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ABSTRACT

BAC KGROUH D: E= posing the skin to ultizv okt

B (LW B) radiation thgoers inflammation, with
efytherra s the rmost plominent acute clinical
ranifestation, Kanthones, secondaly metabalites
of the rrangosteen pericarp, have been shown

to possessantiinflarnmatory and antiogidant
ploperties, With the increasing ewide nce of
harrrfulefiects of chernical sunscleens to

rrafine ofganisre, it & necessaly to develop
enviionmentally friendly sunscieen options.
OBIECTIVE: We sought to assess the plotective
efiectofa nano-liposomal mangosteen peficalp
extlact (MPE) crieamagainst UVB-induced
enytherra. METHODS: Thirty-one healthy subjects
with FitzpatrickSkin Types Nor Mwele enfolled.
Spesites on the backofeach wolunteer were used
fortesting; Sites T to & wele exposed to VB ata
dasage of two minirale tthe ma dose, Befre UVE
exposile, the test materials, including 5%, 0%,
ol 209% MPEcieam, ora base cleamuwithout MPE,
wefeapplied to each site. Sites & and 65 red as
the positive (IMBonbky, no theatrment]and negative
(no treatrrent, no UWBYcontiol groups. The
lightness indes (AL Jand erytherra indes (")
uefeazsessed befofe and 24 hours after tfeatrment
using Chrorrarmeter. RESULTS: On all treated sites,
the e wele onby slight decfease of AL and incease
of ita®, The AL* of the 5%, 0%, and 20% cleam
aqroups wele 165 -0.4, and 0,07, fespectively,
wwhich weere significantly difiefent frorn UVE group
14.53). The a® of the 5%, 10%, and 0% cream
(1.03, 4007, 016, fes pect e by wes significant by
diffefent fiomthe base cream (203 1and UVE
qroup (5 585) CONCLUSION : The 10% and 20%
nano-liposo el cieamof MPEappearted o ekt
plotective efiects against I B-induced e tothe ma
aon hurran skin.

KEY WORDS: Chiomarretel, eyvthera,
rangosteen peficalpestfact, sunscleen,
ultiaviokt B

Protective Effect of
Mangosteen Pericarp Extract
Cream Against UVB-Induced

Erythema

by KHAIRUDDIN DJAWAD MD, PhD; SISWANTO WAHAB, MD, PhD; OLIVIAWIBISONO,
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Theskin occupies a strateqiclocation between
the harmful ectemal enviranment and the
biodiemially activeinternal environm ent,
Ultrawiolet (WY radiation isan external
emironmental factar that can harm the skin,
Excessive sun exposure @n cuse enthema,
edema, sunburn, by perplasia, premature
aging, melanoma, and non-melanoma skin
maliqnancies.! Erthema is the most wiswally
aarte praminent aspect afthe sunburn respon se,
The inflammatory pracess manifestsas enthema
and edema due to increased vasodilation and
wascular permeahility? Enthemaappearsin a
diphasic pattem, usually seen 3to 5 hoursafter
exposure, then reaches maximum intensity
after 12to 24 hours and qenerally subsides
within72 hours, Various biochemical pracesses
at the cellular level accur, in duding inareased
blood flow, endothelial elladiation, and
inaeased levels of inflam matary mediators  The
absotbed UVE radiation activates the enzyme
phosphalipase and releases ardiidonicacid
fram cell membrane phospholipids, Ardvidonic
add isthen converted to prostaglandin
(PGE) and 12-hydraogeicosatet menoicacid
(12-HETE} o the enzymes cydomygenase
() and lipmoygenase (L0F).2 LVE exposure
triggers inflammation through dired induction
of epidermal keratinooytes to produce
proinflammatary otakines, including THF-a,

