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shown physiological properties beyond those described,*
1821 jts first commercial use in topical applications did
not occur until 2007.% Here, the authors investigate its
ability to stabilize retinol and polyunsaturated lipids,
which are key ingredients for skin care.

Retinol Properties

Retinol or vitamin A (see Figure 2) has been around
for well over eighty years. It was studied by Paul Karrer, a
Swiss chemist who was awarded a Nobel Prize in Chem-
istry in 1937 for related investigations of vitamins A and

The relative
susceptibilities of lipids
to oxidation depend on

the reaction milieu
as well as their
inherent structure.

B2, carotenoids and flavins. When applied to human
skin, retinol penetrates and is sequentially oxidized

to retinal, then retinoic acid, subsequently causing
retinoic acid-like effects.”® Tight regulation of retinoic
acid activity in the skin is imperative for maintaining
epithelial homeostasis. Compared to retinoic acid, retinol
is more stable and induces less skin irritation.?*# It also
provides anti-aging effects and is therefore the preferred
skin care ingredient over retinoic acid. However, retinol
is not without flaws, and its widespread use, even with
newer analogs, is still restricted due to undesirable side
effects such as irritation, dryness, peeling, erythema

and a burning sensation on the skin.?®* Under certain
circumstances, retinol treatments can also cause free
radical generation and induce oxidative stress. Mei et al.,
for example, have shown in mouse lymphoma cells that
retinol is mutagenic when exposed to UVA through a

I Market Intelligence

m According to a report by Canadean, Italian consumers
desire makeup to cover age-related skin impurities. In

fact, 19.4% of makeup consumption in Italy is driven by
anti-aging needs. “Older generations will also pay greater
attention to the ingredients they already know, such as
collagen and retinol that protect skin from aging processes,
added Veronika Zhupanova, analyst at Canadean.

"

Source: GCI (GCImagazine.com)
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clastogenic mode of action.?

In addition, retinol esters such as retinyl palmitate
(RP) are commonly used in skin care, and although
these storage forms of retinol are required in many
essential biological processes, they have been shown to
be more photochemically labile than retinol.? The bio-
logical effects caused by photoexcitation of RP are not
well-understood, but studies have shown that photo-
irradiated RP is phototoxic and photoclastogenic.*
Many attempts have been made to improve the stability
of retinol with limited success. A few, selected from the
literature, are as follows.

Stabilizing Retinol: Attempts

Tesoriere et al. showed a synergistic interaction
between retinol and tocopherol against lipid peroxidation
in phosphatidylcholine liposomes.*' Peroxidation was
evaluated using malondialdehyde production as an indi-
cator of antioxidant activity; the data suggested that by
limiting the auto-oxidation of retinol, alpha-tocopherol
strongly promoted its antioxidant effectiveness.

Young and Gregoriadis reported that retinol in
liposomes with tocopherol and oxybenzone exhibited a
marginal improvement in stability.’? Lee et al. incorpo-
rated retinol into multilamellar liposomes prepared from
soybean phosphatidylcholine,* as well as into liposomes
containing soybean phosphatidylcholine and choles-
terol at various ratios. Retinol stability was enhanced
by increasing the cholesterol content; further, results
indicated that cholesterol in the liposomes increased the
incorporation efficiency of retinol.**

Jee et al. reported on the stabilization of all-trans
retinol (AR) by loading lipophilic antioxidants in solid
lipid nanoparticles (SLNs).* This decelerated the degra-
dation of AR, as compared with an AR solution dissolved
in methanol; at 12 hr, the photostability of AR in SLNs
was reported to be ~43%, whereas in methanol solution,
it was only ~11%. In a different approach, Sapino et al.
used two synthetic alkylcarbonates of y-cyclodextrins
to improve the stability and water-solubility of retinol.*
These inclusion complexes increased the stability of
retinol to both light and heat.

