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Abstract
Diet provides energy and nutrition for human survival, and also provides various joy of taste. Extensive studies have shown 
that the major components of diet, such as protein, carbohydrate and fat, play important roles in regulating aging and lon-
gevity. Whether other dietary ingredients can help prevent aging and extend longevity is a very interesting question. Here 
based on recent findings, we discussed dietary plant ingredients that can extend longevity by regulation of metabolism, tar-
geting TRP channels, mitophagy, senescence pathways and circadian rhythms. Better understanding of the detailed effects 
and mechanisms of dietary ingredients on longevity regulation, would be helpful for developing new intervention tools for 
preventing aging and aging related diseases.
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Introduction

Aging is a process that leads to progressive functional 
decline of organs over time, and increase risk of multiple 
chronic disorders. The composition of food is important for 
human health and aging [1]. Extensive studies have shown 
that both the quantity and quality of the nutrients in the food 
that we take every day are critical in changing health and 
disease conditions. Nutritional manipulations, such as calo-
rie restriction, time-restricted feeding, intermittent fasting, 
protein or specific amino acid restriction, play notable roles 
in regulating aging and longevity [2–12].

The major components of food, such as protein, carbo-
hydrate and fat, are indeed important in aging regulation. 
Besides these components, there are dietary ingredients that 
we do not take every day, or in high amount. Rather, we take 
some dietary ingredients in a small amount, or take them at 
certain frequencies.

Phytochemicals are organic compounds produced by 
plants or fungi. They do not directly regulate the growth, 
development, or reproduction of vegetables, fruits, or mush-
rooms, and are classified as secondary metabolites [13]. The 
healthy promoting effects of fruits and vegetables have been 
attributed to phytochemicals. For instance, new research 
showing that, procyanidin C1 (PCC1), a polyphenolic com-
ponent of grape seed extract, can decrease tumor size and 
extend lifespan in preclinical animal study [14]. Pomegran-
ate seeds is a rich source of phytochemicals and have dem-
onstrated health promoting effects [15]. Similarly, phyto-
chemicals in Chilean native berries may explain the use of 
in the of treatment of obesity [16]. The percentage of elder 
population keeps increasing worldwide. Aging is the most 
important risk factor of age-related diseases. In this back-
ground, scientists have been trying to find effective and safe 
geroprotective agents. Novel phytochemicals from natural 
sources may delay aging and prevent age-related diseases.

In this review, based on recent findings, we focus on 
several interesting dietary phytochemicals that may help 
extend lifespan by regulation of metabolism. With more 
understanding of the mechanisms, dietary phytochemicals 
could possibly be developed to powerful intervention tools 
for preventing aging and aging related diseases, and promot-
ing health span and lifespan in the near future.
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Plant Ingredients Targeting TRP Channels

Transient receptor potential (TRP) channels are cation chan-
nels that sense a wide spectrum of ambient temperatures 
[17]. TRPV1 can detect high temperatures and painful 
stimuli. Longevity is extended in mice and C. elegans in 
TRPV1 mutants. TRPA-1 can detect temperature decrease 
in the environment and has been found to extend lifespan as 
well. [18, 19].

Capsaicin (structure shown in Fig. 1) [20], found in chili 
pepper, is the agonist of TRPV1 and may have beneficial 
effect on longevity. This is supported by several human sur-
veys on diets rich in capsaicin (Supplementary Table 1).

In a recent study conducted in Italy [21], the researchers 
studied 22,811 residents who participated in the Moli-sani 
Study (2005 to 2010). The researchers conducted a follow-
up survey of participants’ health conditions for median fol-
low-up of 8.2 years and compared their eating habits. The 
results found that people who regularly eat chili pepper (at 
least four times a week) demonstrated 23% reduction in the 
risk of all-cause mortality, and their cerebrovascular mortal-
ity was reduced by more than half. An interesting fact is that, 
even for people who do not follow a healthy Mediterranean 
diet, the intake of chili pepper is still protective against death 
risk [21]. This suggests the beneficial effect of chili pepper 
itself on human health.

