following

mutations were used in this study: GR1307 daf-16 (mgDf50); TJ356 daf-16::GFP (zls356
[daf-16p::daf-16a/b::GFP + rol-6(su1006)]); CB1370 daf-2 (e1370); and VC199 sir-2.1 (ok434),
GC363 Bacteria E. coli HT115(DE3). All strains were provided by the CGC (Caenorhabditis
Genetic Center—University of Minnesota), which is funded by NIH Office of Research
Infrastructure Programs (P40 OD010440). Wild-type and mutant strains of C. elegans strains
were grown on NGM lite® plates (6 mm width) with Escherichia coli bacteria as a food
source at 20 ◦C [55].

Lifespan assays
All lifespan assays were carried out as follows:
C. elegans synchronized L4 larvae were placed in an ELISA 96 plate previously filled

with S-base medium, with FUdR at 400 µM to avoid offspring, and heat-killed E. coli
(HT115) as a food source. Increasing concentrations of oleacein or DMSO-only (solvent
control) were added to the wells. Medium not supplemented with either oleacein or DMSO
was used as an S-base control. These controls were used to determine whether DMSO alone
has a significant impact on the lifespan of C. elegans.

The number of live nematodes were counted daily until they no longer responded to
light touching with a platinum wire. Those killed by accidental manipulation were counted
as censored data. XLSTAT-life statistical software v. 2021.1.1 (Addinsoft, New York, NY,
USA) was used to plot survival data by the Kaplan–Meier method and differences between
survival curves were calculated using the Log Rank test at a 95% confidence interval. All
experiments were carried out at least three times with 50 individuals per modality.

DAF-16::GFP cellular localization
Synchronized TJ356 L4 larvae expressing the DAF-16::GFP fusion protein were placed

in 15 mL falcon™ tubes filled with S-base containing 400 µM FUdR to avoid offspring,
and heat-killed E. coli HT115 as a food source. Media were supplemented with 5 µg/mL
oleacein or DMSO as a solvent control. The tubes were incubated for 3 days at 20 ◦C before
examination by fluorescence microscopy (LEICA M205 FCA). Subcellular DAF-16::GFP
localization for each nematode was classified as “cytosolic”, “intermediate”, or “nuclear”.
The experiment was carried out three times with at least 150 nematodes per modality.

Resistance to heat-shock stress
Synchronized N2 L4 larvae were prepared as per the previous section. Following three

days’ incubation at 20 ◦C, they were placed in a water bath at 35 ◦C to subject them to heat
stress. After five hours under these conditions, the nematodes were left in medium at 20 ◦C
overnight and then transferred to an NGM plate. Nematodes that did not respond to light
touching with a platinum wire were noted as dead. The experiment was carried out three
times with at least 150 individuals per modality.

Resistance to oxidative stress
The nematodes were prepared as per the two previous sections and incubated for three

days at 20 ◦C. To remove oleacein, the samples were rinsed three times with S-base, and
then incubated with 0.6 M hydrogen peroxide for 30 min to subject them to oxidative stress.
The hydrogen peroxide was removed by rinsing three times with S-base. The nematodes
were left in medium at 20 ◦C overnight and then transferred to an NGM plate. Those that
did not respond to light touching with a platinum wire were noted as dead. The experiment
was carried out three times with at least 150 individuals per modality.

3. Results
3.1. Oleacein Stability during Lifespan Trials in C. elegans

Oleacein stability was monitored using UHPLC/MS analysis as it may undergo
changes in concentration or chemical modification during survival assays. Figure 2 shows
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the evolution of oleacein concentration for up to 70 days in the S-base medium at a constant
temperature of 20 ◦C. Stability was tested at 5 µg/mL and 20 µg/mL under the conditions
as described above, and Figure 2 shows that oleacein was stable at both concentrations for
35 days, which is the maximal lifespan of most (N2) wild-type C. elegans.
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3.2. Oleacein Effect on the Lifespan of (N2) Wild-Type C. elegans

To determine whether oleacein increases the longevity of C. elegans, an N2 wild-type
strain of C. elegans adult nematodes was treated with increasing concentrations of oleacein
(Figure 3, Table 1). Both S-base and DMSO controls correspond to, respectively, the medium
conventionally used for maintaining nematode populations in liquid medium, and to the
S-base medium supplemented with DMSO (cf. Section 2). As shown in Figure 3 and
Table 1, mean lifespans were not significantly different between the two controls (LogRank
p = 0.520), confirming that DMSO in the S-base does not have a significant impact on
C. elegans.
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Table 1. Oleacein-dependent lifespan modulation of wild-type C. elegans.

