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Project Code : MRG4880186

Project Title : Study of the effects of Thai medicinal plants on anti-adherence and anti-
internalization activity of Helicobacter pylori to Hep-2 cells

Investigators : Nuntaree Chaichanawongsaroj et al., Innovation Center for Research and
Development in Clinical Laboratory Diagnostic Technology Project,
Department of Transfusion Medicine, Faculty of Allied Health Sciences,
Chulalongkorn University

Email Address : nuntaree@gmail.com

Project Period : 2 years

Helicobacter pylori, an etiological agent of active chronic gastritis and peptic ulcer
disease, is now considered to be as invasive enteropathogen. Invasion of gastric epithelium
cells contribute to persistence infection and eradication failure. The aims of this study were to
investigate the anti-Helicobacter pylori and anti-internalization activities of eleven Thai plant
extracts used for gastric ailments in traditional medicine including Kaempferia parviflora, Allium
sativum, Musa sapientum, Curcuma longa, Cymbopogon citratus, Centella asiatica,
Andrographis paniculata, Aloe vera, Abelmoschus esculentus, Ocimum sanctum and Ocimum
basilicum. The minimum inhibitory concentrations (MIC) against 11 clinical isolates and 2
reference strains of H. pylori were examined using an agar dilution method. The level of
internalization against HEp-2 cells was determined by gentamicin internalization assay. Only
the methanolic extracts of Curcuma longa and Kaempferia parviflora exhibited significant
antibacterial activities at MIC of 32 pg/ml and 64 pg/ml, respectively. All four plants extracts,
including Curcuma longa, Kaempferia parviflora, Allium sativum and Musa sapientum, showed
inhibitory effects on the invasion of H. pylori to HEp-2 cells except Curcuma longa enhanced
the invasion at 6 and 12 h. Although, Allium sativum and Musa sapientum demonstrated
marked anti-internalization activities, the high concentrations of the extracts may have cytotoxic
effects. Kaempferia parviflora was further sequentially extracted from hydrodistillation, hexane,
ethyl acetate and methanol. Their MICs except volatile oil were ranging from 32-64 ug/ml. The
most active extract of ethyl acetate exhibited significant anti-internalization activity which
corresponded to dose and time of treatment. Moreover, Kaempferia parviflora’s ethyl acetate
extract could significantly inhibit the invasion of both H. pylori virulent strains (cagA+) and non-
virulent strains (cagA) in HEp-2 cells. Thus, the anti-internalization activities of medicinal
plants may be a new strategy for potential prevention and treatment of H. pylori infection.

Keywords: Helicobacter pylori, medicinal plants, anti-internalization, HEp-2 cells
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A5197 3 mmmm]”uﬁuﬁﬁaﬂﬁq@ (MIC) vasasuinslng 11 aiia
lunsdudimaaie vesde H. pylori 13 SUWUT

A5197 4 @hmwmﬁuﬁuﬁﬁaﬂﬁqmaamiaﬁ'@mﬂm:mmﬁluéhﬁm:mﬂ
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fanivlfiAaunalunszinizaims (gastric ulcer) nsziwnzanmsdniay (gastritis) sauluds
mineliRaneanwfis ldsudu fmsnefdatliiduinadulsanszmnzams
Snisupiiaiass (chronic gastritis) Sanuduiusiunsifaunsilunszwnzams(l) Samse
ﬂszLW'lza’lmsLﬂumm@;mnﬁu%ﬁmé’ué’uﬁaaa"uaaﬂ’lslﬁﬂ%%mﬂmﬁaﬁtmmﬁ"ﬂaﬂ ox
ﬁfmfluﬂrgma’msmqmﬁﬁﬂﬁtyammﬁﬂuﬂa@ﬁu Tudszndlnawuinuzsonszwzamind
mme;é’ué’uﬁ 6 vasuislugme wazdudufi 9 ozt T wazlanugnlszanm
3.9:100,000 aw wazfidarmszandiad 5 Tdeudrse da 5-15%(2)

e H. pylori sansnnaliifiansaniwnadiinldnanogtuuy Jaduanasuns
vaslyafiganleun twlssd Urease Sawfon Urea 1w ammonia dadusnddaluananudn
nsnvasnsalunsziwizemns  lwigalignians  ussmisiedeuflasitaedunisaing
wowlasd mucinase vnlwizaindaufinusmdonldmass wenaniigsd virulence factor su g
deny lefun Tusdiu cytotoxin-associated antigen(CagA) #iFessrstuastranslocate 1nlulu
iaddsasiliifanamsanmmmsegsdaimad 1w nazduliiianssnisulasmie il
wadldounsswzamimas IL8 shuns NF-kB IL-8  finadssenanazvinliiiiafann
wiia Neutrophil iamssandaiu ussvnliimadiAasnisuluiign Tusiu CagA devnlsiAams
sasosanlnaivay Cytoskeleton ﬁﬂﬁmaﬁlﬁaqnsmww:amwsﬁgﬂ‘i’mLﬂ‘é’iﬂuvl,ﬂLLava;immsn
vewle(3, 4) wenanilida H. pylori Ssanansnaresns exotoxin- fiaarndu vacA Tasans
exotoxin f:ﬁ):ﬁﬂﬁlﬁ'auqﬂszl,wlza’lmsai”’w vacuole relwifenanawagrsauan laun e
mswdouulassaaiiavuimad, endosomellysosome tdomsvinain uaziians apoptosis lu
figa (5)

wensanwuasmaialsaaztuduidlaigadluimeda (adherence) usim
Tulasialavasmadidoylunsamzemns uasimsiaosinasnig  lasnsmsfiaues
Baazandn oUter membrane proteins(OMPS) Gsfiufifiunumifinatumsimzaa leur habA,
alpA uaz alpB anmsdnwwudn lus@n BabA w3ae blood group antigen-binding adhesin &
aaindglunmamzaavaade H. pylor Tasazdusiu Lewis b antigen vesassnsziwnzams
(5) lumsdnus e H. pylori azvimséinmlu AGS cells (Human gastricadenocarcinoma
epithelial cell line) ugannmsnwdSauiisuseninamassiasns gwuiteoas HEp-2 (human
larynx carcinoma) snsnsadurudadga H. pylor ldannninsadsiiadug(6) mlinisdnsms
meamLmzﬂ’l‘sqﬂ‘gﬂwmﬁ"uau%a H. pylori figaldimas HEP-2 1dwaasuiuuulumsfinm

masnelsanszwnzamssnisuiinanmsdesa H. pylori ﬁﬁﬁﬁuagiuﬁa@ﬁmz
ldnaansasauiufime Ssdnmuns usstaasmuingaimsfon msldayulnaie

= v v o v o & ¥ 1 a
umademmildlumsuitymld dldiimstneagwlnslumsdugause H pylor endivw

1



mitnRsflilumalyemmessdsamadinguiunsgugimane@azaanse H. pylori(7)
= o ~ A o & o P & :
msfnmamsananneakanwsaanvassanaddulunsdugimaaieuiivaase H. pylon sz
msfnwsnsanavay Cranberny lumsdugsmsimzaeveasa H. pylor (8) 'Hudu waan
= ' dq'n v & oA P = A A A Aa o« '
midnsuns i ldduwindnsaulifecfnmayulnmseionlsluiiodsziriulunsge
a a g H & o ¥ 1 !
snsmsada H pylor anndu ludsemelnaims@nsaagwlnsinenuge H pylor
= a A A9 v ' o 4 Y a
midnwesaanauszNanliiinamisvasenlng wuin eanduniiing lududn wszneu
waz muwy awnIndusanaaiyvense H. pylon 16(9) vlwidufivihaulafinuinfiz
syulnslnglafisusndugomaady  dussmamsa  uazdugimsyuninisaazeasa H.
: 1y o & a 2 A A da = 9 & =
pylori 16" nszmadndusywlnsinssfialmisnsfianisnfinisd@nsnuanin . :anmséins
QF v o s s o
wunsemaddgndlumdumsaniauasnIzwzamsingainasay winldsunszmedn
TudSana 60-120 mgkg shansosnmennsnsswnzemisaniaula(10) wse anmsfnmn
Auaulalun1sduaadnvainszmudingdn RIIRNAINNITLUAFINTNIULINT
wiadulavaaida Staphylococcus aureus, Pseudomonas aeruginosa was Bacillus subtilis ‘e
(11) msdnwenuiuiwiasninszaadlugainasas woinlddmadswulasle 9
- = . » oA . < ¥ -
ifeRwnnszmadi(12) Jadunviiauleainedein nrsmsdrasignslunsainga H. pylori
leviala uazauseuusnidaylumaiansnianin fa Tuaauiizaimzuazynindngioas
A ° a ' a I3 & oA v A
Waynsnmzanns nizmsdnziinademamefauazunynizasvaade H. pylor wiala &
=2 & X, v ° ' Aa & H
wansansluassiviliidrlenalnrasnszmaddansimzfouazmauninueada H. pylori
fuselomilumsinszmod ldldlumssiesnunlsafifiamnmsaasa H. pylor wazaaaina