Prior to the study on chili pepper intake and mortality 
in Italians, scientists have looked at the health effects of 
spicy food consumption in Chinese residents, for median 
follow-up of 7.2 years among 512,891 participants between 
the ages of 30 and 79 [22]. The results show that relative 
risk of total mortality was reduced by 14% for people who 
consumed spicy food 6 or 7 days per week, compared to 
those who took less than once a week. There are also signifi-
cant inverse associations between spicy food consumption 
and cancer, ischemic heart diseases, or respiratory disease 
caused mortalities [22].

Besides the surveys conducted in Europe and Asia, 
research on North American population also supported 
the positive effect of spicy food consumption on aging. In 
the study conducted in the United States that followed a 
median of 18.9 years in 16,179 participants, total mortality 
was reduced by 12% in participants who consumed hot red 
chili peppers [23].

The above research in three regions all support the cor-
relation between mortality reduction and spicy food con-
sumption. However, whether these associations are a direct 
result of the intake of spicy foods, or the consequence of 
other dietary or lifestyle factors, is not clear. The human 
population study showed that increase of serum vitamin 
D may slightly account for the association of the reduced 
mortality and the intake of chili pepper, while other 

Fig. 1   Structure of molecules
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cardiovascular disease (CVD) related biomarkers did not 
mediate the association of chili pepper with mortality [21].

To find out whether the main bioactive component of 
chili pepper, capsaicin, play a role in aging, we tested the 
effect of capsaicin on lifespan in Drosophila melanogaster. 
We found that low concentration of capsaicin could extend 
lifespan only in females, but not in males [24]. Capsai-
cin did not change food intake, reproductive fitness, or 
stress resistance. Decrease in spontaneous activity and the 
reduction in energy expenditure probably explained the 
positive effect of capsaicin [24]. The dosage of capsai-
cin could be important, as research shows that capsaicin 
produces health benefits only at low and moderate doses, 
whereas high doses are toxic and can even promote cancer 
[25, 26]. Hot pepper (Capsicum annuum), or chili, is an 
ancient Latin American crop rich in capsaicin [27]. Chili 
and capsaicinoids consumption, especially capsaicin, has 
been reported to have a variety of therapeutic uses, such as 
anti-obesity effects, antioxidant activity and cardiovascu-
lar protection, antimicrobial activity, treatment of urinary 
disorders, anti-cancer activity, and analgesic activity [27]. 
There are clinical research showing the therapeutic effects 
of capsaicin in humans. For example, patients with idi-
opathic rhinitis benefited from intranasal treatment with 
capsaicin. Expression of TRPV1 was reduced in patients 
after capsaicin treatment. The initial neuronal excitation 
evoked by capsaicin was followed by a long-lasting refrac-
tory period during which, the previously excited neurons 
no longer responded to a wide range of stimuli [28]. In 
clinical trials on the sensory and gastrointestinal satiety 
effects of capsaicin on food intake, 0.9 g red pepper (0.25% 
capsaicin; 80,000 Scoville thermal units) or a placebo was 
swallowed with tomato juice, at 30 min before each meal. 
It was found that in the short term, oral and gastrointesti-
nal exposure to capsaicin can increase satiety and reduce 
energy and fat intake [29].

TRPV1 knockout mice are long-lived and show decreased 
production of neuropeptide calcitonin-gene-related peptide 
(CGRP), which subsequently promotes metabolic health 
(Supplementary Fig. 1A) [18]. It is interesting that, being 
an agonist of TRPV1, capsaicin in diet produces health ben-
efits. Capsaicin could over-stimulate TRPV1 neurons and 
cause them to die [18], and lead to eventual loss of TRPV1 
function. TRPV1 protein may play different roles in differ-
ent tissues as well. For example, activation of TRPV1 can 
also cause production of anandamide (an endogenous can-
nabinoid), which regulates the immune homeostasis of the 
gut in mice (Supplementary Fig. 1B) [30]. In addition, cap-
saicin could have other signaling pathways besides TRPV1. 
More in-depth research to understand how dietary chili pep-
per and capsaicin exert beneficial effects on human health 
and prevent aging, would provide more evidence on dietary 
recommendations.