Treatment 50th Percentile
(Days)

Mean Lifespan
(Days ± SD)

Max Lifespan
(Days) Code Statistics

(KM Analysis) N (Censored)

p = 0.520 (B)
p < 0.0001 (C)

Control S-base 15 15.8 ± 0.4 30 A

p < 0.0001 (D)
p = 0.401 (E)
p = 0.375 (F)

p < 0.0001 (G)

153 (1)

p = 0.520 (A)
p < 0.0001 (C)

Control DMSO 14 15.4 ± 0.4 36 B

p < 0.0001 (D)
p = 0.530 (E)
p = 0.256 (F)

p < 0.0001 (G)

151 (3)

p < 0.0001 (A)
p < 0.0001 (B)

30 µg/mL 9 8.5 ± 0.2 15 C

p < 0.0001 (D)
p < 0.0001 (E)
p < 0.0001 (F)
p < 0.0001 (G)

151 (0)

p < 0.0001 (A)
p < 0.0001 (B)

20 µg/mL 10 11.5 ± 0.4 29 D

p < 0.0001 (C)
p < 0.0001 (E)
p < 0.0001 (F)
p < 0.0001 (G)

151 (0)

p = 0.401 (A)
p = 0.530 (B)

15 µg/mL 14 14.8 ± 0.5 35 E

p < 0.0001 (C)
p < 0.0001 (D)
p = 0.102 (F)

p < 0.0001 (G)

154 (2)

p = 0.375 (A)
p = 0.256 (B)

10 µg/mL 15 15.9 ± 0.6 41 F

p < 0.0001 (C)
p < 0.0001 (D)
p = 0.102 (E)
p = 0.007 (G)

153 (1)

p < 0.0001 (A)
p < 0.0001 (B)

5 µg/mL 20 19.1 ± 0.4 34 G

p < 0.0001 (C)
p < 0.0001 (D)
p < 0.0001 (E)
p = 0.007 (F)

151 (3)

Treatment of the nematodes with the lowest oleacein concentration (5 µg/mL) in-
creased longevity by up to 24%—mean life expectancy of 19.1 ± 0.4 days compared to S-base
and DMSO control media with a mean life expectancy of 15.8 ± 0.4 and 15.4 ± 0.4 days,
respectively; LogRank p < 0.0001 in both cases. Increasing oleacein concentrations to 10 or
15 µg/mL reduced the positive effect, and when exposed to even greater concentrations of
oleacein, further significant reductions in longevity were observed compared to both S-base
and DMSO control groups (Table 1). At 20 µg/mL, the mean lifespan was 11.5 ± 0.4 days
and at 30 µg/mL it was 8.5 ± 0.2 days with LogRank p < 0.0001 in both cases. These
findings indicate that oleacein has a hormetic-like dose-dependent effect on the longevity
of C. elegans.
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3.3. Oleacein Is More Effective Than Hydroxytyrosol in Extending the Longevity of (N2)
Wild-Type C. elegans

In a previous report, Brunetti et al. showed that hydroxytyrosol increases C. elegans
longevity but at a considerably higher concentration (250 µg/mL) [38]. However, in this
study, hydroxytyrosol at 5 µg/mL was compared to oleacein at the same concentration. As
shown in Figure 4 and Table 2, as before, treatment with 5 µg/mL oleacein significantly
increased the mean lifespan; however, the increase in lifespan with 5 µg/mL hydroxytyrosol
was non-significant.
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Table 2. Comparative effects of oleacein and hydroxytyrosol treatment on wild-type C. elegans lifespan.