L-1f and C0X-2.*
Man gosteen (Gariniamangasiana L),
is mainly aultivated in Indon esia, Malaysia,
the Philippines, and Thailand.* Secondary
m etabalites of mangosteen pericarp, clled
xanthones, have broad pharmaalogical
properties, including anti-inflammatory,
antinenplastic antinxidant, antiproliferation,
anticancer, antimalarial, antitacenal,
antiobesity, hepatoprotective, neurapratective,
and cardioprotedive” A total of 68 organic
xanthone compaunds have been isnlated
from all parts of the mangosteen.®The highest
xanthones cancentration, reaching 78, has
been isolated from the mangosteen percarp,
namely a-mangostin® Studies have shown
a-mangostin @n inhibit the production of
inflammatony mediators and decrease levels
of mRMA expression from THF-g, IL-1R and
[L-6.*Als0, MPE hasbeen shown to inhibit Q0%
enzymesin theaadidonicadd pathway, "
Although current eviden ce suggeststhat
the use of sunscreens does not yield any
adverse health effects, the potentially harmful
enwiranmental effects of sunscreen agents
are still of concem. Qurrently, thereare issued
statementsin certain areas of the United States
prohibiting sun saeens aontaining axybenzone
and nctinoate, since these materials have been
shownto haveafatal impad onthe maintenance
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TABLE 1. Ingredients, suppliers, and composition (%weight) of the aream base, 5%, 10%, and 20% MPE cream used in this study

CREAM BASE

10%
5% CREAM 20% CREAM
SUPPLIERS Bifty

COMPONENTS (INCI}
GML pericarp extract / MPE Faculty of Pharmacy Hasanuddin University 5
Ethanol 96% Dianum (Emsurf) 5
PEG-40 HCO Brataco Chemical (KAO) 5
Cetyl alohol Multikimia Raya (Croda Oleo) 5
Paraffin liquidum Brataco Chemical 3
Isopropyl Myristate JerindoPratama (Groda Oleo) 5
Sorhitan stearate Multikimia Raya (Croda Oleo) 35
Stearicaad Brataco Chemical (Croda Olen) 35
Cetearyl alcohol Multikimia Raya (Croda Oleo) 2
TEA JerindoPratama 0,2
Dimethicone Tristar Chemical (KAD) 1
Sarbitol Brataco Chemical (KAO) 5
Methyl paraben Brataco Chemical 0,2
Sorbic acid Multikimia Raya 0,5
Titanium dioxide Multikimia Raya 0,5
Aqua demineralisata LIBAYA 46,6

10 20
5 5 5
5 5 i
5 5 5
3 3 3
5 5 5
35 35 35
35 35 35
2 2 ?
02 0.2 02
1 1 1
5 5 5
0,2 0,2 02
05 0,5 05
05 0,5 05
41,6 31,6 60,6

INCI: International Nomendature of CosmeticIngredients; GML: Garcinia mangostana; HCO: Hydrogenated castor oil

of coral reefs, which play an important role in
supporting the preservation of fish resources and
marine organisms."” Therefore, it is necessary to
develop safer natural ingredients as sunscreen
agents, such as from plant extracts that contain
photoprotective and antioxidant effects.”

This double-blind, randomized, controlled
study was designed to clinically assess the
pratective effect of a nano-liposomal MPE cream
against UVB-induced erythema on human skin.

METHODS

Subjects. Thirty-one healthy subjects with
Fitzpatrick SkinTypes Il or IV were enrolled in
the study. All participants followed the study’s
specific protocol and signed an informed consent
form. The subjects were 20 to 45 years of age
with no history of photodermatosis or skin cancer
and were not taking any photosensitizing or anti-
inflammatory medications, This study complied
with the ethical quidelines and was approved
by the Health Research Ethics Commission
Committee of Hasanuddin University (process No.
681/UN4.6.4.5.31/PP36/2019).

Materials. Mangosteen pericarp liquid
extract was made at the laboratory of
Phytochemistry and Pharmacognosy, Faculty
of Pharmacy at Hasanuddin University. The
MPE creams were prepared at the Laboratory of
Pharmaceutical Technology, Faculty of Pharmacy

JCAD

at the University of Surabaya (UBAYA), based on
the ingredients listed inTable 1. Four formulas
were created using the same cream base; the
first formula comprised the cream base without
active ingredients, the second formula contained
5% mangosteen pericarp liquid extract, the third
formula contained 10% mangosteen pericarp
liquid extract, and the fourth formula contained
20% mangosteen pericarp liquid extract.
Preparation of skin cream. The cream
was formulated by melting the oil phase (cetyl
alcohol, sorbitan stearate, Cetearyl alcohol,
isopropyl myristate, paraffin liquidum, stearic
acid) at 65 °C. The water phase (aqua, sorbitol,
methylparaben, sorbic aciwd, and TEA) was
heated at 65 °C.Then, the water phase was put
into the oil phase and stirred with Ultraturrax at
a speed of 11.000rpm for three minutes, then
the stirring speed was reduced to 3.000rpm and
stirred for another five minutes. Stirring was
continued for five minutes, then dimethicone
and titanium dioxide were added, then
stirring continued for five minutes to form a
homageneous emulsion. MPE was dissolved in
96 ethanol in a mortar, then added PEG-40 HCO,
crushed and stirred until a homogeneous mixture
was formed. The extract mixture was then put
into the emulsion while still stirring at 3.000rpm
for three minutes, then cooled while still stirring.
Accelerated stability study. To obtain

