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Abstract Aging is a process characterized by accumulating degenerative damages, resulting in the death of an organism

ultimately. The main goal of aging research is to develop therapies that delay age-related diseases in human. Since

signaling pathways in aging of Caenorhabditis elegans (C. elegans), fruit flies and mice are evolutionarily conserved,

compounds extending lifespan of them by intervening pathways of aging may be useful in treating age-related diseases in

human. Natural products have special resource advantage and with few side effect. Recently, many compounds or extracts

from natural products slowing aging and extending lifespan have been reported. Here we summarized these compounds or

extracts and their mechanisms in increasing longevity of C. elegans or other species, and the prospect in developing anti-

aging medicine from natural products.
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1 Introduction

Since realizing the inevitability of death, the fear of death

and pursuit of immortality might have preoccupied with

human beings. In the Epic of Gilgamesh, Gilgamesh (the

Sumerian king of Uruk) was obsessed in pursuit of

immortality herbal. About 200 BC, Qin Shi Huang (the

first emperor of a unified China) feared death and des-

perately sought the fabled elixir of life. A more recent

story was the Spanish explorer Ponce de Leon who was

looking for the mythical fountain of youth. Unexpectedly,

all these human activities of pursuing for immortality

were failed. We now know that there is no such elixir of

immortality placed in somewhere by god and waited for

human to find it.

On the other hand, early medical practice was developed

in Babylon, Egypt, Greece, India, and China. Along with

the development of biology, chemistry, physics and math,

the west medical tradition developed into modern medical

science. Great success has been achieved in prevention and

treatment of disease. Consequently, the longevity of human

has been greatly extended. The aged population is growing
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rapidly in modern world. Aging is the most risk factor for

many age-associated diseases, such as neurodegenerative

disease, diabetes, stroke, and cancer. The aged people are

often suffering from one or multiple aging associated dis-

eases, which brings enormous social and economic burden.

While current medicine is focused on treatment of indi-

vidual disease, the aging people recovered for one disease

would probably suffer from other disease soon later.

Two thousand years ago, a systematic theory and

practice to achieve healthy aging with core idea of

‘‘preventive treatment of disease’’ was proposed in Huang

Di Nei Jing (one of the most important classical texts of

traditional Chinese medicine). Current geroscience

research have revealed key molecular processes that

underlie biological aging [1], and that delaying aging

process could delay the onset and progress of age-asso-

ciated diseases and the disability of aging people [2]. As

the modern version of ‘‘the preventative treatment of

disease’’, anti-aging medicine could be the most effective

way to combat the age-associated diseases and the dis-

ability of aging people. Currently, many compounds with

anti-aging activity have been discovered. A large portion

of these compounds are natural products. Therefore, we

summarized these natural products or extracts that are

reported to have anti-aging effects. We also discussed the

prospect and challenges of natural products in develop-

ment of anti-aging medicine.

2 Current Progress in Aging Research

Biological process was relying on the delicate interaction

of biomolecules. These building blocks of organism were

selected during the origin of life, and were imperfect and

intrinsic to generation of damage in every biological pro-

cess, such as in DNA replication, epigenetic modification,

transcription and translation, protein post-translational

modification, protein fold, and metabolic process. For some

of the damages were endangering species survival, their

correction mechanisms were evolved by natural selection,

such as DNA repair, protein unfolding response, antioxi-

dant mechanism, detoxification, autophagy, and protea-

some. The failure of these protection processes would

cause the occurrence of aging and pathological phenotypes,

while enhancing these protection processes would delay

aging and related phenotypes. Here we summarized how

the dynamic interactions between various damages and

errors occurred in biological process and their evoked

response of correction mechanisms contribute to genome

stability, proteostasis and metabolic homeostasis, to cellu-

lar homeostasis and finally to aging process (Figs. 1, 2).

For the detailed mechanisms of aging, we refer to the

reviews elsewhere [1, 3–8].