LRE9A NI AANZITINIZINIZENWT L



=~
1. Aaaulns
=1 & cg/ A =1 A dg/ U v A A e A & :
lums@inmasslt ssfenfnmayulwsfindeldihawriasaae wisayulwinltluaiaFounsau
11 wfia a9t nszedn, nsufiow, nanw, adusy, azlas, luthun, Hnzaslas, unsasad
NIZTVUUBTY IRITW LA NIZWT
2. maa3zassanasdynlnsalaainazarsiwmwaa(Methanol)
iizayulnnmuanmurtedulwiduiwang aulduden 40-50°a vinsdashmin laluwlagy
TUY VAN HEALAYIY é’aﬁﬂfﬁqmugﬁﬁaq Wuan 48 au nsaawmuaaiuly waz hmnunvin

mastadwdansnasmits dwmuesfinsesldamnasatans 2 a5y lszwedaneses  Rotary
evaporator figmimndl 50-60°w auuskts Fashwin shwnazanslu Dimethyl sulfoxide (DMSO) #ieana

[Nt waIa13190 1 vinlddannaalaamansassinwdinsasawa 0.2 Muazdulin -20 oo

a17199 1 enmiduduresansaiaumuessasayulnisiadiieg

Toinureaas RIUVDINT WA ANULTNTY

ayulng (nFude

fafanI)
NTETIHEN Kaempferia parviflora md - 0.25
nysLfiey Allium sativum M LN 05
néoihh Musa sapientum M WY 05
PRUTU Curcuma longa i - 0.5
axelad Cymbopogon citratus Mo - 1.0
Tutiun Centella asiatica NN&IY wATUgw 1.0
#mzanolas | Andrographis paniculata nnaw - 05
U T Aloe vera Tulaanly uunL3 1.0
nsznuwery | Abelmoschus esculentus LD - 05
Tnsemn Ocimum basilicum ! uAslgn 0.5
NN Ocimum sanctum Ty - 0.5

3. MSATENEITENAMNNITEBIIAIAILAINALANLBRAAN )

dnszmadands Adliusts suliandee i luvmsstaidunensanedieiinsnausielesi
(Hydrodistillation) Favihwsinihsiunensanefianald azarelu DMSO fieandudu 025 nsude
fadday inmnfwmdennrimseuliuisiiganmai 507 1-2 3w i ldsdadsianiau (Hexane) sio Tag
W@ataniwliviau ﬂu"[’?ﬁqmmgﬁﬁauﬂunm 48 sy nvesusnianiuuasymanagduaien 2 i

sssnataniuanng 2 a3 ldszmedaoaias rotary evaporator ngawn® 40ce auuks Taiwiin



szmeln DMSO famandadu 0.125 nSudafiagans inmnfiwaaanvmssuliuiagwas shldasa
shetefinazdian (Ethylacetate) da Tauidaafinazdinalivian valinaampiivaaduim 48 = nvaq
wonefisazdimauasyinmasiatuiuaied 2 shassiaefinasdaaann 2 ass lusameliuss o9
iwin azanglu DMSO Aenududn 0.25 niudalsdans imndindssnvinmseuliuiotudy
sihlafadasmuas (Methanol) sie Tasiduwmuaslivian Unlingamgiveadunmn 48 ou nieq
wonmuasuasimistasuduaift 2 shassrawmueannn 2 et lusameliusts Saimin

azaneln DMSO Aenududw 0.25 nudaladaes inansananazansuainsnuevinlwdsaanae

Tasnsasrnudansaszwa 0.2 MuFn7 -200
4, mawmziaeada Helicobacter pylori

i H. pylori Ald5vianua 26 aoving Wusnoiusinasgu 4 sowugas ATCC 43504, ATCC
43526, ATCC 51932 waz ATCC 51110 LLazmﬂﬁuﬁ:ﬁLwﬂa’mﬂu"lmwlﬁ%'ummamgmm:ﬁmﬂ HELAT. AN,
3303 Alavud Mmedmengsmand ancunnamaa’s swinmapsrsvanaas Suon 20 aewul uaz
moviuia ldnnnsuinmmaainisuwnd 2 seiuidadumowusivenanenld o DMST20165
uaz DMST20885 vmsiwnziassuuemisiasaia Brain Heart Infusion agar Ainsmideaunssesss 7
ﬂuﬁqmwgﬁ 37 e 1w 3 7w luanaz microaerophilic (3-7% 0,, 5-10% CO,, 80-85% H,)
5. msanamawiesrnida H. pylori

vnmsafiadidwenniga H. pylor Tesldgasiadidwe Wizard Genomic DNA Purification Kit
(Promega Uszinaanszaiasm) mw‘i‘ﬁmsﬁs:ﬂﬂug@aﬁ'@ﬁ’l RERST
6. m3msrewdn CagA zaaiiia H. pylori &35 PCR

¥nufn3en PCR Tutsanasvavaa 25 Musznaudas buffer, 1 mM dNTP, 0.4 M IwdweSudazidu
(cagA Forward primer 5' - GAT AAC AGG CAA GCT TTT GAG G -3, cagA Reverse primer 5' - CTG
CAA AAG ATT ATT TGG CAA GA -3 Real Taq DNA Polymerase (Real Biotech Corporation, USA)
0.025 U, DNA template 10-100 ng amwwpifigniudjiizen PCR fia 94 oo 5 w1l 40 veuvas 94 = 1
i 58 *ar 1 wift 72 > 1 wndi uaz 72 °o 8n 10 wndi simawda PCR Aldluvinsusnawadas
nazua lwih(electrophoresis) uu uuiuazmlsa 2 % azidunandavuia 394 wa
1. manaseumanududuiinosigavasasywlnslnadis gianansadudenseiyvaside H.
pylori

Wedansasayulnslnsfilisnunlsanszimzemsdeanumusalumsiugamsiameads H,

pylori Tasmsnaseumanaduduiiiasiga (Minimum inhibitory concentration, MIC) #l#lunmseiugs
msasgeaise H. pylor seuganeg shasarasyulnsiiaioalivnidasstu Mueler Hinton broth
Wudnauld 2 win (2 folded dilutions) Wiemmduduagszwing 16512 nyiml shansaiafidens
U5 1 fiaddns wawriu Mueller Hinton agar Audandeauns 5% U5anas 24 faddas winnawliiu

Waiipanu insspuawwngedishilduddn vimsazaeiwe H. pylori 1u 0.85% NaCl Twfianagw

7 8 1 a aa ¥ dl Qs v v '
1x10° fis 1x10° CFUdefindaas qawtoasldunemnsiinausnsanasyulnsanuidndudrogaass 3 m



vafigang® 37 *w unan 3 Su lusnnoz microaerophilic swwannududuivesiigasessssra
suulwsudazsiiafiaunsadugamsiasamaade H. pylori (ugimi)
8. mumzidsawas HEp-2

wsadtdoy Human larynx carcinoma (HEp-2) lé3uanuemasiziann aaswsinw ifisuiinns
MAATANTIANAFAIARAN AzAERITANEAS YaInToiumAINenay Wusss HEp-2 finnziaeslu
manzRssmadsmg 25 gnunediaudwas (T25) anvhnisdsdas Hank' balanced salt solution
(HBSS) Taumawnaidsasasiiiie srawaseas HBSS 2 asigaz 5 Gndans dalrypsin USanas 1
Sedans w typsin fely @aenmaRnaessndonufiudaisusian (Dulbecco's Modified Eagle
Medium, DMEM) fivésdsu (fetal bovine serum, FBS) $auaz 10 waz ansAntibiotican/Antimycotic (swui
&5 (Penicillin) asdndu 100 piiadefiaddns, suasdladugu (Streptomycin) anadudu 100 pg/ml
uazwaulvine3du o (Amphoterisin B) axnuidudiu 0.25 ugil] 3anas 5 faddas Diladuas uasga
LOAR L& L UU2a LAy ﬁﬂvlﬂl,gmmﬂuﬁ CO, incubator ‘ﬁ'qmugﬁ 37 a5 CO, 5% wazdnnuau 80%
9. mInesaugnirasasanavesayulnEiade gdaanuausalumnnzdauazynyn
\asHEP-2 vaaida H. pylori

