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ABSTRACT

Recognized as an incurable disease, psoriasis shranic inflammatory disease, which is charactetizey
hyperproliferation and abnormal differentiation &ératinocytes. Although psoriasis has become aiputdalth
concern, its precise causes remain to be elucidafbd current study aimed at evaluating the sumiveseffect of
each of these following Thai plant extractthventi-psoriatic activity, Alpinia galanga L.Hizome), Curcuma
longa L. (rhizome) and Annona squamosa L. (Jeaf) the expression of the helix-loop-helinseription factor
Id1 (inhibitor of differentiation or inhibitor of NA binding), which is known as a biomarker for pasis. In
addition, we would like to assess their antioxidanhtents and activities in order to provide indiglinto the
mechanism underlying the inhibitory effect. Usimgnfocal immunofluorescence technique, we found that
expression of Id1 protein was clearly reduced upreating the HaCaT cells with 6.3, 3.15 or 1.575mlg(ICso=
6.3pug/ml) of Annonas quamosa leaf extract. Wedikrhanalysis confirmed that the Id1 protein wagngicantly
attenuated after treating HaCaT cells with all gbttoncentrations of ethanolic extract of Annonaasgosa leaves
(P<0.05). No inhibitory effect of Alpinia galanga@ Curcuma longa extracts on the 1d1 expression eteerved.
Regarding antioxidant contents and antioxidant \atiis, although it exhibited the inhibitory effemt the Id1
expression, the extract of Annona squamosa wathaaichest. This suggests that the suppressieetedf Annona
squamosa extract may not be primarily responsilafttioxidant contents and activities.
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disordend the psoriatic lesions are uniquely filled with
hyperproliferation and abnormal differentiationkefratinocytes. It is also classified as an autoimendisease since
dysregulation of the immune system is recognizeé a&sitical occurrence in this ailment [1-3]. Tiparticular
disease seriously affects the patients’ qualityifef Furthermore, the psoriatic patients have bgleown to be at
high risk with other complications, thus worsenthgir health [4-10]. Psoriasis is incurable, ancppse of current
treatment is to alleviate the disease conditionThailand, this disease has become a public healticern [11].
Herbal medicine may help reducing not only side@§, but also saving expenses from imported dBgsed on

499



Tewin Tencomnaoet al J. Chem. Pharm. Res., 2014, 6(1):499-506

the fact that Thailand is rich of herbs, we preglgudemonstrated that ethanolic extractsAfginia galangal.
(rhizome),Curcuma longal. (rhizome) andAnnona squamosh. (leaf), exhibited antipsoriatic activity [12{Ve
then have attempted to elucidate the underlyinghasgisms responsible by the mentioned plant extfastsl4].
According to the study of cholesteatoma, the hielop-helix transcription factor Id1 (inhibitor offterentiation or
inhibitor of DNA binding) was demonstrated to cantite to hyperproliferation of keratinocytes viageaentation
of cell cycle progression, elimination of cell ogdhhibition, and concurrently promoted keratinguation [15]. A
hallmark of cholesteatomais is hyperproliferatidrkeratinocytes, which is comparable to the cetlelgisode found
in psoriasis, thus suggesting Id1 as a biomarkeb&th diseases. In fact, this particular trangimipfactor was
already well recognized to function in suppresstedl differentiation and promoting cell proliferati. HaCaT
keratinocyte cell line, am vitro cellular model for psoriasis, was shown to exptddsmRNA in a high level [16].
Of note, a raised Id1 gene expression was uncovierdaratinocytes of psoriatic patients’ skin [1&pnd an
upregulated Id1 pathway was further reported [¥8& showed that the levels of Id1 transcripts inpteral blood
mononuclear cells of psoriatic patients were atkidfiold greater than those in controls, thus empirgithe
molecular role of Id1 in psoriasis [19]. Furthermomve recently demonstrated the inhibitory effetttie
antipsoriatic drug dithranol on mRNA and proteipeession levels of Id1 in the HaCaT keratinocytiéloe [20].
The antipsoriatic activity of tested Thai herbs naayually mediate by suppressing the expressioid bfprotein.
Therefore, we would like to investigate their effea the expression of Id1 in this study. In addifiwe aimed at
evaluating their antioxidant contents and actigitie order to provide insights into the mechanismarlying the
inhibitory effect.

