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ABSTRACT

Psoriasis, known as the incurable disease, is aomiar inflammatory disease characterize by
hyperproliferative keratinocytes. The causes tif tdisease are unclear, and many side tsffece
evident as a result of certain treatments pabriasis. In this work, we aimed at studyitite in
vitro effect of each of these following Thwedrbal extracts, Alpinia galanga L. (rhizome&jurcuma
longa L. (rhizome) and Annona squamosa L.(leafpntaining anti-psoriatic activity on the
expression of caspase 9, the protein known tp leritical role in the intrinsic apoptotic pathwaThe
HaCaT keratinocyte cell line was chosen as imnvitro model. Based on Western blot analytbie,
extract derived from Annona squamosa L. leaf atheite concentrations tested significantly reduttes
expression of procaspase 9 (P<0.05), and two higloeicentrations, 0.51& (3.15 pg/mL) and 16 (6.3
pg/mL), of this herbal extract significantly incesal the expression of caspase 9 protien (P<0.05).
Confocal immunofluorescence microscopy subsequeathfirmed this finding. Taken together, this
might suggest that the ethanolic extractAminona squamosa leaf with anti-psoriatic atyiiould
exert its biological effect by activating the clage of procaspase 9 into caspase 9, thus indudiag t
intrinsic apoptotic pathway.
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INTRODUCTION
Psoriasis is a chronic inflammatory skin dse that affects 1%-3% of the population

worldwide. It is characterized by hyperproliferatioand abnormal differentiation of
keratinocytes. Psoriasis can be found in all agésfaund in males more than female, especially
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in ages 25-45 years [1]. The precise cause of skseamains unknown, but numerous factors
including genetics, immune system and environmestiaduli can induce the disease [2]. During
treatment, psoriatic patients experienced diffiesltin their health, work and quality of life. In
other words, these difficulties were similarly fauim patients suffered from other chronic
diseases such as depression, hypertension, headsdi and type 2 diabetes mellitus[3]. In the
present time, psoriasis is incurable. Although e¢hae current anti-psoriatic drugs, they are not
only expensive and ineffective, but also lead tdade side effects.

Caspase 9, a critical enzyme playing a role innb@sic pathway of apoptosis, was found to be
decreased in epidermis of psoriatic patients [4ih@ut appropriate cell death, this might lead to
an increase of skin cells, thus contributing tori@sis. It should be reasonable to search for
certain naturally therapeutic compounds containamg enhanced expression of caspase 9,
particularly in keratinocytes. According to our s study, we found three Thai herbal
extracts within vitro anti-psoriatic activity,Alpinia galangalL. (rhizome), Curcum longalL.
(rhizome) andAnnona squamosh. (leaf) [5]. Recently, we demonstrated that éhesentioned
plant ethanolic extracts might function in a moleclevel to reduce psoriatic cells by regulating
the expression of NkB signaling biomarkers in a HaCaT keratinocyte tie# [6]. These Thai
medicinal herb extracts may also mediate otherctffaiith regard to the signaling network.
Therefore, the present study was aimed at investméhein vitro effect of all three Thai herbal
extracts with anti-psoriatic property on the expres of caspase 9 in the HaCaT cells. Western
blot was performed to assess the expression ldvehspase 9 after cells were treated with
various concentrations of each studied herbal eixtille also confirm the significant difference
using immunocytochemistry in conjunction with cotdbmicroscopy.

EXPERIMENTAL SECTION

Plant materials and preparation of Thai herbal extracts
Plant materials and preparation of Thai herbalaet$rwere described elsewhere [5, 6].

Cell culture and treatment of HaCaT cells using Thaherbal extracts

HaCaT cells, purchased from Cell Lines Service (CH®8idelberg, Germany), were seeded
3x10P cell/mL in 15x60 mm of Petri dish and grown in IBecco’s Modified Eagle
Medium/high glucose supplemented with 10% fetalib®werum, 100 U/mL penicillin and 100
pg/mL streptomycin (Hyclone, Logan, UT) at 37 °Cob CQ. The cells were pretreated with
pro-inflammatory cytokines, IFN-(10 ng/mL) and TNFe (10 ng/mL) (Peprotech, Rocky Hill,
NJ) for 24 h. Subsequently, HaCaT cells were tceatigh various concentrations of each plant
ethanolic extract: 6.3, 3.15, 1.575 ug/iCso= 6.3 of Alpinia galangal. rhizome extract,
Annona squamosh. leaf extract or 6.7, 3.35, 1.675 pg/fiCso= 6.7 of Curcuma longal.
rhizome extract for the period of 48 h at 37°C % 60,. Controls were performed with DMSO
and medium alone. Each sample concentration waitestriplicates.