2.1 Genome Stability and Aging

Accumulation of genome damage is one of the major

causes of aging [9]. The intrinsic threats to DNA integrity,

including DNA replication errors, spontaneous hydrolytic

reactions, and reactive oxygen species (ROS), together

with exogenous physical (e.g. UV/IR radiation), chemical

and biological agents (e.g. virus) cause various genetic

lesions, such as point mutations, translocations, chromo-

somal gains and losses, telomere shortening, and gene

disruption. About 70,000 lesions per day were estimated to

happen in each normal human cell [10]. Accordingly, a

complex repair mechanisms, such as base excision repair

(BER), nucleotide excision repair (NER), transcription-

coupled repair (TCR), homologous recombination, non-

homologous end-joining (NHEJ), and telomere elongation

have been evolved in the organism. The deletion of genes

for BER were lethal in mice [11], while mutations affecting

NER and TCR were associated with numerous disorders

and accelerated aging [12–14]. Mice with defected in

NHEJ were subjected to early onset of aging [15]. The

discovery of the causality between telomere shortening and

cell replication limits, has led to the generation of telomere

theory of aging [16]. Patients with inherited telomere

syndrome presents greater overall telomere attrition and

premature aging [16]. Compounds with improving telom-

erase activity or suppressing telomere shortening play

distinct roles in anti-aging [17].

The epigenetic changes are one of the hallmarks of

aging, including alterations in transcription factor binding,

histone marks, DNA methylation, and nucleosome posi-

tioning [18]. These epigenetic changes can either happen

spontaneously or modulated by environmental stimuli,

nutrient signaling, and metabolic state, via multiple enzy-

matic systems including DNA methyltransferases, histone

acetylases, deacetylases, methylases, demethylases, and

other protein complex. These epigenetic changes can cause

aberrant transcription and noncoding RNA expression and

impair DNA integrity, affect cellular function and stress

resistance, heavily influence the progression of aging. Diet

or environment and genetic influencing epigenetic infor-

mation could alter aging process [19]. Humans and mice

with genetic defects in genome maintenance present

accelerated aging symptoms, while enhancing DNA

maintenance could delay aging [20].

2.2 Proteostasis and Aging

Errors happen on proteins including abnormally synthe-

sized proteins, protein unfolding, abnormal cleavage,

undesirable posttranslational modifications, can cause

protein self-assembling into toxic oligomeric structures or

aggregation into cytosolic inclusions. These damaged
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proteins can be recognized by chaperones or heat shock

proteins and delivered to degradation by the ubiquitin/

proteasome system or the lysosomes/autophagy. Increased

protein damages would compromise endo-reticulum (ER)

homeostasis, lead to increased synthesis of ER chaperones

and reduced protein translation to maintain proteostasis,

this response is called the unfolding protein response

(UPR) [21]. The ability to maintain the protein homeostasis

decline with age, many age-related diseases, such as Alz-

heimer’s disease, Parkinson’s disease, and ALS are asso-

ciated with intracellular accumulation of abnormal proteins

in the form of protein inclusions and aggregates [22].

Chaperone defective could lead to accelerated aging [23],

while activation of the master regulator of the heat-shock

response, the transcription factor HSF-1, could upregulate

heat-shock proteins and increase longevity in C. elegans

and mice [24, 25].

2.3 Metabolic Homeostasis and Aging

Metabolism provides energy for cell activity, molecules

attending signaling transmission, and building block of cell

components. Genome instability, proteostasis failure, and

environmental influence could lead to abnormal energy

supply and metabolite production, such as excessive free

oxygen radicals and toxic molecules. Free oxygen radicals

including reactive oxygen species (ROS) and diffusible

hydrogen peroxide (H2O2), could lead to accumulated

oxidative damages, such as carbonylation, oxidized

methionine, glycation, aggregation of proteins and DNA

damage, and contribute to aging and age-related diseases

[26]. This process was proposed by the famous free radical

theory of aging. Many compounds increase longevity or

improve age-related diseases via scavenging free radicals,

such as resveratrol, astaxanthin and gallic acid [27–29].

JNK, a MAP kinase family member, activated by

oxidative stress increases longevity in fruit flies and worms

[30, 31]. Reduced function of electron transport chain

(ETC) could dramatic extend the lifespan of C. elegans and

Drosophila [32, 33]. Recently research shows that mito-

phagy modulates bioenergetics and survival in the neu-

rodegenerative disease by reducing redox and damage [34].

The regulation of metabolism is closely coupled with

nutrient sensing pathways, including insulin-like growth

factor (IGF) signaling (IIS) pathway [35], target of rapa-

mycin (TOR) signaling [36], adenosine monophosphate

activated protein kinase (AMPK) pathway [37], and sirtu-

ins [38]. These signaling pathways sense nutrient or

metabolites to regulate the level of glucose, amino acid,

cAMP and nicotinamide adenine dinucleotide (NAD?).