EXPERIMENTAL SECTION

Plant materials

Annona squamosdleaf) was collected from Ratchaburi province, Tdmad. Alpinia galanga (rhizome) and
Curcuma longa(rhizome) were collected from the Princess Mahak@h8&irindhorn Herbal Garden, Rayong
province, Thailand. At Department of Botany, Faguf Science, Chulalongkorn University, Bangkok,ailand,

the herbs were authenticated by Professor Dr. Teésakeli Boonkerd and deposited at the ProfessornKasi
Suvatabhandhu Herbarium with assigned voucher sgechumbers, 013509 (BCU), 013397 (BCU) and 013396
(BCU), respectively.

Preparation of Thai medicinal plant extracts

With respect to the determination of Id1 expressfmona squamodaaf extract used was prepared by maceration
at room temperature with ethanol using a 1:5 (watjo in a shaking incubator at 120 rpm for 48 hf@snerly
described [12-13]. For other subsequent experimetitsThai medicinal herbs were successively exédavith
three different solvents, petroleum ether, dichieethane and ethanol (Merck, Hohenbrunn, Germanty) avil:10
(w/v) ratio by a Soxhlet extractor. Crude extrastre concentrated using the MiVac Quattro concéottrat 30°C
(for petroleum ether and dichloromethane) and 466€ethanol). Eventually, the crude extracts weaissolved in
dimethyl sulphoxide (DMSO) (Merck) as stock solasoat a concentration of 100 mg/ml, stored at -2ah@
protected from light. Crude extracts were filtetbdough a 0.2-pum-pore-size filter (Corning Incgr@ing, NY,
USA).

Determination of Id1 protein expression
The expression of Id1 protein was evaluated quetinély and qualitatively using confocal immunofteecence
microscopy and Western blot, respectively as preshiodescribed [14].

Determination of total phenolic and flavonoid contats and antioxidant activities

Total phenolic content in the plant extracts waarined using Folin-Ciocalteu assay as formerlgcdéed [21].
Gallic acid was used a standard at varying conagatr (0.78 - 50 pg/ml). Briefly, 50 ul of each exdt (1 mg/ml)
or gallic acid was mixed with 50 pl of working Foland 50 pl of 0.1 M N&O,. After incubation at room
temperature for 1 hr in the dark, the absorban¢heofeaction mixture was measured at 750 nm. ©heantrations
of phenolic compounds are expressed as mg of gallit equivalent (GAE) per gram of dry sample (miER) of

sample).

Total flavonoid content in the plant extracts wasedmined using aluminum chloride (AlEtolorimetric assay as

previously described [22]. Quercetin at varying @amtrations (0.78 - 50 pg/ml) was used in thisyagsarder to
construct a standard curve. In brief, 50 pl of eaxtract (1 mg/ml) or quercetin was mixed with 0gfi 1 M
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sodium acetate, 150 pl of 95% ethanol andul®f 10% AICl; The absorbance of the reaction mixture was
measured immediately at a wavelength of 415 nnr &ftaubation for 40 min in the dark. The conceritnas of
flavonoid compounds are expressed as mg of quaregtiivalent (QE) per gram of dry sample (mg quénig of
sample). For antioxidant activities, DPPH and ABfeglical scavenging assays were performed as dedcrib
elsewhere [23].

Statistical analysis
All values are presented as the mean + S.Gtlhdard error of mearEach experiment consisted of at least three
independent experiments.

RESULTS AND DISCUSSION

Effect of ethanolic extract ofAnnona squamosa leaves on the expression of Id1 protein

In this part,Annona squamoskeaves were extracted by maceration at room tesyer with ethanol using a 1:5
(w/v) ratio in a shaking incubator at 120 rpm foB 4 as described elsewhere [12-13]. Using confocal
immunofluorescence technique, we found that theesgion of Id1 protein was clearly reduced upoating the
HaCaT cells with 6.3, 3.15 or 1.575 pg/ml {€6.3 pg/ml) ofAnnonas quamoskeaf extract as demonstrated in
Figure 1. Then, a qualitative protein assay usingsi&n blot was performed. In Figure 2, Id1 proteias
significantly attenuated after treating HaCaT celith all tested concentrations of ethanolic extrat Annona
squamosdeaves P<0.05).