A pilot study was conducted by Akhavan and Levitt
to assess retinol stability in a hydroquinone (4%) and
retinol (0.3%) cream, in the presence of antioxidants
and sunscreen. Results indicated approximately 10%
degradation of retinol in 4 hr under simulated use
conditions, including exposure to UV light, oxygen and
body temperature.”” Similarly, Bonda and Zhang showed
an increase in retinol photostability when combined with
ethylhexyl methoxycrylene,* although improving the
stabilization of 0.1% retinol required inefficient levels of
4% to 5% ethylhexyl methoxycrylene®.

Cho et al. described enhanced skin perme-

“ Solastay, Hallstar
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ation and UV/thermal stabilization of retinol
emulsions by using polysorbate-20 [ and biodegradable
poly(ethylene oxide)-block-poly(e-caprolactone)-block-
poly(ethylene oxide) (PEO-PCL-PEO) triblock copolymers
having a longer hydrophobic PCL block length. The results
suggested that HLB and PCL block length are important
factors to enhance the topical delivery of retinol into skin.*
One commercially available retinol E stabilized with
BHT and BHA is reported to remain stable for 24 months
when stored at 20°C in its original sealed containers; how-
ever, it rapidly degrades when stored at 40°C. Another blend
of retinol (42.75% to 49.50%), diluted in polysorbate 20 and
stabilized with BHT and BHA®, has a similar
stability profile.

Polyunsaturated Lipids

Linoleic acid (LA) (see Figure 3) is an unsaturated
omega-6 fatty acid that is a colorless liquid at room tem-
perature. Chemically, linoleic acid is an 18-carbon chain
carboxylic acid with two cis double bonds; the first double
bond is located at the sixth carbon, and the second is at the
ninth carbon from the methyl end.*” LA is an essential fatty
acid that the body cannot synthesize.

LA has been used in cosmetics and personal care prod-
ucts for its beneficial effects on skin. Research points to its
anti-inflammatory, acne-reductive and moisture-retentive
properties when applied topically on the skin.*** Also,
the lack of LA causes hyperkeratinization, barrier func-
tion disruption and bacterial proliferation.* LA has been
reported to lighten UV-induced skin pigmentation* due
to the post-translational degradation of tyrosinase,* and to
improve robustness of cells.” One study was published on
the effects of a combination of LA and vitamin C on more
than 30,000 individuals, in which marked improvements in
senile dryness (as a result of aging) and skin atrophy (thin-
ness) were observed.*

A simple ester of LA, ethyl linoleate (EL), is a more

Figure 3. structure of LA I
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(@)

/

B SUPPLIERS REFERENGED

3 Tween 20 (INCI: Polysorbate-20), Croda,
www.croda.com/pc

B Retinol 50 C (INCI: Retinol (and) Polysorbate-20), BASF,
www.personal-care.basf.com

4 Retinol GS50, DSM Nutritional Products
¢ Synovea EL, Sytheon Ltd.

stable form of LA that is soluble in a wide range of solvents
and emollients. EL is hydrolyzed to LA in vivo,” thereby
providing all the skin benefits of LA. EL is reported to
accelerate wound healing and has been clinically proven an
effective anti-acne agent.”

Squalene (see Figure 4) is a natural 30-carbon polyun-
saturated lipid and an omega-2 oil. As a hydrocarbon and
triterpene, it is a natural and vital part of the synthesis of
all plant and animal sterols, including cholesterol, steroid
hormones and vitamin D in the human body. It is a natural
moisturizer; however, it is highly susceptible to aerial
oxidation. Therefore squalane, which is a saturated form of
squalene, is commonly used in personal care. The biological
importance and applications of squalene and squalane were
recently published by Kim and Karadeniz.”

Ximenynic acid (XA) (see Figure 5) is typically
extracted from Santalum album (sandalwood tree). It is a
yellow crystalline powder, which, due to the presence of a
triple and double bond in the structure, is highly susceptible
to aerial oxidation. Regarding XA, limited information is
publicly available. This ingredient is supplied by two major
manufacturers and one version claims to be stabilized using
tocopherol. Traditionally, the Santalum album plant is used
in ayurvedic treatments to make skin smoother and tauter.

