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“What is the point of life if it ends in death”
John de Rivaz

Snake oil originally was a Chinese medication rich 
in omega-3 fatty acids which was made from the Chinese 
water snake. It was believed to decrease the pain of arthritis. 
The Hopi medicine men had used rattlesnake oil as an anti-
inflammatory. Rattlesnake oil has a lower concentration of 
omega-3 fatty acids. Towards the end of the 19th century Clark 
Stanley started selling rattlesnake oil as a cure for all diseases. 
The fact that this snake oil did not work led to the use of the 
term “snake oil” for substances of questionable efficacy that 
were sold with extravagant claims.

Long before “snake oil” human beings had sought the 
“fountain of youth” and immortality. The first documented 
quest for immortality was that of Gilgamesh. He went searching 
for a wise man, Utnapishtim (“The Faraway”), who sent him to 
find an herb at the bottom of the ocean which would endow him 
with longevity. Unfortunately, while Gilgamesh slept a snake 
ate the herb. Immediately after eating it, the snake shed its skin 
and thus was rejuvenated (1). Over the centuries numerous 
explorers and scientists have searched for the elusive “fountain 
of youth” without success.

In 1961, Leonard Hayflick demonstrated that as cells age 
they reach a stage where replication slows (“senescence”) 
before they stop dividing (2). When young cells are injured 
they undergo apoptosis, display phosphatidylserine on their cell 
surface which attracts macrophages leading to their elimination 
from tissue. In contrast, senescence cells behave like ‘zombies’, 
not being appropriately cleared and become toxic to their 
environment. Senescent cells lose the ability to repair cell 
damage and they produce inflammatory cytokines, chemokines 
and protein degrading molecules (3). Thus, these cells develop 
a senescence associated secretory phenotype (SASP) (4).

In the latter part of the 20th century the focus for delaying 
aging and many chronic diseases was related to lifestyle 
factors, e.g., exercise, environmental pollution, dietary factors, 
smoking, infectious agents and reversing cellular toxicity 
e.g., DNA damage, oxidative stress, proteotoxic stress and 
telomere damage. In the 21st century the scientific focus has 
shifted to inhibition of SASP, enhancing survival pathways and 
increasing immune mediated clearance of senescent cells (5). 
A number of biochemical pathways have emerged as playing 

a key role in the aging process. These include insulin/insulin-
like growth factor-1, target of rapamycin mechanistic mTOR, 
adenosine monophosphate activated protein kinase (AMPK) 
and the nicotinamide adenine dinucleotide (NAD+) – dependent 
sirtuin deacyclases (6). It is important to recognize that these 
pathways also play a key role in multiple other functions in the 
body, e.g., mTOR is essential for protein synthesis to develop 
muscle (7). These discoveries have led to scientists developing 
molecules to modulate these systems, some of which have been 
shown to extend lifespan in rodents (8, 9).

Senolytics are drugs that extend lifespan by having general 
positive effects throughout the body, rather than focusing on 
one disease. This has led some scientists to suggest that aging 
should be recognized as a disease, thus making senolytics into 
legitimate main stream drugs. The concept is that the focus 
of medical research should be on curing aging rather than 
increasing life- and health-span by focusing on individual 
diseases or even the geriatric syndromes. A major problem here 
is that showing in humans that a drug increases lifespan would 
theoretically need it to be administered from 50 or more years. 
To get around this, they suggest that showing an aging marker 
can be improved should be sufficient for regulatory agencies to 
approve it.

The senolytic combination of Dasatinib (atyrosinase kinase 
inhibitor) and Quercetin (targeting BCL-2 and insulin/IGF-1 
systems) (DQ) causes apoptosis of senescent compared to non-
senescent cells in human tissue and extends lifespan in mice 
(10). A 3-week study in 14 subjects with idiopathic pulmonary 
fibrosis (IPF) showed some improvements in physical function 
but no improvement in lung function. The authors concluded 
that their study supports “feasibility and provides initial 
evidence that senolytics may alleviate physical dysfunction in 
IPF.” This finding has received considerable publicity!

Sirtuins (nicotinamide adenine dinucleotide-dependent 
deacylases) were discovered in yeast in 1987 and demonstrated 
to play a role in extending yeast lifespan over 20 years ago 
(11, 12). The excitement around sirtiuns was increased when 
reservatrol, a compound in red wine purported to improve 
health in wine drinking French persons, was discovered to 
be a sirtuin activator (13). One study in humans showed that 
reservatrol increased muscle SIRT1, AMPK, mitochondrial 
activity and fatty acid oxidation (14). Other studies have not 
been as impressive (15). Alway et al (16) found that reservatrol 
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had a small effect on muscle fatigue and muscle peak torque 
and power. An apocryphal calculation based on the amount 
of reservatrol necessary to have positive effects in cells has 
suggested that a human would have to drink at least a case full 
of red wine a week to have the purported positive effects of 
reservatrol!

Another potential group of senolytic agents are stem cells. 
Osteoarthritis is a clear age-related disease and the internet 
is full of testimonials that stem cell injections into joints 
will reverse the aging damage. It is possible as processing of 
misenchymal and fat stem cells improve, this may be the case: 
Well conducted studies in humans demonstrate only minor 
effects of stem cells on osteoarthritis (17). There is growing 
evidence that mesenchymal stem cells can improve wound 
healing both by improving blood vessel growth into the wound 
and enhancing immune function (18).

