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ABSTRACT

This research highlights the photoprotective patdraf a traditional medicinal plant, Zanthoxylunhetsa. The
photoprotective effect was measured based on theceeen protection factor (SPF value) and UV abgorp
spectrum of various solvent fractions of the planThe ethyl acetate fraction had the highest SPRieva
(13.3620.12) followed by butanol (8.6+0.08), at st concentration of 100ug/ml. All of the fracBoexhibited
broad UV spectrum absorption covering both the LA UVA regions. The free radical scavenging prtps
were assessed using the selected antioxidant gssayeely, diphenylpicrylhydrazyl (DPPH) and nitogide (NO)
free radical scavenging assays. In both assayes,etihyl acetate exhibited the highest activityofetéd by the
butanol fraction. The DPPH and NO free radical seaging activity were highly expressed in the etiodtate
fraction with 1Gg values 0f140+1.20 pg/ml and 50 + 0.35ug/ml, respety. The total phenolic and flavonoid
content were also determined for all the fractiohBese results indicate that the bark extract afiétsa has great
potential for use as a natural active ingredienbiimad spectrum sunscreen and anti-ageing cosmetigarations.

Keywords: Zanthoxylum rhetsa&Photoprotective; Sunscreen protection factor(SBFad spectrum ;Antioxidant.

INTRODUCTION

Photo ageing generally occurs due to continuoussxe to UV radiation which stimulates the disclaof free
radicals in the skin. The free radicals activdte NF-kB and AP-1 pathways and in reverse inhinit TGF-B
pathway, finally promoting the expression of matmietalloproteinases (MMPs) and inflammatory cytekirl].
About 95% of the sun’s UV-radiation reaching thetlea surface is long wave UV radiation (UVA, 32084nm).
UVA radiation is able to penetrate the deeper laydithe epidermis and dermis skin, resulting imide formation
and premature ageing [2]. A lower percentage ofreldiation (UVB, 280-320 nm) reaches the earthamarbut the
radiation is more intense, enough to cause skidemittg and sunburns. Preventing or reducing expasuUVA
and UVB radiation will reduce signs of ageing, deamkles, solar elastosis, coarse textures, tédatasias and
skin cancer [1, 2]. Numerous synthetic organic pounds that absorb UV radiation have been develappdbtect
skin from the damaging effects of sunlight. Thegattsetic compounds are either UVA- or UVB-absorbing
compounds and hence are used in combination tadwav broad-spectrum UV screen. The necessityduige
high sun protection factor (SPF) and blocking éficy against both UVA and UVB wavelengths hasttedhe
development of sunscreen formulations with multiptlled sunscreen chemicals [3]. Most chemical comgs
used in sunscreen products are active in the Ug®newhile only a few chemicals block the UVA regidt is also
a point of growing concern that the safety of mahthese compounds has not been established, apéai long-
term human use. For example, although broad-spagirotection is achievable using titanium dioxidiec oxides
or iron oxides, these are promoted on the baststhiey may be less harmful than organic sunscrésorbers. It
should be noted that microfine (nanoparticleshiiten dioxide as a sunscreen product also has rpthknm safety
data [4]. Hence, there is a need to search ferrative source of effective and safer photoprotectgents that can
be utilized in sunscreen products as well as in@tie preparations. In general, whole plant exsrd@ave shown
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better potential as photoprotective agents duehéir tomplex chemical composition and broad UV abison
spectra as well as their antioxidant power. AltHotigey have not completely replaced the dominarficymthetic
materials, the use of these botanical extracte@®ming more common. For example, green tea auk ka have
been reported to ameliorate adverse skin reacfioli@ving UV exposure, whileAloe veragel assists in cell
regeneration [5-7]. Interests in adding naturatéagents in sunscreen formulation are mainly drikgrihe ‘back to
nature’ movement and the promise of equal or gresffciency with lesser side effects by using thasaterials.
Furthermore, there is also a growing interest iturah antioxidants present in medicinal plants[&8erbal extracts
that can reduce oxidative damage for use in cosnsetence as beauty products and to maintain thsiglbgical
balance of the human skin [9].