vhuwad HEP-2 USunon 1x10° umad anidnslu six wells plate dhadu Wdansmwurinvasissd
UrzanmuB0% shaiwadean HBSS 2 e iéinige H. pylori ATCC 43504 lusSanas 10° CFUsiafinaans
U5inas 100 lulasdasaslulunnvge sinwwduasaiavessyulwsudacsiio Aanududuriit
MIC swiumquainqulidaadussanalag dsuuSmasgarieliidu 1 ANRRAITIL N TR TR
Adudida shluvnnielug CO, incubator ‘ﬁ'qmuqﬁ 37 oa5 \iliaan 3 s ¥inen 2 7a s9eas HBSS 2
a3y nvow@w gentamicin 100 pg/ml A9y 1 $alus dhadae HBSS 3 a3y vinlwiansuandaoiingu
windunm 10 wit hamazmsluidenaiusdulul0 win(10 folded dilution) wnzidesuw Brain
Heart Infusion agar finasideaunz 7% vaunnsldantaz microarophilic a5 u vivduaulalsd
fiiadu ﬁﬂmmma‘iéfiu@?ﬂ’lsqﬂgﬂwmﬁmam%a H. pylori lumsneseuanusasalumsimz@eves
o vuswdeaiuasdredu onciu lidasinduaay gentamicin
10. n'ﬁ'"imxﬁun'ﬁu,amaamlaaﬁw?'iLﬁma’faaﬁ'vmmnwﬁmqun*gnmaa‘maaLi';a H. pylori
aa835 RT PCR
101 nsaimarsiSwaaniia Helicobacter pylori

sindfe H. pylori anncell lysate sasmsmaseuanasansalumsynynisaditoy HEP-2 wvinms

aria Total RNA Tasldvihen TRIZOL Reagent (Invitrogen, USA) vinmsinsadweduwdaudorinen
RNase-Free DNase Set (Qiagen, USA) SatsanméasiaiasaiunlalnlafiaesAnnuaniaamu 260 w

Tuiuas LﬁuRNAﬁ'aﬁ'@Hﬁqmﬁgﬁ -80 asenraLTya
10.2 151 RT-PCR aiastin alpA waz babA

2uusnibn RNA ani/fewdu CONA rau Taavidjisenasd lulSanesninae 50 lulasias

Usznaudnotiniwas reverse transcription reaction, 1 mMdNTP, 0.2 nM Primer udazwfiagsanss, M-
MuLV Reverse Transcriptase (New England Biolabs dszineawszatsm) 100 U, a1siduie U5anas 5-



10 Mﬂu‘ﬁ'qmuqﬁ 37 °a5 30 wft dedaadfisen PCR dsznaudqe dwwas, 1 mM dNTP, 0.2 nM
Primer usiazfia, Real Tag DNA Polymerase (Real Biotech Corporation, USA) 0.025 U, cDNA 5-10 mh

Tut5nasyin 25 MuasTusunsuPCR ¢ait 95 oo 5 wndt, 44 sau w09 95 ° 1 5undd, 50 oo 5 Fund

12 °o5 11 3wndi, 12 =5 10 wift siwawda PCR ldluvhnsusnamauuiueznlsa 2 %

397 2 uresTaaziaue Primer uazawiavasnanaa PCR

ANUYTT | YWIANANEG

Py Primer fOULUR
(bp) (bp)
P g,GCTTAACCATAGAACTGCATTTGAA e N
b0SOmal |- erse TETCGTTTAGGGCGTGGACTS 8
1on | Fomard_| STACGGCACGAACACCAATS 18 o
PR Reverse | 5TTGAGAGTAGGTTTGACCATCTGS | 23
| SGCMGGCATAGRAACCAATTACTAC | .
habA 3 158

Reverse | 5AGCCCACCTGAATACCG3 17

10. nsFavevidoya
rnsiSouiisunssiidues % internalization sewinanguauaudlidamsanasyulns dunga
nanasfidusnsanannaywlnslagls one-way anova lasltlusunsy SPSS ¢ P nanuan <0.05 4z
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NAaN1338

1. gnavesarsanawmnmaazasaywlnslnalunisdudonisisaaaanda H. pylori

inmsnaseumenudaiuiinesfigafimusadudsmsietameaite H. pylori (Minimum inhibitory
concentration, MIC) vassnsaraumussvasaywlnslng 11 ofia dude H. pylori s1uw 13 seviug
Usznaudas 15 H. pylor semiuganasgiu 2 seviug da ATCC 43504 uas ATCC 43526, snosiugi
I&nnnsuinsnmansmsuwng 2 sosiug #e DMST20165 uaz DMST20885 uazmesiugiusnldan
awld 9 snowug da C7, C53, 742, 818, 820, 849, 867, 912 waz 949 naludsansnef 3 wuinansana
wnueannuiutuiignslumssudmsasyueads H. pylor ﬁ‘ﬁq@ﬂ:@ﬂﬁmmflmﬁuﬁuﬁﬁaﬂﬁq@ﬁ
sansndudimaata(MIC) wihdu 32 pgml sessaan fa ssafawmuesannszmadiian MIC
winnu 64 pgiml sausssnawmueannnszifion, nae, aszlad, ludun, Hnzanales, unns
a3z nmApuen nazw uazlwazn lidgnslunsdudimaataueada H. pylor G MIC > 512
ugml wmedt dimethyl sulfoxide (DMSO) Aienudadusans: 5 (W) Saduanududugeganldazas
msaﬁ'@a&;uvlwswm'lvlaiﬁNa@iaﬂ’l‘m‘%tymam,%a

anfl 3 danaduduiitestiga (MIC) vasayulnslne 11 sfia lumsgugimsasay veude H.
. ..
pylori 13 snawug

Foayulwslng FaAnmenans dmvesis  MIC (ny/ml)
PRUTU Curcuma longa T 32
NTETIHEN Kaempferia parviflora kg 64
néwih Musa sapientum N > 512
uraaTed Aloe barbadensis Tululy > 512
Tuthun Centella asiatica Ty > 512
REEANIILY Allium sativum NAY > 512
#Wnzanalas Andrographis paniculata NN&IY >512
nsuLUNeTY Abelmoschus esculentus WA > 512
azla¥ Cymbopogon citratus o > 512
ATZLNT Ocimum basilicum Ty > 512
Tnsemn Ocimum sanctum Ty > 512

c{ Qs a 1 s
2. gndrssssanauniwaazassawlnzdaais 9lunsamwnisynsnaaEp-2 zasaza H.
pylori ATCC 43504
o £ kg & T Aa £ o &
rmsnaseugniumsdunsuninioasHEP-2 vause H. pylon Ausaywlwsifignslunisduns
a & Y e 2 o ° aa A £ o
maasavaae H. pylor 166 fe afugu usz nszmod uazsyulnsiiimsmenwidgnilumssnm

wasilasnulsanszimnzanmisniguuasuziinszmwizonms Ae nisfisw (21) wazndrs (19) Teatuise



H. pylori ATCC 43504 fiuisad HEP-2 uae aywlwswiiasnas finan 3, 6, 12 wax 24 o anwdneu uas

denuidnvasayulwairiiy MIC ot afiugu 32 Nyiml, nszodn 64 ny/ml, nszies 5 mgiml sz
v g/ v s { 1 { s { ] s v g/ v t§

nawvind 25 mgiml wadseydlugud 1 wud Wadisunumauanuauitlifisnsana ndwsiirfignalu
mysumsunInuesas laa ngasidnmsunyniadowinnu 21.03%, 15.06%, 7.14%, uaz 0.19% fvian 3,
6, 12 uaz 24 w ewdey vesasanfe namfisy Jdnsunynadeinnu 24.98%, 39.53%, 63.25%

= : £ ‘5 U { ] Qs 1 ' ‘5
uwaz 94.61% anwdrey alutuiigndlumsdunsyngnisaas 3 ou iy 45.52% udwuindiond

o & A ' & ° & L = 0 & .

nazdunIynInadilaszuziamatuinuin laswuiwwdegeduie 2044% fuanta 6 a0 waz

118.62% 7 12 @a dafivuiunguaisugufiviaidsinu nszmodfdmsuninadowihio 66.93%,

71.98%, 59.11%, uaz 4.88% fvaan 3, 6, 12 uae 24 73 anudey

500.00
450.00 - _
400.00 -
350.001 A Control
S 300.00 - M5% DMSO
2 B Curcuma longa
S 250.00 _ _
© B Allium sativum
S 200.00 - B Musa sapientum
150.00 - Kaempferia parviflora
10000 1
50.00 A
0.00 -

3 29U 6 2N 12 26U 24 24U

Incubation time

3Uf 1 mwnaseumsyninudhgiass HEP-2 vause H. pylon luanzifiasanauwminasvasayulng
shadraginm 3, 6, 12, 24 wu uszldanududusasssanawinnu MIC vasudazans wauaaain
é’m’lﬁhmam%aﬁqﬂqﬂﬁ’lgma&ﬁwﬁ'umgumuguﬁ"[sjﬁmmﬁ'@ é’m’lfhumam%aﬁqﬂgmﬁ’lgﬁmaﬁ

° a & A oo I3 > a & & o
ﬂ’]u')miiﬂﬂ‘]_lilﬂﬂl,l,“ﬁa‘ﬂL"].I']E;TL"’IiﬂﬂW]i@]’JEI‘]J?&J’]ELLL%BGI\‘]@]%

