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Background: Identification of long-lasting natural antioxidants to protect against and repair
skin damage induced by exposure to environmental pollution is in high demand.
Objective: To investigate a standardized Terminalia chebula (TC) fruit extract for its long-
lasting antioxidant and anti-inflammatory properties and its ability to reverse the visible signs
of pollution-induced skin damage in an 8-week clinical study.

Material and Methods: Chemical and cell-based in vitro studies were performed to
characterize long-lasting antioxidant and anti-inflammatory properties; a clinical study with
subjects with normal to dry skin living in a high-pollution city for the previous 5 years was
conducted to assess if a formulation containing 1% standardized TC fruit extract affected
significant improvements in skin’s visible condition and appearance compared with its
placebo.

Results: The standardized TC fruit extract provided longer-lasting and more efficient
neutralization of reactive oxygen species (ROS) than tocopherol; treatment of keratinocytes
with the fruit extract prior to being stressed with urban dust safeguarded against increases in
intracellular ROS, inhibited release of inflammatory cytokines IL-6 and IL-8 and protected
membrane lipids against peroxidation. A clinical study yielded statistically significant
improvements in dermatologist scores and subject self-assessments for skin texture, hydra-
tion, tone, firmness and radiance as compared to its placebo.

Conclusion: These studies validate the use of this standardized TC fruit extract not only as
a restorative to diminish visible signs of existing damage but also as a preventative to help
defend skin against damages caused by chronic exposure to environmental pollution.
Keywords: long-lasting antioxidant, pollution, skin hydration, skin radiance, Terminalia
chebula

Introduction

A quest to identify plant extracts backed by ancient wisdom as sources of natural
antioxidants with long-lasting performance is of high interest since research uncovered
that environmental aggressors mediate a pivotal role in skin aging processes by
inducing excess levels of reactive oxygen species (ROS) and by inciting
inflammation." Of the many environmental aggressors cited, two of the most influen-
tial factors are UV radiation and particulate matter (PM) pollution. Excess formation of

ROS causes oxidative stress wherein the buildup of ROS is free to oxidize major
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biomolecules (proteins, DNA, lipids) and organelles (mito-
chondria), influence gene expression patterns, alter cellular
signaling and impair skin’s barrier function. In addition,
based on their size, PM pollution can penetrate into the
stratum corneum (SC) and into the deeper dermis to unleash
an inflammatory cascade that increases the production of pro-
interleukin-6
interleukin-8.%* This makes IL-6 and IL-8 important biomar-

inflammatory  cytokines, including and
kers for researchers trying to determine whether topical
interventions can minimize the deleterious effects of inflam-
matory stress caused by PM pollution. While regular use of
broad-spectrum sunscreens can help combat the deleterious
effects of UV radiation exposure, research indicates that
comprehensive protection against exposure to the UV radia-
tion and PM pollution requires more holistic strategies to
defend against (1) oxidative stress (2) inflammatory stress
and (3) skin barrier disruption with concomitant reduction in
hydration.>”’

Following this quest, and as reported previously,® we
developed a well-defined water-based extraction process to
harvest phytochemicals from the fruit of Terminalia che-
bula (TC), a tall, deciduous tree grown throughout central
and Southeast Asia that has been long recognized as
a source of therapeutic agents to treat diverse health con-
ditions (including diabetes, atherosclerosis, constipation,
hemorrhoids, arthritis and allergies) and whose fruits
have been reported to display anti-bacterial, anti-fungal,

and 9-12

antioxidant anti-inflammatory  properties.
Commercially available TC extracts typically contain
~33% total hydrolysable tannins but can be as low as
20%. Besides hydrolysable tannins the other phytonutri-
ents present in the extract are flavonoids, steroids, amino
acids, fructose, resins, fixed oils, anthraquinone, carbohy-
drates, glucose, sorbitol, etc.'” Our proprietary water-
based process reproducibly yields TC extract standardized
against total hydrolysable tannins (70% overall, typically
ranging from 65% to 75%) including high levels of che-
bulinic acid (>20%) and chebulagic acid (>15%). Free
gallic acid content was maintained below 5%."