Protein extraction and Western blotting analysis

Total protein isolation from the HaCaT cells wasrieal out using Nonidet P40 lysis buffer.
Protein concentrations were determined using thed®rd method [7]. The protein samples
were frozen at -80°C for later analyses.
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For Western blotting, thirty pg of protein extrast®re separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis anddfiemed onto a polyvinyldine fluoride (PVDF)
membrane. The membrane was then blocked with 5% atoary milk in Tris-buffered saline
Tween20 and incubated with either polyclonal ralaiti-caspase 9 (1: 10,000, Cell Signaling
Technology, Danvers, MA) or polyclonal rabbit aG#PDH (1. 10,000, Santa Cruz
Biotechnology, Santa Cruz, CA) for 1 h. After washithe membrane was incubated with anti-
rabbit 1gG, horseradish peroxidase-linked secondariibody (Cell Signaling Technology),
diluted at an appropriate dilution in 5% BSA, fd& #hin at room temperature. The proteins, full
length caspase 9 (procaspase 9, 47 kDa), casgasév@ form, 35 kDa) and GAPDH (37 kDa),
were visualized using an enhanced chemiluminesceystem with SuperSignal West Femto
Maximum Sensitivity Substrate (Thermo scientifigdRford, IL). The results were normalized
to GAPDH values.

Confocal immunofluorescence microscopy

The HaCaT cells were seeded 1kt6ll/mL on coverslip in a 6-well plate at 37 °C5% CQ.
The cells were pretreated with 10 ng/mL IFMind 10 ng/mL TNFe for 24 h. Subsequently, the
cells were treated with various concentrations, 8.35, 1.575 pg/mlICsc= 6.3, of Annona
squamosad.. leaf extract for 48 h at 37°C in 5% &@ells were washed with cold PBS three
times and fixed with absolute methanol at -20°C3& min. Fixed cells were washed with PBS
and then permeabilized by adding 0.5% Triton X-Wth 0.05% Tween20 in PBS for 1 h at
room temperature. Cells were exposed to primaripady (caspase 9 antibody, Cell signaling
Technology), and detection using anti-rabbit Al&&® (Cell signaling Technology) was carried
out. After staining, cells were washed for 5 minABS three times and stained with Hoechst
33258 for 15 min at room temperature. After wasHogS min in PBS three times, cells were
observed using a confocal laser scanning micros@dpil 700, Carl Zeiss, Germany).

Statistical analysis

All values are expressed as means + SEM. The data analyzed by the Studertest.P < 0.05
was considered to be significant. Each experimemsisted of at least three replicates per
condition.

RESULTS AND DISCUSSION

Effect of Thai herbal extracts with anti-psoriatic activity on the expression of caspase 9

