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ABSTRACT
Background: Periodontitis, a chronic inflammatory disease, is the leading cause of tooth
loss in adults. Evidence for the anti-inflammatory activity of M. alba stem extract (MSE) in
periodontal disease is limited.
Objective: To evaluate the inhibitory effects of M. alba Stem Extract (MSE) on the
expression of matrix metalloproteinases ( MMP) - 1, MMP- 9 and tissue inhibitors of
metalloproteinase (TIMP)-1 in Porphylomonas gingivalis lipopolysaccharide (LPS) activated-
THP-1 cells.
Methods: THP-1 cells were treated with non-cytotoxic concentrations of MSE combined
with 1 pg/ml of P. gingivalis LPS. The mRNA levels of MMP-1, MMP-9, and TIMP-1 were
evaluated via quantitative real-time polymerase chain reaction. The secreted proteins in
the culture media were detected by ELISA and tracking the degradation of inhibitor of kappa
B-alpha (IkBa) protein by Western blottine.
Results: 20 and 40 pg/ml of MSE significantly down-regulated MMP-1 and MMP-9 gene and
protein expression but up-regulated the gene expression of TIMP-1 (P < 0,05). P. gingivalis
LPS induced degradation of IkBa, while addition of MSE (20 and 40 pg/ml) increased IkBat
cytosolic levels.
Conclusion: MSE was able to suppress the P. gingivalis LPS-induced MMPs expression and
also increased the gene expression of TIMP-1 via the inhibition of the cytoplasmic IkBa
degradation in THP-1 cells. The present observations suggest that MSE exerted a positive
effect on the regulatory mechanism between MMPs and TIMP, which is important
implications for the therapeutic potential of MSE in periodontitis.

Key words: Matrix metalloproteinases, Lipopolysaccharide, Monocytes, M. alba Stem

Extract



MSE

CAPE

P. gingivalis
MMP-1
MMP-9
TIMP-1

NF-xB

IkBat
IL-1
TNF-a
LPS
GCF
iNOS
NO
TBS
BHI
FBS
DMSO
ELISA

PCR

ABBREVIATIONS
Morus alba stem extract
caffeic acid phenethyl ester
Porphyromonas gingivalis
matrix metalloproteinases-1

matrix metalloproteinases-9

tissue inhibitors of metalloproteinases-1

nuclear factor kappa-lisht-chain-enhancer of activated B

cells

inhibitor of kappa B-alpha
interleukin-1
tumor necrosis factor alpha
lipopolysaccharides
gingival crevicular fluid
inducible nitrogen oxide synthase
nitrogen oxide
tryptic soy broth
brain heart infusion
fetal bovine serum

dimethysulfoxide

Enzyme-Linked Immunosorbent Assay

polymerase chain reaction



GAPDH

Glyceraldehyde-3-phosphate dehydrogenase

1S = microgram
ml = milliliter
ANOVA = analysis of variance
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CHAPTER I
" REVIEW OF RELATED LITERATURE AND RESEARCH

o o v
AIINUNIUITIUNTTU/EVTFAUNEANLNGIYDY

(=]

Y IS o A A P v ° o
I‘mﬂswumLﬂuiiﬂwmmmsaﬂLaumauuawaﬁumagiauﬁuhLm nsvinanenssgniuniy
o 1 < . o = a‘ v [ o
LL@ZUWlUQﬂ’ﬁQQ}LﬁHWH (Feng and Weinberg, 2006) nasiiawensaninueslsangivaaiutlade

(2

mareegne Yadodrdnldun Worelsausviud (periodontal pathogens) floglusasdnusviug
Lagn13nauaueIveIiigiiuYessnenie (host-mediated immune response) wua#ise i
dniusiulsauifuisnauiivarsuiadeding funuaiFounsuauitllldoonsio Wy wos
IwlsTuwua 393973a (Porphyromonas gingivalis) weandninuaimesuoaiiudedumulatunud
(Aggregatibacter actinomycetemcomitanns) W utueLsaan Woslaile (Tannerella
Sorsythia) wagnw3lamaan dulnesiliiie (Prevotella intermedia) Wudy (Socransky and
Haffajee, 2005) wosllsluuua Jednaadunuaiizeriddylunsudutasnissiiulsad
JuusavaslsaUsTuRsniautie 39 (chronic periodontitis) uaglsnU3viuAjnsu (aggressive
periodontitis) (Holt and Bramanti, 1991) @ulszneunaisvilnvessasnesinlsiuwua 5959
daludadunalsa (virulence facton matevia vy laluinduannalse
(ipopolysaccharide,LPS) (O’Brien-Simpson et al., 2004) #utuse (fimbriae) ualga (capsule)

o e

Fahiulusiied (cysteine proteases) wazilnuannsaluniswaneulesioesaarslusaumane
wila Betladnelsmumariliuammuanlunisielsausius o Tal indureailssdaty
dudsznevlundausadvemesiwlsTuiug 3931134 ATANSEAUN TN UALBIBITZUUATIASS
fuveesnanie tnsvinbiwaajussvugidudy 1wy Tulules (monocyte) urlaswaa
(macrophage) Lﬁumiwﬁmawéqmsé’mav (inflammatory mediators) swﬁguau‘l%g‘aa
aa1elUsAudne 19 BumesdiAu (interleukin; IL) yuasiulasdaunawmes (Tumor necrosis
factor; TNF) waz) wninuvialalusfios msma'wﬁ%lﬂﬂszﬁuﬁgjn'%mn'ﬁa”m,aw,asdaiﬁzﬁm
mMsihateedgizuiviudnuun woslulsluuua FdndadudunuaiiFefiddylunisuduuas
msm"ﬁLﬁuiiﬂﬁquLL'ﬁwadmﬁ%ﬁuﬁé’mauL%a%’%LasIsaU%%ﬁMﬁq (Holt and Bramanti, 1991)
a’auﬂsznammL‘?‘?aﬁvﬁmlaiﬂiwﬁLwﬂm'l,iﬁtﬂumﬁﬂ'szﬂauﬁﬁﬂﬁ’wﬂmzﬁaﬁu%uuanmammﬁﬁa
wn3xau (Tobias et al., 1997) lalulwauvanlssanweslnlslunua 393 8ausnnsisaintaluln
duwannlsivesanswug enterobacterial lunuautinislassadreuaznisvineu (Kumada et

R = s o v o v ao .
al,, 1995; Nair et al., 1983) laluTwausanlsdvimeiidudnssduiidnenndowadlaas

q

o 1 $ t o/ { d } 2 Qs h o
¥llannaq Geromnvzdnalunisuanseenvesdelnlatuavansieiifiifeidasiunssnaumanswsila

- 8 L7

° ; o o v o = o ]
uazlugnismevaussiiiadesiugiduiilulsauvug (Ren et al, 2005) fisreenudn laly

A



Induganilsaanwesinlsluuua 393dansedunisndnduwmesdifu-1 uay JumesaiAu-g
Mngagantaluledvesuyud (Yiemwattana and Kaomongkolgit, 2016) uag nsgfunsadia
lun3naonlodanwaduualasivueany (Shapira et al, 2000) azainwaduualasH19e9
¢ & a a a Y a a
uywd (Chen et al,, 2008) lalulnduaanilsfanionssinlsluwua 393:daneliiinianssy
M1eININLasNIeTsUU AR uYTlacig 9 s Toll-like receptors (TLRs) (Bainbridge and
Darveau, 2001)
%) o ¢ ¢ Y v )
nszuIun1saatenszgniesedelelnlal ouleyd wasdademinerdoaisegis

s CY

(Cochran, 2008; Schwartz et al,, 1997) lwn3ndiialalusfuueadunguouledlusiene

2
LY 4 Sl v o Qs

Yagiudunuudiegates 21 viia nquieuluiifesendeezneudinsdidudisiulunisvienu
Tnefifuansnuandstuifigsiasumieansuaumasdusiime faswedeiugulszneude
pro-domain i1t 7iAURNN1TYINL Wag catalytic domain vinsuiAsadastudelala Tne
wwzdelaladiisadestunisdnau (inflammatory cytokine) AilNArEN1INIEAY proMMP

¥ e

wnziRatuns ndmialalusiiuuananuisansedudelala wazdelalaisiomnes (cytokine

q

& LY

receptors) N13vI1UYBRUNInGialalusiviuagnalugulviliniiuaunaniessuunig
fanseiuasnsiuds Tausifudsnys (tissue inhibitors of metalloproteinases: TIMPs) i
Snduialalusituiua afeduiivly danvunfazanigneidanin Sunumidufniuga
(regulatory molecule) ﬁagﬁ’mﬂummumwmumﬁﬂiﬂ303’1%5@@@1%13%’1@6} Tay
Waguwlasanneseuuenisaddenisgoslsiuuminuenisad meniseangnineiy
mudduty (cascade) uenanilduieadosiuauiunisdans (processing) @1391199 W ol
el TnsvumaLnas (srowth factors) uaw adhesion molecules I3il#%udaui fqninasdanm
(bioactive fragments) Aifinnauiifsanstadumiofudluauainssne wrindunialalusiu
waansadauds 2 Wunadulvgimudiumisinuiie nquiignunasainiead (secreted MMPs)
uay nguiiRsuLAILead (membrane type MMPs) ngulgnudsnnnisadutseanidu 6 ngudes
pupaanTRnade fuuasenng leud nguil 1 fe collagenases: tunguifinnauugndn
ansodingos collagen |, I, ll, V Usznaunas MMP-1 (Colagenase-1), MMP-8 (Colagenase-2)
ey MMP- 13 (Colagenase-3) ﬂa;Nﬁ 2 Ao stromelysin/ stromelysin-like: Lflur\@'u MMPs 73]
lassasrauazduiansnaaiefuysznaunag MMP-3 (stromelysin-1), MMP-10 (stromelysin-2),
MMP- 11 (stromelysin-3) wag MMP-12 (Macrophage metallo- elastase) ﬂq'u‘?‘\ 3 A0
matrilysin: 101 MMPs ﬂmg'wﬁmmmﬁﬂqw \flesannlufidau hinge region waz hemopexin
U38naunie MMP-7 (matrilysin) kas MMP-26 (matrilysin-2) ﬂq'mﬁ 4 fo gelatinases: 1y
MMPs flanansatos gelatin uaz colagen Fuiulusiuauminiifudiudszneulu basement
membrane Vinlwadviinniee Wu T lymphocyte Lﬂéauﬁqﬁnglﬁatﬁdﬁdwﬁu UsEnaumie