Zanthoxylum rhetsgRoxb.) DC (SynZanthoxylumbudrungaFam. Rutaceae) is a spiny, decidious tree that ca
grow up to 25-30 mtall. The tree is locally kmoas ‘batangberduri’ (Malay) or ‘tirphal’ (Indiargnd is native to
tropical and subtropical areas including India, &ala and other parts of South Asia [10]. Likeeotbpecies of the
same genu<. rhetsahas thorns or spines on the stem. All parts efplant are used medicinally. For example, a
paste made from the hard spine&ofhetsais used for pain relief and to increase lactaiionursing mothers [11].
The bark has been reported to be a remedy for stormad chest pains, and to treat snake bites. frilis are a
spice, a digestive and an appetizer as well astosedat urinary diseases and rheumatism [12]arMdile the leaf
decoction is used to treat intestinal worm infewsi¢13]. Previous phytochemical investigationstloa plant have
revealed the presence of amides [14], quinolonecaigiazolinealkaloids ,lignans and terpenoidsfif, 17, 18].
Scientific investigations orZ. rhetsa have shown it to have antimicrobial [14],antinegtive and anti-
diarrhoeal[19], cytotoxic [20, 21]and anti-inflamtoey properties.In particular, it was shown thatpassible
underlying mechanism of the anti-inflammatory pmtp®f Z. rhetsabarkvia inhibition ofiNOS and COX-2 in the
NF-xB pathway[22]. The seed extractifrhetsawas also recently reported to exhibit good UV-pctitve activity
[23] which roused our interest to investigate otparts of the plant for a similar activity. Theyef this study
aimed to evaluate the photoprotective potentialhef plant through the measurement of its sunscpeetection
factor (SPF value) and UV absorption spectrum. adidition, total phenolic, total flavonoid contemdathe
antioxidative effectof the plant was also invedighria assessment of its free radical scavenging pregserti

EXPERIMENTAL SECTION

Chemicals and Reagents

All chemicals used were of analytical grade; 1,idhdnyl-2-picrylhydrazyl, epigallocatechingallatEGCG),
Ascorbic Acid, n-(1-naphthyl) ethylenediaminedihgdhnloride,quercetin, gallic acid, FollinCiocalteufhenol
reagent were obtained from Sigma -Aldrich (USA)diBon nitroprussidedihydrate was purchased from d&luk
(USA). Sulphanilamide, aluminium chloride from Fteamann Schmidt (UK), sodium chloride was purchdsmah
Kollin Chemicals. Sodium carbonate was purchasethfNacalaiTesque. Solvents used for extractiore vedir
prepurified by distillation.

Plant Material
Bark material oZ. rhetsawas collected from Pangkor Island, Malaysia. Ackeer specimen (No. SK2226/13) was
deposited at the Herbarium of Institute of Biosalgsiversiti Putra Malaysia.

Extract Preparation

The bark materialwas cutinto small pieces, dried ground into fine powder (910 g) using a Wiley ImilThe

powdered material was then extracted with 100% amethusing ultrasound-assisted extraction technjgdg The

extract was filtered and dried under vacuum at @@5yielding 65 g of crude extract. The crude extsaas then
resuspended in methanol and subjected to liquididigpartitioning into organic solvents of varyinglarities,

starting with hexane, chloroform, ethyl acetate hathnol. The resultant solvent fractions wereditiader vacuum
and lyophilized to yield 14 g hexane, 17.4 g cblorm, 2 g ethyl acetate and 5.3 g butanol fracti@il of which

were stored at -2C prior to analysis.

Sun Protection Factor(SPF) Measurements

Thein vitro SPF value was obtained by following the method.[BBiefly, the absorbance of a methanolic solution
(100 pg/ml) of the test sample was determined ah/aVisible spectrophotometer at 290-320nm. MetHamas
used as a blank and measurements were made iicatgs. The SPF value was then calculated by usiag
formula:

320

SPFspectrophotometrE CF x> EEQ) x I(}) x Abs@.)
290
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Where: EEX) is the erythemal effect spectrum
I (\) is the solar intensity spectrum

EE @) x I(A) are constants.

Abs (1) is the absorbance of test sample

CF is the correction factor (= 10)

Measurement of UVA/UVB Absorption Spectrum

The UV absorption spectrum for each test sampld® (1@/ml in methanol) was measured on a UV-Visible
spectrophotometer using 1 cm quartz cell, over eeleamgth range of 200-400 nm. The absorption specuf the
test samples was compared to that of EGCG prepétedhe same concentration [26].