stahility data of the MPE cream at all formulas,
an accelerated stahility study was conducted
for six months using the climatic chamber
with a temperature of 25 to 28 °Cand relative
humidity of 60 to 70 percent. Parameters that
were measured include organoleptics, pH, and
viscosity. Data were recorded every month.

Solar simulator. Psora-Comb Dermalight 80
{Dr. K. Honle GmbH, Munich, Germany) was used
as a UVB emitting source. It emits a continuous
spectrum of UYB radiation, with peaks of 313nm,
placed at a fixed distance of 3cm using its comb
attachment.

Determination of the Minimal Erythema
Dose (MED). Once the skin type was defined
using Chromameter CR-400 (Konica Minolta,
Inc., Tokyo, Japan) and Individual Typology
Angle (ITA), the determination of the MED was
performed at the first visit. Daavlin MED dose
patch (Daavlin Company; Bryan, Ohio} was used
on the back of each, which comprises six 1.9x1.9
cm squares (3.61 cm? area). The MED is defined
as the lowest dose that induces erythema inan
individual." The MED is determined by exposing
six squares to gradually increasing amounts
of UVB radiation (200, 400, 600, 800, 1000,
1200mJ/cm?) and examining the UY-exposed
areas 24 hours later.” The area with the least
erythema observed hy the investigators
is considered the MED subjectively, while
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climaticchamber ke ptat

objectivelywe useda 2.5-point difference in the
atwalue beforeand after irmdiation to indicate
a siqnificant differencein envthema ™ Thus, in
thisstudy, the determination of the MED was
performed subjecthelyand objectively,

Treatment protocol, This study was
anducted in our dermatology and veneredlogy
outpatient clinicin September 2019, Before each
imadiation, the following materialswere applied
tasites 1to4, respectively; 5% MPE aeam, 10%
MPE aream, 20% MPE aeam, and cream Ease,
Mo product was applied to Ste 5, which served
as the positive cantrol, and neither INE nor MPE
cteam wasapplied to Site 6, whid served asthe
neqative control, A standardized dose of 2.77m g/
cm® MPE cream was @lculated, inwhid 10mg
of MPE cream wasappliedto eadh site Al test
product applications were performed by other
walunteers using latex glovesto maintain the
double-blind study, The MPE aeam was applied
and left for 20 minutes before irvadiation. A
surnmary of thetreatment sites is given in Table
2,

We chose to evaluatethe creams anthe back
of each participant, as it proved to bethe test site
with the smallest fluctuation s of photometic
measurements, ™ Six squares of the Dazvlin MED
dnse patch wasused on the bad: of each subject
with designationas Sites 1to 6, All subjects
received the equivalent of 2 MED in each site,
This doseis considered sufficient to induce
defined envthema that can be separated from the
badiground readings of untreated, ™™ Iradiation
was performed at the second wisit, then
chromameter measurem ents were performed
after 24 hoursto measure the enthema and
lightn ess indes,

Chromameter measure ment. Before

ity ofthe 5%, 10%, and 20% MWPE cearrs ferained stable orsi rmonths in stafage ina
Cwith 3 ERtve horidity of 6-70%

Viscosity

5 — T m—

manths

and 24 hoursafter exposure to LVE, the [#
and 2% values onthetest stesweremeasured
using a Chromar eter CR-400 (Konica Minalta,
Inc., Tokyo, Japan). The walues were measured
threetimes on each test site, and the mean
values were determined. The differences i) in
median ¥ and 2* values beforeand 24 hours
afteriradiation were @lailated, Based on the
Commission Internationale de I'Eclairage (CIE)
system, the output values areexpressed inthree
dimensions (L%, 2% b*), wherea® represents
enythemaand L¥is toassesslightness. The
enythema index (42*) and lightness indesx (A 1¥)
was assessed bya difference (4) in baseline an d
24 hoursafter treatment,