Treatment 50th Percentile
(Days)

Mean Lifespan
(Days ± SD)

Max Lifespan
(Days) Code Statistics

(KM Analysis) N (Censored)

25
p = 0.577 (B)

Control S-base 13 13.5 ± 0.3 A p < 0.0001 (C) 158 (2)
p = 0.504 (D)

25
p = 0.577 (A)

Control DMSO 13 13.7 ± 0.3 B p < 0.0001 (C) 155 (4)
p = 0.238 (D)

41
p < 0.0001 (A)

Oleacein
5 µg/mL 16 16.7 ± 0.4 C p < 0.0001 (B) 160 (4)

p < 0.0001 (D)

23
p = 0.504 (A)

Hydroxytyrosol
5 µg/mL 13 13.3 ± 0.3 D p = 0.238 (B) 154 (1)

p < 0.0001 (C)

3.4. The Effect of Oleacein on the C. elegans Daf-16 Mutant

As shown above (Figure 3), oleacein at higher concentrations has a converse effect by
reducing worm lifespan expectancy in comparison to controls. Because of the involvement
of the C. elegans Daf-16 gene in hormesis and in longevity and stress resistance, particularly
when boosted by phenolic compounds [56], the next step was to explore whether oleacein is
involved in the Daf-16-dependent hormesis mechanism. To this end, the impact of oleacein
on the lifespan of a C. elegans mutant for the Daf-16 gene was investigated. As shown in
Figure 5A and Table 3, treatment of nematodes with 5 µg/mL oleacein resulted in a lifespan
comparable to both controls. Conversely, treatment with 20 µg/mL oleacein reduced the
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mean lifespan by 34% relative to control S-base and DMSO; this was an effect that was
highly significant (LogRank p > 0.0001). These results suggest that the positive effect of
oleacein on (N2) wild-type C. elegans is Daf-16-dependent.

Table 3. Effect of oleacein on C. elegans mutants’ lifespan.

Strain Treatment 50th Percentile
(Days)

Mean Lifespan
(Days ± SD)

Max Lifespan
(Days) Code Statistics

(KM Analysis) N (Censored)

28

p = 0.711 (B)
Daf-16

(mgDf50)
Control
S-base 14 12.9 ± 0.4 A p < 0.0001 (C) 153 (3)

p = 0.128 (D)

28

p = 0.711 (A)
Daf-16

(mgDf50)
Control
DMSO 14 13.1 ± 0.4 B p < 0.0001 (C) 151 (1)

p = 0.291 (D)

20

p < 0.0001 (A)
Daf-16

(mgDf50) 20 µg/mL 8 8.60 ± 0.28 C p < 0.0001 (B) 152 (1)

p < 0.0001 (D)

28

p = 0.128 (A)
Daf-16

(mgDf50) 5 µg/mL 15 14.1 ± 0.4 D p = 0.291 (B) 153 (1)

p < 0.0001 (C)

74

p = 0.250 (B)
Daf-2

(e1370)
Control
S-base 32 33.8 ± 1.3 A p = 0.916 (C) 148 (2)

p = 0.0003 (D)

65

p = 0.250 (A)
Daf-2

(e1370)
Control
DMSO 32 31.8 ± 1.2 B p = 0.382 (C) 152 (6)

p < 0.0001 (D)

p = 0.916 (A)
Daf-2

(e1370) 20 µg/mL 32 33.9 ± 1.2 76 C p = 0.382 (B) 154 (2)

p = 0.0003 (D)

76

p = 0.0003 (A)
Daf-2

(e1370) 5 µg/mL 43 39.6 ± 1.6 D p < 0.0001 (B) 155 (11)

p = 0.0003 (C)

31

p = 0.544 (B)
Sir-2.1
(ok434)

Control
S-base 17 15.7 ± 0.4 A p < 0.0001 (C) 153 (2)

p = 0.811 (D)

31

p = 0.544 (A)
Sir-2.1
(ok434)

Control
DMSO 14 15.3 ± 0.4 B p < 0.0001 (C) 149 (4)

p = 0.454 (D)

18

p < 0.0001 (A)
Sir-2.1
(ok434) 20 µg/mL 7 7.39 ± 0.30 C p < 0.0001 (B) 151 (1)

p < 0.0001 (D)

35

p = 0.811 (A)
Sir-2.1
(ok434) 5 µg/mL 17 15.3 ± 0.5 D p = 0.454 (B) 149 (5)

p < 0.0001 (C)
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shown in Figure 5A and Table 3, treatment of nematodes with 5 µg/mL oleacein resulted 
in a lifespan comparable to both controls. Conversely, treatment with 20 µg/mL oleacein 
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3.5. Oleacein Effect on Nuclear Translocation of DAF-16 Transcription Factor