MMP-2 (galatinase-A), MMP-9 (gelatinase-B) ﬂq':uﬁ 5 A9 matrix metalloprofeinase 19-like



MMP: Usznousas MMP-19 uay MMP-28 (epilysin) wagnguduq Ussnaudas MMP-20
(Enamellysin) uaz MMP-23 dautumindiuiialalusiuiuanguiidnuuiiamad idewiniiday
transmembrane domain Wa intracytoplasmic domain Wedndiunummdnlumssuiusew
NEATULLNGN UsEnausg MMP-14, MMP-15, MMP-16, MMP-17, MMP-27 lLag MMP- 25
wdnduialalusiuanuiinsaduasndsesnainivadtaoguiluannzuninay
gnnszfulitairafindulasdelalad, Insudawesuagnishnitouuaiids nsdnulnenis

Vv

sremluie@onienlunguiiiinnssniavuese o uiudlnenisdoudedeannsany
MMP-1, MMP-2 waz MMP-9 Tud3unausnn (Ingman et al., 1994; Dong et al., 2009) wazain
msnsIaseiuminduialalusiudluiwdoavien wazthars wu MMP s 3 afladindn
Iusaaisﬂﬂ%ﬁuﬁé’nLauiuU%mzuﬁqandﬂﬁwuiuLﬁ@@aﬂ%ﬁuﬁﬁﬂﬂa (Cao et al,, 2010; Ingman
et al,, 1996; Ozmeric, 2008) Kstiy MMP-1, MMP-2, uag MMP-9 39 Hutoslusfiifidnenings
Tunas ManeiiieBenazifendesiunsiane sanwaeslsausrussniau MMP-1, MMP-2
was MMP-0 Sinsasannwadvansiinluiodeuivud Tngllusuanadusaduauivudi
Lwnmnwwémamazwé”a MMP-1 (Cao et al,, 2010; Golz et al., 2015) ag MMP-2 (Jang et
al, 2011) unalaswrerfeduiiag 264.7 Wagnnszdudaelaluing ueaarlsdnunisat
MMP-9 mﬂ"ﬁu (Jang et al,, 2011; Lone, 2014)

#yasulnsuiilalasunsusadiui aunsavaunuaisdunssniaulums§nnlsaus
ﬁuﬁimﬁ’umsymﬁuﬁﬂmaLLazmmiﬂanﬁﬁﬁ’namw (Kumar et al., 2009) dunseugnuianlyd
Wugayulnsveswnedenyiusenunuszesinaiu Tnesnsunnduaulnglalddusingg
voalouuen 91mnsgunm taziniesdien iy navidoudisa3eamauid fassneuaae
fudeu merusoudu duandeu ilviduas ussmemsnszmetvlismeguiu wasud
omsftesyn Tulassnanaeduwio uild lindn f%eu vindsue uavuifeulunseme
wisdlassnepuiuenduiame Aomloufiassmauiasyinlidonaulvaiouldasanuni e
winaanlulan dsvibraldihanulas wavdisudanisuinumuulunszimizainis Guen, 2011
19A3 wawstudy, 2000) lneansyRegiilunisaialaudundeusieieniues (ethanol) wuii &
ssduszneunaniluaslunguailovess uasaseendisanesmsea (Yhirayha et al,, 2014)
ansafnanlausumsioudinuantiniedinmratsuuy wu fgvddudinisiauveaeulu
tyrosinase (Kim et al., 2002; Sritularak et al., 1998) qw‘éﬁma%a'@aiz (antioxidant activity)
(Lorenz et al., 2003) LLﬁ%LLﬁ%QWéé)jﬁuﬂ’]iﬁmaU (Soonthornsit et al.,, 2013) 310578974
msAnw wuin arslungqunanlueesiinaaudfsmunssniaulasannsuanseanvedelnlad
Aendesriumsdniau e yuesiulasaurinines woan: Bumesaadu-1 i Sumeianu-6
warBuwmesdaAu-8 Tuwaduatewila 1Wu RAW macrophages, Jurkat T-cells and peripheral

blood mononuclear cells (Geng et al., 1993; Santangelo et al., 2007) @ua1508nTSAID



£ v =f a (3

P w 3 o = ¢
smsea wulilgnsdunissniauluwadinlusvaradveududauiviudnuenainuyud lag

A0S UTINTUARIDDNVDIBUNDIAIAU-6 DUWBDSAIAU-8 wardUWBTAIAU-1 WA Yana Nt
o S v o o A v a W & o o o v o &

Faflgnsdrunuafiedrdynneliiinnsdniaureaiiaibeyiviud laun weweslwlsluuua
3937184 wazuannsinanuaned wordluludwulaiunud (Phoolcharoen et al. 2003) Tu

s

@ W e o o ) v ' ' o o v
Uaqiudefiteyaineniunsiraeunavesasainlaudumisusianisuanioenvesmiiiertesiy
L s o as ¥ &l = J = e (3 (3K % Qs 6’; =1 5 d”
nssnEvveseiuIzUTviuduaynsiueuailienalsausiudegdiia dedu nsfnuadell
rAnwINsuEnIeanURUNIndialalushiiua-1 wnindwiialalushiua-9 uagidudagns
a o < o ] vy
wsndunialalusiuiue-1 Tueadlululedvesywduiia THP-1 Mgnnssdumelalulnduanan
lsnvoadenesivlsluiug 35378a sauvis Anwignddudinsdedygravesmsainlauduniou
1 0 A A k24 Q) 1 oy 1 . . (2
somsanuvestuianainestesiunalnnisdsdayaiamng NF-«B signaling pathways luiad

THP-1



10

CHAPTER Il

METHODOLOGY

Materials and Methods

Plant materials and preparation of plant extract

M. alba stems were obtained from the Queen Sirikit Sericulture Center, Tak
Province, Thailand. The fresh stems were chopped and dried. Then, the dried plant was
extracted by maceration technique using 80% ethanol for 2 cycles at room temperature.
The crude extract was filtered through 0.45 um pore size nylon membrane (VertiClean™,
Vertical Chromatography Co., Ltd., Bangkok, Thailand). After filtration, the filtrate was
evaporated under reduced pressure using a rotary evaporator (BUCHI Rotavapor R - 114,
Switzerland) and continued drying using a water bath (M25 LAUDA, Germany). Then, the
dried powder was stored in tight, light-protected container. The dried crude extract was
dissolved in dimethyl sulfoxide (DMSO) to give a concentration of 100 me/ml as a stock
solution for determination of antibacterial activity and anti-inflammatory activity of MSE.
Bacteria and culture conditions
Cell culture

This study was approved by the Naresuan University Institutional Review
Board (COE No0.339/2016). THP-1 cells were obtained from the European Collection of
Cell Cultures (Salisbury, UK). The cells were cultured in RPMI-1640 medium (Hyclone,
Cramlington, UK) containing 10% heat-inactivate fetal bovine serum (Hyclone), L-
glutamine (2 mM), penicillin (100 U/mL), and streptomycin (100 Jlg/mL) in 5% CO, at 37
°C.
Cell viability assays

THP-1 cells were seeded into 24-well culture plates at 5 X10* cells per well in
DMEM supplemented with 10% FBS for 24h. Then, the medium was replaced with
serum free medium and cells were treated with 0, 10, 20, 40, 80 and 100 pe/mt of MSE
or 0, 0.25, 0.5, and 1.0 ug/ml of P. gingivalis LPS (InvivoGen, San Diego, CA, USA) in serum
free medium for 24 h. The viability of THP-1 cells towards extracts from M. alba stem
was then measured using the CellTiter 96 aqueous one solution cell proliferation kit

following the manufacturer’s instructions (MTS assay; Promega, Madison, WI, USA). MTS
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working solution was added to each well and incubated for 5 min at 37°C. After
transferring 200 pl of supernatant to a 96-well plate, soluble formazan absorbance was
recorded using a plate reader at 490 nm. All measurements were performedin triplicate
and were repeated on three different occasions (n =3). Cytotoxicity was calculated by
expressing absorbance values as a percentage of control values (100% represented zero
cytotoxicity).
Quantification of cytokines mRNA by reverse transcription real-time PCR

THP-1 cells (5x10° cells per well) were transferred to 6-well plates in serum free
medium. The cells were treated with 0, 10, 20 and 40 pg/ml of MSE for 1 h, followed by
1 pe/mL of P. gingivalis LPS (InvivoGen, CA, USA). The plates were maintained in an
incubator at 37 8C with 5% CO2 for 24 h. After incubation, the cell culture was collected
and centrifuged. The cell supernatant was collected for ELISA. Total RNA was then
isolated by Nucleospin RNAIl (Macherey-Nagel GmbH&Co. KG) according to the
manufacturer’s instruction. Concentration and purity of RNA was determined using a
Nano Drop ND-2000c spectrophotometer (Thermo Fisher Scientific, Wilmington, MA,
USA). cDNA was synthesized from 1 pg of total RNA and mixed with LightCycler 480 DNA
SYBR Green | Master (Roche). Two step quantitative—reverse transcription PCR was
performed in duplicate using the LightCycler 480 Il Real-Time PCR System (Roche). The
hot start enzyme was activated (95 °C for 5 min), and cDNA was then amplified for 40
cycles consisting of denaturation at 94 °C for 20 s and annealing/extension at 60 °C for
20 s. A melt curve assay was then performed (65 °C for 1 min and then the temperature
was increased by 1.1°C every 10 s) to detect the formation of primer-derived trimers and
dimers. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a control. The
sequences of the PCR primers were wused as follows: MMP-1, forward,
TGGACCTGGAGGAAATCTTGC, and reverse, AGAGTCCAAGAGAAT GGCCGA; MMP-9, forward,
GAGGTGGACCGGA TGTTCC, and reverse, AAC TCACGCGCCAGTAGAAG, TIMP-1, forward,
ACTGCAGGA TGGACTCTTGCA, and reverse, TTTCAGAGCCTTGGAGGAGCT. Data were
analyzed with the LightCycler® 480 software version 1.5. The average starting quantity of
fluorescence units was used for analysis. Quantification was calcutated by using GAPDH
for internal control.
Measurement of MMP-1, and MMP-9 concentrations by ELISA