Statistical analysis. The datawere analyzed
using SP5525.0 software (SPSS Inc, Chiago,
Illinois}. Monparametric statistial methods
(Kruskal Wallisand Mann-Whitn ey test) were
used with Aalue <0.05 was considered
statistically significant,

gatrrent, no
minimel o no

T S%PEcrean then (VB

in extract concentration. The pH of the cream
deceases asthe aoncentration of the MPE
increases, Overa period of sixmanths in toage,
no signifi @nt pH differences were observed in
each of the cream s, Likewise, the cream wiscosity
did not show a significant difference aver six
manths of storage (Fiqure 13, Changes inwiscosity
are alsninfluenced by differencesin extract

con centration. The lowest viscosity was observed
inthe 10 percent MPE aeamand the highest was
observed in thefive percent MPE cream . The pH
andwiscosity inthe 5 percent, 10 percent, and

20 percent MPE aeams were faund to be stable

|
| 2 10%MPE cram then UVE
RESULTS — _ | 3 20%MPE ceam then UVE
The creamstability, A difference inthe pH | 4 Busectsamthen UVE
of thethree creams is caused by the differen ces | 5 UiBonlyiposithe contoh
| :

6 Motreatment, no UV E (negative contiol)

whilein storage for si manthsin aclimatic
chamberat 25to 28 Cand a relative humidity of
60ta 70 percent,

Clinical photographs. After IVE irradiztion,
same irradiated sites developed same deqrees
of enythema, as shown in Fiqure 2, Owious
erythemawas seen on Site 5 (WE) and Site 4
{cream base+ IME), suggesting the aream base
alone provided minimal protedion fram UYE,

Theerythema index, All subjects showed
signifi@nt differencesinthe enthemaindes
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HGURE4. The Light ness Indes L* ) of eac hiteatment group {L*24haurs—L*baseline)

in the UVE and no treatment group (Figure 2},
This iz consistent with a statistically significant
Fovalue (p<0.05) between beth treatrment
groupswith ha*values of 5.585 and-0.15,
respectively (Table 3. Based onthis observation,
2 MED exposure toll VB was shown to cause
significant erytherna, Cverall, the administration
of MPE crearn was found toreduce the ervtherma
index. This {5 consistent wit hthe statistically
significant difference inthe eryt hema index
amongthe sictreatrment groups (<0050, The
erytherna index (4a%) of the 5%, 10%, 20%
aearn {1,03; 0,07 016} differed significantly
{p=<z0.057to base crearn {2.03) and to UVE group
{5.585). However, the erytherna indey of the
base crearmnwas also sgnificantly differert from

H -

the VB group (p=:0.05], indicating a minimal
protecive effect against UVE, Based on the
concentration ratio, the lowest ergtherna index
wias found inthe 109 creamn group followed

bny the 2 (9% crearn group and the 5% crearn
group, Statistical data supportsthe superiority
af the 1006 and 2096 creams cver the 5% cream,
whereasthe 1080 and 20% creamns did not differ
stanificantly (p=0.198). The 108 crearmn group
and the 2 (B creamn groupwere not signifi@ntly
different when cormpared to the no treatrment
group, withvalues of Aa® - 007 (p=1.000)

and 0.1 {p=0.2100, resped eely. This finding
indicates that the 109 crearnand 20% cream
exhibit @ substantial protective effect against
UVE-induced erytherna equivalent tathe no

treatment group,

The lightnessindex. The lightress index
inthe VB and no treatment group shewed
asignificart difference {p<0.05] a5 shown in
Table 4, with each L *value of 4.53 and-0.32,
respectively, dermonstrating 2 MED UVE exposure
can significantly influence the lightness of the
skir's color (Figure 43, Overall, the adrinistration
of MPE crearn was found to reduce the
lightness indes (AL#, This is consistent with the
statistically significant difference between the
i treatrment groups (p=20.05). The lightness
index of the 5%, 10%, and 209 cream groups
differ significantby to W group (p<0.05), with
each walue AL¥ 1,65, -0.4; 0.01, respecively.
iorecrer, the 10% and 2096 crearm groups
wiete significantly different from base qeams
{p=20.05), but net 5% crearn (p=0.214), These
findings indicate that the base aeam also exerts
some protective effect against UVB-induced
erytherna, Although the 10% and 2 0% cream
groups showed better protection, the base
crearn and the 5% crearm group showed a similar
protective effect, Based onthree concentrations,
the 1096 crearn was found tobe more superior,
followed by the 209 creamn and the 5% cream
group, thoughthe 10% crearn and the 20%
creamwere not significantly different (p=0.451),
When cormparedtothe notreatment group, the
108 and 20% crearns did net differ significantly,
with a Pvalue of 0.746 and 0,410, resped fvely,
These findings exhibit the protective ability of
MPE crearn that was found tobe quite similarto
the notreatrnent group based enthe lightness
index evaluation,