These pathways regulate growth, metabolic and aging

process. Genetic or pharmacological intervention of their

components can extend lifespan and delay age-associated

dysregulation [8].

Fig. 1 Aging mechanisms in different hierarchies
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2.4 Cellular Homeostasis and Aging

Failure to maintain genome stability, proteostasis and

metabolic homeostasis will lead to imbalance of cellular

homeostasis and cellular senescence. Genome instability

could lead to abnormality of nuclear structure, while

excessive protein aggregation could cause ER malfunction.

Genome damage, defective proteins, and excessive pro-

duction of ROS could impair mitochondria. Mitochondria

damage could induce rescue mechanisms: mitochondrial

biogenesis, mitochondria specific unfolded protein

response and mitophagy (macroautophagy that targets

deficient mitochondria for proteolytic degradation) [39].

Recently research shows that mitophagy modulates

bioenergetics and survival in the neurodegenerative disease

by reducing redox and damage [34]. The increased damage

and reduced repair response are important to aging process.

Senescent cells secret signaling molecules enriched in

proinflammatory cytokines and matrix metalloproteinases,

which could attract mast cells to clear the senescent cells

through macrophage. But deficient clearance of senescent

cells will induce inflammation, impair adjacent cells and

tissue function, and lead to stem cell exhaustion, and finally

contribute to aging [40]. Either genetic or pharmacological

elimination of senescent cells could delay age-related

pathologies [41, 42].

3 Natural Products with Anti-aging Activity

To date, there are about 5, 400 scientific research/review

articles published under the terms of ‘‘anti-aging’’ and

‘‘anti-ageing’’ terms (obtained from Web of Science, May

2017; keywords restricted to the topics: anti-aging and anti-

ageing, at the search domain of Science & Technology).

These reports revealed more than 300 compounds with

anti-aging activity. Here we summarized the compounds or

natural product extracts with explicit anti-aging activity,

including 185 compounds from natural products (Table 1),

55 complex or extracts from natural products (Table 2), 62

from clinical drugs (of which more than 50% are also from

natural products or natural products analogues, Table 3),

35 from synthesized chemicals (Table 4). Some of them

received popular interest and under vigorous investigation,

present anti-aging activities in multiple aging models, such

as resveratrol [28, 43–53], a-lipoic acid [54–56],

AMPK
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Table 2 Natural product extracts with anti-aging activities

Complex or extracts Source Anti-aging activity and proposed anti-aging mechanism

With anti-aging activities in two aging models

Green tea extract Green tea In mice: 7.0% increase in mean lifespan and antioxidant [44]

In D. melanogaster: 16.0% increase in mean lifespan and antioxidant [96]

Korean mistletoe water

extract

Viscum album

coloratum

In D. melanogaster: 20.0% increase in mean lifespan and regulating Sir2 [259]

In C. elegans: 10.0% increase in mean lifespan and antioxidant [259]

With anti-aging activities in rats or mice

A-type proanthocyanidins-

rich cranberry extract

Cranberry In mice: antioxidant [260]

Fungus Phellinus sp.

polysaccharide

Fungus Phellinus sp. In mice: antioxidant [261]

Polysaccharides of

Dicliptera chinensis (L.)

Juss

Dicliptera chinensis

(L.) Juss

In mice: scavenging free radical and antioxidant [262]

Polysaccharides of Urtica Urtica In D-galactose-induced mice: antioxidant [263]

Cocoa polyphenolic extract Acticoa powder In rats: 11.0% increase in mean lifespan and retarding age-related brain impairments

[264]

Nigella Sativa fixed oil Nigella Sativa In mice: reducing lipid peroxidation, Bax/Bcl2, and caspase-3 [265]

Exopolysaccharides of

Agrocybe

Agrocybe cylindracea In D-galactose-induced mice: antioxidant, reducing the contents of malonaldehyde

(MDA) and total cholesterol (TC) [266]

Neem leaves extract Neem In UVB-irradiated NHDFs, hairless mice: increasing TGF-b1, decreasing AP-1, ROS,

and MAPK [267]

With anti-aging activities in Drosophila melanogaster

APPLE polyphenols Apple 10.0% increase in mean lifespan and antioxidant [268]