3. mnmaseumaNnudatwiitesfigauasarsanaainnziaaluaninazaiazsiaens e
v v .
aNwawsalwnsgugsnsIyveaae H. pylor
Uy v ?,’ v £ o & ¥ H L2 Vv
fawiihnmethiuaznsnfioy Sanslumsdugaaas H. pylor lumsunsnisas HEP-2 16@ uddas
IFanuiduvasaslusfinaigann Senvhldlinadadoadufisiuosdle luwunvluiuiiond
U ¥ Qo g: U o { ‘53: e g:
nazgumaynInisadvende asuldsdsaulalunsfinsnszmed asnniignonalumsdudoms
wigzeaTeuszdumsynsnisasiEp-2 la lasvihnszmadanaiadiodiinazaiedngg asud nau
dwlath ldidwihdunanszing snadsaniamn oiisesfian waz Wnuwes waz Hn1nageunIem

anududuiitenfigafiaunsadugsmsiasamaadia (Minimum inhibitory concentration, MIC) wesans



snannszmedsiadegnuae H. pylon s 13 sewus dszneudas e H. pylon snewus

nasgm 2 seviugae ATCC 43504 uaz ATCC 43526, sneviugildnnnsuinmenaasnsunng 2

snowutha DMST20165 uaz DMST20885 LLazmﬂﬁuﬁ:ﬁLmﬂ"L@Tmﬂﬂuw9 snowugaa C7, C53, 742,
818, 820, 849, 867, 912 uaz 949 maillussasnefi 4 wut ssstaeiisesdianannizanadignlu
msfugamstataeaitie H. pylor @ figa e MIC winiu 32 ugiml, sesssan da sssiataniousin
ned uszassRanueannnIzed S MIC wirdy 64 pgml vmeiidunauszmaan
nzmndn lidgnilunstudimaaiyuende MIC wihdu 1,024 pg/ml §2uDMSO Aemudatusan

d Qo Qs g: 1 [l 1 a ¥
az 0.4 (V) Salluerazansssasnanunuinlidnsdamsiasgueaaa

a7 4 danududuniesngaresssaiannnizmediludivnazamosfiad giaunndugms

Winyveasa H. pylori

G‘i’lﬂ’)’l&llﬁ&lﬁ%“fd;ﬁQEl‘ﬁi!ﬂ’llé]dﬁ&;l%lﬂi
HRAVDIFIIANA K] e]ﬁmminﬁué'?amim%zymaaLi';a H.
pylori (ug/ml)
TN uRoNTR NN TZNDEN 1,024
RIFNALINLTUINNTZTLAN 64
RIENALENABTLANINNNITTLGN 32
RSFNALNNUDRINNTETILG 64

4. misnagaugnizasasananszgm inaiazatgsinai 9RANNFINIIDWNIIUNTN

\asHEP-2 vaaida H. pylori

WaBsufisugnsvessssianszmodn 4 wflefeinduneusave  sssiaenon,  &Iana
iefinarian uazansafamues danuaanInlunmsyninioasHEp-2 vaaa H. pylori Taeldide
H. pylori snewiug ATCC 43504 nanlumsiin 3 alus uazanududunesssaiaudacsiafinny
watwivinnu MIC Naéﬁa‘gﬂugﬂﬁ 2 wudm’l‘saﬁ'@maamzmﬂ@‘i’lnﬂmﬁmﬂm’j’uﬁ’lﬁwamzmuﬁqw‘ﬁflu
msdmmsyngnisad HEP-2 veaitfe H. pylorldlsuanensiu (P>0.05) DMSO luifinasdaniusmunsn
TumsynyniasHEP-2 vaaga H. pylori mmz‘ﬁ'ﬁﬁﬁu%am:mmaaﬂs:mm‘hwui’lﬁwaeia;sﬂ‘j’ml,l,az
aosauddmaimzvasimad HEP-2 daqui 3 uae 4 Rasmiwiad HEp-2 sniddnuaciidusadiug
uaztmzagusawmnziaad Werwly 3 $alua anwenad HEp-2 azfimavadssfiansmenananniu
uaziflovinmsdamad wudwad HEP-2 szneqmisuii@nisim: fe madaziaungaseniinam
wnziaes  Humglilimunsonaseuanumusalunsyngnaadld wenandifswuinihaiumen

suwpanga H. pylor fvamaseu 3 o



% of control
[
N D (o)) [ee] o
o o o o o o
L L L L L

N N S
é,\éo\ o\@ QQ‘\& o\@ B &(Q\
O Q‘rb'l/ \"ob‘ Q‘(Ob‘ o ™
& v’é\o & <>"&6
& & N
Q/@ N

d D) & H d ' L o

U 2 maneseumsynynidgiass HEP-2 aaaia H. pylori luannaznifuazlimssnaanszaadi
a ' ) J/ s v v v v e 1 Qs
piads9lumsvuda ssana waz HEP-2 16aan 3 o ussldanudatuuessnssnawriinuy MIC aes

' IS s 1 é’ { v 1 s { ] Qs Qs !
wdazans wausaadudanduvessenynyniigiraaiisuiunauaiugui lifisnssia dansmved
& A ¥ 6 o 2 & 4 o 6 v a & & oo
FafiyninhgaaddwimaniiinonTefdhgiaasmId oI oueasdu

U1 4 snwmziwas HEP-2 wasmnmaidinihduwenszmeannszmadinianadudu 1,024 pgml i
w3 Talas
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5. msnasaugniuasasaiaeiaazfiannnnszmedidaanaaEansalumMsynInEas
HEp-2 waaiifa H. pylori fvaandng g
iafazguatasmlumstumsaiateisesfiaaannszmed  deanumusalumsyninioad

HEp-2 wa9150 H. pylori Tasvhnsnaseuruite H. pylori sneviug ATCC 43504 1dtmlunsuud 3,

6, 12 uaz 24 Talas enudey uazanaditusasaanatafinazaaannazaesn iy 32 pgiml

wudSinouta H. pyloriynynidisaddanuduiusiuszozm ‘ﬂldiw:na’lu’ml,%aﬁLﬁﬂghmaﬁﬁ'a

wndu aslsfioussadaefisesfiannnnszmiodn susasamsynmwad HEP2 weai%e H.

pylori 'levisdt 3, 6, 12 waz 24 2lus I@mL%aa’m’lmqﬂgﬂﬁﬂgwmﬁHEp-Z luSanafianasann 2.4X10°

il 6.8X10°#1 3 va, 6.28X10" inte 1.21X10° 1 6 w, 8.1XL0" wia 9.85X10° # 12 3w unz 6.6X10°

e 5.3X10° 4 24 o wada3U 5 ;nmsiSeuifisumeafiacas one-way anova wuSinonged

ynynidgusas HEp-2 fnmdguisufisuszninf fmnssiaefisesiannnnizmoduaslifias

snadanuuanedenuedlisidyneadd (P < 0.05) snnmiguavesmsanadeanuaansnluns
wigwaase H. pylori A 3, 6, 12 uaz 24 salus (U7 6) wudndedimswsgaaasaniand 3 uas

6 2w wifinmeTysasadnnnd 12 uar 24 a1 usariadssssiaiefinazBlaannizmoiid

wudufignslunstudinaadyrenteundudis  wenmniwlumawSowdoy  Y%intemalization

wuininm 3 salus % internalization aaas 3.7 win, e 6 5lus % internalization aeas 5.2 wi, #

nan 12 lus % internalization aaas 8.2 vin uaz finm 24 alus % intemalization aaas 12.5 i

Fsnwssanalafisesfianannszmnediignidudimaeiyveadeussaamsyngnioad  HEP2 w9

e H. pylori TasilifinansznuseimadHED-2 iesnnnssesgndasranssminuinansmzsesmad

HEp-2 lidmswasuudasgiing

1.0E+06
_ 1.0E+04 -
£ & control
o &
) test

1.0E+02

1.0E+00 -

3 6 12 24
time(hour)

37l 5 mweseumsyninidgimas HEP-2 vause H. pylon luanzifiuazlisnsanaefinezfiaa

pasnszmadiivm 3, 6, 12, 24 au wacldamuidutuvasasatawindu 32 myml ﬂ"?‘mmﬁaﬁqﬂ‘gﬂ
vihgiasuaaaud log CFUMI
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1.0E+09

_ 1.0E+06
£
S
L
(®)

1.0E+03 -

1.0E+00

0 3 6 12 24
time(hour)

317 6 Srwauveage H. pylor Misgwisnnuuserusmsaiadunm 3, 6, 12 use 24 zu Snause
uzaadudn log CFU/MmI

6. nisnedaUgNAYEIEITENALENABLBIAMIINNTTTILAINANADTNTRAS 9iKAD
anwaansnlunisyngnizadHED-2 waaida H. pylori
iaguanassssialafinasfannnnizmedanududuinsgdennuminsnlunisyngnesed

HEp-2 we4157a H. pylori Taslunsnasevssldidte H. pylori seiug ATCC 43504 vinfuansariaiefiass