DISCUSSION

The Fit zpatrick SkinType [ to W isthe mos
useful dinical scale in assessing skin sensitivity
tollVradiation, with lesser skintypes more
susceptible to sunburn and at a higher risk
of developing skin cancer, ®This study was
condugted on 21 subjects with Fitzpatrick Skin
Types Il and 1% which constitute the majority of
the skin color of the Indonesian population. The
sensitivity of anindividual's skinto UY radiation
can be reasured by visual assessment of a
MED. In general, MED inaeases with skin type®
iost studies have used turice the MED toinduce
defined erytherna, ™™

The peak intensity of VE radiation occurring
duringthe day can have an acute impact on
brman skin, leading to ederna, erytherna, or
sunburn before pigmentation begins ' Inthis



study, the erythema index and skin lightness
index were observed by assessing the difference

in the a*value and the L* value at the baseline to

12 hours post-UYB exposure. The higher a* value
indicates the increasingly erythematous state

of the skin, while the higher L* value indicates
brighter skin.

Erythema response is influenced by the
strength of the energy exposure and the
presence or absence of protection. Erythema is
usually seen 3 to 5 hours after UVB exposure and
reaches maximum intensity 12 to 24 hours after
exposure, Various biochemical courses at the
cellular level occur as an initial response of the
skinto UV radiation, which includes vasodilation
of blood vessels, activation of endothelial
cells, and increased levels of inflammatory
mediators.*?

Excessive exposure to UVB radiation in the
skinincreases COX-2 protein receptors and the
formation of reactive oxygen species (R0OS),
which triggers the expression of MMP1 that
degrades collagen.” UVB exposure also results
in massive neutrophil infiltration, in which
the neutrophil will produce cytokines and
chemokines that also activate MMP.** Erythema
results from rapid degranulation of mast cells
followed by TNF-a release and vasodilation of
hlood vessels.” Therefore, the inflammatory
process and erythema can be limited by reducing
the formation of ROS, mast cells, and neutrophils
or other inflammatory mediators.”

The biochemical composition of MPE has been
reported to contain flavonoids, which play an
important role in counteracting free radicals,
and xanthones, which have various antibacterial,
antifungal, and anti-inflammatory properties.
0f all the xanthones that have been identified,
a-mangostin has the highest level of xanthones
isolated from mangosteen pericarp.””

High antioxidant activity on mangosteen
pericarp xanthones has been reported by various
studies. Yoshikawa et al? found that methanol
extract from mangosteen pericarp showed DPPH
radical scavenging activity. Leong and Shui®
compared the total antioxidant capacity using
ABTS and DPPH tests, which describe a high
antioxidant activity of mangosteen extract.Ina
similar study, Garcia et al® studied antioxidant
capacity through the measurement of
lipoperoxidation and hydroxyl radical scavenging
activity, which reported that MPE had the
highest antioxidant activity. Moongkarndi et al”
also reported mangosteen extract significantly

TABLE 3. The Erythema Index (Aa*) of each treatment site (a*24hours — a*baseline).

TREATMENT GROUPS
Cream 5% + UVB 31 1.03!
Cream 10% + UVB 31 -0.07
Cream 20% + UVB 31 0.16*
Cream hase + VB 31 203
LVB 31 5.585
No treatment 31 -0, 15

-1.09

-2.89 295
17 254
<0.05
-0.69 6.22
0.27 6.84
1.2 0.795

TP<0.05 considered statistically significant (Kruskal-Wallis tes)
seddgimilar supersaript letters are not significantly different between groups (Mann-Whitney test)

TREATMENT GROUPS
Cream 5% + UVB 31 1.65°
Cream 10% -+ UVB 31 0.4
Cream 20% + UVB 31 0,074
Cream hase + VB 31 2217
UVB 31 4.53¢
No treatment 31 -0.32%