DPPH Free Radical Scavenging Assay

The free radical scavenging activity of the exsamh DPPH radical was determined using the metlediciest! in
literature [27]. Briefly, a 0.1 mM DPPH in methdweas prepared and each test sample was preparedtianol
at various concentrations (0.02 — 0.1 mg). A reacthixture made up of 1:1 ratio of DPPH solutionthe test
sample solution was mixed thoroughly using a vorteéxer and left in the dark at room temperaturdteA30 min
incubation, the absorbance of the mixture was medson a spectrophotometer at 517nm. Ascorbicwaisl used
as positive control and measurements were madeighcates. The DPPH radical scavenging activitpsw
calculated using the formula:

DPPH radical scavenging activity (%) = [(ABgo- ADSsampid]/ (AbSconiron] * 100

Where:
Abs.onir0iS the absorbance of DPPH radical + methanol
Abs;ampidS the absorbance of DPPH radical + sample exstacidard

Nitric Oxide Free Radical Scavenging Assay

Nitric oxide (NO) radical scavenging activity ofetlextracts was determined using the method deskcpteviously
[28]. 60 pl aliquots of the test samples, prepamegarious concentrations, were placed into a @d-flat-bottomed
microplate. To each well, 60 pL of 10 mM solutiohsodium nitroprusside, prepared in phosphate bedfesaline
(PBS), were added and the plate was incubated umatenal light conditions at room temperature fo© 1&in.
Finally, an equal volume of Griess reagent (1%asulamide, 0.1% napthylethylenediaminedihydroclderi2.5%
HsPQO,) was added into each well in order to measuranitinée content. After the chromophore was formédoam
temperature over 10 min, the absorbance at 577rsmveasured spectrophotometrically. Ascorbic acisl wsed as
positive control and triplicate readings were aieali. The free radical scavenging activity was dated using the
formula:

NO radical scavenging activity (%) = [(ARSroi- ADSsampid]/(AbScontror] % 100

Where:
Abs.onir0iS the absorbance of NO radical + methanol
Abs;ampidS the absorbance of NO radical + sample extractdstrd

Total Phenolic Content

The total phenolic content for all the solvent fiaies of Z. rhetsawas determined using the Folin-Ciocalteu method
[29]. Briefly, 50ul of extract (1 mg/ml) in methanavas mixed with 50 pl distilled water, 50 pl of %0
FollinCiocalteu’s phenol reagent and 50pul of 1 Miison carbonate solution in a 96-well microtitretplaMethanol
was used as blank. Reaction mixtures were inculfate@0 minutes at room temperature and proteateaah fight.
The absorbance of the reaction mixture was measatr@d0 nm with a microplate reader (SpectraMaxXPllike
total phenolic content was determined using a stahdurve created with gallic acid (6.25, 12.5, 28, 100, 200,
300, 400, 500 pug/ml) as standard. Results areesgpd as milligram Gallic Acid Equivalents (GAE) peam of
dry plant extract. All tests were replicated iplicates.

Total Flavonoid Content

The total flavonoid content for all fractions &f rhetsabark was determined using spectrophotometric ntefBa).
100ul of the plant extract (1 mg/ml) and standardtons of quercetin(6.25, 12.5, 25, 50, 100, 2800, 400, 500
pg/ml) in methanol solution were mixed with 100286 AlCl;solution . Then the reaction mixtures were incuthate
for an hour at room temperature. The absorbancemessured using SpectraMax Plus microplate reddgf.a
415 nm. Triplicate readings were obtained for ¥ samples. Total flavonoid contents were expressedg
Quercetin Equivalent (QE) per gram of dry plantract.
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RESULTS AND DISCUSSION

Sun Protection Factor(SPF) Value

The effectiveness of a sunscreen is measured aactidn of their SPF value, defined as the raticdhef least
amount of ultraviolet energy required to produceimal erythema or burning on sunscreen protectéd tekthe
amount of energy required to produce the same emahon unprotected skin [31].Thus the SPF valuieates the
ability of a sunscreen product to reduce UV-induegdhema.