Cocoa *14.0% increase in mean lifespan and antioxidant [269]

Cordyceps sinensis oral

liquid

Traditional Chinese

medicine

32.0% increase in mean lifespan and antioxidant [270]

Cynomorium songaricum

Rupr

Traditional Chinese

medicine

15.0% increase in mean lifespan and antioxidant [271]

Emblica officinalis (fruit) Emblica officinalis 6.0% increase in mean lifespan and antioxidant [272]

Rhizome powder of

Rhodiola rosea

Rhodiola rosea 17.0% increase in mean lifespan and antioxidant [273]

Curcuma longa (rhizome) Curcuma longa 18.0% increase in mean lifespan and antioxidant [272]

Oregano and cranberry

extracts

Oregano and

cranberry

*43.0% in male and*62.0% in female (full diet ?2% OC) increase in mean lifespan

and partly through DR-independent pathways [274]

Cinnamon extract Cinnamon 17.0% in male, 37.0% in female increase in mean lifespan and regulating insulin

signaling [275]

Ludwigia octovalvis extract Ludwigia octovalvis 24.0% increase in mean lifespan and regulating AMPK [276]

Jujube fruit Jujube 11.1% increase in mean lifespan and regulating FoxO [277]

Black tea extract Black tea 21.4% increase in mean lifespan and inhibiting the ageing-related accumulation of

iron [278]

Cranberry anthocyanin

extract

Cranberry 10.0% increase in mean lifespan and up-regulation of SOD1 and down-regulation of

MTH, InR, TOR and PEPCK [279]

Rosa damascena extract Rosa damascena 32.0% increase in mean lifespan and increasing sensitivity to heat [280]

With anti-aging activities in Caenorhabditis elegans

Acanthopanax

sessiliflorusstem stem

extract

Acanthopanax

sessiliflorusstem

stem

16.8% increase in mean lifespan and antioxidant [281]

Angelica sinensis peptides Angelica sinensis *20.0% increase in mean lifespan and antioxidant [282]

Apple procyanidins Apple 12.1% increase in mean lifespan and antioxidant [283]

Blueberry polyphenols Blueberry 28.0% increase in mean lifespan and antioxidant [284]

Extract from seed of

Platycladus orientalis

Platycladus orientalis 24.5% increase in mean lifespan and antioxidant [285]
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astaxanthin [29, 57–59], catechin [60–62], curcumin

[63–65], fucoxanthin [66, 67], spermidine [68, 69], met-

formin [70–72], caffeine [73–75], and rapamycin [76–84],

all show anti-aging activity in both D. melanogaster and C.

elegans, as well as in other aging models (Table 1). There

are 39 compounds present anti-aging activity in two aging

models, 32 of them with anti-aging activity in C. elegans.

19 of the 39 compounds are antioxidant (including acace-

tin, antcin M, agmatine, baicalein, caffeic acid, carnosine,

chlorogenic acid, coenzyme Q10, dimethyl sulfide, gallic

acid, gluconate, glycerol, hesperidin, icariin, lactate,

oleanolic acid, minocycline, vitamin E, and vitexin).

Compound betaine, catalpol, (-)-epicatechin, huperzine A

and polydatin regulate inflammation. 11 compounds act

through energy sensing pathway, including acetic acid, a-
ketoglutarate, D-glucosamine, epigallocatechin gallate,

nordihydroguaiaretic acid, oligonol, polydatin, rosmarinic

acid, sesamin, aspirin, and tetrahydrocurcumin. There are

Table 2 continued

Complex or extracts Source Anti-aging activity and proposed anti-aging mechanism

Ginko biloba extract Ginko biloba 8.0–25.0% increase in mean lifespan and antioxidant [286]

HonTsai Tai extract HonTsai Tai 8.0% increase in mean lifespan and antioxidant [287]

KPG-7 Herb mixture 12.0% increase in mean lifespan and antioxidant [288]

Panax notoginseng

Polysaccharides

Panax notoginseng 21.0% increase in mean lifespan and antioxidant [289]

Tenebrio molitor extracts Tenebrio molitor 30.6% increase in mean lifespan and antioxidant [290]

Erchen wan Traditional Chinese

medicine

22.0% increase in mean lifespan and antioxidant [291]

Huanshao dan Traditional Chinese

medicine

38.0% increase in mean lifespan and antioxidant [291]