In this work, we did not find any inhibitory effeof the extracts oAlpinia galangaand Curcuma longaon the Id1
expression (data not shown). Our result with aiigant impact ofAnnona squamosancouraged us to further
investigate the potential mechanism underlying #fifect. Like the recent study of Tada and collesg{24]
revealing the inhibitory effect of the Japanesdcapmamely Ume on the Id1 expression, we hypoteekthat this
particular suppressive activity was primarily drivey phytochemicals and antioxidants Amnona squamosa
leaves. However, the first part of our investigatizve extracteddnnona squamoskeaves using maceration with
ethanol. To narrow them down, we then extractedntiising a successive technique with a Soxhlet extraas
detailed in the experimental section. The resulémgracts were employed in all subsequent expetisnehthis
study. Therefore, we then performed the phytochahdnd antioxidant evaluation since this particutatural
product may exert its antipsoriatic effect via ahibition of Id1 expression.

Phytochemical evaluation

In this study, we determined total phenolic andiltdtavonoid contents of Thai medicinal plant sgsciwith
antipsoriatic activity includindAnnona squamosa, Alpinia galangadCurcuma longauccessively extracted using
three different solvents (petroleum ether, dichhoethane and ethanol). As in FigureABinona squamosextracts
were found to contain phenolic compounds only itraets derived from dichloromethane and ethanal gquantity

of 4.70+0.49 mg GAE/g of sample and 23.01+1.01 n&E(g of sample, respectively. However, the phenolic
content ofAnnona squamoseaxtracts was obviously less than thatGafrcuma longaextracts with a quantity of
71.84+2.29, 64.71+3.19 and 12.54+1.14 mg GAE/gashle in extracts derived from dichloromethaneaeth
and petroleum ether, respectively. As we expedtedas true that ethanolic extract Ahnona squamoswas
substantially high, and this might be supportinglemce with respect to its antipsoriatic effect whibition of 1d1
expression. Nevertheless, the ethanolic extra@wtuma longawithout a suppressive effect on Id1 expression,
was around 2.8 fold greater than thatAesfnona squamosarhis might suggest that the inhibitory effect loid
expression was not primarily originated from thempbdlic compounds, and this finding actually encgethus to do
another experiment, the total flavonoid contenagss
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Figure 1. Expression of 1d1 protein as detected bynmunocytochemistry and confocal microscopy in HaCa cells when treating cells
with 6.3, 3.15 or 1.575 pg/ml (I6= 6.3) ofAnnona squamosa extract for 48 h. Untreat: HaCaT cells treated wih IFN-y and TNF-a,
0.25ICsq: HaCaT cells with IFN-y, TNF-a and 1.575 pg/ml (0.2516,) of Annona squamosa, 0.51Csq: HaCaT cells with IFN-y, TNF-a and
3.15 pg/ml (0.51Gg) of Annona squamosa, ICsq: HaCaT cells with IFN-y, TNF-a and 6.3 pg/ml (1Gg) of Annona squamosa.
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Figure 2. Expression of Id1 and GAPDH proteins asetected by Western blotting analysis in HaCaT cell&hen treating cells with 6.3,
3.15 or 1.575 pg/m(ICse= 6.3 of Annona squamosa extract for 48 h. A. The expression levels of Iddnd GAPDH were shown as a result
of Western blotting analysis. Lanes 1: HaCaT celleith medium alone (unstimulated condition), 2: HaC& cells with IFN-y and TNF-a
(control or stimulated condition), 3: HaCaT cells vith IFN- y, TNF-a and 0.0067% DMSO, 4: HaCaT cells with IFNy, TNF-a and 1.575
pg/ml (0.251Gso) of Annona squamosa, 5: HaCaT cells with IFN-y, TNF-a and 3.15 pg/ml (0. 51G) of Annona squamosa, 6: HaCaT cells
with IFN-vy, TNF-a and 6.3 pg/ml (1Go) of Annona squamosa. B. After Id1 protein is normalized against that d GAPDH, data represent

the fold expression over that of control. A symbol, indicating a statistically significant difference (< 0.05)
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Figure 3. Total phenolic content in various extract of Annona squamosa, Alpinia galanga and Curcuma longa as determined using Folin-
Ciocalteu assay