Free fatty acids and squalene comprise sebum. Squalene
is one of the most common lipids produced by human skin
cells,” which as noted, is highly susceptible to peroxida-
tion and photodegradation. By-products of these processes
include squalene peroxides, which promote acne, roughen-
ing of the skin and wrinkling.>>** Polyunsaturated free fatty
acids degenerate and promote the peroxidation of nearby
lipids, including squalene. Specific aspects of these processes
are described next.

Lipid Peroxidation

While the mechanisms and sequence of events by which
free radicals interfere with cellular functions are not
fully understood, one of the most important oxidative
events seems to be lipid peroxidation, which results in
cell membrane damage. Lipid peroxidation refers to
the oxidative degradation of lipids. It is the process by
which free radicals “steal” electrons from the lipids in cell
membranes, thereby resulting in cell damage.*® This dam-
age causes a shift in the net charge of the cell, changing
the osmotic pressure and leading to swelling, eventually
causing cell death.”® The chemistry involved in initiating
and propagating lipid peroxidation is summarized in
Figure 6.

The propensity of polyunsaturated lipids to form
lipid peroxides has attracted research attention in recent
decades. One reason is due to the unique role that lipid-
derived peroxides play in biology, both as modulators of
enzymes and as intermediates in biosynthetic processes.”
The primary products of autoxidation are peroxides or
hydroperoxides, but these compounds are frequently
unstable and decompose to aldehydes, ketones and other
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reactive substances. A great diversity of aldehydes is
formed when lipid hydroperoxides break down. Some of
these aldehydes are highly reactive and may be consid-
ered as second toxic messengers, which disseminate and
augment initial free radical events. The aldehydes studied
most intensively thus far are 4-hydroxynonenal (4-HNE),
4-hydroxyhexanal and malondialdehyde.*®

Both medium-chain aldehydes, obtained from
polyunsaturated lipid oxidation, and retinoids exert
potent biological activities. For example, 4-HNE reacts
spontaneously with glutathione and with cysteine,
histidine, and lysine residues in cellular proteins, causing
a variety of cytotoxic and genotoxic effects.”® High levels
of all-trans-retinaldehyde are also cytotoxic. The finding
that 4-HNE strongly inhibits the biosynthesis of retinyl
esters and retinoic acid suggests that oxidative stress and
lipid peroxidation can have deleterious consequences for
the overall retinoid homeostasis in cells. Also, Xia et al.
showed that retinyl palmitate acts as a photosensitizer,
leading to the formation and induction of lipid peroxi-
dation following irradiation with both UVA and UVB
light.*® Recently, Aldini et al. have shown detrimental
effects of UVB radiation on 4-HNE metabolism and
toxicity in human keratinocytes.*!

Materials and Methods

Considering the propensity of polyunsaturated lipids
to form lipid peroxides, and the instability issues and
storage restrictions of retinol, the present authors sought
to determine whether bakuchiol, which has broad-spec-
trum antioxidant properties, could stabilize retinol and
other polyunsaturated lipids including LA, squalene and
XA. The study also assessed the capability for bakuchiol
to stabilize under photo-oxidative and singlet oxygen
environments.

Lipid peroxidation was initiated by adding 100 uL of 100
mM 2,2’-azobis (2,4-dimethylvaleronitrile or AMVN),

a lipophilic-free radical initiator, to the retinol or lipid
substrates and bakuchiol at different concentrations.
The mixtures were then incubated at 37°C overnight.
Decomposition of the unstable peroxides resulted in the
formation of malondialdehyde (MDA), which was quan-
tified colorimetrically at 532 nm. MDA is a well-known
index of lipid peroxidation; this protocol is detailed by
Botsoglou et al.®?