Fraafenudutuwlugis 22 MIC ¢l anududui 8, 16, 32, 64 ua=128 ug/ml Naﬁagﬂ‘ﬁ' 7 wuin

USanauda H. pylori ‘ﬁ'uqﬂa;ﬂLﬁﬁgmaﬁuﬂmﬂﬁuﬁummLﬁmﬁumaqmmﬁ'@ é’mwmumaaﬁaﬁﬁ’lgmaﬁ

\WisuAunguaiugarinu 59.28 %, 42.96 %, 32.34 %, 11.63 % uaz 8.47% fenududn 8, 16, 32,

64 uaz128 pgiml enwindy szdusipddyneaia P < 005 ;msstaefisazfiannnnizmadifiany

wivdw 128 ny/ml ﬂ'uﬂy'am‘sqﬂgﬂvlﬁgaqmimﬂ%mm%a‘ﬁ'Lﬁﬂzjmaﬁa@mﬁa 100 wih anigeaadu 1.65

+ 0.19X10° ruaadifios 136 + 0.01X10° dniuanududunasmsainiefinesdiannnnszmudig

mnﬁuuanmnﬁqw‘ﬁﬁuﬂ’lsﬁuﬂg\‘m’mﬁﬁtymam%avl,@i”mﬂﬁu ﬁaﬁqw‘ﬁrﬁuﬂy’\amsqﬂgﬂmaﬁ HEp-2 289188

H. pylori lsanntudanlasi lifnadaisasHED-2 iesnnnssesgnaasganssminuinansaues

esad HEp-2 laifimsi/femuasguling
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120
100 -

80 -

60

40

I B

ol ‘ Bl mm

Control 16.00 32.00 64.00 128.00

concentration(ug/ml)

% of control

3ufl 7 mneseumsyninidgioas HEP-2 vause H. pylon luanzifiuazlissanaefisezfiaa

ynnszmadfienuidniuszndne 8-128 Nyl fnaua 3w wauseadudandiusauefiungnidn
g:iwnmiﬁﬂuﬁ'um;m’mﬂuﬁ"lajﬁmmﬁ'@ é’mﬂmmaaL%aﬁtuqﬂgﬂL°fﬁQ&Lmaﬁﬁﬁmmﬁ)’mﬂ‘%mml,%aﬁl,%g%
LTRRRITA8US NN LT AIA

‘{ Qs ~ _a o 1
1. managaugndzasasanaefinsrdinnannszanemaannasansalwnisynniastEp-
2 waswwa H. pylor snawugens 9
Q
a : o gdan = ] P o gdy aa
wiasann H.pylori an BWUDTNNEU cagA a:ummgmnﬂumsna‘[m mmzﬂmﬂwuﬁq‘n"lmﬂu cagA az
[ v a a Qo g; U dl Qf Q a a o

liraliifannBanwuaslsa  asiugissdsaulanazfinmgnirasmisiatefinezinaannizoed
dannwanansalunsuniniasHEpP-2 vaase H. pylon sewusnfgucagA wWisuifisunuaanuin
lifigu cagA danuuandrnunisliednils Tasasvhmsdwunaoiusvease H. pylon 4188w
cagA wia'lidwujizen PCR Taunanda PCR vasfu CagA fiuwewriviu 394 duws waildaszui 8
waz 9 wudue H. pylon sewutuespiunonue 4 sewusiiiins 1 sowusnliddu cagA fe
ATCC 51932 (U7 6 unafi 4) sneviusfiuenlannawld 20 sowugfivine 1 snowugnlaidau cagA

fio 292 (3U 7 unaft 8) dumwsiugldannsuinanenansnsuwnsd 2 smewiug DMST20165 (3U7

6 wan#l 6) waz DMST20885 (314 6 unn#t 7) wselaididu cagA

31 8 usmananda PCR fu cagA o915 H. pylori vwiusznlss 2 % umadl L usasdiduemnasgm
100 g, wnafi 2-5 H. pylori ATCC 43504, ATCC 43526, ATCC 51932, ATCC 51110 unai6-7 H.
pylori DMST 20165 uaz DMST 20885,un7i 8 Negative control
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o
A0bp
100bp

a

100bp

suit 9 awda PCR 8w cagA weautie H. pylori meviugiuenldananlinimaa 20 sowusuwiuozm
T35 2 %; umft 1 uae 23 usaadiduaanasgu 100 AL, wandt 2-21 e H. pylori sneviug FM2, C7,
C37,C42, C53, Ch4, 292, 742, 749, 818, 820, 849, 851, 861, 867, 912, 920, 928, 949 uaz 955, umnl
22 Negative control

vinmstdaniga H. pylori 758w cagA fesneviug ATCC 43504, ATCC 43526 uaz 820 uaciilifiiu
cagA fa swwug ATCC 51932 waz DMST 20165 smesauanusansnlunmsynnisad HEP-2 lax
lumnaseuasiusnazldiamnuia 6 42lus uazanuiduduvasasataefirezfinaanniznusii 64
ugml flasnnuadudimsieigaeadeiinm 6 $lusfiengonind 3 Hlus lwwmfina 12 uas 24
s SuadudimadyvestennifnllawihWsinmdeaiduiasnidSnmudoniduiinanzas
demsynynimadann uacldanudidusasssaiatefisesdiannnnazsiodii 64 ugiml esenidu
anududuiimunsoaamsyninadldgs  weelifinadudsmaeiyreadanniiwly  Weifisuiy
anandutudl 128 pgiml e wodimstugetussaiaefinasiianannszmod 64 pgml iuam 6
au liwumsisauaade H. pylori sldanzdsnanlimunzaulumsinuuazSoufisumsynyn
wiad HEP-2 waaia H. pylori 3sldaanmmanasasasndoriivs 3 alus wadludszuil 10 wudnged
figw cag A 1.qm§ﬂLﬁﬁ;jwﬁaﬂﬁﬁni’n%aﬁvlajﬁﬁu cag A udatnslsfienusssnatefinazdiaaainnizme
dfiuagudsmaynynidngusadldasesngulaiuandrein  (P>0.05) Tassansuvasdeiiunynidng
wrastuSanm 2441, 12,78, 15.27, 7.75, 15.79 éwiwaa H. pylori ATCC51932, DMST20165, ATCC
43504, ATCC 43526 uac awﬁ'ufSZOﬁLLUﬂvlﬁmﬂﬂuvlﬁ MUEAL Lfial,ﬁﬂuﬁ'umgumuquﬁvlsjﬁms
ana
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120

100

80

& control
FH test

60

% of control

40 -

20

ATCC DMST ATCC ATCC 820
51932 20165 43504 43526

U7 10 manaseumaynyndrgesas HEP-2 aaara H. pylon sneviugensgluanizifuasliansana
a a o dl v v til 1 I s 0 dq/ dl

iiisezfannnniznedinanadudu 64 NYml fnaus 3 wa wewsaadudandrnvenzaiiungn
¥ 6 A a A 1 L I ' & A ¥ 6 o 2 & A

dhgsdifisuiunguaiquitlifimssia  danduseatefiynindhgiaddwinanySunouged

w]”’lgJ%Lsmﬁmsﬁwﬂ%mmﬁaﬁa@Tu

8. mInasaunnsvasasanaafiassBiaannnsznadidaanaannalunisinfamag
HEp-2 wasiiia H. pylori ansvingiifuazlaifiau cagA

WenSuuifisugnivasssanatefinesflaannszmoidannausanialumamzaasasHEp-2
vaada H. pylori moviugAfuas lafducagA Tagaznumssnaefisezfiaannizmodiuge H.
pylori 2 ngu fa nguAfidu cagA deanosiug ATCC 43504, ATCC 43526 ua: 820 uaznguitlsidiu
cagA A mesiug ATCC 51932 uaz DMST 20165 fu wad HEp-2 Ssacldinanlumstud 3 alus
uazenadvduassaiaefiassfiaannnszmed wihiu 64 pgiml wadsanssi 5 wuinlunga
muquitlifissaianszmedn fidn % adhesion veaife H. pylori seving ATCC 51932, DMST
20165, ATCC 43504, ATCC 43526 ua= 820 winnu 1.66+0.55, 1.56+0.32, 1.70+0.09, 1.84:0.74 uaz
2.07:0.08 enwién sauen % adhesion wesansiifissaiaeade H. pylori smeviug  ATCC
51932, DMST 20165, ATCC 43504, ATCC 43526 uaz 820 winriu 1.48+0.54, 1.33:0.25, 0.25+0.10,
0.64:0.17 uaz 0.57+0.09 anuser ilasien % adhesion sassnsariaiefinazdiaannnizmaddaise
H. pylori nguffuazluddu cagA snwSsuifisuanuuandsmeaiidds One-way anova wuin e %
internalization wiiaiflu 2 ngu fie nguAdidnilenduateiiiddamesdaP > 0.05) 3 mosiug fa
ATCC 51932, ATCC 43504 uaz ATCC 43526 uazngudifiensnsimasnsiiiddamesda(P < 0.05) 2
snowug fia DMST 20165 uaz 820
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a1319% 5 % adhesion vasesanaefinazdianannizmedidenisimzaawnasHED-2 vaase H. pylori

mosiugenagiuinata 3 $alus wazanududu 64 ug/ml

GRS TN USananda H. NFUAILAY NFUNARDI ¢ P-
a H. pylori pylori (Dot sywlws) | (o +and) | (o +aad | value
Gragut UnnauBedisiu | % adhesion* | + sywlws)
(CFU/mI) 'l¢* (CFUImI) % adhesion*
ATCC 51932 | 1.09:0.71x 10° | 1.73:0.05x 10’ 1.84+0.74 0.64+0.17 0.157
DMST 20165 | 6.75:0.35x 10" | 1.24:001x 10" | 2.07:008 | 057009 | 0.003
ATCC 43504 | 8.65+3.46x 10" | 159:0.08x 10" | 1.66+0.55 1.48+0.54 0.772
ATCC 43526 | 1.16+0.09x 10° | 1.82+0.04x 10’ 1.56+0.32 1.33:0.25 0.513
820 1.49:0.04x 10" | 2.52:0.17x 10° 1.70+0.09 0.25+0.10 0.002