In past research, we documented that this standardized
TC fruit extract exerts both preventative and restorative

anti-aging skin benefits.®

Significant preventative anti-
aging effects included proficient neutralization of all of
the most reactive forms of ROS as an antioxidant, inhibi-
tion of matrix metalloproteinases (MMP), attenuated for-
mation of advanced glycation endproducts (AGEs) that
typically accumulate on collagen and elastin with age

and inhibition of melanin formation that could help

manage irregular pigmentation events (melasma, solar len-
tigines, post-inflammatory hyperpigmentation) and pro-
mote more even skin tones. Restorative anti-aging
benefits were supported by significant stimulation of col-
lagen production in normal human skin fibroblasts and
further revealed in microarray studies'® which demon-
strated that the TC fruit extract enhanced gene expression
patterns associated with skin barrier establishment and
water homeostasis as well as with increased expression
of extracellular matrix (ECM) components, including col-
lagens and proteoglycans, while inhibiting MMP enzymes
that foster ECM degradation. Moreover, many of these
benefits garnered with in vitro models translated into mea-
surable benefits in photoaged subjects where application of
a formulation containing 1% of the standardized TC fruit
extract compared with its placebo stimulated significant
and continual improvements over a 12-week clinical study
in skin hydration, elasticity and firmness, skin tone and
roughness while diminishing appearance of fine lines and
wrinkles.® Taken together, these results support that the
standardized TC fruit extract as a skin care ingredient has
capacity to exert both immediate actions to delay aging
processes as well as long-term effects to maintain and
promote a healthy skin architecture and appearance.

In conjunction with our previous research, the purpose of
this study was to further characterize the performance of this
standardized TC fruit extract with respect to its ability to
provide long-lasting antioxidant protection, protect skin cells
from oxidative and inflammatory stress induced by PM
pollution and improve common visible signs of facial skin
damage in subjects chronically exposed to a high pollution

environment in an 8-week clinical study.

Materials and Methods

Standardized TC Fruit Extract

The standardized TC fruit extract used in this study is
a commercially available material from Sytheon Ltd. called
Synastol® TC, which is standardized against hydrolysable
tannins (70%) containing two key bioactive phytochemicals,
including chebulinic acid (>20%) and chebulagic acid
(>10%) and having a free gallic acid content <5%.

ROS Neutralization
The in vitro methods followed to measure the performance
of Standardized TC fruit extract to neutralize ROS were

based on previously published methods.'* !¢
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Determination of Long-Lasting

Antioxidant Effectiveness

Standardized TC fruit extract and o-Tocopherol (a-TOC)
were solubilized in 50% aqueous ethanol or ethanol, respec-
tively, placed in quartz cuvettes and then exposed to solar-
simulated UV radiation (UVR) at 6.51 mW/cm? over 4 hours
using a Rayonet RPR-100 photochemical reactor (Southern
New England Ultraviolet Company), which simulates day
light conditions. Aliquots of the solutions were removed at
varying times (0, 15 min, 30 min, 1 hr, 2 hr and 4 hr)
corresponding to UVR doses of 5.9, 11.7, 23.4, 46.9 and
93.7 J/em?” and antioxidant capacities (AOC) of the solutions
to neutralize peroxyl radicals were determined using Hydro
ORAC method for the standardized TC fruit extract and
lipophilic ORAC method for a-tocopherol as described pre-
viously. Long-lasting effectiveness was then equated with
the extent to which AOC remained after each exposure to
UVR and was calculated using the following equation:

ACt:O - AC[

% AOC Remaining = =
=0

Cell Culture

Human adult epidermal keratinocytes were purchased
C0055C) and
grown using EpiLife Media (60 uM calcium) supplemen-

from Thermofisher (Catalog number:

ted with 0.2% v/v bovine pituitary extract, 1 pg/mL
recombinant human insulin-like growth factor-I, 0.18 pg/
mL hydrocortisone, 5 pg/mL bovine transferrin, 0.2 ng/mL
human epidermal growth factor. The cells were cultured at
37+2°C and 5+1% CO2. The Keratinocyte cells were
seeded at a density of 0.01x10"6 cells per well into either
96-well plates and grown overnight to allow the cells to
adhere to the well plates. The cells were maintained in
culture until they were 80% confluent. Urban dust was
obtained from Sigma Chemicals (Standard Reference
Material 1649b) and prepared at 10 mg/mL in unsupple-
mented EpiLife media. The urban dust solution was then
sonicated for 10 minutes on ice. This stock solution was
then diluted to 1 mg/mL with media. The respective test
materials were prepared in hydrocortisone free media. At
the end of the incubation period, the cell culture media
was collected to assay for respective endpoints and the
cells were subjected to an MTT assay.