Liuwei dihuang wan Traditional Chinese

medicine

13.0% increase in mean lifespan and antioxidant [291]

Shengmai yin Traditional Chinese

medicine

47.0% increase in mean lifespan and antioxidant [291]

Shiquan dabu wan Traditional Chinese

medicine

15.0% increase in mean lifespan and antioxidant [291]

Bletilla striata

polysaccharide

Bletilla striata *20.0% increase in mean lifespan and regulating IIS pathway [292]

Ethylacetate fraction from

Ribes fasciculatum

Ribes fasciculatum 16.3% increase in mean lifespan and regulating IIS pathway and SIR-2.1 [293]

Peptides from sesame cake Sesame cake 15.6% increase in mean lifespan and regulating SKN-1signaling [294]

Astragalus membranaceus

polysaccharide

Astragalus

membranaceus

24.0% increase in mean lifespan and regulating DAF-16 [295]

Garlic extract Garlic extract 21.0% increase in mean lifespan and regulating DAF-16 [296]

Reishi mushroom

polysaccharide

Reishi mushroom *20.0% increase in mean lifespan and regulating TIR-1 and DAF-16 [99]

Royal Jelly Honeybee 18.0% increase in mean lifespan and DAF-16 dependent [297, 298]

Ayurvedic polyherbal extract Ayurvedic 16.1% increase in mean lifespan and regulating DAF-2, SKN-1, SOD-3, GST-4, and

DAF-16 [299]

Damnacanthus officinarum

leaf extract

Damnacanthus

officinarum

19.0% increase in mean lifespan and regulating neuroprotective activity [300]

Deuterohemin peptide Peptides 21.0% increase in mean lifespan and antioxidant, regulating DR [301]

Eleutherococcus senticosus

root extract

Eleutherococcus

senticosus

16.0% increase in mean lifespan and antioxidant, regulating DAF-16 [302]

Lowbush cranberry Lowbush cranberry 22.0% increase in mean lifespan and altering mechanosensory neuron aging [303]

Mulberry leaf polyphenols Mulberry leaf 23.0% increase in mean lifespan and regulating DAF-12, PHA-4, NHR-80, and DAF-

16 [304]

Dauer-inducing Pheromone Worms 27.0% increase in mean lifespan and needs more research [305]

With anti-aging activities in other aging models

Annurca apple extracts Annurca apple In S. cerevisiae: antioxidant, antiapoptotic [306]

Red algal extracts Red algal In Brachionus manjavacas: 9.0% increase in mean lifespan and needs further research

[307]
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Table 4 Synthetic compounds with anti-aging activities

CAS Chemicals Structure Anti-aging activity and proposed anti-aging mechanism

With anti-aging activities in two aging models

51-28-5 2,4-Dinitrophenol

N

O

O

N
O O

OH In mice: 7.0% increase in mean lifespan; enhancing tissue

respiratory rates, improving serological glucose,

triglyceride and insulin levels, decreasing reactive

oxygen species levels and tissue DNA and protein

oxidation, as well as reduced body weight [348]

In D. melanogaster: 20.0% increase in mean lifespan;

increasing the rate of oxygen consumption by isolated

mitochondria and tissue homogenates, decreasing the

activity of alcohol dehydrogenase [349]

With anti-aging activities in mice

91-53-2 Ethoxyquin

O

H
N

In C3H mice: 18.0% increase in mean lifespan in male,

20.0% in female and antioxidant [350]

1001645-58-4 SRT1720

HCl

N

S N

HN

O
N

N

N
HN

In mice: 9.0% increase in mean lifespan and inhibiting

proinflammatory gene expression [351]

With anti-aging activities in Drosophila melanogaster

307297-39-8 Epitalon

N
H

HN O

NH2

HO

O O
NH

HO

O

O

OH

O

17.0% increase in mean lifespan and antioxidatant [352]

34592-47-7 Thiazolidine

carboxylic acid

OH

O

S

H
N

31.0% increase in mean lifespan and antioxidatant [353]

133550-30-8 AG-490

H
N

O

N

OH
OH

18.0% increase in mean lifespan and activating ERK1/2

signaling [354]