The biological effect of Thai herb ethanolic extseaavith anti-psoriatic property on the
expression of caspase 9 was determined in the Ha€lld. In all concentrations of ethanolic
extracts used for treating the HaCaT cells, noisaggmt changes in the caspase 9 levels were
found with regard to eitheklpinia galangal. rhizome extract (Figure 1) @urcuma longal.
rhizome extract (Figure 2). Interestingly, the egtrderived fromAnnona squamosh. leaf at all
three concentrations tested significantly reduded expression of procaspas¢P3<0.05), and
two higher concentrations, 0.542(3.15 pg/mL) and 16 (6.3 pg/mL), of this herbal extract
significantly increased the expression of caspaggofien (P<0.05) (Figure 3). Although an
increased caspase 9 protein was not significamr &faCaT cells treated with th&nnona
squamosal. leaf extract at the lowest concentration testédb75 pg/mL (0.25I1€), the
tendency toward increasing the expression of casghswas obvious. Particularly, this
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concentration oAnnona squamosh. leaf extract resulted in about 2-fold increas¢he protein
level of caspase 9 as compared to the control (Ha@hls stimulated by IFN-and TNFe).
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Figurel Expression of caspase 9 protein as detectdy Western blotting analysis in HaCaT cells when
treating cells with 6.3, 3.15 or 1.575 pg/ml(ICs= 6.3 pg/mL) of Alpinia galanga L. for 48 h. A. The
expression levels of GAPDH, procaspase 9 and caspaswere detected by \Wstern blotting analysis. B. The
graph showing normalized procaspase 9 and caspasep®otein expression when cells were treated with
Alpiniagalanga L. 1: HaCaT cells with medium alone, 2: HaCaT ced with IFN-y and TNF-a, 3: HaCaT cells
with IFN-y, TNF-a and DMSO, 4: HaCaT cells with IFNy, TNF-a and 1.575 pg/mL (0.25IGy) of Alpinia
galanga L., 5: HaCaT cells with IFN-y, TNF-e and 3.15 pg/mL (0. 51G) of Alpiniagalanga L., 6: HaCaT cells
with IFN-y, TNF-a and 6.3 pg/mL (1Gg) of Alpiniagalangal L.
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Figure 2 Expression of caspase 9 protein as detedtby Western blotting analysis in HaCaT cells when
treating cells with 6.7, 3.35 or 1.675 pg/miICse= 6.7) of Curcuma longa L. for 48 h. A. The expression levels
of GAPDH, procaspase 9 and caspase 9 were detectsdWestern blotting analysis. B. The graph showing
normalized procaspase 9 and caspase 9 protein expston when cells were treated witlCurcuma longa L. 1:
HaCaT cells with medium alone, 2: HaCaT cells witHFN-y and TNF-a, 3: HaCaT cells with IFN-y, TNF-a
and DMSO, 4: HaCaT cells with IFN«, TNF-a and 1.575 pg/mL (0.25IG) of Curcuma longa L., 5: HaCaT
cells with IFN-y, TNF-a and 3.15 pg/mL (0. 51Gy) of Curcuma longa L., 6: HaCaT cells with IFN-y, TNF-a.
and 6.3 pug/mL (IG;) of Curcumalonga L.

Effect of Thai herbal extracts with anti-psoriatic activity on the expression of caspase 9 by
confocal immunofluorescence microscopy

Since the ethanolic extract derived frodmnona squamoséa. leaf significantly altered the
protein expression levels of caspase 9 in relatooprocaspase 9, we further confirmed this
finding using confocal immunofluorescence microgco@/hen treating the HaCaT cells with
6.3, 3.15 or 1.575 pg/mL (K= 6.3ug/mL) of Annona squamosd.. leaf extract, we
demonstrated the increase in caspase 9 (Figurdn4addition, we found that caspase 9
immunostaining was located diffusely throughoutls;ethus being in accordance with the
previous report [8].
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Figure 3 Expression of caspase 9 protein as detedtby Western blotting analysis in HaCaT cells when
treating cells with 6.3, 3.15 or 1.575 pug/miICse= 6.3) of Annona squamosa L. for 48 h. A. The expression
levels of GAPDH, procaspase 9 and caspase 9 werdedted by Western blotting analysis. B. The graph
showing normalized procaspase 9 and caspase 9 priotexpression when cells were treated witinnona

squamosa L. 1: HaCaT cells with medium alone, 2: HaCaT ce#l with IFN-y and TNF-a, 3: HaCaT cells with

IFN-y, TNF-o. and DMSO, 4: HaCaT cells with IFNy, TNF-e and 1.575 pg/mL (0.25IGy,) of Annona

squamosa L., 5: HaCaT cells with IFN-y, TNF-a and 3.15 pg/mL (0. 5IGg) of Annona squamosa L., 6: HaCaT

cells with IFN-y, TNF-a and 6.3 pg/mL (1G) of Annona squamosa L.

The potential molecular mechanism of Thai herbaragts with anti-psoriatic activity was
investigated. Since apoptosis might be one of timmgycandidate mechanisms, we analyzed the
expression level of caspase 9, a biomarker deaessehe psoriatic epidermis [4], under
treatment conditions using three Thai ethanolicaets. The HaCaT keratinocyte cell line was
chosen for this study since it was shown to beopgnin vitro model as previously described [5,
6, 9]. The HaCaT cells were stimulated or pretrbateh IFN-y and TNFe, the two cytokines
significantly increased in psoriatic patients. @asult showed thaAnnona squamosa. leaf
extracts at all concentrations, 0.25G1.575 pg/mL), 0. 516 (3.15 pg/mL) and 16 (6.3
pa/mL), significantly decreased the expression raicaspase 9 in the HaCaT celR®<0.05),
whereas only two higher concentrations of the ahameaf extracts significantly enhanced the
expression of caspase (#<0.05) Nevertheless, we observed about 2-fold increas¢éhé
caspase 9 expression when treated wWithona squamosh. leaf extract at a concentration of
0.25IGs (1.575 pg/mL). Furthermore, the enhanced expressiacaspase 9 was substantiated
using the confocal immunofluorescence microsco@ken together, these findings suggest that
the ethanolic extract ohnnona squamosh. leaf may stimulate the cleavage of procaspase 9
thus transforming from its inactive form to activaspase 9. Nonetheless, we did not perform a
caspase 9 activity assay in the present study.
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Hoechst 33258 Caspase 9 Merge