Measurement of ROS Production
A stock DCF-DA (10 mM) was prepared in DMSO and
then diluted in unsupplemented EpiLife media to a final

concentration of 20 uM. The media in the well plates was
then replaced with the DCF supplemented media and the
well plate was incubated for 30 minutes at 37°C. At the
end of the incubation period, the well plate was rinsed
once with PBS. After loading the keratinocytes with
DCF-DA, the cells were treated with three concentrations
of Terminalia Chebula fruit extract 0.5 pg/mL, 1 ug/mL
and 5 pg/mL prepared in 100 pL of unsupplemented
EpiLife media. Trolox (150 pg/mL) was used as
a positive control. Since one of the test materials was
prepared in DMSO, 0.5% DMSO was used as a vehicle
control. Cells treated with media alone were used as an
untreated control. After the test materials were added to
the cells, 10 pL of 1 mg/mL urban dust was added to
each well. One set of cells was not exposed to urban dust
(non-urban dust control). A baseline fluorescence mea-
surement was then made using a Fluoroskan Ascent
Fluorometer. Measurements were made on the underside
of the 96-well plate to get direct measurements of the
cells. The measurements were made using an excitation
wavelength of 485 nm and an emission wavelength of
518 nm. After this baseline measurement was made, the
cells were incubated for 3 hours at 37+2°C and 5+1%
CO2, with additional fluorescence measurements made at
the 1, 2 and 3-hour time points.

Measurement of Lipid Peroxidation
Keratinocytes were treated with three concentrations of
Terminalia Chebula fruit extract 0.5 pg/mL, 1 pg/mL and 5
pg/mL prepared in 100 uL of unsupplemented EpiLife media
and exposed to urban dust as described above. The cells were
then cultured for 4 hours at 37+2°C and 5+1% CO2. At the
3.5-hour mark of the incubation 10 uL of 100 uM Image-It
Lipid Peroxidation Sensor was added to each well and the
cells were incubated for 30 minutes. One set of cells was not
treated with the lipid peroxide sensor and was used as a blank
to account for the background fluorescence of the cells. At
the end of the incubation period, the wells were washed three
times with PBS and then the plate was read using
a fluorometer set to an excitation wavelength of 485 nm
and an emission wavelength of 518 nm.

Measurement of |IL-6 and IL-8

Respective treatments were applied to the keratinocytes,
exposed to urban dust and then incubated for 24 hours as
described above. Dexamethasone (39 ug/mL, 100 uM) is
a corticosteroid known for anti-inflammatory properties
that was used as a positive control, while cells treated
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with urban dust alone were used as an untreated control.
Finally, one set of cells was not exposed to urban dust and
was used to establish a baseline for each cytokine. A series
of standards was prepared and 100 pL of each of these
standards was dispensed into two wells (duplicates) in the
ELISA well plate. Subsequently, 100 pL of each cell
culture media sample was added to additional wells and
the plate was incubated for two hours at room temperature.
After the incubation, the plate was washed three times as
described above. Once the last wash was removed, 100 uL
of a biotin conjugated detection antibody was added. After
incubating the plate for two hours at room temperature the
plate was washed again as described above. 100 pL of
HRP-streptavidin was then added to each well and the
plate was incubated for 20 minutes at room temperature.
Once the last wash was removed, 100 pL of substrate
solution (hydrogen peroxide + tetramethylbenzidine as
a chromagen) was added to each well. Once a sufficient
level of color development had occurred, 50 pL of stop
solution (2N sulfuric acid) was added to each well and the
plate was read at 460 nm. Dexamethasone (39 ug/mL, 100
uM) was used as a positive control for inflammatory
assays.

Measurement of Cell Viability (MTT

Assay)

Cells were treated with 0.5 mg/mL 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) in media for
30-60 min at 37°C. After the incubation, the wells were
rinsed with 500 pL of phosphate buffered saline and then
400 pL of isopropanol was added to each well. After the
extraction, a 200 puL. sample of the isopropanol/MTT mix-
ture was transferred to a 96-well plate and the absorbance
of the sample was read at 540 nm with a plate reader using
200 pL of isopropanol as the blank.

Calculations
For the MTT assay, the mean absorbance value for the
non-urban dust treated cells was calculated and used to
represent 100% cell viability. The individual absorbance
values from the cells undergoing the various treatments
were then divided by the mean absorbance value repre-
senting 100% cell viability and expressed as a percent to
determine the change in cell viability caused by each
treatment.