In C. elegans, the cold-sensitive TRPA1 channel func-
tions to detect decrease in environmental temperature and 
increase lifespan as well, by initiating calcium influx that 
eventually signals to the transcription factor DAF-16/FOXO 
(Supplementary Fig. 1C) [19, 31]. Loss of TRPA1 shortens 
lifespan at cold temperatures but not at warm temperatures, 
and over-expressing wild-type TRPA1 can extend lifespan 
at cold temperatures in C. elegans. Similarly, transgenic 
expression of human TRPA1 in worms promotes longevity 
at cold temperatures but not at warm temperatures. Interest-
ingly, human TRPA1 can be activated by pungent chemical 
agonists, such as AITC (allyl isothiocyanate), to extend lifes-
pan at warm temperatures, and acts via the same pathway as 
worm TRPA1 [19, 31]. AITC is a dietary ingredient from the 
plants, such as Armoracia rusticana or the seeds of Brassica 
hirta Moench, and gives the spicy flavor of wasabi and mus-
tard oil. This finding suggests that allyl isothiocyanate may 
have anti-aging effect in humans by activation of TRPA1 
channel. It would be interesting to find out more dietary 
ingredients from plants that can activate other TRP channels 
and extend lifespan. A previous study has shown capsiate, 
capsiconiate, capsainol from hot and sweet peppers, several 
piperine analogs from black pepper, gingeriols and shogaols 
from ginger, and sanshools and hydroxysanshools from san-
sho (Japanese pepper) to be TRPV1 agonists [32]. There are 
also other TRPA1 agonists such as menthol and carvacrol 
from food ingredients [33].

Plant Ingredients Targeting Mitophagy

Mitochondria is essential for the production of cellular 
energy and the metabolism. mtDNA mutations lead to 
the decline of mitochondrial function during aging [34]. 
Mitophagy, a form of autophagy that eliminates the damaged 
mitochondria within the cells [35], provides a therapeutic 
target for health complications associated with aging.

Pomegranate is a popular fruit because of its health ben-
efits [36]. Ellagitannins, an ingredient in pomegranate, can 
be converted by intestinal microbes into urolithins, such as 
urolithin A [37]. Recent findings show that urolithin A has 
promising lifespan prolonging effect.

Urolithin A (Structure in Fig.  1) was found to be 
mitophagy activator, and therefore prevent dysfunctional 
mitochondria accumulation [38]. Research showed that 
the in C. elegans, urolithin A feeding from eggs till death 
yielded a lifespan increase of 45.4%. In addition, urolithin 
A has the function of preventing the malicious accumulation 
of dysfunctional mitochondria in cells.

The tests in rodents showed that, for mice on high-fat diet, 
urolithin A treatment for another eight months from age of 
16 months, improved muscle function robustly compared 
with the control. For animals on normal chow diet, 6-week 
urolithin A treatment to 22.5 month old mice also achieved 
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the same positive results, showing the running endurance 
enhanced by 42% at average. Beneficial effect of urolithin 
A was observed in young rats as well, with improvement in 
their exercise capacity [38].

Recently, the first human clinical trial (NCT02655393) 
of urolithin A was conducted to healthy, sedentary elderly 
human individuals. The results showed a safety profile, and 
a molecular signature response, which indicated improved 
mitochondrial health [39]. This supports a promising 
approach of dietary urolithin A consumption as an inter-
vention to help improve mitochondrial and muscle function, 
and promote health in late age in humans (Supplementary 
Fig. 2).