Figure 4 Expression of caspase 9 protein as detedtby Immunocytochemistry and Confocal microscopy in
HacCaT cells treating cells with 6.3, 3.15 or 1.575g/mL (IC 5o= 6.3) of Annona squamosa L. for 48 h. Untreat:
HaCaT cells with IFN-y and TNF-a, 0.251G;,: HaCaT cells with IFN-y, TNF-a and 1.575 pg/mL (0.25IG) of

Annona squamosa L., 0.51Cso: HaCaT cells with IFN-y, TNF-a and 3.15 pg/mL 0.51G) of Annona squamosa
L., ICse HaCaT cells with IFN-y, TNF-a and 6.3 pg/mL (IGg) of Annona squamosa L.

Untreated

0.251Cgy

0.51Cs,
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Interestingly, quercetin, known as a flavonoid wihtioxidant property, was found to be an
active constituent oAnnona squamosaaves [10]. Ouercetin was shown to induce apaptns
the activation of caspases 3 and 9, but not caspasa human hepatoma cell line, HepG2 [11].
Consistently, another study showed that quercetilvaied a caspase 3-depended mitochodrial
pathway to induce apoptosis in a human leukemidinel HL-60 [12]. Therefore, both studies
have supported the role of quercetin in apoptegladtion via the intrinsic pathway, which is in
accordance with our present investigation. Howetresre was a study demonstrating that both
intrinsic and extrinsic pathways were involved imetgetin-induced apoptosis since quercetin
treatment promoted activation of caspase 3, 8 amd&@human breast cancer cell line, MDA-
MB-231 [13]. We did not analyze the possible inwhent of extrinsic apoptotic pathway in our
present work. Based on our curry investigatiorshibuld be worth noting that the anti-psoriatic
effect, possibly contributed by the enhanced clgava procaspase 9 into caspase Amiona
squamosdeaf extract may be due to the active role of getn. Further studies should be
performed to provide insights into an understandihgrocesses at molecular, biochemical and
cellular levels.

Acknowledgements

This research was supported by the graduatsisthgrant from the national research
council of Thailand and the Chulalongkorn UniversCentenary Academic Development

Project. Thitiporn Charueksereesakul receiveiiotu fee scholarship and teaching assistant
fellowship from the Faculty of Allied HealtlSciences, Chulalongkorn University. We

gratefully acknowledge the Center for Excellenae Omics-Nano Medical Technology

Development Project and the Innovation Centar Research and Development of Medical
Diagnostic Technology Project, Chulalongkorn iwgnsity for supporting certain laboratory

instruments. Lastly, we would like to thank the geus supplies of Thai medicinal plants from
the Princess Maha Chakri Sirindhorn Herbal Garden.

REFERENCES

[1] Nestle FO, Conrad M@rug Discovery Today: Disease Mechanisri804 1(3):315-9.

[2] Gottlieb AB, Bos JDClinical Immunology;,.2002,105(2):105-16.

[3] Jillson OF.Journal of the American Academy of Dermatolof982,6(5):966-7.

[4] Ozta P, et al Acta histochemica2006 108: 497-99.

[5] Thongrakard V.Master's degree thesis, Chulalongkorn Universitgngkok, Thailand
2009

[6] Saelee C, Thongrakard V, Tencomnad/blecules, 2011, 16: 3908-32.

[7] Bradford MM. Anal. Biochem 1976 72: 248-54.

[8] Krajewski S, et alProceedings of the National Academy of Scienceélseotnited States of
America, 1999 96(10):5752-7.

[9] Tse W-P, Che C-T, Liu K, Lin Z-XJournal of Ethnopharmacology2006,108(1):133-41.
[10] Panda S, Kar ABiofactors, 2007, 31(3-4): 201-10.

[11] Granado-Serrano AB, Martin MA, Bravo L, GoyaRamos SJournal of Nutrition, 2006
136(11), 2715-21.

[12] Niu G, et al Acta Biochim Biophys Sinic&201Q 43(1), 30-7.

[13] Chien SY, et aHuman and Experimental Toxicolaog2009 28(8), 493-503.

203