Stabilizing retinol under photo-oxidation: Retinol
(50 ug/mL) was dissolved in ethanol in 5-mL vials, to
which bakuchiol was added at different concentrations:
50 ug/mkL, 100 ug/mL and 200 ug/mL. Test vials were
placed in a photochemical reactor equipped with UVA
and UVB lamps¥, to simulate daylight conditions. The
samples were irradiated at 31°C for 5 min at a dose of
13 J/cm? Retinol was quantified by HPLC. The mobile
phase consisted of 75% A (acetonitrile) and 25% B

Figure 4. structure of squalene !
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Retinol® was purchased commercially

Figure 0. Initiation and propagation of lipid peroxidation !

for the present study. This particular yel-
low oil forms crystals at low temperatures,
is soluble in polysorbate 20, has an assay of
approximately 50%, and is included a stabi-
lizer system of ~3.5% BHT and ~1% BHA.
Bakuchiol" having a minimum of 95% purity,
as determined by quantitative HPLC analysis,
was procured from the author’s company. The
LAs and squalene® purchased for this study
had purities of > 99% and > 98%, respectively.
The XA used’ had a purity of > 98%.
Stabilizing lipids under peroxidation:

fSytenol A (INCI: Bakuchiol), U.S. Patents 8,529,967 and
8,859,0210; and pending U.S. and international patents; Sytheon
Ltd.

&I Sigma-Aldrich, St. Louis, MO

J Shanghai Tauto Biotech Ltd.

¥ Rayonet RPR-100, Southern New England Ultraviolet Company
" Luna C 18, 4.6 x 250 mm column, equipped with DAD detector
at 280 nm, Phenomenex, Torrance
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(methanol), isocratically run
at 1 mL/min for 10 min.

Figure 7. inhibition of lipid peroxidation by bakuchiol (in ug/mL)

Stabilizing retinol under
singlet oxygen ('0,): Retinol
(50 ug/mL) was dissolved

in ethanol in 5 mL vials, 3
then bakuchiol was added at 25
different concentrations: 50

ug/mL, 100 ug/mL and 200 a
ug/mL. Singlet oxygen was 15
generated by the addition of

H,0, and lithium molybdate,

resulting in a mixture with a 0.5
pH of around 9. This mixture 0

was then incubated at 37°C

in the dark for 15 hr. During
this period, singlet oxygen
was generated and retinol was

Retinol

W IC50 mIC100

Squalene Linoleic acid Xymenynic acid

oxidized. Retinol was then

quantified by HPLC™. Again,

the mobile phase consisted of 75% A (acetonitrile) and
25% B (methanol), isocratically run at 1 mL/min; this
protocol is described in Tetrahedron Letters.®

Results and Discussion

Lipids under peroxidation: Results demonstrated that
bakuchiol significantly protected lipids from peroxida-
tion (see Figure 7). It was a potent inhibitor of lipid
peroxidation, with IC, and IC  ranging from 0.5 to
0.8 and 1.4 to 2.3 ug/mL, respectively. Comparing IC_
values, bakuchiol was also 50- to 60-fold more effective
than natural tocopherol.

Note that the relative susceptibilities of lipids to
oxidation depend on the reaction milieu as well as their
inherent structure. The oxidation of linoleates has been
discussed in some detail by Niki et al. The peroxidation
of squalene in its unsaturated form in sebum reportedly
occurs more easily than the peroxidation of palmitoleic
or oleic acid.®® Squalene peroxidation occurs gradually
by UV irradiation, with an increase in the formation of
squalene peroxide, which has been reported to form even
after small suberythematogenic doses of UVA (5 J/cm?).%

Recently, Ryu et al. showed that the topical applica-
tion of squalene peroxide in guinea pigs induces skin
hyperpigmentation by increasing the release of pros-
taglandin E2 (PGE2) from keratinocytes.®” Squalene
peroxide was also associated with the initiation of the
inflammatory cascade, triggering cytokines and the
lipoxygenase pathway. Furthermore, it is also pres-
ent in acne;® therefore, it is expected that bakuchiol
could stabilize squalene and thereby protect skin from
photo-induced damage, providing a reduction in hyper-
pigmentation and reducing the severity of acne.