After THP-1 cells were stimulated with 1 pg/ml P, gingivalis LPS and treated with
20 and 40 pg/ml MSE or 0.05% DMSO for 24 h, the supernatants were collected and the
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levels of MMP-1 and MMP-9 protein were measured using the human MMP-1, and MMP-
9 ELISA kits (Abcam, MA, USA) according to the manufacturer’s protocol. The optical
density of each well at 450 nm was determined using a microplate reader (BIO-
RADLaboratories, Hercules, CA, USA). All measurements were performed in duplicate
and repeated at three different occasions. Mean values of the two measurements were
used for statistical analysis.

Western blot analysis.

THP-1 cells (5x10°cells/well) were preincubated in the absence or presence of 20
and 40 pg/ml of MSE prior to the addition of 1 pg/ml of P. gingivalis LPS. After
incubation for 30 min, the cells were collected on ice, washed twice with ice-cold PBS,
and suspended in 40 pl of the lysis buffer (Boehringer Mannheim, Mannheim, Germany).
The cytoplasmic extracts were prepared as previously described (Weiss et al., 2004), The
expressions of [kBa was assayed in line with Western blotting protocol. Briefly, the
volume of extracted protein was determined to 80 pg in each well of 10% SDS
polycrylamide gel and transferred to PVDF membranes. A rabbit anti-lkBa (44D4)
polyclonal antibody (Cell Signalling Technology, MA, USA) was used as the primary
antibody for the IkBa degradation analysis. Immunoreactive bands were detected and
analyzed with ChemiDoc MP Imaging System and Image Lab Software (Bio-Rad,
California, USA). B-actin was used as the loading control.

Statistical analysis

Statistical analyses were performed using SPSS software version 19.0. All data
were expressed as mean = standard deviation (SD). Differences between experimental
groups were analyzed with analysis of variance (ANOVA) follow by a post-hoc Tukey test

in all experiments. The differences were considered to be significant when p<0.05.
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Aansuazaunsaliadl;

DMEM, FBS, penicillin-streptomycin, PBS, CellTiter 96 Aqueous One
Solution Cell Proliferation Kit, P.gingivalis LPS, TRAP staining kit ,TRI
Reagent, LightCycler® 480 DNA SYBR Green | Master, PCR primers, ELISA
kits, specific antibodies, Griess reagent etc.
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75 cm? culture flasks, 4 cm culture plate, 96 well plates, 12-well plates
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CHAPTER IV

RESULTS

Cytotoxic effect of MSE on THP-1 cells

The cytotoxic activity of P. gingivalis LPS for the concentration range of 0-1 ug/ml
and MSE for the concentration range of 0-100 pg/ml was evaluated on THP-1 cells. The
results showed decreased cell viability in a dose dependent manner. P. gingivalis LLPS
(Figure 1A) showed no cytotoxic effect at the concentrations up to 1 pg/ml. MSE at
concentrations between 10 and 40 pg/ml were not toxic to THP-1 cells as the cell
viability was not significantly altered compared to the non-treated control (P < 0.05).
However, significant loss of cell viability was observed at the concentrations of 80 and

100 pg/ml, indicating cell death [Figure 1B].
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Figure 1: Effect of P. gingivalis LPS (A) and MSE (B) on cell viability in THP-1 cells. Cells
were treated with various concentrations of P. gingivalis LPS or MSE and cell viability was
measured by MTS assay at 24 h after exposure. The data are expressed as the
percentage of viable cells compared with the non-treated cells (control). The values
(mean + SD) are the average of three independent experiments performed in triplicate; *
indicates significant difference from the control (P < 0.05).
MSE inhibits P. gingivalis LPS- induced MMP-1, MMP-9 and TIMP-1 mRNA expression
Expression of MMP-1, MMP-9 and TIMP-1 mRNA was assessed after treatment of
P. gingivalis LPS-stimulated THP-1 cells with nontoxic concentrations of MSE. MMP-1 and
MMP-9 mRNA expression increased significantly when stimulated with 1 pg/ml P,
gingivalis compared to control, untreated cells (P < 0.05). The exposure to 10 pg/ml MSE
extract showed no significant difference of both MMP and TIMP-1 mRNA expression
compared to P. gingivalis LPS-treated cells. MSE extract 20 and 40 pg/ml were able to
significantly inhibit mRNA expression of MMP-1 and MMP-9 induced by P. gingivalis LPS
(P < 0.05). However, 20 and 40 pg/ml MSE significantly stimulated mRNA expression of
TIMP-1 compared to P. gingivalis LPS-treated cells (P < 0.05) as shown in Figure 2.
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Figure 2: Modulation of P, gingivalis LPS induced MMP-1 (A), MMP-9 (B) and TIMP-1 mRNA
expression by MSE. THP-1 cells were incubated with 20 and 40 pg/ml MSE or 0.05%
DMSO for 1 h, followed by 1 pg/ml P. gingivalis LPS stimulation. After 24 h, cells were

extracted for Real time PCR. Levels of MMP-1, MMP-9 and TIMP-1 mRNA were
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normalized to GAPDH. The values (mean + SD) are the average of three independent
experiments performed in triplicate; " indicates significant difference from the non-
treated cells (P < 0.05); ™" indicates significant difference from P. gingivalis LPS treatment
alone.
MSE inhibits P. gingivalis LPS- induced MMP-1 and MMP-9 production

To further confirm the inhibitory effect of the MSE on MMP-1 and MMP-9
secretion, ELISA was used to detect the levels of these mediators in supernatants. MSE
suppressed P. gingivalis LPS-induced MMP-1 and MMP-9 production in a concentration-
dependent manner. MMP-1 and MMP-9 protein expression of P. gingivalis LPS treated
THP-1 cells was significantly decreased (P < 0.05) by the both MSE testing concentrations
[Figure 3].
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Figure 3: Modulation of P. gingivalis LPS induced MMP-1 (A) and MMP-9 (B) protein
expression by MSE. THP-1 cells were incubated with 20 and 40 pg/ml MSE or 0.05%
DMSO for 1 h, followed by 1 pg/ml P. gingivalis LPS stimulation. The culture
supernatants were collected 24 h later. The amount of MMP-1 and MMP-9 protein
expression were measured by ELISA. The values (mean + SD) are the average of three
independent experiments performed in triplicate; " indicates significant difference from
the non-treated cells (P < 0.05); ~ indicates significant difference from P. gingivalis LPS
treatment alone.
MSE inhibits P. gingivalis LPS-induced IkBa degradation

To determine whether MSE inhibited the nucleus translocation of NFkB due to
modulation of IkBa degradation, the levels of IkBa on the cytoplasmic extracts were
examined. Initially, we investigated time-varying effects. As shown in Figure 4 A, P.
gingivalis LPS stimulation induced gradually degradation of IkBa at 15 and 30 min. The
IkBa immunoreactivity reappeared at 60 min, presumably due to a feedback mechanism
which regulated its own synthesis. Protein expression levels of IkBa were significantly
lower at 30 and 60 min after P. gingivalis LPS stimulation (P < 0.05) compared to non-
treated cells (Figure 4B). Preincubation with MSE at a concentration of 20 and 40 pg/ml
significantly inhibited IkBal degradation stimulated by P. gingivalis LPS (Figure 4C and 4D).
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Figure 4: Inhibitory effect of MSE on the degradation of ikBa. (A) THP-1 cells were treated
with P. gingivalis LPS for the indicated times. (C) The cells were preincubated in the
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absence or presence of 20 or 40 pg/ml of MSE for 1 h, followed P. gingivalis LPS
stimulation. The cytoplasmic extracts were prepared 30 min later and were then
assayed by Western blot analysis for IkBa and B-actin. (B and D) Quantitative analysis
(mean + SD) of IkBa protein expressions. " indicates significant difference from the non-
treated cells (P < 0.05); ™ indicates significant difference from P. gingivalis LPS treatment

alone.
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CHAPTER V

DISCUSSION AND CONCLUSION

In this study, we evaluated the inhibitory effect of MSE on MMPs production in
human monocytes involved in inflammatory processes. Our results are the first to
demonstrate that 20 and 40 pg/ml MSE significantly increased the mRNA and protein
levels of MMP-1 and MMP-9. In addition, nontoxic concentration of MSE was able to
enhance the gene expression of TIMP-1. To date, there is no published report on the
effectiveness of MSE in MMPs and TIMPs expression, which make direct comparison
difficult. Nonetheless, our findings of significantly decreased levels of MMP-1 and MMP-9
are in accordance with similar results in other studies on the different phenolic
compounds. (Kou et al,, 2008; Vilela et al, 2015). Kou et al. found that a dietary
flavonoid, kaempferol inhibits P. gingivalis-induced mRNA expression of MMP-1 in human
gingival cells (Kou et al,, 2008). Recent studies have shown that caffeic acid phenethyl
ester (CAPE), an active component of propolis inhibit the production of MMP-1 and -9,
while enhance the gene expression of TIMP-1 in LPS-activated human monocytes (Vilela
et al,, 2015).