For ROS assay, the baseline fluorescence measure-
ments were subtracted from the subsequent time point

measurements to correct for any background fluorescence
of the test materials. For the lipid peroxidation assay, the
mean fluorescence measurements from the non-dye loaded
cells were subtracted from the lipid peroxidation sensor
loaded cells to account for any non-specific fluorescence
due to the cells themselves. After correcting the fluores-
cence measurements in the assays, mean fluorescence
values were calculated for each treatment group and com-
pared using an ANOVA.

For the ELISA-based assays, the absorbance values for
the known standards were used to generate a standard
curve. The values for the unknown samples were then
determined from this standard curve.

Clinical Study

Clinical Study Design

This study was conducted as a randomized, double-blinded,
placebo controlled 8-week study and consisted of four visits.
The study was performed in Bangalore, India, from
September 2020 to December 2020. This study was approved
by the Independent Ethics Committee (Clinicom Ethics
Committee) conducted in accordance with the Declaration
of Helsinki. All participants provided written informed con-
sent prior to participation. Fifty-two healthy female with skin
type III, IV & V, between the ages of 35 to 50 yrs were
recruited distributed at a ratio of 1:1 with placebo and inves-
tigational product, respectively. Female adult subjects in
general good health as determined from a recent medical
history, general physical examination, dermatological assess-
ment were recruited. The inclusion criteria included chronic
pollution exposure in the past 5 years, normal to dry skin with
corneometer reading up to 35. Participants were excluded if
they were pregnant or breastfeeding, had a known sensitivity
to topical products or had a cutaneous disease that affected
the face.

All treatments were pre-randomized using a computer-
based randomization generator with blinded allocation.
Participants were enrolled and assigned interventions by
the clinical research coordinator. The standardized TC fruit
extract used in this study was isolated from the fruits of
Terminalia Chebula as described previously. The extract is
water soluble and was incorporated into an oil-in-water
formulation for the clinical study. Participants were
instructed to apply either the interventional formulation
containing 1% standardized TC fruit extract or the placebo
formulation to their full face twice a day as a thin layer.
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Clinical Evaluation and Questionnaires

At each visit, the dermatologist assessed each subject’s
facial skin on a 0 (best) to 9 (worse) scale of facial skin
for radiance-related endpoints including visual texture,
skin firmness, skin hydration and skin even tone.
A subjective questionnaire made up of agree/disagree
questions, and subjective attribute ratings were given to
the subjects to complete at each visit after baseline.
Subjects are graded on a 1 to 5 scale, with 1 being disagree
completely and 5 being agree completely. All photo-
graphic images were captured with Canfield Visia CR
system at baseline and respective time points through
various modalities.

Statistical Analysis

For efficacy assessment, analysis of clinical evaluations
was performed at week 2, 4 and week 8. Statistical ana-
lyses were performed using paired t-tests (or Wilcoxon
signed-rank test for nonparametric measures) based on
the normality of the data. Product comparison was done
at each time point on change over baseline values. P-
values <0-05 were considered significant.

Outcomes Measured

The primary outcome measure was dermatologist assess-
ment of five different skin benefits including skin texture,
skin firmness, skin hydration and even tone and skin
radiance at week 2, 4, 8, respectively. Secondary outcomes
also included the subjective questionnaire at week 8.
Participant-reported tolerability (itching, burning and
stinging) and in-person clinical assessments (pigmentation,
scaling and erythema) throughout the study. The authors
do not intend to share individual deidentified participant
data.

Results

Standardized TC Fruit Extract Exhibits
Strong Antioxidant Properties That are
Maintained During Exposure to UV for

Long-Lasting Performance

The standardized TC fruit extract, a hydrophilic broad-
action antioxidant, exhibited efficient capabilities to neutra-
lize all of the reactive forms of ROS and was found to be
generally more effective than a-tocopherol (Table I) with the
exception of singlet oxygen neutralization. A comparative
photostability study further demonstrated that the TC fruit
extract sustained long-lasting antioxidant activity when
exposed to solar-simulated UV radiation over a period of
time equivalent to at least 4 hours of outdoor sunlight, in
contrast to a-tocopherol which lost all of its antioxidant
capacity within the first hour of exposure (Figure 1).