A separate study of stabilized, 0.1% retinol-containing
moisturizer was carried out in comparison with its
vehicle in women having moderate facial photodam-
age. Results showed that, after eight weeks, the retinol

www.CosmeticsandToiletries.com

moisturizer was significantly more efficacious than

the vehicle in improving lines, wrinkles, pigmenta-

tion, elasticity, firmness and overall photodamage.®
Bakuchiol has also been demonstrated clinically to

have broad-spectrum anti-aging activity;'® it would be
interesting to evaluate whether a bakuchiol-stabilized
retinol containing product would provide improvements,
potentially synergistically, in the appearance of aged and/
or photo-aged skin.

Rate constants for reactions of all-trans retinol and
retinal with singlet oxygen were measured by Smith in
a variety of solvents having different polarities.” The
constants were found to increase with increasing solvent
dielectric constant, which suggests a charge transfer
mechanism is playing a part in the reaction. Further, the
rate constant reaction of singlet oxygen with retinal was
greater than with retinol, and since retinal has a lower
ionization potential than retinol, these relative rates also
support the hypothesis of charge transfer involvement in
the reaction.

Retinol under photo-oxidation: A characteristic
feature of retinoids is their instability to UV light. UVA
(320 nm to 400 nm) and UVB (290 nm to 320 nm) have
been shown to reduce retinol content in human skin.”
Pathways for photodegradation of retinoids include
photoisomerization, photodimerization and photo-
oxidation.”” Sunlight-induced photodegradation of
retinyl esters proceeds much faster than that of retinol,
and it has been suggested that Cellular Retinol Binding
Protein-1 (CRBP-1) may protect retinol from photodeg-
radation. However, studies using hairless mice treated
topically with retinol before and after UVB exposure
showed that retinol was depleted to a similar extent after
UVB exposure of the pretreated animals as compared to
untreated animals in spite of an induction CRBP-1. Sorg
et al.”® have suggested that UV light depletes epidermal
retinol through a photochemical reaction rather than via
oxidative stress. Generation of reactive oxygen spe-

Vol. 130, No. 4 | May 2015



cies accompanying irradiation of retinol, retinyl
palmitate, and their corresponding photode-
composition products has been demonstrated by
several authors.” 7> Membrane damage induced by
the attack of singlet oxygen on the lipid or protein
moieties can be highly deleterious.

Results demonstrated that bakuchiol dose-
dependently protected retinol in vitro from
photo-degradation. Figure 8 summarizes the
results obtained from this study. Use of 1:1 and 1:2
(w/w) showed moderate improvement in the sta-
bility of retinol 30% (46% to 60%) and 56% (46%
to 72%), respectively, with bakuchiol. However, a
four-fold increase in bakuchiol provided complete
stabilization of retinol. It would be interesting to
evaluate whether bakuchiol-treated skin could
stabilize epidermal retinol under a photo-oxidative
environment.

Retinol under singlet oxygen: Singlet oxygen is
an oxygen molecule that has been excited from its
ground triplet state to its first singlet

lipids, including squalene, LA and XA, due to the improved
stability it imparts in different oxidative environments.
Bakuchiol also has a wide range of beneficial skin properties,
and its excellent safety profile, and photo- and hydrolytic-
stability are advantages over retinol; thus, bakuchiol can be
used throughout the day.'® Topical formulations that include
bakuchiol are likely to lead further improvements in the way
aged or problem skin are treated now and in the future.
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This publication is dedicated to the memory of Dr. Boxin Ou who passed away in May 2015 at a very young

age of 49. Boxin was an accomplished and well-known person in his area of expertise. He has been credited

in developing widely used ORAC assay for antioxidant testing. Boxin was cited recently by Thompson Reuters

as “the world’s most influential scientific minds 2014”. He was founding scientist of Brunswick Laboratories,

Southborough, MA and founder of International Chemistry Testing Inc., Milford, MA. You may want to contact

Dr. Tony Chang at tonyz@ichemtesting.com for your analytical tests in order to keep Boxin’s legacy alive.
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