Recently I visited a stem cell clinic in the beautiful 
mountains outside Chengdu in China. Here older persons 
can receive stem cells to reverse their aging! Stem cells have 
been studied as a therapy in heart disease. Results have been 
inconsistent and even with positive results the effects on heart 
function and cardiac remodeling has been small (19). In a small 
study of mesenchymal stem cells given to frail older persons, 
there was a decrease in TNFα and a small increase in the 
6-minute distance walked at 3 and 6 months after infusion (20). 
Overall, at present there appears little justification for using 
stem cells as senolytics but there is sufficient data to develop 
well designed clinical studies using appropriately prepared 
stem cell preparations. It should be recognized that stem cells 
generally work by releasing substances which rejuvenate the 
tissues around them and they do not produce a new set of 
youthful cells.

Type 2 diabetes mellitus is a form of accelerated aging (21). 
Metformin is the drug of choice for the treatment of diabetes 
and in those patients metformin may reduce cardiovascular 
disease (22-24). Metformin may also reduce mortality (25). A 
meta-analysis suggested that metformin may reduce both cancer 
incidence and death (26, 27). In addition, there is evidence that 
metformin may reduce dementia in older persons (28-30), but 
this is controversial (31). Metformin activates AMP-kinase, 
inhibits mTOR and reduces damage to DNA, all of which are 
positive effects of senolytics (32). 

Mice without the Klotho gene have accelerated aging with 
increased atherosclerosis, thin bones and muscle atrophy 
(33). Klotho was named after one of the three fates in Greek 
mythology, who spun the thread of a person’s life. When mice 
are genetically engineered to produce extra Klotho they live 
longer (34) and have improved memory (35). Klotho protein 
is induced by exercise (36) and increased levels regenerate 
atrophied muscle (37). In humans, besides exercise, insulin, 
PPAR gamma activators, ACE inhibitors and statins appear 
to increase Klotho (38). Statins increase survival by about 1% 
over 18 years (39, 40). The Klotho gene KL-VS is associated 
with longevity in humans (41).

CRISPR (clustered regularly interspace short palindromic 
repeats) recognizes specific DNA strands that then can be 
cleaved by the enzyme, Cas 9. CRISPR/Cas9 has been used to 
edit the LMNA mutation that produces progeria in mice (42). 
This approach of targeting lamin A and progerin increased 
lifespan by 25% in mice with the Hutchinson-Gilford progeria 
syndrome. Obviously CRISPR/Cas 9 can be used to inhibit 
SASP components in senescent cells using adenovirus as a 
vector. 

Modulation of microRNAs represents another possible 
avenue to develop senolytics. For example, increased 
expression of miRNA-204 accelerates the development of 
osteoarthritis whereas inhibiting the expression of miRNA-204 
leads to suppression of SASP, preventing the development of 
osteoarthritis (43).

Examples of Failed Senolytics

For many years antioxidant vitamins were considered an 
ideal product to extend life. This has led to USA sales of 
multivitamins amounting to $5.7 billion in 2018 (ods.od.nih.
gov/factsheets/mmvs-healthprofessional). A Cochrane meta-
analysis has shown that antioxidant vitamins produce a small 
increase in mortality (44). Antioxidants decrease free radical 
production. These free radicals are necessary to kill infectious 
agents and cancer cells. A recent editorial in the Journal pointed 
out that vitamin D has been grossly oversold in the medical 
literature (45). In addition, high doses of vitamin D have a 
number of side effects.

Conclusion

While the basic science research on senolytics is very 
exciting, there is minimal evidence to support their use in 
humans. It is important to recognize that as we move into the 
era of Personalized (Precision) medicine it is quite likely that 
depending on a persons genetic background different senolytics 
may have different negative or positive effects in different 
individuals (46). Also, senolytics will be taken over many years 
and as such we have little idea of what long-term effects they 
may have, e.g., might they accelerate the development of some 
cancers?

At present sensible general advice to delay aging appears 
to be moderate exercise and ingesting a Mediterranean diet 
(47-49). The phenyls in extra virgin olive oil appear to protect 
against cardiovascular disease (50) and cognitive dysfunction 
(51-53). Including fish in the diet may also enhance longevity 
(54), but returning to the original snake oil the use of omega-3 
fatty acids continues to be controversial (55).

It would appear that concentrating on improving the care of 
geriatric syndromes (56) is far more likely to improve outcomes 
compared to the focus on development of senolytics. Early 
recognition of frailty, using the FRAIL, and using a patient 
centered approach to treat the different components – fatigue, 
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sarcopenia, polypharmacy and weight loss appears reasonable 
(57). Similarly screening for sarcopenia with the SARC-F (58) 
and providing long-term exercise therapy compensated by the 
medical system makes for more sense than testosterone (59, 
60) or antimyostatin drugs (61). While the biochemistry of 
senolytics is fascinating, it would seem that developing age 
friendly health systems with reimbursement for simple effective 
treatment approaches would seem a much more cost effective 
approach to extending a healthy life expectancy for older 
persons (62).

 
Figure 1

The Major Causes of Senescence and The Putative Senolytics to 
Prevent Them
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