Standardized TC Fruit Extract Reduces
Intracellular Levels of ROS and Protects
Membrane Lipids Against Peroxidation in

Keratinocytes Stressed with Urban Dust
Given that ROS has been reported to play a critical role in
PM-induced inflammation and aging in skin,'” the generation
of intracellular ROS was measured using 2',7'-
dichlorodihydrofluorescein diacetate (DCF-DA) fluores-
cence dye. As shown in (Figure 2), urban dust increased
intracellular ROS levels whereas pre-treatment with standar-
dized TC fruit extract showed ROS scavenging activity in
a dose-dependent manner as compared to Trolox, a well-
known antioxidant in human keratinocytes.

One of the consequences of ROS formation is lipid
peroxidation. Lipid peroxidation was measured through
lipid peroxide sensitive dye (Image-IT Lipid Peroxide

Table | Comparison of Effectiveness of Standardized TC Fruit Extract with a-Tocopherol to Neutralize Different Chemical Forms of
Reactive Oxygen Species (ROS)

9

1.12 259

1281 8,081 0.36 4.96

Notes: *Results expressed as pmole Trolox equivalents/g + 5%; "ECs, values expressed in pg/mL.

Abbreviation: ND, not detected.
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Figure | A solution of standardized TC fruit extract sustains long-lasting antioxidant capacity when irradiated with UVR that simulates day light conditions for 4 consecutive
hours in contrast with a solution of a-tocopherol whose antioxidant capacity degraded rapidly within the first hour of exposure.
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Figure 2 Treatment of keratinocytes with standardized TC fruit extract protected against increases in intracellular ROS induced by exposure to urban dust and was equally
as effective as Trolox used as positive control. After cells were loaded with DCF-DA and washed with PBS, they were treated with varying doses of TC fruit extract and
Trolox and then exposed to urban dust. ROS levels were assessed after | hr, 2 hr and 3 hr by monitoring fluorescence. Data are presented as a mean + SD for triplicate
samples; *p < 0.05 compared to untreated exposed group at each time point.

Sensor). Urban dust increased lipid peroxidation and that standardized TC fruit extract has the potential to
similar to radial scavenging properties, standardized reduce ROS levels that in turn decreases lipid peroxida-
TC fruit extract pre-treatments reduced lipid peroxida- tion. Together, these results indicate that the standar-
tion in human keratinocytes in a dose-dependent manner dized TC fruit extract maintains its ROS scavenging
as compared to Trolox (Figure 3). The results indicated abilities effectively in biological systems.
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Figure 3 Treatment of keratinocytes with standardized TC fruit extract protected membrane lipids against peroxidation caused by ROS induced by exposure to urban dust
and was equally as effective as Trolox used as a positive control. After cells were treated with varying doses of TC fruit extract or Trolox, they were exposed to urban dust
for 3.5 hours and then incubated with a lipid peroxidation sensor for 0.5 hour before being washed with PBS. Peroxidation was followed by monitoring fluorescence. Data
are presented as mean + SD for triplicate samples; *p<0.05 when compared to untreated group exposed to urban dust.

human adult epidermal keratinocytes. Stress with urban dust

Standardized TC Fruit Extract Reduces

Urban Dust-Induced Inflammato ry Stress stimulated a strong inflammatory response by significantly

increasing levels of both IL-6 and IL-8, whereas pre-

Through Significant Reduction of
Pro-Inflammatory Markers IL-6 and IL-8
To investigate the mechanism of standardized TC fruit extract
on inhibition of inflammatory mediator release, the effects of
the fruit extract were compared with dexamethasone using

treatment with standardized TC fruit extract inhibited the
release of IL-6 and IL-8 in a dose-dependent manner
(Figure 4). While dexamethasone, used as a positive control,
also inhibited the release of IL-6 and IL-8, the standardized
TC fruit extract was about 4-fold better than the positive
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Figure 4 Treatment of keratinocytes with standardized TC fruit extract inhibited IL-6 and IL-8 production following exposure to urban dust and appears to be at least as
effective as dexamethasone used as a positive control. After cells were treated with varying doses of the TC fruit extract or dexamethasone, they were exposed to urban
dust for 24 hours after which the cell culture media was collected and assayed for cytokine protein release using ELISA-based methods. Data are presented as mean + SD for
triplicate samples; *p<0.05 when compared to untreated group exposed to urban dust.
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control. Notably, cell viability as determined by MTT assays
was unaffected by any of these treatments (Figure 5).