4431-00-9 Aurintri-carboxylic

acid
HO

O OH

O

O

OH

OH O

OH

15.0% increase in mean lifespan and regulating p66ShcA

[355]
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Table 4 continued

CAS Chemicals Structure Anti-aging activity and proposed anti-aging mechanism

91742-10-8 HA-1004

(dihydrochloride)
S

H
N

N
H

NH

NH2

O
O

N

18.0% increase in mean lifespan and inhibiting protein

kinase [354]

103745-39-7 HA-1077 (Fasudil)

S
O

O

N

N NH

15.0% increase in mean lifespan and inhibiting protein

kinase [354]

5108-96-3 Pyrrolidine

dithiocarbamate
S SH

N

NH3

16.0% increase in mean lifespan and inhibiting NF-jB
[356]

With anti-aging activities in Caenorhabditis elegans

75529-73-6 Amperozide

hydrochloride

H
N

O
N

N

F F

HCl

38.0% increase in mean lifespan and antioxidatant [176]

193611-72-2 BRL 15572

N
N Cl

OH

10.0% increase in mean lifespan and antioxidatant [176]

433695-36-4 BRL 50481

S
N

O

O

N

O

O

18.0% increase in mean lifespan and antioxidatant [176]

145915-58-8 DAPH (4,5-

dianilino-

phthalimide)
O

O

NH

HN

N
H

15.0% increase in mean lifespan and antioxidatant [176]
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Table 4 continued

CAS Chemicals Structure Anti-aging activity and proposed anti-aging mechanism

53177-12-1 EUK-8

N

N O-

C
-O

Cl- Mn3+

54.0% increase in mean lifespan and antioxidant [357]

81065-76-1 EUK-134

N

N O-

C
-O

Cl- Mn3+
O

O

54.0% increase in mean lifespan and antioxidant [357]

98299-40-2 Hexahydro-sila-

diphenidol

Si

N

HO

15.0% increase in mean lifespan and antioxidatant [176]

142273-20-9 Kenpaullone

O

NH

H
N

Br

27.0% increase in mean lifespan and antioxidatant [176]

83846-83-7 Ketanserin tartrate

O

H
N

N
N

O

F

O

OH

O

OH

HO

O

OH

13.0% increase in mean lifespan and antioxidatant [176]

13614-98-7 Minocycline

hydrochloride

HCl

OH

N

O

NH2

O

OH

OHO

N

OH

H H
43.0% increase in mean lifespan and antioxidatant [176]
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Table 4 continued

CAS Chemicals Structure Anti-aging activity and proposed anti-aging mechanism

66104-23-2 Pergolide

methanesulfonate

S
O

O
HO

N

HN

S

H

H

37.0% increase in mean lifespan and antioxidatant [176]

497-27-8 4-Phenyl-3-

Furoxan-

carbonitrile
N

O
N+ O-

N

30.0% increase in mean lifespan and antioxidatant [176]

58-33-3 Promethazine

hydrochloride

HCl

N

N

S

32.0% increase in mean lifespan and antioxidatant [176]

7681-67-6 Propionyl-

promazine

hydrochloride

HCl

N

N

S

O

20.0% increase in mean lifespan and antioxidatant [176]

Trans-3,5-

dimethoxy-4-

fluoro-4-

hydroxystilbene

R

O

F

O

3.6% increase in mean lifespan and antioxidatant [358]

Trans-2,4,5-

trihydroxystilbene
R

OH

HO

5.4% increase in mean lifespan and antioxidatant [358]

78416-81-6 Trequinsin

hydrochloride

ON
O

O

N

N

HCl

27.0% increase in mean lifespan and antioxidatant [176]
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14, 9, and 109 natural products with anti-aging activity

reported only in mice or rat, fruit fly, and C. elegans,

respectively, while 14 compounds present anti-aging

activities in other aging models, such as mammalian cells

and S. cerevisiae. Among the 109 compounds with anti-

aging activity in C. elegans, 18 with antioxidative activity,

five regulating IIS pathway, four regulating AMPK, four

regulating mTOR signaling, 10 regulating SIR-2.1, six

regulating SKN-1/Nrf2 pathway, seven regulating JNK-1,

16 with unknown mechanisms, and about half of 109

compounds revealed to regulate multiple signaling

pathways.