In C. elegans, the transcription factor encoded by the hormetic gene Daf-16 can be
activated by various stress factors through its relocation to the nucleus from its position
in the cytoplasm and activation of transcriptional targets. Therefore, the next step was to
determine whether, in the absence of any stressor, oleacein could trigger translocation of
the DAF-16 transcription factor from the cytoplasm to the nucleus. Such an effect may
explain the positive effect of oleacein observed on C. elegans lifespan at low concentrations.
Therefore, a DAF-16::GFP transgenic strain that allows direct observation by fluorescence
was used (see Section 2). As shown in Figure 6, treatment with 5 µg/mL oleacein increased
the nuclear translocation of DAF-16 by 10%, and reduced cytoplasmic localization by 15%
compared to the DMSO control.
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3.6. Oleacein Effect on C. elegans Daf-2 Mutant

To further understand the ability of oleacein to activate DAF-16, the impact of oleacein
on the lifespan of the C. elegans Daf-2 mutant was studied using the protocols described
previously. As shown in Figure 5B, and summarized in Table 3, exposing Daf-2 mutant
nematodes to 5 µg/mL oleacein significantly increased the mean lifespan by 21% compared
to S-base and DMSO controls. Treatment with 20 µg/mL oleacein resulted in a lifespan
comparable to controls. These results suggest that the positive effect of oleacein on wild-
type (N2) C. elegans is independent of Daf-2, whereas the toxic effect could be countered
by Daf-2 downregulation. The DAF-16 transcription factor, which reduces oxidative stress,
is constitutively active in Daf-2 mutants. It may be supposed that oleacein toxicity at
20 µg/mL in the wild-type strain is related to an increase in oxidative stress.
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3.7. Oleacein Effect on C. elegans Sir-2.1 Mutant

Because the positive effect of oleacein on (N2) wild-type C. elegans is independent of
Daf-2, and its negative effect may be related to increased oxidative stress, the next step was
to study the possibility of oleacein DAF-16 activation being related to the deacetylase SIR-
2.1 protein using a Sir-2.1 mutant. As shown in Figure 5C and Table 3, 5 µg/mL oleacein
resulted in a lifespan comparable to that of controls. This suggests that the positive effect of
oleacein on (N2) wild-type C. elegans is SIR-2.1-dependent. Conversely, 20 µg/mL oleacein
reduced the mean lifespan by almost 60% compared to controls; this was a difference that
was highly significant—LogRank p > 0.0001. This negative effect seems to be greater on
Sir-2.1 mutants compared to the wild-type strain, and may be due to the poor resistance of
Sir-2.1 to oxidative stress, confirming that oleacein increases oxidative stress at higher doses.

3.8. Oleacein Effect on C. elegans Resistance to Thermal and Oxidative Stress

Stress resistance is known to be strongly linked to C. elegans longevity [57]. To better
understand this effect, the ability of oleacein to increase C. elegans resistance to thermal
and oxidative stress was investigated. As shown in Figure 7A, 5 µg/mL oleacein increased
the survival of wild-type nematodes by almost 20%, with a 63.7% survival rate after 5 h of
exposure at 35 ◦C, compared to a 44.6% survival rate for the DMSO control. Moreover, as
shown in Figure 7B, treatment with 5 µg/mL oleacein increased wild-type survival by 15%
after 30 min of exposure to H2O2—95.6% survival as compared to 80.3% survival for the
DMSO control.

Foods 2024, 13, 2146 10 of 14 
 

 

and oxidative stress was investigated. As shown in Figure 7A, 5 µg/mL oleacein increased 
the survival of wild-type nematodes by almost 20%, with a 63.7% survival rate after 5 h of 
exposure at 35 °C, compared to a 44.6% survival rate for the DMSO control. Moreover, as 
shown in Figure 7B, treatment with 5 µg/mL oleacein increased wild-type survival by 15% 
after 30 min of exposure to H2O2—95.6% survival as compared to 80.3% survival for the 
DMSO control.  

 
Figure 7. Effect of oleacein on wild-type C. elegans thermal (A) and oxidative stress (B) resistance. 