9. msinszdunsuaasaanvaduiiaadasiunisinizdia Ltaxqmgnmaﬁmam,%”a H. pylori
aae35 RT PCR

Lﬁaqmﬂﬂavl,ﬂﬂ’mﬂ’lzamLm:qﬂgﬂmaﬁmau%a H. pylori azfisadasiulysdunanoriia ldun alpA,
alpB, babA, 0ipA, hopZ, hsp60uaz hsp70 aaiumsiiasanatefinezBianannszmadmansadud
anwaansnvaaia H. pylor Tumaimz@auazynynizas HEp-2 vudnalnatnsls Aundasiuiuid
unundaglunsimzdauazunyniaadnio sl lagazvimsnwnsuasasanaafisazdianain
nszmpddamsusadesnuasiuiiadiifesdasiumsimsaa wasyngnisaduasite H. pylor de fu
alpA uazdiu babA @235 RT PCR uazvinmsul3suiisusadiumsuaasaanuasin (Relative ratio)
Wiouriugw 165 ribosomal RNA densnizminaseugnizassmsstaeiinezdinaannizmadiee
anusanIalumsynnisasHEp-2 vaaga H. pylori moviugaduasladdu cagA fiimatude uas
\sadHEP-2 fulefinasBianannazmad win 3 salus Aanuidutu 64 pgml Tasfnswaveasa H.
pylori snesiuganaszin 3 suving die ATCC 43504, ATCC 43526 uaz ATCC 51932 masazud 11
uaadlsiiAunandauasdulbs ribosomal (3u7 11a umt 2-7) amawiniu 204 dius ussnandazesiu
alpA (3u# 11b uandi 9-14) swnawrindu 168 guus, usegud 12 usaslsiifunaniauasdulbs ribosomal
(317 128 umfi 2-7) awewindu 204 guus uaswandavasiiv babA (3u 120 wnait 9-14) wwnawindy
158 dws PCR
Alphalmager 2200 a='ldnadsnsnedt 6 woidanamanuduvesiu alpAll6s ribosomal wasnga

Warhnnnen EIVLGTEJ’W YinnILe I :‘ﬁmn VTNVDILDUHNANRA an EII‘].]?LLﬂiEJ
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muguitlifimssiaefisosfiannnnszmedwasse H. pylor seviug ATCC 43504, ATCC 43526
wae ATCC 51932 winnu 0.62+0.07, 0.63£0.08 waz 0.55:0.23 ausau daulumjumaaoﬁﬁmsﬂu
e wasmas Aumtanaefisesdiaaannnzodn windu 0.56£0.03, 0.60:0.08 was 0.62+0.05
MuAaU nnMIIoufsuenunandneaiia wuinmsuaesaanvasiin alpA luﬂﬁjuﬂauquﬁvlsjﬁ
mmﬁ'@Laﬁaaze'?jm@mﬂﬂszmm‘huaznﬁjumamﬁﬁmmﬁ'@Laﬁaaz%m@mﬂniwwﬁﬂmﬁauﬁ"u (P>
0.05) usasiraanaafisezfiaaannszmodnlifinadanmsuansaanaasiiv alpA vauds H. pylori
deRansonludu babA wuhdamdmenuduwasiu babA/16s ribosomal maonﬁjumuquﬁ"l,sjﬁms
aaasiga H. pylor sewiug  ATCC 43504, ATCC 43526 waz ATCC 51932 winfu 0.66:0.06,
0.77+0.08 waz 0.74:0.05 audrau daulunsjumaaoﬁﬁmsﬂm%a uaziTas NuansEnalafiaazdiaa
nnnszmadn wiiny 0.60£0.08, 0.68+0.07 waz 0.68+0.06 eudau annmaSeuiisuanauanednd
nIaha wuimsuaadaanaadbn babA ’Lunﬁjumuquﬁ”l,&iﬁmmﬁmLaﬁaa:s?jm@'«inﬂmz"mm‘huazﬂﬁju
nasasfifiaanaeisardiaannnizmedundouiu(P>0.05) wsasihanataefisasfiaaannzmg
dlsiduadaminansoanvastu babA veude H. pylori Farqdld ssanaefisezBiaannnizmod
lifinadanmsuaasaanvesiin alaA uazdu babA

a) b)

NANAILIAN NANNARDY NANAILIAN NANNARDY NANAILAN NENNARDY ngNAILAN NANNAADY

3 3 3 3
Getaad  wetgadtayulng detoed  dehaadtayulng detimed  detmadtalng dotaad  Aehaadtaguing

—

% g 5w o dm 8s 0w 10 M 42 43 WS

200 bp
100 bp

suit 112 uaz b usasnanda RT-PCR & 165 ribosomal uazfiu alpA waautra H. pylori uu2 % fuezm
Tss; uanft 1 uae 16 uansiiBuomnasgm 100 g, uaodl 27 8w 165 rbosomal waauisa H. pylori
snuwug ATCC 43504, ATCC 43526 ﬂﬁjumuquﬁvl,ajﬁmsaﬁ'@Laﬁaazéﬁmmwnﬂsmw‘iﬁ wazNgal
nasesfifiasanatefinazBiaannizmodanuday, unafi 8 Negative control 16s ribosomal ; unaii
9-14 8w alpA waaizra H. pylori snsving ATCC 43504, ATCC 43526 nguauuitludiasadatefinazd
LAAINNIETEE UazngunAnasndasanalafinazdiannnizmadamudiay emuddy, uaaf 15
Negative control & alpA
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nguAILIAN ngunARD a.) nguAILIAN ngunARe

X PR < % o & <
Fotiad  detaadtayulng Fotiad  detaadtayulng

200 bp
100 bp

ngNALAN NANNAREY b) ngNALAN NUNAREY

X PR < % o & <
Getuad  detaadtayulne Getuad  detaadtayulng

200 bp
100 bp

sut 12 8 wae b wamananda RT-PCR fu 165 ribosomal uazdw babA weaia H. pylori uu2 % fue:
mlss, unnfl L uae 16 uansdidnemasgun 100 gus, uanit 2-7 du 16s ribosomal vasise H. pylor

snuwug ATCC 43504, ATCC 43526 ngumuquilifiasaiaefinazBianannazmud waznga

nanashiasanatefiaozdiaaannszmosanudney, uaad 8 Negative control & 16s ribosomal,

wandt 9-14 w babA waaiia H. pylori snawaug ATCC 43504, ATCC 43526 nguanuqudt Lifisnsaria

lefiaerfiaannnizmed uazngunaaasnimianaieiinasdinainnnizmsdiauieay, unan 15
Negative control £ babA

797 6 uxesaasamanuuvasin alaAdagn 165 IRNA aasnsiaszaunisuaadaanaadbuais

3% RT PCR
NANAILAN nRamaRg
B .
» P e | e Hpylori +ad HEp-2
mgwuﬁqma\‘.n%a o H. pylo + et HEp-2 txsanaLafiaasdiae ¢ P-value
H. pylori S ratio of IDV* (alpA/16s)
ATCC 43504 0.62+0.07 0.62+0.05
ATCC 43526 0.63:0.08 0.60:0.08 0216
ATCC 51932 0.55+0.23 0.56+0.03
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397 T uaavaaainanuuvadtie DAbA datiu 165 IRNA sasnmsiaszaunisuaadnanyadds