Thein vitro SPF value was determined by a spectrophotomettbad using the UVB region which is considered
to be the region of greatest incidence during thg id which people are exposed longer to the stedation.
From Figure 1, it can be seen that the SPF valuetlofl acetate (13.36+0.12) and butanol (8.62+0f@d)tions
showed higher SPF values than the rest of the sbfkactions, at a test concentration of 100 g/ithe other plant
extract which are commonly used as the main ingredn several sunscreen products available notveérmarket
shows less SPF value, especially the extrac@arhellia sinensidias an SPF value of 18.10+0.05 and Aloe vera
extract has an SPF value of 1 at a test concemttrafi200pg/ml [32]. Thus it was clearly visibleat the SPF value

of the ethyl acetate and butanol fractionsZofrhetsdbark has appreciably enhanced sun-blocking praseriihe
chloroform and hexane fractions of rhetsahowever showed lesser ability in sun-blockinghwiwer SPF values

of 3.98+0.06 and 2.63+0.16, respectively. Earliemvas also reported [23] that a formulation camtey seed
extract ofZ. rhetsahas an SPF value of 1.09 with an ultra-boot sating 2 which approaches towards sunscreen
activity.

Figure 1. Sunscreen Protection Factor value of vasusZ.rhetsa bark solvent fractions
Data are expressed as meant standard deviation3)n=
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UVAbsorption Spectra

In order to protect the skin from harmful UV radiat a sunscreen product should have high SPF ealdea wide
range of absorbance within the UV region of 29@1@@nm.Figure 2 shows the UV absorption capacitglbthe
fractions in comparison to Epigallocatechingalléf&CG), measured at a test concentration of 100ugyer a
wavelength range of 200-400nm. The results ledehat, while it did show high UVB (280 — 320nafsorption,
EGCG exhibited only low UVA(320 -400nm) absorptiom contrast, the ethyl acetate and butanol foastiofZ.

rhetsaexhibited good UVB absorption and moderate UVAaapson capacities. This indicated thatrhetsamay
be a potential sun-blocking ingredient to be incogped in broad UV spectrum sunscreen products.

DPPH Free Radical Scavenging Activity

Assays based on the scavenging effect of DPPH beaga widely used to measure the antioxidant pateatia
substance. The DPPH free radical scavenging dgpzfdhe solvent fractions were compared with Abomacid is
shown in Figure 3, while Table 1 lists theirs§@alues. The data showed that the ethyl acetatdataohol fractions
exhibited the highest free radical scavenging dgtivhen compared with all othér. rhetsatest fractions with 16

values of 140 £ 1.20 and 168 + 0.76ug/ml, respebtiv
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Figure 2. UV Absorption spectraof variousZ.rhetsa bark solvent fractions at 100pug/ml. EGCG(A) Ethylacetate (B), Butanol(C) ,
Methanol(D), Chloroform(E) and Hexane (F) fractions
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Nitric Oxide Free Radical Scavenging Activity

Continuous exposure of the skin to UV radiatiordieto the liberation of NO free radicals, an impaottreactive
oxgen species (ROS) that plays a vital role in igasing inflammation, melanogenesis, photoageing,
immunosuppression and erythema. Various partg.afhetsahave been reported to be used as a remedy for
inflammation in traditional medicine. In fact, tleffectiveness of the essential oils obtained ftbm seeds of.
rhetsaas a topical application for inflammatory dermédsas been confirmed in a clinical trial studg][3n the
current study, the NO free radical scavenging pitypaf the test fractions of. rhetsabark was analyzed and the
results compared to that of ascorbic acid Thegrgage inhibition and I¢g values are shown in Figure 4 and Table
1, respectively. From Figure 4 it was clearly olisdrthat all the fractions showed more than 50%fN® radical
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scavenging property at concentrations exceeding@®0. These findings supported previous litemtaports on
the high antioxidant and anti-inflammatory propestof this species.

