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Review

Né-Furfuryladenine (Kinetin) as a
Potential Anti-Aging Molecule

SURESH I.S. RATTAN

ABSTRACT

Né-furfuryladenine (kinetin) is one of the cytokinin compounds whose anti-aging effects on
plants, cultured human skin cells, and fruitflies have been reported. Its chemical structure,
natural occurrence, and several biological effects are well documented. Although the exact
mechanism of its action is not fully understood, kinetin appears to be a powerful natural anti-
oxidant with pluripotent effects in protecting DNA and protein from oxidative and glyox-
idative damage. Further applications of kinetin in health care and biomedicine need to be in-

vestigated thoroughly.

INTRODUCTION

ISTORICALLY, a wide variety of cosmetic

formulations have been created, sold, and
utilized for the treatment and/or prevention of
aging-related alterations. These formulations
ranged from plant and animal product-based
concoctions in the ancient times, to the use of
serum growth factors, herbal extracts, and hu-
man fetal and cellular extracts in recent times.
Generally, there was very little or no system-
atic scientific research performed to back up the
claims made for such formulations. However,
during the last two decades, this situation has
been undergoing some change, and several
new compounds have been scientifically tested
to varying extents. In such studies, a compound
is generally tested for its effects on the short-
term growth and survival of mammalian (in-
cluding human) cells in culture. This is often

followed by its testing on animals for acute tox-
icity, and on a limited number of human vol-
unteers for determining its effects on gross fa-
cial wrinkles commonly associated with sun
exposure and photo-aging. Using this strategy,
some of the compounds which have been
shown to have some effects on reducing the
photo-aging-related alterations in the skin in-
clude alphahydroxy acid (AHA), glycolic acid,
vitamin A (retinoic acid or retinol), co-enzyme
Q10, beta-alanyl-histidine dipeptide carnosine,
and N¢-furfuryladenine (kinetin).

Kinetin is one of these compounds whose
anti-aging effects on cultured human skin
cells were first reported by us. What follows
is a brief description and discussion of the
chemical structure, biological effects, modes
of action, and potential areas of application of
kinetin in health care and anti-aging thera-
pies.
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CHEMICAL PROPERTIES AND NATURAL
OCCURRENCE OF KINETIN

Kinetin was isolated for the first time in 1955
from autoclaved Herring sperm DNA.}2 It is a
derivative of adenine which is one of the nu-
cleic acid purine bases (Fig. 1), and belongs to
the cytokinin group of plant growth hormones.
Kinetin is an amphoteric compound which is
soluble in strong acids, alkalis, and glacial
acetic acid, is slightly soluble in ethanol, bu-
tanol, acetone, and ether, but is practically in-
soluble in distilled water. Crystals of kinetin
suitable for x-ray analysis have been obtained
by slow cooling of a hot ethanol solution. Iden-
tification of kinetin in natural products was fa-
cilitated by our discovery of its electrochemi-
cal properties. The crucial evidence for the
presence of NO-furfuryladenine in natural
products came from our studies on the mass
spectrometric analysis of DNA components.>~
Using these methods, kinetin has been reported
to be present naturally in various plants,®” and
human cell extracts and DNA.?> The biosyn-

furfuryl
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thetic pathway of kinetin involves the forma-
tion of furfural during hydroxyl radical oxida-
tion of the deoxyribose in DNA, its reaction
with the exocyclic amino groups of adenine
residues, followed by dehydration and reduc-
tion of the intermediates leading to formation
of N°-furfuryladenine.*? It is not known if cer-
tain DNA repair enzymes then remove this
modified base from the DNA and make it avail-
able as free kinetin in the cell.

BIOLOGICAL PROPERTIES

Data regarding the biological properties of
kinetin are scattered throughout literature, of-
ten in combination with studies on the effects
of other cytokinins. Most of the data for the bi-
ological properties of kinetin come from stud-
ies on its effects on plant systems. Kinetin stim-
ulates tRNA synthesis, cell cycle progression
and the catalytic activity of the cyclin-depen-
dent kinase (cdc2) in plant cells. Low levels of
kinetin stimulate calcium influx through the

adenine

FIG. 1. Strucure of N(’-furfuryladenine, kinetin.