Table 4 continued

CAS Chemicals Structure Anti-aging activity and proposed anti-aging mechanism

274-85-1 1,2,4-Triazolo[1,5-

a]pyridine N
N

N

12.0% increase in mean lifespan and antioxidant [359]

138090-06-9 (R,R)-cis-Diethyl-

tetrahydro-2,8-

chrysenediol

HO

OH 7.0% increase in mean lifespan and increasing stress

resistance [176]

2390-54-7 Thioflavin T

S

N+

N

Cl-

60.0% increase in mean lifespan and regulating HSF-1

and SKN-1 [360]

175698-05-2 3,3-Diethyl-2-

pyrrolidinone
H
N O

31.0% increase in mean lifespan and regulating

neuromuscular activity [336]

631-64-1 Dibromoacetic acid

OH

O

Br

Br

15.0% increase in mean lifespan and inducing protective

stress response [225]

82-76-8 N-Phenyl

periacid(ANSA)

NH S
O

OH

O

22.7% increase in mean lifespan and increasing aging

related pharyngeal pumping rate [63]

51314-51-3 Benzimidazole

derivative M084

N

H
N

NH

19.10% increase in mean lifespan; regulating IIS

pathway, AMPK, SIR-2.1, SKN-1, mitochondrial

electron transport chain, and mitochondrial unfolded

protein response [361–364]

With anti-aging activities in Asplanchna brightwelli

111-17-1 3,30-
Thiodipropionic

acid OH

O

SHO

O 16.0% increase in mean lifespan and increasing lipid

peroxides [365]
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Among the 55 complex or extracts from natural prod-

ucts, 8, 14 and 29 of them were tested in mice, fruit fly and

C. elegans, respectively. A majority of these extracts pre-

sent antioxidative activity.

Among the 62 clinical medicine with anti-aging activity,

three (rapamycin, metformin, caffeine) present anti-aging

activities in three aging models, six (aspirin, berberine,

huperzine A, minocycline, phenformin, and vitamin E) in

two aging models, two (buformin and melatonin) in rats,

four (ivabradine, acarbose, metoprolol, and nebivolol) in

mice, 8 in D. melanogaster, 37 in C. elegans, cortisone in

Asplanchna brightwelli and myriocin in S. cerevisiae,

respectively. Interestingly, the anti-aging mechanisms of

the most drugs are different from their clinical applications.

We also summarized 35 synthetic compounds with

explicit anti-aging activity (Table 4). 2,4-Dinitrophenol

presents anti-aging activities in mice and fruit fly, ethox-

yquin and SRT1720 in mice. Seven and 24 compounds

present anti-aging activity in fruit fly and C. elegans,

respectively. 3,30-thiodipropionic acid with anti-aging

activity in Asplanchna brightwelli. Twenty-one of the 35

compounds present antioxidative activity.

In total, there are 212 and 46 compounds present anti-

aging activity in C. elegans and fruit fly, respectively,

indicating C. elegans and fruit fly are the most popular

aging models for anti-aging screening. Those compounds

present anti-aging activity in both C. elegans and fruit fly

are worth to be further investigated in mammalian models.

4 Prospects of Discovering Anti-aging Molecules

from Natural Products

Many clinical medicines are derived from natural products.

But in the past two decades, pharmaceutical companies

have been enthusing the drug development strategy of

high-throughput screening (HTS) and combinatorial syn-

thesis of enormous synthetic libraries of small molecules.

Natural products were largely neglected for unsuitable for

HTS of targeted protein assay and difficult in compound

isolation and synthesis. But the achievement of new lead

discovery and new drug approval was disappointing [85].

Compared with synthetic compounds, natural products are

secondary metabolite, evolutionarily optimized with bio-

logically relevant chemical space and preferred ligand

binding motif, are not only biologically active, but with a

high degree of bioavailability, suitable for functional and

phenotypic assays [86]. Recent innovation in techniques

for structural elucidation, metabolomics for profiling and

isolation, and metagenomics or gene manipulation for

synthetic pathways has facilitated to explore the enormous

biodiversity on earth, including plant, microorganism and

marine organism [87]. Engineered production of natural

products from uncultivated species could extremely expand

the chemical space of natural products by synthetic biology

[88]. Moreover, modern computer-assisted drug design

could utilize natural-product-derived fragments to compu-

tationally infer the biomolecular targets and activities of

natural products and fragment-based de novo design. As

summarized in above, currently discovered agents with

anti-aging activity, majority of them are natural products.

Therefore, natural products are invaluable sources and

provide great promise for developing anti-aging medicine.
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