Total flavonoid content in all plant extracts wagetmined using aluminum chloride colorimetric gsge shown

in Figure 4,Annona squamosaxtracts were found to possess total flavonoideranin a quantity of 63.76+2.58,
40.07+1.49 and 19.59+1.98 mg quercetin/g of sanmpiiichloromethane, ethanol and petroleum ethepeetively.

In line with the total phenolic content, the highesntent of total flavonoid with regard to eactiragting solvent
was found in those @@urcuma longavhen comparing among all three plant species. 8\thié lowest was found in
extracts ofAlpinia galangaand Curcuma longaextracts had a huge quantity of flavonoids, 77519030,
596.00+7.14 and 20.27+3.07 mg quercetin/g of sampiedichloromethane, ethanol and petroleum ether,
respectively.
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Figure 4. Total flavonoid content in various extrats of Annona squamosa, Alpinia galanga and Curcuma longa as determined using
aluminum chloride colorimetric assay

Determination of antioxidant activities

Two different experimental approaches were utilifeddetermination of antioxidant activities. DPPhethod is
based on hydrogen donor property of antioxidantsisicommonly applied in natural antioxidant stsdiecause of
its sensitivity and simplicity. Another assay, ABT&s also been broadly employed to assess antidxédtivities
due to its applicability in both aqueous and lipldases [25-26]. In this present work, results ef BFPPH and
ABTS assays are listed in Tables 1 and 2, respgtin all antioxidant activity assay§urcuma longaextract
from dichloromethane fraction had the richest amtiant activity (87.85+1.50 % SC by the DPPH asaay
98.80+0.32 % SC by the ABTS assay), followedthycuma longaextract from ethanolic fraction (84.47+1.71 %
SC by the DPPH assay and 97.11+0.94 % SC by theSA&Ssay). FOAnnona squamosextracts, the ethanolic
fraction was found to compose of the highest aidianxt activity (33.88+0.83% SC by the DPPH assag an
56.30+1.35% SC by the ABTS assay) as comparechtr divo fractions. Concerning the solvent types,dktracts
gained from solvents with lower polarities (petrote ether) showed lower antioxidant activities ththose of
solvents with higher polarities (dichloromethand athanol).

Table 1. Antioxidant activities of three species dfhai plant extracts derived from different solvens by DPPH assay

Tvpes of plant % scavenging activity (% SC) mg ascorbic acid/g weight of sample

yp P Petroleum ether  Dichloromethane Ethanol Petroleumther Dichloromethane Ethanol
Annona squamosa 8.45 + 0.42 14.96 £ 2.29 33.88+0.83 1.68+0.33 840+3.21 25.18 £ 0.69
Alpinia galanga N.A. 32.05+0.46 2249+1.62 N.A. 2467 £1.63 5.356+0.32
Curcuma longa 16.19 £ 0.32 87.85 +1.50 84.47+1.71 10.19%0.5 63.00+2.72 58.56 + 0.50

Values are means *standard error of mean of tcigié independent analyses; N.A.: not available.

Table 2. Antioxidant activities of three species ofhai plant extracts derived from different solvens by ABTS assay

Types of plant % scavenging activity (% SC mg ascorbic acid/ weight of sample

Petroleum ether  Dichloromethane Ethanol Petroleumther Dichloromethane Ethanol
Annona squamosa 10.93 + 1.83 27.63 +£2.36 56.30+1.35 6.22+0.26 16.43+0.96 30.28 +4.83
Alpinia galanga 14.67 +3.24 57.40 £1.75 39.23+4.18 7.97+0.75 31.29+3.93 23.80£1.02
Curcuma long 41.03+2.2 98.80 +0.3 97.11+0.9 24.16+0.7 57.68 + 8.3 50.32 + 2.6

Values are means + standard error of mean of tcipié independent analyses.