5.4 529

5.1 3.8
-432 5.55
<0,05
-1.85 6.83
-0.015 6.755
-2.55 2875

TP<0.05 considered statistically significant (Kruskal-Wallis test)

=bddgimilar superscript letters are not significantly different between groups (Mann-Whitney test)

reduced intracellular ROS production through
measurement of 2.7-DCFH-DA. Jung et aF' also
reported a high capacity of scavenging free
radicals by y-mangostin, gartanin, a-mangostin,
garcinone B, garcimangone B, 1-isomangostin
and garcinone D. Also, a study by Chomnawang
et al*? measured antioxidant activity by inhibiting
DPPH radical formation, which showed that
mangosteen ethanol extract had significant
antioxidant activity. Data from these various
studies show the high antioxidant activity of
MPE.”

In addition to being an antioxidant,
various studies have also reported the role
of a-mangostin in inhibiting inflammatory
mediators.” Studies show that a-mangostin can
lower the expression of inflammatory mediators
induced by lipopolysaccharides such asTNF-a
and IL-6.** Inhibition of activation of MAPK, NF-
kB, AP-1 and diminishing of pro-inflammatory
cytokine gene expression was also observed
inother studies of a-mangostin treatment.*
Another study examined the inhibitory effect
of a-mangostin on the secretion of pro-
inflammatory mediators, where a-mangostin
inhibits the secretion of IL-8 and TNF-0.* Other
studies also evaluate the inhibition of a-and
y-mangostin against NO and PGE2.*%* This is
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consistent with other studies that reported a
dose-dependent y-mangostin inhibiting PGE2
release.” Similar studies report suppression of
histamine release by a-, p- and y-mangostin
which is observed in rat basophilic leukemia
cells. " This effect is associated with decreased
(OX-2 mRNA and protein expression, and
activation of NF-kB. Other studies observed
intraperitoneal and oral administration of
a-mangostin, 1-isomangostin, or triacetate
mangostin and reported an anti-inflammatory
activity in several mouse inflammatory models.”
The in-vivo anti-inflammatory activity of
y-mangostin has been confirmed in edema
models of the soles of rat feet,*** Administration
of a and y-mangostin orally also shows anti-
inflammatory activity in ovalbumin-induced
asthma (OVA) mice.* The topical administration
of MPE gel has been reported to reduce
periodontal inflammation.* Data from these
studies show the anti-inflammatory roles of MPE
through its bioactive content.

Antioxidant and anti-inflammatory effects
are the main mechanism of the photoprotective
activity of herbal extracts. Phenolic and flavonoid
organic compounds are the main source of
natural antioxidant compounds that can provide
oxidative protection against free radicals




including ROS. In UV-damaged skin, where ROS is
formed, ROS reacts negatively with DNA, protein,
and fatty acids which can induce carcinogenic
processes and inflammatory respanses.*

Several in-vitro studies have reported a
fraction of the MPE compound having UY filter
ability. This is based on a spectrophotometric
assessment of the ahility of these compounds
to absorb light.* A study in Sri Lanka reported
in-vitro research on the sunscreen activity of MPE
with the highest concentration inthe methanol
fraction reaching an SPF value of 33.80.7 This
shows that the observed solar filtering effect is
natural, intrinsic and has high potential to be
developed into an inexpensive and efficacious
and environmentally friendly sunscreen. Two
other studies from Indonesia also reported the
same thing. The first study reported the results of
in-vitro testing of dichloromethane and butanol
fractions of MPE that has a high UV-pratection
ability by reaching an SPF value >50.%The
second study reported the ethanol fraction of
MPE showed sunscreen activity that reached an
SPF value 30 at a concentration of 100ppm.*

CONCLUSION

In this study, the base cream group was found
to protect against erythema and affect skin
brightness 12 hours after UVB exposure. The base
cream used contains titanium dioxide (Ti0,),
which is a snow-white inorganic filter compound
that is insoluble in water. Ti0,, with a size of more
than 200nm, can protect the skin physically from
all UV wavelengths.* However, the 10% and
20% MPE cream demonstrate a higher protective
effect against UVB and was statistically
significant. This study involved subjects with
limited skin types; hence, additional research
in other skin types would be beneficial in
understanding the efficacy and tolerability.
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