Topical Treatment Containing 1%
Standardized TC Fruit Extract Showed
Significant Clinical Improvement in
Radiance-Related Skin Health Benefits as

Comepared to Placebo

A total of 52 subjects were recruited and split in a ratio of
1:1 using placebo or the interventional product containing
the standardized TC fruit extract, respectively. Fifty-one
subjects completed the study, with one participant who
failed to follow up. No subjects discontinued use of either
placebo or interventional formulation due to irritation or
discomfort. Subjects applied their respective formulation
twice a day (morning and evening) for 8 weeks. No
sunscreens were used during the study.

Subjects were graded by a dermatologist for clinical
improvements in facial skin appearance, including skin tex-
ture, skin firmness, skin hydration, skin even tone and skin
radiance (Figure 6A). Throughout the study, subjects showed
significant improvement relative to placebo in all indicated
efficacy parameters. No adverse effects related to the formu-
lations were reported in the study. Treatment with the for-
mulation containing 1% standardized TC fruit extract resulted
in significant improvements as compared to placebo as early
as week 2, with continued improvements throughout the
study (Figure 6A). After 8 weeks application of the
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formulation containing 1% standardized TC fruit extract,
100% of subjects showed improvements in skin texture,
skin firmness, skin hydration, even tone and skin radiance
(Figure 6B).

Topical Treatment Containing 1%
Standardized TC Fruit Extract Resulted in
High Percentage of Agreement Between
Dermatologist and Subject Self-Perceived

Assessments

Self-agreement questions were included as a part of the
clinical study to determine the extent to which improve-
ments documented by a dermatologist agreed with
improvements detected by the panelists themselves. The
self-agreement questions were created along the same
lines as clinically assessed benefits by a dermatologist.
Subjects did not perceive much improvement at the earlier
timepoints (data not shown), but positive results were
obtained by week 8. Continued use of the formula contain-
ing 1% standardized TC fruit extract over 8 weeks resulted
in over 80% of subjects in agreement with all questions.
Notably, 85% of the panelists agreed that the formulation
containing standardized TC fruit extract made their skin
feel firmer while 92% agreed that their skin felt tighter and
younger; additionally, 81% agreed their skin looked even-
toned, 81% agreed their skin looked brighter and 92%
agreed their skin looked radiant (Table 2).

*p <0.05
N N\ A A
&
& W
v (f’ qf?
< A &

Figure 5 Effects of urban dust and various treatments in the presence urban dust used in the current study on cell viability as measured with MTT assay. Data is presented as
mean * SD for triplicate samples; *p<0.05 compared to control cells not exposed to urban dust and untreated.
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Figure 6 Dermatologist grading of improvements in endpoints of skin’s appearance and condition following application of 1% standardized TC fruit extract in a topical
formulation compared with its placebo over 8 weeks of application twice per day. (A) mean % changes from baseline at weeks 2, 4 and 8 showing that the TC fruit extract
stimulated significantly greater improvements than the placebo moisturizer at each evaluation; (B) percentage of subjects applying the TC fruit extract for 8-weeks who
were graded with improvement over baseline in each endpoint. *p < 0.05 for paired comparisons using Wilcoxon signed-rank test for non-parametric measures. 1p < 0.05

compared to baseline values using paired t-tests.

Discussion

Use of natural phytochemicals to help skin defend against
or treat common clinical signs of aging caused by expo-
sure to environmental aggressors represents a promising
anti-aging strategy. The present study culminated in
a clinical trial that showcased the ability of a formulation
containing 1% standardized TC fruit extract as a natural
ingredient compared with its placebo to affect significant
improvements in the visible signs of facial damage caused
by chronic exposure to a high pollution environment in
Bengaluru, India. In addition, using in vitro chemical and
cell culture assays, we established that this standardized
TC fruit extract possesses powerful long-lasting antioxi-
dant and anti-inflammatory properties, which are believed

Table 2 Twice Daily Application of 1% Standardized TC Fruit
Extract in a Topical Formulation for 8-Weeks Resulted in >80%
of Subjects Citing Self-Perceived Improvements in Skin’s
Condition and Appearance That Paralleled the Grading by

a Dermatologist

Does your skin feel firmer (tight)? 84.62
Does your skin feel younger (tight)? 92.31
Does your skin look even toned? 80.77
Is your skin moisturized? 92.31
Does your skin look brighter? 80.77
Does your skin look radiant? 92.31
Does your skin look lifted? 96.15

to help account for the observed clinical improvements in
skin’s condition and appearance.