According to our previous report, we found the hoginrelations when regression analyses were usedatioate the
correlations between the two assays for antioxidativities and between the antioxidant contents amtioxidant
activities [23]. In this study, we observed the thigorrelation as well between the antioxidant cotsteand
antioxidant activities, thus validating the expezmal methods employed in our study. For instartbe,
dichloromethane extract dfurcuma longahad the highest antioxidant contents with the ésghantioxidant
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activities, and the second best in this regard thesethanolic extract o€urcuma longa This suggests that
antioxidant activities are primarily contributed plgenolic and flavonoid compounds in these thres plants. The
high antioxidant activities and high levels of pbkes and flavoniods ilCurcuma longdound in this study support
its beneficial health effects. This current findiwgs also in agreement with our previous repor, @hnparticular
interest, the maximum UVA absorption was founcCurcuma longaextracts from the ethanol and dichloromethane
fractions [23]. Although it exhibited the inhibitpeffect on Id1 expression, the extractdminona squamosaas not
the richest with respect to antioxidant contenid amtioxidant activities. This suggests that thepsessive effect of
Annona squamosaxtract may not be primarily responsible by aritlant contents and activities. It is worth
addressing that phenylated flavone derived frAmmona squamosanay be a major contributor to inhibit the
expression of epidermal growth factor receptor (RERhus being an interesting herb with antitumibeat [27].
Cancer and psoriasis are similar because of therpygliferative feature of cells. This highlightiset feasible
applications ofAnnona squamoséeaf extract and should be additionally studied doug discovery. Of note,
phytochemical and pharmacological studiesAsmona squamosteaf extracts were widely carried in India. In
particular, there were only a few reports recestipducted by Thai researchers while at least famorts were
published in 2011 alone by Indian researchers [28-3

With regard to our present investigation, the etiianextracts ofAnnona squamoskaves andCurcuma longa
rhizomes were found to be truly rich of antioxidamintents and activities, thus making the two hexbtential
candidates for further studies and applicationga@ng a combination of the two plants is a conéeppreventive
and therapeutic uses. Previously, the significami-iaflammatory activity of polyherbal formulatiof the
ethanolic extracts Annona squamodaaves anc€Curcuma longahizomes was reported using a rat model [33].

Acknowledgements

This research work was supported by grants from 988 anniversary of Chulalongkorn University fund
(Ratchadaphiseksomphot Endowment Fund) and thel Rtngaa Government (2012). N.K. received the tuitifee
from scholarship for graduate studies, Chulalongkbniversity to commemorate the "f2nniversary of his
Majesty King Bhumibol Adulyadej. The authors gratef acknowledge the Center for Excellence in Oriizo
Medical Technology Development Project and the \@mtion Center for Research and Development of Madic
Diagnostic Technology Project, Faculty of Allied &ldn Sciences, Chulalongkorn University for prowiglicertain
laboratory instruments. Finally, the authors woliké to express our gratitude for the generous suppAlpinia
galangaandCurcuma longdrom the Princess Maha Chakri Sirindhorn Herbald@a.

REFERENCES

[1] O Braun-Falco; G BurgArch. Klin. Exp. Dermatol.197Q 236(3), 297-314.

[2] JD Bos; HJ Hulsebosch; SR Krieg; PM Bakker; RbrmaneArch. Dermatol. Res1983 275(3), 181-9.

[3] FO Nestle; DH Kaplan; J BarkeX. Engl. J. Med 2009 361(5), 496-509.

[4] RS Azfar; NM Seminara; DB Shin; AB Troxel; DJawolis; JM GelfandArch. Dermatol. 2012 148(9), 995-
1000.

[5] C Hirotsu; M Rydlewski; MS Araujo; S Tufik; MlAndersenPL0S One 2012 7(11), e51183.