Urolithin A has shown to regulate multiple processes in 
metabolism. Besides stimulation of mitophagy, Urolithin A 
also displays anti-inflammatory and anti-obese activity in 
animal studies. Urolithin A and its synthetic analog UAS03, 
can enhance gut barrier integrity and reduce inflammation 
in mice and human cell culture, by activating aryl hydrocar-
bon receptor (AhR)- nuclear factor erythroid 2–related fac-
tor 2 (Nrf2)-dependent pathways [40]. Urolithin A can also 
increase energy expenditure and prevent diet-induced obe-
sity in mice, by elevating thermogenesis in brown adipose 
tissue and inducing browning of white adipose tissue [41].

Urolithin A is a first-in-class natural food metabolite 
confirmed to be effective in human clinical trial that can 
stimulates mitophagy and improve mitochondrial functions. 
Mitophagy may be the key in treating age related conditions 
and diseases. Targeting deubiquitylating enzymes to stimu-
late mitophagy might be a promising approach [42].

Resveratrol, a polyphenol abundant in mulberries and 
red grapes, attenuates oxidative damage by activation of 
mitophagy in Alzheimer’s disease cellular model [43]. In 
diabetic mouse model, resveratrol inhibits mitophagy and 
increases mitochondrial biogenesis in skeletal muscle, and 
therefore prevents skeletal muscle atrophy [44]. Thus, acti-
vation and inhibition of mitophagy may both be beneficial, 
depending on the situation. Further identification of dietary 
ingredients that prevent aging by regulation of mitophagy, 
would provide us more understanding of the mechanisms, 
and provide dietary supplementation approach for promoting 
mitochondrial health during aging.

Plant Ingredients with Senolytic Activity

With aging, senescent cell burden increases [45]. Senescent 
cells can release factors, such as proinflammatory cytokines 
and chemokines, to healthy cells nearby, and therefore cause 
the local and systemic dysfunction [46]. Transplanting 
senescent cells can lead to physical dysfunction and reduced 
survival even in young mice. An important finding is that 
senolytics, which induce apoptosis in senescent cells, can 

increase health and survival of old mice (Supplementary 
Fig. 3) [47].

Fisetin (Structure in Fig. 1) [48], a natural flavonoid 
ingredient from many fruits and vegetables, such as straw-
berry, demonstrated potent senolytic activity and low side 
effect, and has been found to have a significant positive 
effect on the health and longevity of older mice. Both acute 
and intermittent treatment of fisetin decreased the level of 
senescence markers in progeroid syndrome mouse model 
and in aged wild-type mice. In old wild-type mice, fisetin 
administration can reduce age-related pathology and extend 
lifespan. Test in human tissues also showed senotherapeutic 
activity [49].

Fisetin has shown beneficial effects in Alzheimer’s dis-
ease model as well. Fisetin feeding to APPswe/PS1dE9 dou-
ble transgenic AD mice at early life stage, which is from 3 
to 12 month old, can prevent progressive memory loss and 
learning disabilities. This correlates with elevated p25 level 
and anti-inflammatory pathways [50]. In SAMP8 mice, a 
model of sporadic AD and dementia, fisetin again reduces 
cognitive dysfunction, and helps the markers associated with 
stress, synaptic function and inflammation recover to normal 
[51].

In addition, fisetin has positive role on metabolism regu-
lation. Fisetin can attenuate metabolic dysfunction in mice 
on high fructose diet, possibly by suppressing NF-κB and 
activating the Nrf2 pathway [52]. Fisetin can also alleviate 
insulin resistance and glucose intolerance in mice on high 
fat diet [53]. In streptozotocin induced diabetic rat model, 
fisetin ameliorates the development of diabetic cardiomyo-
pathy injury [54].