3.9. Biological Pathway Involved 
In this study, oleacein had a hormetic-like dose-dependent effect on C. elegans lon-

gevity, with an increased lifespan at 5 µg/mL, no effect at 10 µg/mL and 15 µg/mL, and a 
reduced lifespan at 20 µg/mL and 30 µg/mL. Results showed that the low-dose positive 
effect of oleacein involved activation of the deacetylase SIR-2.1 protein, with subsequent 
activation of the transcription factor DAF-16. The negative effect of oleacein at 20 µg/mL 
or greater is probably related to increased oxidative stress. Based on these results, two 
mechanisms of action (Figure 8) may be proposed.  

 
Figure 8. Possible mechanisms of action of oleacein. 

Figure 7. Effect of oleacein on wild-type C. elegans thermal (A) and oxidative stress (B) resistance.

3.9. Biological Pathway Involved

In this study, oleacein had a hormetic-like dose-dependent effect on C. elegans longevity,
with an increased lifespan at 5 µg/mL, no effect at 10 µg/mL and 15 µg/mL, and a reduced
lifespan at 20 µg/mL and 30 µg/mL. Results showed that the low-dose positive effect of
oleacein involved activation of the deacetylase SIR-2.1 protein, with subsequent activation
of the transcription factor DAF-16. The negative effect of oleacein at 20 µg/mL or greater is
probably related to increased oxidative stress. Based on these results, two mechanisms of
action (Figure 8) may be proposed.

One mechanism is that oleacein is a true hormetic compound and is a source of
oxidative stress in vivo. As stated previously, hormesis is characterized by a treatment
that induces a beneficial effect at low doses and a deleterious effect at high doses. At low
doses of oleacein (5 µg/mL), oxidative stress triggers the activation of SIR-2.1 and DAF-
16, which allows transcription of antioxidant proteins with an overall positive effect on
longevity. At the medium doses of 10 and 15 µg/mL, oxidative stress induced by oleacein
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is compensated for by the nematodes’ defense mechanisms, resulting in an overall zero
effect. The higher concentration of 20 µg/mL has a negative impact on longevity when the
effect of SIR-2.1/DAF-16 is overcompensated by the oxidative stress induced by oleacein.
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The second possibility is that oleacein is not a true hormetic compound and only
has a hormetic-like dose-dependent effect on survival. In this scenario, oleacein is a
direct activator of SIR-2.1/DAF-16, increasing survival rates of C. elegans at the lower
concentration. The negative effect of oleacein at the higher concentration of 20 µg/mL acts
in a parallel pathway of unknown origin.

4. Discussion

The question of the hormetic nature of compounds has already been addressed for
other phenolic compounds displaying the same dose–response effect, for example, quercetin
or caffeic acid [58]. Many phenolic compounds were shown to increase C. elegans mean
lifespan by 10 to 20% at concentrations of 18 to 250 µg/mL [58–61]. Other olive phe-
nolics have shown similar activities, such as tyrosol which increased the mean lifespan
by 21% at 35 µg/mL, or hydroxytyrosol which increased the mean lifespan by 14% at
250 µg/mL [38,62]. In a recent study, Cheng et al. showed that apigenin and chrysin
could enhance C. elegans mean lifespan by, respectively, 23% at 10.8 µg/mL and 25% at
10.2 µg/mL [63]. It should be noted that in this study, oleacein at the lowest concentration
of 5 µg/mL had a greater or similar impact on increasing lifespan than was previously
reported for other phenolic compounds. Only Myricetin increased C. elegans lifespan to
a significantly greater degree than oleacein (+33%), though at the considerably higher
concentration of 160 µg/mL [64].

Together, these results—the first to identify the biological targets of oleacein—demonstrate
the capacity of oleacein to increase lifespan and promote stress resistance in a C. elegans
model, thereby contributing to the understanding of the beneficial effects of olive phenolics
on health, in particular on healthy aging. Further experiments are necessary to explore the
different mechanisms involved, especially regarding oxidative stress, though the findings
of this study suggest oleacein is a true hormetic compound. Further studies on other
in vivo models such as mice are needed to confirm this oleacein activity. Such explorations
would contribute to a greater understanding of the action mechanisms involved in the
activities of olive phenolic compounds and open avenues to their more effective and
targeted exploitation in the future.
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