TIMP-1"is considered to be the most important endogenous inhibitor of
extracellular matrix degradation mechanism because it suppresses the activity of all
MMPs, except for membrane-bound MMP (Lee et al., 2005). Vilela et al. demonstrated
that the TIMP-1 gene expression level was significantly elevated by treatment with high
concentration (60 mM) of CAPE (Vilela et al., 2015). In the present study, TIMP-1
expression was slightly increased after the exposure to the P. gingivalis LPS, then the
level increased significantly after treatment with nontoxic concentration of MSE. Studies
have shown that the addition of TIMP-1 significantly reduced the activity of MMP-108l
and MMP-9 (Vilela et al,, 2015: Jin et al,, 2005). Thus, the inhibition effect of MSE on
MMP1 and MMP-9 activities was probably the result of reduced gene expression with
consequent modifications of MMP1 and MMP-9 production and the activity of TIMP-1
which inhibited their activity.

NFkB is pivotal for inflammatory mediators up-regulation resulting in
inflammation and destruction of periodontal tissues (Ambili and Janam, 2017).

Treatment with P. gingivalis LPS results in phosphorylation and subsequent loss of
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cytoplasmic kBa, which is an important event for NFkB activation. Oxyresveratrol has
been previously reported to exert anti-inflammatory activity through inhibition of NFkB
activation in LPS-activated murine macrophages (Chung et al., 2003). The present study
shown that MSE might regulate inflammatory reactions in human monocytes by
inhibiting P. gingivalis LPS-inducible IkBa degradation and possibly suppress translocation
of NFkB into nucleus. In addition to MMPs, NFkB regulates the production of various key
proteins involved in triggering inflammation, including nitric oxide synthase,
cyclooxygenase-2, and proinflammatory cytokines. The inhibitory effects of MSE on NFkB
activation suggest that it may exert a wide range of anti-inflammatory effects in human
monocytes. However, since the THP-1 cells are malignant transformed cells, further
study using untransformed cells and other signaling molecules are required to directly

link to the physiological roles of MSE.

CONCLUSION

The present results show that MSE regulates the expression of MMP1, MMP-9,
and TIMP-1 in P. gingivalis LPS-stimulated THP-1 cells by preventing the degradation of
IkB, consequently blocking the activation of NFkB. These finding suggested that MSE may
prevent periodontal tissue destruction from bacterial challenge by changing the balance

of the production between MMPs and TIMPs.



22

REFERENCES

e yarsiand. arsnsuagulnsine-3u Aldvesluussmdlng. wiew. auneumand
nswndunudululseinelne. 2011:618.

13 5ea3ed, 5Tty denasaud. milsdeayulnslne @y 1. misu. Uidngiunisfiun
91im, 2004:327,

Ambili R, Janam P. A critique on nuclear factor-kappa B and signal transducer and
activator of transcription 3: The key transcription factors in periodontal pathogenesis. J
Indian Soc Periodontol 2017;21:350-6. |

Cao Z, Li C, Xiang J. Effect of matrix metalloproteinase-1 promoter genotype on
interleukin-1beta-induced matrix metalloprotein- ase-1 production in human periodontal
lisament cells. J Periodont Res 2010; 45: 109-15,

Chan E, WC, Lye PY, Wong SK. Phytochemistry, pharmacology, and clinical trials
of Morus alba. Chin J Nat Med 2016;14:17-30.

Chung KO, Kim BY, Lee MH, Kim YR, Chung HY, Park JH, et al. In-vitro and in-vivo
anti-inflammatory effect of oxyresveratrol from Morus alba L. J Pharm Pharmacol
2003;55:1695-700.

Cifcibasi E, Kantarci A, Badur S, Issever H, Cintan S. Impact of metronidazole and
amoxicillin combination on matrix metalloproteinases-1 and tissue inhibitors of matrix
metalloproteinases balance in generalized aggressive periodontitis. Eur J Dent 2015:9:53-
9.

Cochran DL. Inflammation and bone loss in periodontal disease. J Periodontol
2008; 79(8 Suppl): 1569-1576.

Darnay B.G., Haridas V., Ni J., Moore P.A., Agearwal B.B. Characterization of the
intracellular domain of receptor activator of NF-kappaB (RANK). Interaction with tumor
necrosis factor receptor-associated factors and activation of NF-kappab and c-Jun N-
terminal kinase. J Biol Chem. 1998;273:20551--5.

Darveau RP. The oral microbial consortium’s interaction with the periodontal
innate defense system. DNA Cell Biol. 2009;28:389-95,

Dong W, Xiang J, Li C, Cao Z, Huang Z. Increased expression of extracellular
matrix metalloproteinase inducer is associated with matrix metalloproteinase-1 and -2 in

gingival tissues from patients with periodontitis. J Periodont Res 2009; 44: 125-32.



23

Feng Z., Weinberg A. Role of bacteria in health and disease of periodontal
tissues. Periodontol 2000.2006;40:50-76.

Franco C, Patricia HR, Timo S, Claudia B, Marcela H. Matrix Metalloproteinases as
Regulators of Periodontal Inflammation. Int J Mol Sci 2017;18:440.

Geng Y, Zhang B, Lotz M. Protein tyrosine kinase activation is required for
lipopolysaccharide induction of cytokines in human blood monocytes. J Immunol.
1993;151:6692-700.

Golz L, Memmert S, Rath-Deschner B., Jager A, Appel T., Baumgarten G., et al.
Hypoxia and P. gingivalis Synergistically Induce HIF-1 and NF-kB Activation in PDL Cells
and Periodontal Diseases. Mediators of Inflammation 2015; DOI; 10.1155/2015/438085

Guan S., Shu L., Fu S, Liu B.,, Xu X., Wu J. Prevotella intermedia upregulates
MMP-1 and MMP-8 expression in human periodontal ligament cells. FEMS Microbiol Lett,
299 (2009), pp. 214-22.

Gupta P. Natural Products as Inhibitors of Matrix Metalloproteinases. Nat Prod
Chem Res 2016;4:1.

Holt SC. Bramanti TE. Factors in virulence expression and their role in periodontal
disease pathogenesis. Crit Rev Oral Biol Med. 1991;2:177-281.

Howard E., Bullen E., Banda M. Regulation of the autoactivation of human 72-kDa
progelatinase by tissue inhibitor of metalloproteinases-2. Biol Chem 1991:266:13064-69.

ingmanT, Sorsa T, Michaelis J, Konttinen YT. Matrix metalloproteinases-1, -3, and
-8 in Adult periodontitis in situ. An immunohistochemical study. Ann N Y Acad Sci
1994;732:459-61.

Ingman T, Tervahartiala T, Ding Y, Tschesche H, Haerian A, Kinane DF, et al. Matrix
metalloproteinases and their inhibitors in gingival crevicular fluid and» saliva of
periodontitis patients. J Clin Periodontol 1996; 23: 1127-32.

Islam S., Hassan F., Tumurkhuu G., Dagvadorj J., Koide N., Naiki Y., et al.

Bacterial lipopolysaccharide induces osteoclast formation in RAW 264.7 macrophage
cells. Biochem Biophys Res Commun. 2007; 360:346-51.

Istam S., Hassan F., Tumurkhuu G., Ito H., Koide N., Mori I, et al. 5-Fluorouracil
prevents lipopolysaccharide-induced nitric oxide production in RAW 264.7 macrophage
cells by inhibiting Akt-dependent nuclear factor-kappaB activation
Cancer Chemother Pharmacol. 2007;59:227-33,



24

Jacobs M, Harrison S. Structure of an | kappa B alpha/NF-kappa B complex. Cell
1998;95 :749-58,

Jang YJ, Kim ME, Ko SY. N-butanol extracts of Panax notoginsengsuppress LPS-
induced MMP-2  expression in periodontal ligament fibroblast and inhibit
osteoclastogenesis by suppressing MAPKin LPS-activated RAW264.7 cells. Arch Oral Biol
2011;56:1319-27.

Jin UH, Chung TW, Kang SK, Suh SJ, Kim JK, Chung KH, et al. Caffeic acid phenyl
ester in propolis is a strong inhibitor of matrix metalloproteinase-9 and invasion inhibitor:
isolation and identification. Clin Chim Acta 2005;362:57-64.

Kim YM.,, Yun J, Lee CK, Lee H, Min KR, Kim Y. Oxyresveratrol and
Hydroxystilbene Compounds: inhibitory effect on tyrosinase and mechanism of action, J
Biol Chem. 2002;277:16340-4.

Komman KS. Mapping the pathogenesis of periodontitis: a new look. J
Periodontol 2008:79:51560-68.

Kou Y, Inaba H, Kato T, Tagashira M, Honma D, Kanda T, et al. Inflammatory
responses of gingival epithelial cells stimulated with Porphyromonas gingivalis vesicles
are inhibited by hop-associated polyphenols. J Periodontol 2008;79:174-80.

Kumada H, Haishima Y, Umemoto T, Tanamoto K. Structural study on the free
lipid A isolated from lipopolysaccharide of Porphyromonas gingivalis. ) Bacteriol.
1995;177:2098-106.

Kusano K., Miyaura C,, Inada M., Tamura T., Ito A, Nagase H., et al. Regulation of
matrix metalloproteinases (MMP-2, -3, -9, and -13) by interleukin-1 and interleukin-6 in
mouse calvaria: association of MMP induction with bone resorption, Endocrinology.
1998;139:1338-1345,

Lacey D.L, Timms E, Tan HL., Kelley M.J, Dunstan CR, Burgess T, et al
Osteoprotegerin ligand is a cytokine that regulates osteoclast differentiation and
activation. Cell. 1998;93:165-76.