Terminalia Chebula (TC), also called the “King of
Medicine” in Tibet, is at the top of the list of “Ayurvedic
Materia Medica” because of its extraordinary powers of
healing. Numerous studies support multiple skin benefits
of extracts prepared from the fruit of TC, from antioxidant,
anti-inflammatory and anti-microbial effects to depigmen-
tation, wound healing and rejuvenating effects.'® '
However, many of the studies were performed using
crude extracts prepared with non-aqueous or aqueous-
alcoholic solvents. This lies in sharp contrast to the study
described here and previously reported that utilized a TC
fruit extract prepared from a well-defined aqueous process
that reliably yields high levels of the bioactive phytochem-
icals known to account for its biological properties.
Indeed, standardization against hydrolysable tannins
(70%), including chebulinic acid (>20%) and chebulagic
acid (=15%), advantageously guarantees reproducibility of
the skin benefits provided by this TC fruit extract.

Environmental pollutants like PM commonly mediate
their effects within skin by inducing oxidative and inflam-
matory stress.”>>® Oxidative stress occurs following forma-
tion of excess levels of ROS, which can be managed with the
use of efficacious antioxidants. However, in order to be
effective within skin, antioxidants must have capacity to
neutralize all of the different reactive forms of ROS that are
associated with skin damage, which comprise free radicals
(*OH, *OOH, *OOR), reactive anions (ONOQO), neutral
species (H,0,) and electronic excited states ('O5). That the
standardized TC fruit extract as a natural antioxidant pos-
sesses high efficiencies to neutralize all of these different
forms of ROS is exemplified by the data in Table I, which
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further illustrates that with the exception of 10,, the TC fruit
extract is generally more effective than a-tocopherol, an
important constituent of skin’s non-enzymatic antioxidant
defenses®* and one of the most common antioxidants used
in topical formulations.

Of interest was the finding that the standardized TC
fruit extract was more effective than a-tocopherol at neu-
tralizing hydrogen peroxide. Excess formation of hydro-
gen peroxide within cells is normally removed by catalase,
one of skin’s key antioxidant enzymes that converts it into
water and molecular oxygen. However, of the key antiox-
idant enzymes, research shows that catalase becomes
easily depleted in skin upon exposure to environmental
stressors like UV radiation and undergoes a seasonal var-
iation with low activities in summer and higher activities
in winter.>>** Moreover, following acute UVA exposure,
catalase activity was slower to recover in skin of older
subjects, which has further implications for aging. This
suggests that regular use of ingredients in topical applica-
tions with heightened capacity to neutralize hydrogen per-
oxide may represent a useful tool to bolster skin’s internal
antioxidant defenses over long periods. In addition, this
study also confirms that the standardized TC fruit extract
maintains its antioxidant capacity over 4 hours of contin-
uous exposure to simulated day light, which easily extra-
polates to a full day of intermittent UV radiation exposures
that typify non-extreme conditions.”’ In contrast, a- toco-
pherol lost its antioxidant properties quickly within the
first hour of exposure (Figure 1). This ability to sustain
long-lasting antioxidant performance is particularly impor-
tant for maintaining benefits on areas of skin that are
commonly exposed to the sun exposure, especially the
face, during the course of a normal day.

The high efficiency of the standardized TC fruit extract
to neutralize ROS observed in chemical assays also trans-
lated to biological systems. As shown in Figure 2, treat-
ment of keratinocytes with the TC fruit extract prior to
being stressed with urban dust significantly reduced intra-
cellular levels of ROS in a dose-dependent manner. Even
the lowest dose of the TC fruit extract yielded significant
reduction in ROS levels, while higher doses conferred
complete protection against increases in intracellular
ROS induced by the stressor. In a separate experiment,
the standardized TC fruit extract was also found to protect
keratinocyte membrane lipids against peroxidation in
a dose-dependent manner that mirrored its ability to reduce
intracellular levels of ROS (Figure 3) when the cells were
stressed with urban dust. This indicates that the TC fruit

extract can function efficiently to intercept and neutralize
ROS before they can react with and oxidize the lipids.
While these results are entirely consistent with its ROS
neutralization capabilities as an antioxidant, the possibility
that the standardized fruit extract could also function at
least partially by inhibiting cellular production of ROS
cannot be completely ruled out.