[6] BG Shutty; C West; KE Huang; E Landis; T DabaBeéBrowder; J O'Neill; MA Kinney; AN Feneran; S lar;
B Yentzer; WV McCall; AB Fleischer Jr; SR Feldm&ermatol. Online J2013 19(1), 1.

[7] IL Tablazon; A Al-Dabagh; SA Davis; SR Feldmam. J. Clin. Dermatol2013 14(1), 1-7.

[8] H Maradit-Kremers; RA Dierkhising; CS CrowsoM; Icen; FC Ernste; MT McEvoyint. J. Dermatol.,2013
52(1), 32-40.

[9] Y Lu; H Chen; P Nikamo; H Qi Low; C Helms; M éstad; J Liu; AM Bowcock; M Stahle; W Liad. Invest.
Dermatol, 2013133(3), 836-9.

[10] C Ma; CT Harskamp; EJ Armstrong; AW Armstrofy. J. Dermatal, 2013 168(3), 486-95.

[11] R Akaraphanth; O Kwangsukstid; P Gritiyarangsld Swanpanyalertl. Med. Assoc. Thai2013 96(8), 960-
6

[12] V ThongrakardMaster's degree thesis, Chulalongkorn Universitgngkok, Thailand.2009

[13] C Saelee; V Thongrakard; T Tencomnislmlecules, 2011, 16(5), 3908-32.

[14] T Charueksereesakul; V Thongrakard; T TencamdaChem. Pharm. Re2011 3(4), 196-203.

[15] Y Hamajima; M Komori; DA Preciado; DI Choo; Kloribe; S Murakami; FG Ondrey; J LitCell Prolif.,
201Q 43(5), 457-63.

[16] K Langlands; GA Down; T Kealeancer Res200Q 60(21), 5929-33.

505



Tewin Tencomnaoet al J. Chem. Pharm. Res., 2014, 6(1):499-506

[17] E Bjorntorp; R Parsa; M Thornemo; AM Wennbe#gtindahl. Acta Derm. Venereol2003 83(6), 403-9.

[18] EB Mark; M Jonsson; J Asp; AM Wennberg; L MéJmA Lindahl.Arch. Dermatol. Res2006 297(10), 459-
67.

[19] C Ronpirin; M Achariyakul; T Tencomnao; J Waigabovorn; W Chaicumpaenet. Mol. Res201Q 9(4),
2239-47.

[20] C Ronpirin; T Tencomnadenet. Mol. Res2012 11(3), 3290-7.

[21] VL Singleton; R Orthofer; RM Lamuela-Raventddethods Enzymql1999 299, 152-178.

[22] R Woisky; A SalatinoJ. Apic. Res.1998 37(2), 99-105.

[23] V Thongrakard; N Ruangrungsi; M Ekkapongpist;Isidoro; T Tencomnad?hotochem Photobiol, 2013
[Epub ahead of print].

[24] K Tada; K Kawahara; S Matsushita; T Hashigu¢Hilaruyama; T KanekuraPhytother. Res2012 26(6),
833-8.

[25] LK MacDonaldWicks; LG Wood ML Garg. J. Sci. Food Agri¢2006 86 2046-56.

[26] JK Moon; T Shibamotal. Agric. Food Chem2009 57(5), 1655-66.

[27] O Sawatdichaikul; S Hannongbua; C Sangma; Bst¥iann; K Choowongkomod. Mol. Model, 2012 18(3),
1241-54.

[28] N Pandey; D Barvdnt. J. Pharm. Biomed. Re2011, 2(4), 1404-12.

[29] C Chandrashekar; VR Kulkarri. Pharm. Res2011 4(3), 610-1.

[30] Saha RInt. J. Pharm Life Sci, 2011, 2(10), 1183-9.

[31] S Gajalakshmi; R Divya; VD Deepika; S Mythils Sathiavelulnt. J. PharmSci Rev Res. 2011, 10 (2), 24—

9.
[32] S Himesh; S Sarvesh; PS Sharan; K Mishra; Mgsai.Int. Res. J. Pharm2011, 2(5), 242—-6.
[33] S Sharma; MC Sharma; DV Kohli; SC Chaturvéalg. J. Nanomater. Bios201Q 5(1), 219-22.

506