Lee JH, Chung JH, Cho KH. The effects of epigallocatechin-3- gallate on
extracellular matrix metabolism. J Dermatol Sci 2005;40:195-204.

Lee S.E, Woo KM, Kim SY, Km HM., Kwack K, Lee ZH,et al. The
phosphatidylinositol 3-kinase, p38, and extracellular signal-regulated kinase pathways are

involved in osteoclast differentiation. Bone. 2002;30:71-7.



25
109755 5

Lone BA. MMP-2 Expression in RAW 264.7 Cells, Down Regulated by Emodin
Treatment. Int J Interdiscipl Multidiscipl Stud 2014;1:1-7.

Lorenz P, Roychowhury S, Engelmann M, Wolf G, Hom T. Oxyresveratrol and
resveratrol are potent antioxidants and free radical scavengers: effect on nitrosative and
oxidative stress derived from microglial cells. Nitric Oxide. 2003;9:64-76.

Marcaccini AM, Meschiari CA, Zuardi LR, de Sousa TS, Taba M, Jr, Teofilo JM, et al.
Gingival crevicular fluid levels of MMP-8, MMP-9, TIMP-2, and MPO decrease after
periodontal therapy. J Clin Periodontol 2010;37:180-90.

Nishihara T., Koseki T. Microbial etiology of periodontitis. Periodontology, 2000.
2004,36:14-26,

O’Brien-Simpson NM, Veith PD, Dashper SG, Reynolds EC. Antigens of bacteria
associated with periodontitis. Periodontol 2000. 2004;35:101-34.

Okonosgi S, Duangrat C, Anuchpreeda S, Tachakittirungrod S, Chowwanapoonpohn
5. Comparison of antioxidant capacities and cytotoxicities of certain fruit peels. Food
Chem. 2007;103:839-46,

Ozmeric N. Advances in periodontal disease markers. Clin Chim Acta 2004;343:1-
16.

Phoolcharoen W, Sooampon S, Sritularak B, et al. Anti-periodontal pathogen and
anti-inflammatory activities of oxyresveratrol. Nat Prod Commun. 2003;8:1-4.

Rai B, Kaur J, Jain R, Anand SC. Levels of gingival crevicular metalloproteinases-8
and -9 in periodontitis. Saudi Dent J 2010;22:129-31.

Santangelo C, Vari® R, Scazzocchio B et al. Polyphenols, intracellular signalling
and inflammation. Ann Ist Super Sanita 2007;43:394-405,

Schwartz Z, Goultschin J, Dean DD, Boyan BD. Mechanisms of alveolar bone
destruction in periodontitis. Periodontol 2000. 1997;14:158-72.

Socransky S. S., Haffajee A D. Periodontal microbial ecology. Periodontology
2000. 2005;38:135-87.

Soonthornsit N, Hemstapat W, Utaisincharoen P, Pitaksuteepong T. Effect of
Morus Alba stem extract on nitric oxide production in lipopolysaccharide-induced Raw
264.7 macrophage cells. Thai J Pham Sci. 2013;38 (Suppl.):69-71.

Soonthornsit N,  Pitaksutheepong C, Hemstapat W, Utaisincharoen P,

Pitaksuteepong P. In Vitro Anti-Inflammatory Activity of Morus alba L. Stem Extract in



26

LPS-Stimulated RAW 264.7 Cells. Evid Based Complement Altermat Med 2017
2017:3928956.

Sorsa T., Tjaderhane L., Konttinen Y.T,, Lauhio A, Salo T., Lee H.M., et al.

Matrix metalloproteinases: contribution to pathogenesis, diagnosis and treatment of
periodontal inflammation. Ann Med. 2006;38:306-21.

Sritularak B, De-Eknamkul W, Likhitwitayawuid K. Tyrosinase inhibitors from
Artocarpus lakoocha. Thai J Pharm Sci. 1998;22:149-55,

Suda T., Nakamura |, Jimi E., Takahashi N. Regulation of osteoclast function. J
Bone Miner Res. 1997;12:869-79.

Tanaka S., Takahashi N., Udagawa N., Tamura T., Akatsu T., Stanley E.R, et al.
Macrophage colony-stimulating factor is indispensable for both proliferation and
differentiation of osteoclast progenitors. J Clin Invest, 1993; 91:257-263.

Tewtrakul S, Wattanapiromsakul C, Mahabusarakam W. Effects of compounds
from Garcinia mangostana on inflammatory mediators in RAW264.7 macrophage cells. J
Ethnopharmacol. 2009;121:379-82.

Tuter G., Kurtis B., Serdar M. Effects of phase | periodontal treatment on gingival
crevicular fluid levels of matrix metalloproteinase-1 and tissue inhibitor of
metalloproteinase-1. J. Periodontol 2002;73:487-93.

Verma RP, Hansch ~ C. Matrix metalloproteinases (MMPs).chemical-biological
functions and (Q)SARs. Bioorg Med Chem. 2007;15:2223-68.

Vilela P, de Oliveira JR, de Barros PP, Leao MV, de Oliveira LD, Jorgeln AO. In vitro
effect of caffeic acid phenethyl ester on matrix metalloproteinases (MMP-1 and MMP-9)
and their inhibitor (TIMP-1) in lipopolysaccharide-activated human monocytes. Arch Oral
Biol 2015;60:1196-202.

Visse R, Nagase H. Matrix metalloproteinases and tissue inhibitors of
metalloproteinases: structure, function, and biochemistry. Circ Res. 2003;92:827-839.

Yhirayha C, Soontaranon S, Wittaya-Areekul S, Pitaksuteepong T. Formulation of
lyotropic liquid crystal containing mulberry stem extract: influences of formulation
ingredients on the formation and the nanostructure. Inter J Cosmet Sci, 2014;36:213-20.

Yiemwattana |, Chaisomboon N, Jamdee K. Antibacterial and anti-inflammatory

potential of Morus alba stem extract. Open Dent J 2018;12:265-74.



27

Yiemwattana |, Kaomongkolgit R. Porphyromonas gingivalis LPS-induced IL-1B and
IL-8 Expression by Reducing MAPK Activation in THP-1 Cells. West Indian Med J.
DOI: 10.7727/wimj.2016.081

Yun J.H., Pang E.K,, Kim C.S., Yoo Y.J,, Cho K.S., J.K. Chai, et al. Inhibitory effects of
green tea polyphenol (-)-epigallocatechin gallate on the expression of matrix
metalloproteinase-9 and on the formation of osteoclasts. J Periodontal Res. 2004;39:
300-7.

Weiss T, Shalit 1, Blau H, Werber S, Halperin D, Levitov A, et al. Anti-inflammatory
effects of moxifloxacin on activated human monocytic cells: inhibition of NF-kappaB and
mitogen-activated protein kinase activation and of synthesis of proinflammatory
cytokines. Antimicrob Agents Chemother 2004;48:1974-82.

WHO oral health Fact sheet N°318 April 2012. Geneva: World Health
Organization; Available at: URL: http://www.who.int/mediacentre/ factsheets//fs318/

en/index.html






ansnaUTeuisunanssuNnawauld wazfanssufiatunIsun

29

Aangsy

e e
Wwou U wW.4e.
s iz |2 | |2 (&2 (2 2|2 |2 |2 |B&3
P le |2 |2 12 2 | |2 |2 | |2 2 [ >
N N
IR I8 (3218 (iR IBI818|BB
|3 |8 2|22 g (23 |2 |2 =[R2
.

1. NMswlsnansanalaudurtou
PN o y oy
- Hanssunnaunuly

a oo a
- NINITUYIALUUAITUN

A A

Yy

2. NMTHENRALNITINIELAYY THP-1 cells VB4
Uy

P’ ] 17

Aanssunnawnuly

a A ° L]
AFNTTUNAWUUNTIUN

A

v

A

v

3, MsAnwINTYaeas THP-1 989an
walalulwduwaenlssanidonesllsluuua
IR MBauazansaralaudumlauiidaiy
Wudusing o fiu

- Anssuinaunld

« IJ ° o
- NAINTTUNALUUNTTUY

A

A

v

4. n137ANITLANIEDNVRIDIT LD ULBLA U A
=) < o o oy < as
Y09 WYSNduialalusfuua-1 wvsndwsiala
Ts@ua-9 wazfdudgusiuminduiala
Tusauua-1 Tulwag THP-1 Aela5a3988
FIVUATRUTNTTUUUULIADTS

a = Y
- Aanssufnaunuly

= A o o
- NAINTIUNAUUUNITUN

A

vy

A

5. MyiansuaeseenusalUsfiummind
wialalusiiug-1 nsndvialalusfiue-9
NNLad THP-1 Meiieuluitedduylurey
RIPIGEIGH]

- fanssufinaunuly

o ‘4 o =y
- NINTTUVALUUNITUN

A

A

v

A 4

6. WavpsansanalauduntouRodsdyadlu
wwas THP-1

o -J v ¥
- fanssuRausul)

a o o
- NINTTUNAUUUNTTN

v

\4




30

7. 90T ATUNANITVNABI Laska3tung
UNAUDUNAINUITY

a ) Y v
- AAnssuAaEul)

a do o
- NAINTIUNKUUUNTTLUN

A

A




31

Send Orders.for Reprines v reprtiso benthamsoience ae

b

The Open Dentisivy Journal, 1018, 12, 165274 26

The Open Dentistry Journal

CrossMark Contert st avaiable ot wiww benthamaper c ot TODEN T

DO I020T41874210801 31 201 40g2

| RESEARCH ARTICLE
Antibacterial and Anti-inflammatory Potential of Morus alba Stem
Extract

re LR o s 3 - 2
Ichaya Yiemwattana™', Niratcha Chaisomboon® and Kusuma Jamdee

t N . i -
Deparament of Preveutive Deniso, Faonlty of Dentistiy, Nareswan Univers sivv, Phissanslok, Thailand

i - . - -
‘Research Labovaiey, Faculo of Daxdiztry, Narezuan Liiiversing, Phitcanulek, Thailand