Né-FURFURYLADENINE (KINETIN) IN ANTI-AGING

plasma-membrane calcium channel in plant
cells. Kinetin protects plant cells against stress
by suppressing cell death by viruses and toxic
chemicals such as mercuric chloride. Kinetin is
well known for its anti-aging effects in plants.
It prevents yellowing and senescence of leaves,
and slows down over-ripening and degenera-
tion of fruits.®

We have reported strong anti-aging effects of
kinetin on human skin cells and fruitflies. We
have shown that 40-80 micromolar (approxi-
mately 10-20 ppm) kinetin delays the onset of
several cellular and biochemical characteristics
associated with cellular aging in long term cul-
tures of human skin fibroblasts.” Dermal fibro-
blasts continuously grown in culture medium
supplemented with kinetin did not undergo se-
vere morphological changes such as cell en-
largement, vacuolization and irregular flattened
appearance. Kinetin-treated cells did not accu-
mulate debris associated with age-pigment lipo-
fuscin and other oxidatively modified macro-
molecules. Growth of human cells in
kinetin-containing medium also prevented the
disorganization of the cytoskeleton and the ap-
pearance of multinuclear cells during aging in
vitro. Although kinetin could slightly revert
some of the age-related changes in senescent hu-
man skin cells in vitro, its effects were most pro-
nounced as a preventive compound over a long-
term treatment.”!® Most importantly, treatment
of human cells with the above doses of kinetin
neither caused premature cell death (a sign of
toxicity) nor did it induce extra cell proliferation
which is a sign of potential carcinogenesis. In this
respect, kinetin differs significantly from other
so-called anti-aging compounds which can ei-
ther cause some cell death (e.g., retinol) or can
promote cell proliferation (for example, serum
growth factors and carnosine!!12). We have also
tested the effects of kinetin in combination with
glycolic acid and retinol on the short-term
growth, morphology and survival of human skin
fibroblasts (unpublished data). These results
show that a combination of kinetin with these
compounds have no adverse effects on human
cells. Rather, some preliminary data indicate that
kinetin may be able to neutralize some of the
toxic effects of retinol observed in human cell cul-
tures. However, this needs to be documented by
further research.
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In order to find out the effects of kinetin on
the aging and lifespan of organisms, we have
performed studies using fruitflies. We have re-
ported that 25-50 ppm kinetin added to the
food of fruitflies slowed down their develop-
ment and aging, and prolonged their average
and maximum lifespan by 65% and 25%, re-
spectively.!® Furthermore, the increase in the
lifespan of kinetin-fed fruitflies was accompa-
nied by a 55-60% increase in the activity of an
antioxidant enzyme catalase, which breaks
down hydrogen peroxide in the cells.!* At pres-
ent, there are no studies performed on the ef-
fects of kinetin on aging, age-related pathology
and longevity of mammals.

In human trials for the cosmetic application
of kinetin, double-blind vehicle-controlled
24-48 week studies of kinetin lotions (0.01-
0.1%) have been performed at the Department
of Dermatology, University of California (Irvine,
CA). In this study comprising 64 human sub-
jects, twice a day topical application of kinetin
on facial skin has shown consistent clinical
global improvement in several photo-aging-re-
lated markers. These markers include fine
wrinkles, coarse wrinkles, actinic lentigines,
mottled hyperpigmentation, telangiectasia, tac-
tile skin roughness and total water loss. The
positive effects of kinetin observed on more
than 95% of the test subjects were recorded
without any associated negative effects such as
skin burning or stinging, erythema, peeling
and dryness (unpublished data available from
Senetek PLC at www.senetekplc.com).

MECHANISMS OF ACTION AND
FUTURE APPLICATIONS

Although the exact mechanisms of action of
kinetin are yet to be revealed, various lines of ev-
idence indicate that kinetin is involved in signal
transduction and also acts as a natural antioxi-
dant.® As a signaling molecule, kinetin may stim-
ulate other defense pathways, such as DNA re-
pair and proteosome-mediated protein turnover,
thereby acting as a hormetic molecule.® In an
analysis of the antioxidative character of kinetin
asa free radical scavenger one could consider two
possibilities: (1) oxygen radicals can directly ab-
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stract hydrogen from the a-carbon of the amine
bond of Né-furfuryladenine, or (2) they can un-
dergo faster dismutation reaction in aqueous so-
lution when kinetin is complexed with copper. A
direct effect of kinetin on superoxide dismutase
activity has been observed in plants® Our stud-
ies have shown that kinetin protects DNA from
hydrogen peroxide-induced formation of muta-
genic 8-oxodeoxyguanine (8-oxodG) by the Fen-
ton reaction in vitro.!® Recently, we have observed
that kinetin protects against oxidative and gly-
coxidative protein damage generated in vitro by
sugars and by an iron/ascorbate system.!®

Considering that kinetin appears to be a pow-
erful natural antioxidant with pluripotent effects,
its applications in health care and biomedicine
need to be investigated thoroughly. The effects
of kinetin on the prevention and treatment of
those conditions occurring due to the damage to
DNA (e.g., cancers), and to proteins and other
macromolecules resulting in the accumulation of
abnormal proteins and lipids in various organs,
tissues and cells (e.g., cataract, maculopathy,
Alzheimer’s disease, and others) should be in-
vestigated. The usefulness of kinetin as a nutri-
tional supplement in stimulating the mainte-
nance and repair pathways in the body, and as
a general molecule of defense and a component
of the homeodynamic machinery also need to be
explored thoroughly.
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