There are several flavonoid ingredients from plants that 
have shown senolytic activity, such as quercetin, curcumin, 
and luteolin [49]. Quercetin, which is initially identified to 
have senolytic properties when combined with dasatinib, 
targets BCL-2 and related anti-apoptotic pathways [55]. 
The combination of dasatinib plus quercetin can improve 
physical function and extend lifespan in old rodents [47], and 
prevent cognitive deficits in mouse model of Alzheimer’s 
disease [56]. The combination of dasatinib plus quercetin 
also showed in clinical trial to help improve physical func-
tion in patients with idiopathic pulmonary fibrosis (IPF), a 
senescence-associated disease [57]. Recent screening on fla-
vonoids showed that fisetin, curcumin, and luteolin exibited 
more potent senotherapeutic activity than quercetin [49]. 
Among these, fisetin is the most potent senolytic. Piperlon-
gumine, which is a natural ingredient from a variety of spe-
cies in the genus Piper, has been found to be a promising 
senolytic agent as well [58].

However, a new study showed that fisetin or dasatinib 
and quercetin cocktail oral treatment had sexually dimor-
phic and chemical dependent effects on C57BL/6 mice [59]. 
When fisetin was given monthly to young adulthood mice 
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(4–13 months), markers of aging reduced in males but not 
females. When Dasatinib plus quercetin was administered to 
young adulthood mice, accelerated aging was observed in 
females while there is no effect on males. Thus, the effects of 
senolytic compounds on aging and health, may be associated 
with dosage, the timing, sex, and the compounds themselves. 
Although administration of senolytic compounds is a prom-
ising approach for lifespan and healthspan extending thera-
peutic intervention, further research and evaluation by clini-
cal trials are required before application in human beings.

Plant Ingredients Targeting Circadian Rhythms

The circadian clock orchestrates daily oscillations of essen-
tial physiological processes. Rhythm amplitude shows the 
difference between peak and trough of the circadian cycle, 
indicating the robustness of oscillation. Reduced amplitude 
has been associated with pathological conditions [60, 61].

Nobiletin (Structure in Fig. 1), a citrus flavonoid ingre-
dient, has been found to regulate circadian rhythms and 
delay aging. Nobiletin was found to be able to enhance the 
clock amplitude in a cell-based circadian reporter assay. 
In a mouse model of metabolic disorder, nobiletin could 
effectively enhance the tissue clock protein levels, improve 
energy metabolism regulation, and prevent metabolic dis-
ease [62]. Nobiletin targets retinoid acid receptor-related 
orphan receptors (RORs), nuclear receptors functioning in 
the stabilization loop of the molecular oscillator, and dem-
onstrates the beneficial effect in a Clock gene-dependent 
manner (Supplementary Fig. 4).

In aged mice fed with a regular diet, nobiletin extended 
median lifespan, and has beneficial effects on circadian 
activity, body temperature, sleep and glucose metabolism. 
When mice were given metabolic challenges by feeding with 
high fat diet, nobiletin showed a more significant effect on 
the physiological function of aged mice. Several skeletal 
muscle-related functions have been significantly improved, 
including grip, athletic endurance, and runner running. A 
further study indicated that improving and optimizing mito-
chondrial respiratory function in skeletal muscle was the 
mechanism [63]. Nobiletin also protected cholesterol and 
bile acid metabolism in high fat diet fed aged mice [64]. 
However, the beneficial metabolic effects of nobiletin in high 
fat diet fed mice is independent of AMPK activation [65]. 
Research in C. elegans supported the anti-aging and lifespan 
extension effect of nobiletin [66].

In aged mouse models, nobiletin showed markedly benefi-
cial effects as well. In senescence-accelerated SAMP8 mice, 
nobiletin improves cognitive impairment, and reduces oxida-
tive burden and tau phosphorylation [67]. Nobiletin allevi-
ated cognitive deficits and pathological features in animal 
models of Alzheimer’s disease and Parkinson’s disease [68].