Recefved: Ssprambar 7, 2017 Fevised: March 05, 2018 Acceptad: Moarck 14, 3018
Abstract:
Backgronnd:

Periodentitis, a chronic wasmmatery disease, is the leading canze of tanth doss in adwts, Evidencs for the auf inflanmmatery activity
of M. aiba St Extract (M3E) i pariodoatal disessa iz limitad

Objective

The shudy aimed lo iavesigste the iahivitory effect of MSE on 2 zrowh of perindontopathic bactaria and exprassion of intertaukin
2 TY 4 i
$IL)-6 end IL-§ i Porplyromanas zinghalis Lipopolyieccharide {1 P';jl- timulated Duraan Periodontal Liganieat (RPDL) fibroblasts,

Mediods:

The sutimicrebisl sctivitizs of MIE were testad against P, givghails and detinobgsiling actinasyeenicomitans by the disk
diffusion, the murdmum ialivitory concenwation aad the minimal bactericidal concentration methads. Cytotoctcity of P. gingivalis
L¥S and M3E <n bPDL fibroblasts was datermined by MTS sesay. The expression of cytokimes (I1-6 and IL-§) mRMNA aad proteing
in APDL fivroblasts was meastured using the ravarss ranzcription- QPCE and erzyme-linked mmunosorvent a:say, respectively

Resuits:

MEE exhibited sntibactenal activane: azs

1l s P. gighalis and 4. eotikemycetemcsmians with the zonss of inhibition of 19.00 =

0.32 puw and 17.33 = 0.58 mux, respectively. MIC :md MBC valuas for M5E against P mmm!.': were 62 5 pgiel The MIC and

MBC values egains: { actiiomycatomeonitgns wara 157 proal avd 00 peiml, raspectively. P gingivaiis LPS was 3110'\'1_ to

madizte the axpression of pro-inflavamatory cvtokives in LPDL fibroblaste Howens ar, treatmaen: with 3 ‘” SE concentrations of 2.5 and
5.0 pgiml significantly suppressad P ginghalis LPS-tinduced IL-4 and IL-8 mEMA and protein expression {p 0.05)

Conelusion:
The present shudy demousgaras that MSE bas antibactzral acay iy AZallst o putative pericdomal pathogans. MSE suppressed IL-¢

and IL-8 expression in P. gingivalis LPS-stimmulated LIDL fbroblasts, indicating » possibls anti-infarunatory effact, Thus, it iy a
poteatisl adjunctive szant for the Festiveat of periodsutifis.

Keywords: Morar aiba L, Interlenkin (IL)-6 and 1L-3, Linepolysaccharide

diz2ssas.

L fibroblasts, Inflammatory cytekines, Perodonta

1. INTRODUCTION

Pericdontifis i characterized by inflammatory destuction of the supporting tiseuns of the teeth [1]. The etisiogy
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zsuliing in the altertion of rzsident celis
in the pertodentium [2]. A few Gram-negative bacterial species have been specifically associated with :'-eunﬁ;mtm:,

of this diszase 15 related to unconticlled bacterial pathogan-hest tnteractions,

including Porplyremonas gingivalic and Actinobacilluz actinemycatemcomitans {3]. P. gingivalis Lipopolysaccharida
(LPS) i5 one of the key viralent athibutes, which i significantiy involved in pesiodontsl pathogenens [4, 5). P

gingiealis LPS acts a5 a potent stimulus fo a wartety of host cells, which subsequently results tn the eupression of
inflammatory eytokines leading to the development and progression of the related host immune response in pertodontal

dizennes [8].

Human Pertadental Ligament (hPDL} fibroblazts, the privay culhwed cell of the lizansent, are re
formation, repair and maintenance of the exhracellular matrix of the RPDIL. These cel

onsible for the
5 are dnvolved in infiammatory

[

and mmiune processes leading o cytokine (e, aterloukon {I1)-1 oy IL-6) or chemokme (e, IL-8) 1elenze whizh eould
fnther enhance nflammation [7, 8] azd finally leading to pey ntal destruction wia Matrin Metalloproteinases
MBIP:) [9]. IL-6 15 a pro simatery mediator that activates host cells and o harm, leads 0 bone resorption {10], IL-3
15 & chemokine produced by a varlsty of tssues and blood cells, and it 15 2 potent induser of nevirophil chemotanis
following aetivaiion in mflammatery regions (111 P gimenali

seen shown to ;tmﬁmﬁn the produchion of IL-6

and IL-8 by WPDIL fibrablast: (12, 12], suzgsshng that these mediaion are invelied in the pathogzeness of perfadantitia.

a0 known az mulbeny or Mhon in That haz been widely culfivated in Thailand, particulaily for the
leaves to feed atlkworms. Its leaves, frut and bark hiave long been used n traditional medicine for the treatment of
fevar, fmprovrement of eyestzhe, joint shenzthening and leawvarmg Slond pressuze [14] The amount of sxyrasverabol
(trans-2,3°.4,° oxystlbensg), 2 natural chemicsl compound found M alba extract, 1w various pards of
mulbeny tree, 1o diffarant and the ethnnoli-: extract obtainad from stems has the uzhest amount of this bicactive
compound oxyresveratrol comparad to the sxfract obtained from Gwizs, with the least amount m the Jeaves [13]. It has
bezn reported that oxyresvearatiol fean 3 alba passasses anti-cxidative and radical scavenzing activities. It has alze
been reportad to have anti-inflammatory activity by zzzL. fing the produchen of nihic niide an«:i prostaglandm E2,
ductble Mitne Chids Synthase (105) expiassion, and NF-£B achvity 1z the LPS-achvated RAW 264.7 macrophage
eells [16]. In acdition, M. afbe stem entract cam inhibit nitne suida production via suppression of ooth the OS5 mENA
on of COX-2 mBPNA = LPS-nduced AW 264 7 calls {13]. The
I5E such as orenviated fia .rmoicf.i- (e huwanoa By may have anti-wtflammatery sefiviey through
the whibitien of MO production [17] However, the antiwnflammatory activity of MSE in hPDL fbroblasts and
antthactertal sctivity have not vet haen detmmm—d Therefore, this study aimed to invastizate the inhibitory effect of
MBEE on the growth of pertodentepathic bastena and sxpresston of IL-6 and IL-8 in B gimgivalic LPS-sfmulated RPDL
fibyablasis.

Meovus alha L

and protzin. It was alzo found to wbibit the exp
other cewnpeonents b

L MATERIALS AND METHODRS

2.1, Plant Materialz and Preparation of Plant Exiract

Serienlhue Center, Tak Provizes, Thaand. The fresh stems

4

M alha stem

5 were obtained from the Queen Swnki
were chopped and die "r. Then, the dued _:'2 it was extracted by maceration teckniqus vsing 20% zthanel for 2 ayelss at
room t»:ulperﬂ'm« The crude exctract was filtered fhrough 245 0m pore size nylon membrane (WartiClean™ Wertical
Chromatogmoly o, _;td Banghok, Thailand) After Bltvation, the filbate was svaperated under reduced pressure
u:m~ a rotary evaporator (BUCHI Fotavapor R - 114, Switzeriand) and continuad drving using a water bath (423
LAUDA, Geruany. Then, the dined powdser was stoied in a fight, hight-protected comfainer. The diisd eruds sxhact was
diszolved in Dimethyl Sulfexide (DMSQY to give a concentration of 100 mg/ml a3 a stock salufion for fhe datermination
of antibacterial achivity and axti-mflaxomatory achvicy of MASE.

1.2, Bacteria aud Culture Conditions

5

P, gingtvalis strain ATCC 33277 and A activemyestemcamitans shatn ATCC 393275 were obtained from the

American Type Cultuwre CollEﬂncn u'hm" 5 WA U.Br-& P gingivaliz was grown anasrobically at 37°C in an
anaeroble chamber under an atmosphers of §0% nm-‘»"eu 16% carbon droxide: 10% hydrogen. Culture miedia was

ATCC mediv 2732 supplemented typfic soy mothiagar. Tevphic Soy Broth (TBS) Blood Azar Plates (BAP)
:upplememed per liter were made with the addition of 30.0 g of TBS (Becton, Dickinson and Company, Spatks, MD,
USAY, 5.0 g of yeast exiract {BDY, 0.3 z of L-cystetze hvdiochlonide {Hibdedia Laboratories Pt Ltd, India), and 15.0 g

of agar, Vitammm K1 (Sizma Chemical Co., 51 Lcms, MO, USAY and hemin ($izma) vere adn_xna 10 give the final

concantrations of 1O pg/ml and 5 pz/ml, then the medium was antoclaved for 15 min af 121°C, The medium was
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cooled down to 30°C and hoize blood was added in the final concentration of 5% (Unotd Limited, Cheshive, England).
Tha bacteria were inoculatad fvom BAP into 5 mi of TSE and cultured anaerobicaily for 18 to 24 h at 37°C, then diluted
in the TS5B and grown overnight to reach sarly log phase. A4 actinemyostemesmitans was grown at 37°C under an
atmosphere of 3% carbon dioxide, Culture media was made with 37 g of Bram Heart Infusion (BHI) broth {Beeton,
Dhekinson and Compazy, Spaks, MDY, TUSAY and 15.0 g of BHI agar. The mediun was autoclaved for 13 min at 121°C.
Bactena wrere inceulated from BHI agar into J ml of BHE and cultured for 18 10 24 b at 37°C, 5% (€0, then diluted in
zht to vzach an early log plase. Bactarial cells were harvested by low-speed centifuzation (4,000

Aai

BHI and grown ovar
rpw Fomin), washed, and resuspended v 1 ml Phosphate Bufferad Sabine (PBS), pH 7.2, Tha concentration of bacteria

S

was determined with 2 spectophotometer at an opfical density of 625 nm (0D 0.08-0.1 = 1-2:210 cfuml).