Figure 3.Percentage of DPPH free radical scavengiragtivity of various Z.rhetsa bark solvent fractionsin comparison to ascorbic ad
(positive control)
Data are expressed as mean *standard deviatior3(n
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Figure 4.Percentage of NO Free radical scavengingtavity of various Z.rhetsa bark solvent fractions in comparison to ascorbic eid
(positive control)
Data are expressed as mean + standard deviation3jn
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Table 1. ICso values for DPPH and NO free fradical scavenging aiwity for various Z. rhetsa bark solvent fractions
Calculations were done using GraphPad Prism sofensarsion 6.02

IC sc( ug/ml)
Free radical Scavenging Assay Ascorbic Acid  Ethyl getate | Butanol | Methanol Chloroform Hexane
DPPH <5 140 +1.20 168+0.76 505+1.54 434 £1.08 | >600
NO 23 +0.97 50 +0.35 69+0.74 79+0.52 70+1.34 197%1).
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Total Phenolic Content

The total phenolic content of all the solvent fiags ofZ. rhetsawas examined using FolinCiocalteu’s method and
expressed in terms of mg Gallic Acid Equivalent @A of the dry plant extract using gallic acicirelard
calibration curve shown in Figure 5. The phena@mpounds of the fractions reduced the phosphotiengs
(HsPW;,040) and phosphomolybdic @RMo,,0,40) acids present in the Folin’s reagent to blue esidf tungstene
(Wg0,3) and molybdene (MfD,3) under alkaline condition in the presence of sodizarbonate. The existence of
blue oxides depicts the quantity of phenolic commutsu The total phenolic content obtained for tHeest fractions
are tabulated in Table 2. Previous research repdhtat the total phenolic content of the fruitsfrhetsavas
0.061+0.299/100g FW [34]. In the present studye ¢thyl acetate and butanol fractionsZofrhetsabark showed
highest total phenolic content of 20.47+0.09 and 440.185 mg GAE/g of the dry weight of extragspectively.
Lower amounts were detected in the chloroform (#09%/mg GAE/g extract) and hexane (5.38+0.21mgGAE/g
extract) fractions. These results suggested theatith phenolic content of the ethyl acetate andrnl fractions are
possibly responsible for the photoprotective propef Z. rhetsa

Figure 5.Gallic Acid Standard Calibration Curve
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Total Flavonoid Content

The total flavanoid content of all the solvent fiaws of Z. rhetsabark was analysed using aluminium chloride
method and their values were expressed in ternmsgoQuercetin Equivalent (QE)/g of the dry plantragt using
the quercetin standard calibration curve showniguie 6. Flavonoids present in the plant extraifitfarm stable
acid complexes with aluminium chloride by bindiitgwith their C-4 keto group and either the C-3336 hydroxyl
group. In addition, aluminium chloride also formeaid labile complexes with the ortho dihydroxyl gps in the
flavonoid A- or B-ring. In the present study, tleted flavonoid content (Table 2) of the butanaldtion ofZ. rhetsa
bark was calculated to be 3.07+0.24 mgQE/g dry katedd the extract while the content in the ethydtate fraction
was calculated to be 1.59+0.12mgQE/g dry weighthefextract. The total flavonoid contents in chform and
hexane fractions were insignificant

Table 2. Total phenolic and total flavonoid contets of Z. rhetsabark extracts expressed in terms of mg of GAE/g gflant extract and mg
of quercetin/g of plant extract
Respectively Data are expressed as meanzistandaidtomn

Sample mg of GAE /g of Plant Extract| mg of QE/g ofPlant Extract
Ethyl Acetate 20.47+0.09 1.59+0.12
Butanol 14.1440.18 3.07+0.24
Methanol 9.45+0.29 1.52+0.04
Chloroform 7.95+0.27 -

Hexane 5.38+0.21
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Figure 6.Quercetin Standard Calibration Curve
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CONCLUSION

Antioxidants from the natural source play a majolerin the photoaging pathway by inhibiting the dative
stressand retain stability by scavenging free mdslitriggered by the UV rays. Researchers repdhatthe plant
extract which possesspotential antioxidant actiaityd UV absorption capacity can prevent photo-aging skin
cancer [35]. The present study showed thatZthénetsahas significant antioxidant properties and UV apton
capacity, especially the ethyl acetate and butémactions.The high level of phenolic compounds #asionoids
present in the active solvent fractions could spoasible for theirphoto-protective effect. Thessults indicate
that the bark extract &. rhetsacan be utilized as a natural active ingredierirmad spectrum sunscreens and anti-
ageing cosmetic preparations.
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