There have been studies searching for small molecules 
that modulate circadian rhythms. High-throughput screen 
using reporter cells has identified several synthetic small 
molecules that enhance clock amplitude [69, 70]. The 
screening used the heterozygous Clock∆19/+ PER2::Luc 
reporter cells, which exhibit about one-third rhythm ampli-
tude of wild-type Clock+/+ cells, and the compounds that 
can restore the reporter rhythm amplitude were selected. 
High-throughput screen also identified natural compounds 
that enhance reporter rhythm as well [62]. The most potent 
one is nobiletin, the natural flavone ingredient in citrus. 
Tangeretin, a close analog of nobiletin and also a natural 
plant ingredient, also showed the ability to enhance rhythm 
amplitude. The finding that nobiletin, an agonist of retinoid 
acid receptor-related orphan receptors (RORs), can promote 
circadian metabolism and healthy aging, suggests that more 
research on dietary compounds with clock-enhancing effect, 
would provide promising intervention that enhances health 
during aging.

Conclusions and Future Directions

Diet provides human beings with the energy and nutrition 
they need to survive, and it also provides humans’ life with 
joy. Among the many foods, which ones can help human 
beings enjoy food and also help achieve healthy aging? This 
is a very interesting question.

Substantial evidence has accumulated that interventions 
on main components of daily food, including caloric restric-
tion, protein restriction, low protein high carbohydrate diets, 
and essential amino acid restriction, can increase lifespan in 
animal models [3]. What other dietary ingredients can help 
prolong lifespan?

Recently, urolithin A, an end-product from ellagitannins 
in the pomegranate fruit, has shown promising benefit in 
promoting healthy muscle function during aging, in a human 
clinical trial [39]. Quercetin, another ingredient from plant, 
together with dasatinib to act as senolytics, also helped 
improving physical function in patients with idiopathic pul-
monary fibrosis (IPF), a senescence-associated disease, in a 
clinical trial [57]. These findings demonstrate the potential 
powerful role of dietary phytochemicals in health promotion 
during aging.

Metabolism is an important mechanism in aging regu-
lation, and deterioration in metabolism is closely related 
with aging. In this review, dietary phytochemicals target-
ing TRP channels, mitophagy, senescence pathways and 
circadian rhythms were discussed on longevity extending 
effect (Table 1). An important question is how we can effi-
ciently find out promising phytochemicals. A screening of 
5,300 small molecules based on reporter cells only helped 
researchers identified two natural ingredients, nobiletin 
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and tangeretin, with circadian rhythm amplitude enhanc-
ing effect [62]. Testing on compounds with similar struc-
ture might be a good strategy, since tangeretin is a close 
analog of nobiletin [71] (Fig. 1) in targeting circadian 
rhythms. It is also supported by the fact that fisetin [48], 
quercetin [72], curcumin [73], and luteolin [74] are all 
flavonoids (structures in Fig. 1) and have senolytic activ-
ity [49]. Additionally, piperlongumine (structure in Fig. 1) 
[75], which is a potential senolytic agent, is structurally 
related to quercetin [76]. Besides the challenge in the ini-
tial identification, it takes efforts to clarify the molecular 
mechanism of action and direct targets of phytochemicals 
with longevity extending effect. In addition, hormesis, the 
biphasic dose-response is applicable to the plant-derived 
compounds mentioned in the article. Future research also 
needs to explore the different effects of different doses of 
dietary ingredients [77, 78].

During the COVID-19 outbreak, herbal recipes have 
proved to be helpful to reduce the symptoms in China. 
There are also evidences that functional food compo-
nents acting as a nutritional supplement, can help human 
beings prevent from infection of COVID-19 or enhance 
the recovery, by boosting the immune function [79]. Thus, 
the phytochemicals from nature could be a great treasure 
for human beings for curing diseases and also prevent-
ing aging. For example, the black chokeberry extract has 
a high content of quercetin, which has health-protective 
activities such as prolonging life span, anti-proliferation, 
improving glucose and lipid metabolism, preventing neu-
rodegenerative diseases [80]. The urolithin A, fisetin and 
other substances discussed in the article are also present in 
daily edible fruits, such as pomegranates, berries, apples, 
and grapes. Further research unravelling the detailed 
effects and mechanisms of dietary ingredients on longevity 
regulation, would be helpful for humans to develop more 
interventions to achieve healthy aging, and meanwhile, to 
allow individually customed dietary approach that balance 
between health and personal preferences.
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