2.3, Determination of Antibacterial Aetiviry

The antibactenial activiny of MSE was evaluated wsing a dize diffusion method on an agar medivas, P. gingivalis was
grown an anaerobic TSB blood agar plates in an  anaerebic emviromment af 37°C for 3.5 davs. A
actinonivcatamemmitans was grown i brain heart infusion agar plate to 3% CC, a0 37°C for 1-2 days. The MSE stock
selution was diluted t0 12.5-100 megim] at & final concentration and inhoduced onto the dise and allewed to dvy. Then,
the dize was mpreguated onto the seed agar plate. DMSO was used as 2 negahive eontrol, whereas (.2% chlorhexidine
was used as a positive control. The testz weie parforwed i hiplieate. The antibacterial achivity was determined bazed
on the diameater of the zonsz of mhibition,

A broth dilution technique was used te detanmine the anhbacterial acuvity of MSE {Torgensen and Turnidge, 2007,
The Minmum Izhibitory Conesntration (MICY and the Mimoum Bactericidal Concentration (MBC) values of MSE
were determined. From MSE atock solution, sexial foro-fold dilutions {15.625-2 000 ug/mL) wers prepared with 1 ml
volume with TSE for Foogingivalis snd 1 oml volumwe with BHI for 4. actinemycetameamitans. Subzequently, each
bactarial steam suspension with a fual inoeuluss of 12106 bactariz/m) was addad to the tubes with differsnt dilutions of
MSE. The negative control was prepared uwsing 2% DMSO as was manimurn concentration was used to dissolvs ths
axtracts 1 antibactenal expernmenis. Positive control was preparsd using 0.2% chiorhemdize Solvent and medium
conbrols were used for raference. After 24 h tncubation, the bacterial zrowtl waz observed for twbidity. MIC was
defined a3 the lowest conceniration prasent in a clear well with no husidity by wisual wspection. The MBC assay was

performed continuowsly after MIC azzav. An aliquet of 100 pd from difution tabes without furbidity was inoculated on
TSE blood agar plates for £ gingivaliz and tnoculated on BHI agar plate for 4. actinamy cetameomitans. Tha plates

were then incubated for the appearance of bactexial growth for 3-3 davs. The MBC was determined by the lowast
concentration of the crude extiact {hat showaed we wiable growth on the azar plate. Tle tasts wers performed in triplicats.

2.4, Preparation and Cultuys of WPDIL Fibroklasts

This study was appeoved by the MNarssuan University Institubional Review Boaud (COA Mo, 013/2013), hPDL
fibroblasts were harvested fons cartes-free and periodontally healthy taeth extizcted fon ovthodontic mazens with
informed consent. &fter extraction, the teetl were rinzed with PBS several tmes. After getting rinsed, the pertodontal

ligament tizsues attached to the medial part of the root ware removed using a cwette. The Hasue explants warzs plated in
3i-mm tissue culhwe dishes and grown in Dulbecco’s Modified Eagle's Madium (DREM: Hyelone, South Logan, UT,
USA) with 10% Fetal Bovize Sequm (FBS) (Hyelone),
and 100 pg/ml sheptomyein (Hyelone) at 7%, with §

3,

P mbl L-glutanusne (Hyelone), 100 imL vemteillin (Hyelons}
0, and 95% humidity. After reaching conflusnee, the hPDL

Pt

- 0 e e ., o s ’ { il .
fibroblasts wars detzched witli 0.25% Trypan-EDTA (Hyelona) The cells betwsen the 5 and 5" passage were used in

the fellowing studies. Thres independent experimends with cells from 3 different individuals were performed in each
axpeniment.

2.5, Cell Viability Assays

LEDL fibroblasts wars seeded into 2d-weil culbure plates at 5 X10' cells per well in DMEM supplemented with 10%
FBS for 24h. Then, the madium was replaced with serum-fres medium and the cells were treated with various
concentrations of MSE or P. gingivaliz LPS (JuvivoGen, San Diego, CA, USA) in serum-frza medium for 24 k. The
viability of hPDL fitroblasts towards extiacts from AL alba stem was then measured niing the Cell Titer 96 aqueous
one solution cell prohferation kit following the manufacturer’s inshuctions QdTS assav; Promega, Madizon, WI, USA).
MTS working solubion was added to each well and incubatad for 5 win at 37°C. After ransfering 200 ! of supematant
to a 96-well plate, the soluble formazan abserbance was recorded using a plate reader at 490 nm. All meazuraments
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were performed in fiplicate and were repzated on three differsnt eccastens (n =33 Cytotoxicity was caleulated by

nunol values (1 ll""'a reprasented zers eyiolosietiy).

sxpressing absorbance values as 3

1.6, Quantification of Cytakines inRNA hy Reverse Transeription Real-Time FCR

LPDL fibroblasts were seeded in 3 6-well plate at 5 density of 3x10° cells per well. Following 1 b of incubation with
125, 2.5, 5.0 pnghm! MSE or 0.03% DMBO, the cells were stimulated "'ﬂh 10 pg/ml P gf'n,gwah: LPS far 23 b Tatal
EMNA was then 1elated by Nucleospin RWAM (Mackevey-Mags!l GmhH&Ca. K3 according to the manufictuzer's
shuchion, Concentrahon and pusty of RNA were determuned nsing a \.ﬁ:n Dyop MD-2000¢ spechophotometsr
{Theimo Fisher Scientifie, Wilmington, MA, USA). «DIMA wasz synthesizad from 1 pg of tedal RN 2 and mixed with
LightCyeler 480 DNA SYBR Green I Mazter (Focha). Two-step quanbitative —reverse tranzeription FOR was perfoamed
in duplicate using the LightUyclar 480 I Real-Time PCR Systems (Roche). The hot start enzyme was activated {93 °C
for 5 pumd, and cDNA was then amplified for 40 oyeles consisting of demzhwuatien af 94 °C for 20

anpzabingfeutenzion at S0 "C for 20 1 & melt corve assay was then performed (65 °C for | min azd then the
temperatwre was inerzassd by L1700 svary 10 57 to detect the fonmation of poimer-danved trimers and dimers.
Glycesaldehyds-

1
hosphate debydro (GAFDH) was uzed 33 a contral. The sequences of the PCR primers were

wied  as follews:  IL-8,  (forward) SCCTGAACCTTUCASAGATGGC-2', and  (reverse) -
CTGACCAGAAGAAGRAATGCC-3 [13]; IL-&, (forward ATC— L‘,u.(‘»’ﬂ.’ ATAAAGACA-Y, aud (ravarce) 5'-

TGAATTCTCAGCOCTCTTCAAA-F [13); and GAPDH, (forward) S -TGAAGGTCGAGTLAAC "GAT-:‘-‘, and
{revarze) 3 -TCACACCCATGACGAACATGG-3 [12]. Data ware x al izad with the Light Cyeler® 430 software
version 1.3, The averaze starting quantity of flucrescence wnits was wsed For the analysis. Quantification was caleulated
by ustng GAFDH for internzl conhal.

13 Menzarement of IL-6 aud IL-§ Concentrations by ELISA

After hPDL fibroblasts were stimulated with 10 ugiml P gingivaliz LFS and heated with MSE foy 24 h, the
supernatants were collected and the levels of IL-6 and IL-§ protein were measused using the humwan IL-6 and 11-8
ELISA kite according to the manufacturer’s protecol (BioLegand, San Dhega, (0A, USAY The optical density of each
Hereulas, C&, USA). All
The mzan values of the twe

well at 430 mm was detenuined using 3 microplate reader (BIO-FAD Laboratories
maaswremants weye parformed in duplicate and repeated 51 three Qffzrent evcasions,

measurements ware wied for statizhieal analysis.

1.8, Statisticnl Analyals

Siathistical an
Standard Deviation (5

wiang SRS sefware versten 1900 All datn ware expres
nces between the experimental grougs ware analyzed with the mnl\ 215 0f

rasianes

it
{ANOWVA) followed L & post- l o2 Tukey test in all experiments. The differences were constdered to be significant
when p-{L05,

3. RESULTS

3.1 Growth Inhibitdon of Periodontopathic Bacteria by MMSE

A

Two putative periodontal pathogens were selected for the antihacterial analysis. As shown in Table 1, the dise

Foogingivaliz and A

meapectively. The p-:v,»iti*.'e
8.3% = 0 38 mm against tha shains of
all

diffuston analysis revealed that 50 migml M [‘.» showed anhibactenial a
actinomyeetamesmitans with inhibitlon zonss of 1000 = 0,33 om 111,1 17.33
confral, 0.2% cllorhexidine, chowsd an inlubition zone of 10.2% + {

e
g
Pes
=
=)
e
o

i
=
i~
“
=
“©
—

Pogingivaliz and A, aconomycersmeomitans, respectively. Next, MIC and MBC of MSE against thase two psno«:lm*t'xl
patliogens wese emploved by Woth dilution techuigue to svaluate their anfibacterial shenzth, Ss reportecd in Table 2, the

MIC indicated bactexiastatic concentation aganst P. gingivaliz md 4. acrinompcatemeanisans in the average value of
82.5 pg'ml and 230ugml, respectively. MAE showed patentially bactericidal activity against £ gingivaliz with a
MBC of 62.5 ugiml while an MBC of 4. actinemyreiamecmitans reached to 500 wg/mi On the other hand, MIC and
MBLC values of 0.2% chlovhexidine against both pathogenic bacteria were found to be effective with a concentration of
125 pg'm! and 2.3 pgfml, respectively. The results obtained frow three repetitions for each bacterium were similar.