#1535 RT PCR
naNAILAN nRimaRas
) o P, e H. pylori + wsad HEp-2
mgwuﬁqma\?ma e H. pylorl * ot HEP-2 tasanaleNaasdiaa a1 P-value
H. pylori T——— ratio of IDV* (babA/16s)
ATCC 43504 0.74+0.05 0.68+0.06
ATCC 43526 0.77:0.08 0.68:0.07 0.131
ATCC 51932 0.66:0.06 0.60:0.08
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sytuazanlnena
a & & ;oA Ao o '
mamezauazmsunsnisasiiaynszwzanmsvaate H. pylon fiunumndanyse
a a & H v il 6 o o & '
mufaneFaniw e H. pylon snwsnenduagluaaainliizemansnasaglunszimizens
Tamdunawu mldnsfadaizeds uwse s limomunsansunananguTiusuazszuy
nfiguinvasiime  Windnsbidszaunadnsa(ld)  wefiagmulwasddsauisnnay
a 9 [ o X a & a & ° ) [
sanunaTymouenesas la(14) Usznunvludegiwsedinsfesninnniu vilwnissnm
drpeny fEuedlvszdninmanai(ld) anmsfinwmudnga H pylon fiednmeluaadaade
a d £ . IR . ' o, a d
s Bauzneangnineniaas tiw amoxicillin was gentamicin(16) wafisudinendjFiusnaan
£ [l H H a A o ' | ¥ ¥ J
anonelweas 5w Clarithromycin ﬁ):ﬁﬂi:ammwhmﬁﬂmLL@]WU’na@mﬂ’ﬁﬁaﬂ’]ﬁgwu
‘3o aavu triple therapylsen clarithromycin Tudagoudslisaiduemandneald(l7) dovu
mydunamzuazyninassveszaisduwimslndlumsiiasmuuasinsnisiazeil
v U Qs A L & =) A & v ad dl & 1
& wazmsleasanaaniagadudnmaionniounumsldendjime hasamiuunssas
£ { o o a d v ' 1
sseangninstinwidaavaesia  ssfiwuluielaun  phenols, quinines, flavones,
tannins, terpenoids, and alkaloids(18). lumséinwassiwuinaawlnsiifidn MIC Gfiga 2
o o 2 o ° A ' @ o @ '
ouauuIn fa viutn waznszmad S9laMIC winu 32 wabd ugiml erndreu udan
msdnwves Bhamarapravati uazamz(9) wuirdMIC vasnszmaddawviany 25 pg/ml uaz
Tumsfnes Goel uazamz(19) wudrer MIC vasndvaglugasszning 0.32-1000 pg/ml 1u
msfinswes Mahady wazame(20) wudrdn MIC wemlutuaglugisszning 6.25-50 ug/ml
Tums@nwsaas Sivam uazamz(2l) wudndr MIC nszifien Sewvinny 40 pg/ml asifiwin
£ £ ] o & Aa ¥ H ] a o 1
msnegnizessanaaywlndensdugineiyvenda H. pylor anudazawidoiien
MIC nsnlndifssuszuandrsnuhe asnnnaededbdinnu 1w anundanasulng, 35lu
miteRpuaIane,dazneflilumaedouassia wee ARAuTnmamsanannayulng &
=< = £ o & A & H = °
mitnfimnivesayulwslumsdugsmaatyuenaa Ho pylon udwanannlunaizg
Usaine uduin n@insioniltlunsdiiewszesdsanaganges wudr columbo weed,
A8, Ande3y, tarragon, anamine, yellow-berried nightshade, threadstem carpetweed, sage
wae aulwe swnsndussmaasgywasde H. pylon 16(22) msnwieseaneuszianldie
owIzasanlng wodn aanduniling, lududn, wWnzrey usr Muwy ManIadugINIETY
vaaa H. pylor MICagiluzns 12.5-100 pgml(9) msdnsanuaansalunisdugsmsiaiy
& A A ' o & a & 1 oa
vaugauuaiisuvasayulnsane nswuihmansadugimaaigaease Ho pylor ldiaanw
wivdw 125 mgiml(23) msfnsenusansalunsgussmsasyaesde Ho pylon aes
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Abstract

“Center of Excellencein Viral Hepatitis Research unit, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Helicobacter pylori, an etiological agent of active chronic gastritis and peptic ulcer diseasg, is
now considered to be as invasive enteropathogen. Anti-adhesion and anti-internalization are
new strategies for prevention and treatment of bacterial infection including the alternative of
medicinal plants. In this study, four parts of Kaempferia parviflora’s extracts composing of
volatile oil, hexane, ethyl acetate and methanol were evaluated for their antibacterial and anti-
internalization activities of Helicobacter pylori against HEp-2 cells. All extracts except volatile
oil showed significant antibacterial activity and had a minimum inhibitory concentration (MIC)
ranging from 32-64 pg/ml. The most active extract of ethyl acetate exhibited significant anti-
internalization activity which corresponded to dose and time of treatment. Moreover,
Kaempferia parviflora’'s ethyl acetate extract could significantly inhibit the invasion of both H.
pylori virulent strains (cagA™) and non-virulent strains (cagA?) in HEp-2 cells. Thus,
Kaempferia parviflora is one of the effective herbs for potential prevention and treatment of H.

pylori infection.

Keywor ds: Helicobacter pylori; Kaempferia parviflora; HEp-2 cells; Anti-internalization activity

Introduction

Helicobacter pylori is a causative agent in
gastroduodenal diseases such as chronic
gastritis, peptic ulceration, gastric
adenocarcinoma  and  mucosa-associated
lymphoid tissue lymphoma (MALT) (Graham,
1997; Raus et al., 1987; Wotherspoon et al.,
1993). Its colonization most likely occurs
during childhood and affects about half of the
world’'s population by majority of fecal-oral
transmission (Blaser, 1999; Covacci et 4a.,
1999). The H. pylori infection is successfully
treated by a combination of a proton pump
inhibitor (PPlI) and two antibiotics of
clarithromycin, amoxicillin, or metronidazole.
However, the incidence of antibiotic resistance
has increased, causing the disease eradication
failed. According to previous reports, H. pylori
has been considered an intracellular
microorganism which may be responsible for
the chronic infection and the development of
gastric cancer (Anderson and Holck, 1990;
Evans et al., 1992; Wilkinson et al., 1998). The
adherence and invasion of H. pylori in gastric

epithelial cells triggers the process of immune
response and virulence properties including
secretion of pro-inflammatory cytokines, cell
proliferation, and apoptosis (Day et al., 2004;
Ledig et a., 2004; Karabay et a., 2006).
Therefore, a non-antibiotic agent, capable of
inhibiting the growth of H. pylori and the
invasion to the target cells may be an effective
way for preventing or treating the infections.
Medicinal plants are useful alternative source
of novel drugs containing  various
pharmacological activities such as
antimicrobial activities, anti-inflammatory and
anti-ulcerogenic effects. Kaempferia parviflora
Wall. Ex Baker or Krachai Dam belonging to
the Zingiberaceae family is one of the
atractive plants for the reasons of its anti-
gastric ulcer activity (Rujjanawate et a., 2005).
It has long been used in Tha traditional
medicine for rectifying male impotence, body
pains, relief symptoms of colic and
gastrointestinal upset. The extract could reduce
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the time in the first 10 minutes of rat courtship
behavior with no toxicity (Sudwan et al.,
2006). Furthermore, the extracts and flavone
derivatives from the rhizome of K. parviflora
could suppress function of multidrug resistance
associated-proteins (MRP), in addition to P-
glycoprotein, in cancer cells, (Patanasethanont
et a., 2006; Patanasethanont et al., 2007).

In this study the anti-Helicobacter pylori
activity of extracts from K. parviflora were
investigated. In addition, internalization ability
of H. pylori against HEp-2 cells was compared
between the presence and absence of extracts
using gentamicin internalization assay.

M aterials and M ethods

Plant materials and extraction

Kaempferia parviflora Wall. Ex Baker
were bought from a Thai traditional drug store
at Pak Klong market in Bangkok, Thailand.
One kilogram of roughly ground air-dried plant
material was extracted for 3 h by
hydrodistillation method and volatile oil was
collected. The residue was further extracted
twice for 48 h with 200 ml of hexane at room
temperature. The combined extracts were
filtered and concentrated by evaporation at
40°C until dryness. The residue was dissolved
in 200 ml of ethyl acetate and extracted twice
for 48 h a room temperature. The filtrate was
evaporated to dryness as described. The
remaining residue was finally extracted twice
for 48 h a room temperature with 200 ml of
methanol. After filtration, the extract was
evaporated similarly to dryness. The yield
obtained under each extraction type was
0.129% for volatile oil, 0.046% for hexane,
0.721% for ethyl acetate and 1.27% for
methanol. Each extract was dissolved at 0.25
o/ml with dimethyl sulfoxide (DMSO) except
for hexane extract at 0.125 g/ml. These stock
solutions were filtrated through 0.2 m
Millipore and stored at -20°C before use.

Bacterial strainsand culture condition
Three reference strains of H. pylori
(ATCC 43504 ATCC 43526 and ATCC
51932) were purchased from the American
Type Culture Collection (Rockville, MD).
Nine clinical isolated were akind gift from Dr.