Another consequence of exposure to PM pollution is that
the excess ROS levels they spawn triggers inflammation by
activating redox-sensitive transcription factors such as NF-
«B.** Once activated, NF-kB can translocate to the nucleus
where it transcribes pro-inflammatory genes. This consistently
leads to increased gene expression of NF-kB as well as
increased production of IL-6 and IL-8, resulting in inflamma-
tory stress.>* As shown in Figure 4, treatment of keratinocytes
with the standardized TC fruit extract before being stressed
with urban dust significantly reduced IL-6 and IL-8 production
in a dose-dependent fashion, with the fruit extract appearing to
be about 4-times more effective than dexamethasone used as
a positive control. Importantly, cell viability was unaffected by
all of these treatments (Figure 5). Together with previous
results, this demonstrates overall that the standardized TC
fruit extract effectively protects cells against oxidative as
well as inflammatory stress induced by PM pollution.

The 8-week clinical study demonstrated significant
improvements as compared to placebo in pollution-related
skin improvements within as early as 2 weeks of daily appli-
cations. Furthermore, significant and continued improvements
continued to occur over the entire 8-week study based on
dermatologist assessments of skin hydration, skin texture,
skin tone, skin firmness and skin radiance (Figure 6). It has
been scientifically documented that women exposed to high
levels of environmental pollution tend to have less radiant skin
with less homogeneous complexions and are perceived as less
“healthy” and older as compared to their counterparts in non-
polluted environments.>> We hypothesize that treatment with
1% standardized TC fruit extract resulted in clinical improve-
ments in the appearance of facial skin radiance and youthful-
ness owing mainly to improvements in skin hydration and skin
tone. Both of these attributes positively affect light’s interac-
tion with skin at and below the surface.”’* Hydrated skin
enhances radiance by reducing surface roughness, which
results in less scattering and deeper penetration of incident
light. Skin that is deeply hydrated also facilitates degradation
of corneodesmosomes and aids desquamation, processes that
additionally promote skin smoothness and that further contri-
bute to radiance and glow.>**' These observations are also
supported by our previous mechanistic research, which found
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that the standardized TC fruit extract significantly increased
the expression of genes associated with water homeostasis and
late keratinocyte differentiation marker genes (FLG, LOR)
that directly correlate with increased skin hydration. In addi-
tion, the TC fruit extract was also found [14] to stimulate
regulators of collagens (COL1A1, COL1A2), proteoglycans
(PRELP, OGN), and the extracellular matrix (TGMS,
SERPIN512) that correlate with improvements in skin texture
and firmness, all of which help promote a more youthful
appearance. Moreover, increases in skin radiance are asso-
ciated with a compact and well-organized ECM because it
enhances subsurface reflection of light from the dermis.”®
Indeed, the typical improvements in skin tone, localized pig-
mentation, brightness and radiance cited by subjects for the
formulation with TC fruit extract are illustrated by the photos
taken before and after the 8-week study in Figure 7 using
cross-polarized photography.

Along with dermatologist assessments, we also
assessed subjects’ self-perceived improvements in facial
skin appearance over the course of the clinical study.

While many subjects did not perceive improvements at

earlier time points, by week 8, with continual improve-
ment in all of the endpoints, all subjects perceived that
their skin felt firmer and tighter and looked brighter, more
radiant and lifted (Table 2). Indeed, the self-perceived
improvements encouraged compliance during the study.
That the majority of subjects’ perceptions of improvement
paralleled those assessed by the dermatologist also attest to
the true efficacy of the topical treatment with 1% standar-
dized TC fruit extract.

Conclusion

Overall, our results suggest that use of the standardized TC
fruit extract as a natural phytochemical mixture functions
effectively as a preventative as well as a restorative skincare
treatment against the aging effects caused by chronic exposure
to environmental pollution. Owing to its immediate and long-
lasting performance, use of the standardized TC extract in
topical formulations also aligns well with the minimalist
approach of making only one application each morning to
fight off external aggressors throughout the day while continu-
ing to provide reparative and strengthening skin care benefits

Figure 7 Comparison of photos taken with cross-polarized photography that captures subsurface details within skin and that highlight the improvements perceived by
subjects and graded by a dermatologist related to overall skin tone, brightness, radiance and localized pigmentation (circled areas). (A) before; (B) after 8-weeks application

of moisturizer containing 1% standardized TC fruit extract.
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throughout the night. In conclusion, the standardized TC fruit
extract not only as a restorative to diminish visible signs of
existing damage but also as a preventative to help defend skin
against damages caused by chronic exposure to environmental
pollution.
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