34
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Table 1. Inhibition zone of MSE azainst periodontal pathogens

Zawze of Inbibition (tawm)
50 meiinl MSE 0268 Chlorbexidine
163
18

Feriodoutal Fathogeus

P siagivaiiy 10h=03

G | e

et omitans 1733 =
Diara are meenns of chres replicates o = 3} = sandand stvor

Table 2. MICs and MBEC+ of MSE against the periodontal pathegeus.

Fericdoutal Pathogens MIC {ng/mly MBC Gig'iah
" MEE 0.2%%Chlorbexidize MSE 0. 2% Chlorbeddive
P singhals 1.2% [ 15
A arERS R IEMC CRIaRS 123 30 25

fvadis LPS and MSE by treanng hPDL f’ibro‘f';':h:t:
with different concentrations of P gr’ngi\'am LPS o \.I 505001000 and 204 pziml) for 34 b followed by
MTS assay. Dosa-dependent adverse effzets of P oging LP‘S 111'1 ASE e the viabili ity of RPDIL lelmlbi wera
detacted. P gingivaliz LPS tezted bare showad o affect on hPDL fizveblasts viability (Fiz. la 1 UASE at 3 concentrafion
between O and 5.0 pzieel was not texic o EPDL nblobh,t, an the cell wiabihins was not significantly altered compared
to the non-treated contrel. However, at tiie concentration of 10 to 20 nzimwl, cell wialility siznificantly decreased
indicating that c2lle died at theze concenhiations (Fig, 10 Thus, MSE was wced 2t less than 2.0 pgfmi for following

experments.
£l
pat
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Fig. (1). Effect of P gingnaliz LPS (a) 3 VSE () o cell visbility da WPDL fibroblasts. Cells were treated with varous
contenmanons and call viability was meazured by M 33y 3t 24 bafter culhue. The date ars enpressad a5 the percems ge of viabla
cells comnparzd with she noutreated cells. Tha values (mean = 3D) are the averaze of thres independens experimants perfonmad in
wiphicate; * dadicate tigmificant iy - .05,
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23, Inhibition of the LPS-Induced Expreszions ¢f IL-6 and IL-§ mENA by MSE

In ovder to mvestigate the imlubitory effect of MAE on B gingivalic LPS-indweed IL-6 and IL-5 mRIA
reverse transenption -FCR was parformed. hPDL fibreblasts were neated wiuth MEE for 1 how prict to shmulation
with P, gingivalis-LES for 23 b The results showsd that MSE miubited zene noof IL-& and IL-3 in a dose
dependent manner compared toe fibroblasts unireated with MSE. The concentrations 30wz ml significantly (p

CRAE) mbabated the expression of beth IL-6 (Fiz. Ia) and IL-8 {Fiz. b)) mRIA eompared to cells fraated with P,
gingivaliz LP% alone. These results sugzese that the inlubitcry effect of MAE on P, gingivalic LFS-induced IL-§ and
IL-5 mBMA suprassion was rezulated st the wansenphon.

i)

AL

LPS llﬂ (¥ (»rﬂl ] ; 1

goEssiar
“

Ftivie 20
=
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L0510 pshied !

sl dpgdmil)
)

Fig_ (2. M5E suppressed IL-6 {3} x0d IL-§ (o) mB4 expre
pziml MEE or (07
time LR, Levels

donin aPDL Abreblasss Cells «
. foltowad by 10 pe/ml P gingivalis LS stumndation, 4
3 wRMNA werz ponuslized to CAPDH. Ths
indzpandent anparinents p*"IQ"l‘lé(I o tnplizate; “lodicas siznificont differemcs

=y

24 MSE Inhibits LPS Induced IL-6 and IL-8 Production

To fusther confirm the indibitery effect of the MSE on IL-6 and IL-§ zecuetion by P. gingivaliz LPS-ctimulated

LPOIL fibreblasts, ELISA waz used to detect the levels of these evickin

sin :'u.pemate.m:. ForIL-4, the significantly (p
EFR

Lwith Poogmgivalic LPS wers detected after

5y lewer evtokine concentrations comparsd oo the cails heate
incubation with 125, 2.5 and 5.0 uz/m] MEE (Fig. 3a). However, IL-8 3 significant decrzaze i the calls
incubated with 2.3 and 5.0 pg'mi MSE compared to the cells frzated wuk B gingivaliz LP5 alone (Fig. 2h) MSE
suppressed P gigivalis LFS imduced IL-8 and IL-8 productien iz 3 concentation-dependent mannay. These findinz:
mdicatad that BISE could alie whibit the expression of pre-inflammatory evtokines IL-4 and IL-8

at the prctewn levels,
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Fig. (3). MSE suppressed IL-6 (3) and [L-8 (b) secretion in 2PDL fibroblasts. Cells were incubated with 1 23, 2.5 and 5.0 pgrml
MEE or 0.05% DRMIO for 1 b, followed by 10 pg/ml F. gingrvals LPS stimudation, The cnlmze supernatents were collecied 24 1
later. Thz amount of IL-6 and IL-8 protein & zeasred by ELISA The values {mean = 5D are the averags of thres
independent axperiments perfonmad i mplicata, 7 i fAoaut differance from P ghighalis LES treamment only {p = 0.65).

4. DESCUSSION

The present study shews for the Mzt tme that she addition of MSE inlubited the grawth of penodontal pathozens
and reduced the suprazzion of pro-inflammatory cvtekines bv RFDL fibroblasts shuwlated by P, gingivalis LPS. AL
alba stem extract i wne of the imporiant nanwal cowees of coryresveratrol, which has been reportad fo posse
numerous pharmacological propertizs, 2zpecially tts anti-inflammatery (13, hypoglvcemic [15], antioxidant [18 1’5‘}
and anti-micrcbial activitas [197

Chur results showad that M[5E possesses antibactenal activities 3 zainet bve major bacterial causes of pericdonttis, P.
gingivalis and A activemyestameonmitonz. Howsver, Poogingivalic showed more senzitivity to MSE than 4.
actiyomycetenicomitns, Aecording to the hterafurs reports, we pracume that the mam active substance which
contibuted to the anhibacterzl aund ant-mflammaton askvites could be cuvresvaratrol. & previews report kas indicated
that oxvrasveratral fom Jdrscarpuslakeacha [L3] Loalba leaf enwact exhibited antibacterial activifies against P,

wisans [2]. P

gingivadiz a2 well as 4. aeromyceremcon
_Eam,t M alha leaf extract with an MIC + i.

1 W value of 3 fmd [LE] Chur vasults are In accordance with the pravious studies reporiad the inlitbitory affect
t M. alba extract on thess two Gram-negative hactana v th wartatien in MIC and MBC values, A vanation n the
sensibivities wf thaze o

gingivaliz was seported 1o be the most sensitrve organtsm

g

£
a 95 mg/ml, while A activomycaramconirans was less sensitive with

D ez

=

lamt extracts way e due te vannti-:-u in the mathod of extraction, bieactive compeunds az well as
hactesntal strains used, and warafion in chemical constituents, However, ths prem‘-ut study only evaluated antibacterial
activity agawnst the seleeted pathogens m plankionic but not in 3 biofilm state. A complex biofilm composed of nyultiple
species i generatly move reststant to anfimicrebial azents than plankonic cells [21]. The diversity and matabolie state
of microorgamms 1 2 subgzingival biefilm play Ley roles ‘antx‘ﬂohc veststance and the mablity of the hactanal
commuzity to be phagoovtized by host inflammatory cellz, eventually laads to periodontal dizease. Fusther studies cn
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ths paotential of MSE to control the zrowah of pariodonts! pathogens in biofilm state e necessary to alanfy i effects.

IL-6 and IL-8 ave toportani evtekines tnvelved mn the immuns responses against infection, but oversupression of
o

Tammiatory diseases, including penadontal diseases [22]. Previous studies have reported

these eyviokizes might cause i
tval
fibreblasts [23, 24]. In the present study, it was also found that P. gingivaliz LPS stimulation incrzased the exprassion
of IL-6 and IL-8 from hPDL fibreblasts i both mEMNA and prodein levels. The vesults chowed that MSE axtracts
inhibited the secrehon of IL-6 and IL-8 from P gingivaliz: LPS-induced hFDL Sbyoblasts in 2 dosa-dependent manzer

that P. gingivalis LPS stimulated the preduction of pro-inflammatory cytekines zecretad from human gz

A vecent study has reported that MSE clamon:h'atea ant-inflammatory achivity through the (zhibition of nitrie oxide
production in LPS-stmulated RAW 264.7 calls [15]. Consistent with the previous studies, the veducad levels of P,
gingivali: LPS-anduced exprassion of mAamniatory cvtokines in the prazent study ndicated that MSE testad hars may
Lizve potent anfi-inflammatory effects, The effectve concentration of M5E for anti-inflamumatory activity 13 2.5 pg/ml
Tlis concentration did not affect the WPDIL fibroblasts viability a1 24 b, suggesting the primary effect is the suppressien
of cytokine production rather than cytetemcity. However, the MIC of fhe enfract agamnst P w‘m and A,
actinpmyeatemeemitans was 62.5 nglmL and 250 uziml, respectively. These concentrabions ducsd "'tcto 2 effacts
i hPDL Sbroblasts in 24 & Therafors, fur 12 of the apdiamflammatory effects of MSE and signaling
pathways related to mflzmanztion in WPDL fibreblasts or other wral calls as well a5 iime-kill asoays on the
peniodontapathic bacteria ars ne

T v astigatic

zd to define {le optimeal concentraiion for chuieal applizaticn.

CONCLUSION

Tha present resulis show that MSE ks an anti-bacterial potential agamst the bre putative panedontal pathogens. In
addition, MSE can inlibit P, gingivaliz LPSanduced production of the pro-inflammatary cvtokine, IL-8 and IL-8
sxpression by RPDL fibroblasts These findinzs indizate that MSE may be wsed a3 an adiunctive agant for periodental
hzatment, but these observations require futher sxpenmental venfication of the effects.
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