Ratha-korn Vilaichone, Division of
Gastroenterology, Department of Medicine,
Thammasat University Hospital (C7, C53,
742, 818, 820, 849, 867, 912 and 949) and 2
clinical isolates were purchased from
Department of medicinal sciences, Ministry of
Public Health, Thailand (DMST 20165 and
DMST 20885). The bacteria were grown on
brain heart infusion agar containing 5% sheep
blood and were incubated at 37°C under
microaerophilic conditions (N2, 85%; O, 5 %;
CO,, 10%) using gas generating kit (Oxoid,
UK) for 3-5 days.

Minimum inhibitory concentrations

Minimum inhibitory concentrations
(MIC) were determined, in duplicate, by an
agar dilution method following the National
Committee for Clinical Laboratory Standards
guidelines using Mueller-Hinton agar with 5%
sheep blood. The concentrations of the extracts
were ranging from 16-512 ng/ml using two-
fold serial dilutions. A 72-h bacterial colony of
H. pylori strains were suspended in 0.85%
NaCl to a turbidity of McFarland standard 2
(10'-10°  CFU/ml).  Subsequently, three
microliters of each inoculum was spotted on
each plate and incubated as described for 3
days. The MIC was defined as the lowest
concentration of each extract at which no
visible growth was observed.

Culture of HEp-2 cells
HEp-2 cells from a patent with human

larynx carcinoma were obtained from the
American Type Culture Collection (ATCC
CCL 23) and were grown on tissue culture
plasticware in Dulbecco’'s modified Eagle's
medium (DMEM; Life Technologies Inc.,
Rockville, Md) supplemented with 10% fetal
bovine serum and 1% antibiotic-antimycotic
solution (Gibco BRL Laboratories, Grand
Island, N.Y.) at 37°C in 5% CO2 with 80%
humidity.

Gentamicin internalization assay

HEp-2 cells were washed two times
with Hank’s balanced salt solution (HBSS)
treated with  trypsin, and  counted.
Approximately 1X10° cells were seeded on six
wells tissue culture plates and incubated
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overnight to obtain 80% confluency. Each well
was washed twice with HBSS and added with
DMEM containing no antibiotics. H. pylori
was harvested, resuspended into HBSS (about
10®° CFU/ml). One hundred microliter of
bacterial suspension was added to each well in
the absence or presence of the extracts and
incubated for 3 h. After incubation, the cells
were gently washed two times with HBSS, and
treated with HBSS containing 100 ng/ml
gentamicin and incubated for one hour to kill
extracellular bacteria. HEp-2 monolayers were
then washed three times with HBSS and
treated with distilled water for 10 minutes to
release intracellular bacteria. Serial 10-fold
dilutions of the lysed monolayer were placed
on brain heart infusion agar supplemented with
5% sheep blood, incubated as previously for 3-
5 days to determine the number of viable
intracellular bacteria.

Statistical analysis

All  experiments were carried out
independently in duplicate experiments. The
inhibition of internalization by various K.
parviflora’s extracts and various
concentrations of K. parviflora ethyl acetate
extract were evaluated by one way analysis of
variance (ANOVA). While, the effect of K.
parviflora’'s extracts on internalization
activities of each H. pylori strains and the
effect of treatment time were compared under
treated and untreated condition using the
student’s t test. Statistical significance was
accepted at the P = 0.05 level.

Results and discussion

H. pylori colonization of the human
stomach leads to a chronic infection associated
with duodenal and gastric ulcers (Logan.,
1994; Forman., 1996). In view of the rapid
increase of bacterial resistance to antibiotic,
medicinal plants are now more explored for
their bioactivity. Here, we demonstrated the
anti-Helicobacter pylori activity of Kaempferia
parviflora, a Thai traditional herb for treatment
of colic disorder and gastric ulcer (Yenjai et al.,
2004). Four parts of K. parviflora's extracts,
volatile oil, hexane, ethyl acetate and
methanol, were screened in vitro for the anti-
Helicobacter pylori actions. Assummarized in

Table 1, the strongest growth inhibitions
against al thirteen test strains of H. pylori was
ethyl acetate extract (MICs: 32 ng/ml). The
MICs of the extracts from hexane and
methanol were 64 ng/ml. While, volatile oil
exhibited lowest inhibitory action (MICs:
1,024 nmg/ml). Only the ethanol extract had
been previously shown significant anti-
Helicobacter pylori activity (Bhamarapravati et
al, 2003). K. parviflora had been reported to
possess antibacterial, antiplasmodial (Yenjai et
al, 2004), anti-allergic activities (Tewtrakul
and Subhadhirasakul, 2007; Tewtrakul et a.,
2008), anti-peptic ulcer (Rujjanawate et al.,
2005) and antiviral proteases (Sookkongwaree
et a., 2006). It was suggested that some
bioactive flavonoids containing in the rhizome
of K. parviflora was the major active
compound comprising of 5-hydroxy-3,7-

Table 1. Minimum inhibitory concentrations
(MICs: ng/ml) of Kaempferia parviflora’'s
extracts against 13 Helicobacter pylori
strains

Extracts MIC (nmg/ml)
Volatile oil 1,024
Hexane extract 64
Ethylacetate extract 32
Methanol extract 64

dimethoxyflavone, 5-hydroxy-7-methoxy-
flavone, 5-3,7,4 -trimethoxyflavone, 5-
hydroxy-7,4 -dimethoxyflavone,  5-hydroxy-
3,7,3 4 -tetramethoxyflavone, 3,5, 7-trimethoxy
flavone, 3,5,7,4 - tetramethoxy flavone, 5,7,4'-
trimethoxyflavone and 5,7,3 4 tetramethoxy
flavone (Yenjai et al., 2004). Some flavonoids
derivatives and their metabolite, i.e., genistein,
hesperitin, ponciretin, irisolidone, cabreuvin,
displayed anti-Helicobacter pylori activity
(Bee et al., 1999).

H. pylori has been proven an intracellular
organism in both cell lines and human gastric
biopsies (Bjorkholm et al., 2000). Therefore,
anti-invasion agents may open a new avenue
for effective prevention and treating infections.
All K. parviflora’'s extracts exhibited anti-
internalization activities at the concentration
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of MIC except volatile oil (Fig. 1). It was
found that volatile oil affected the cellular
structure and adherence ability of HEp-2 cells.
HEp-2 cells were deformity and detached from
the culture well. Moreover, volatile oil
inhibited the growth of H. pylori, no viable
bacteria was detected when incubated the
volatile oil with H. pylori for 3 h. However,
the inhibition activities of internalization were
not significantly different between hexane,
ethyl acetate and methanol extracts (Fig. 1; P >
0.05). Consequently, only ethyl acetate extract
with the highest MIC was subjected to further
studies.

140 4
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Fig. 1. Internalization assay of H. pylori-infected HEp-2
cellsin the absence or presence of K. parviflora’'s
extractsat 3 h of incubation. The extracts were added at
the concentration of the MIC. Results are presented as
the proportion of internalized bacteria versus control.
The proportion of internalized bacteria was cal culated as
the rate of the number of internalized bacteria divided by
the bacterial inoculum. Data are presented as mean+SD
of separate duplicate experiments with two wells per
experiment and duplicate plate counts from each well.
The significant difference from control without the
extract was set at * p<0.05.

% of control

The anti-internalization ability of H. pylori
against HEp-2 cells displayed in dose and time
dependent manner. The result was summarized
in Fig. 2 & Fig 2 b and Fig. 3. The bacterial
conferred higher capability to enter into the
cells at the extended incubation times. This
correlated with the previous study which found
that HEp-2 cells penetration frequencies were
inoculum dependent and accelerated with time
(Wilkinson et al., 1998). However, ethyl
acetate extract of K. parviflora still maintained
effective anti-internalization activity upon H.
pylori during the longer treatment period. The
number of trested intracellular H. pylori was

significantly lower than the untreated (Fig 2a;
P < 0.05). The bacterial viability was also
investigated in order to determine the effect of
K. parviflora’s ethyl acetate extract on growth
of H. pylori. The number of viable bacteriawas
decreased dslightly at 3 and 6 h and markly
decreased at 12 and 24 h of treatment (Fig. 2b).
To examine the anti-internalization effect of K.
parviflora, the optimum incubation time at 3 h
or 6 h was utilized according to low effect of
growth inhibition. The invasion efficiency had
been shown to response to the concentrations
of K. parviflora’s ethyl acetate extract in the
range from 8 to 128 ny/ml (Fig. 3). The
proportions of intracellular bacteria were
significantly different from the control without
the extract (59.28 %, 42.96 %, 32.34 %, 11.63
% and 8.47%; P < 0.05). However, K.
parviflora’'s ethyl acetate extract of 128 ng/ml
effected the growth of H. pylori, the number of
viable bacteria dramatically reduced about 100
fold (1.36 + 0.01X10° from the initial
inoculum (1.65 * 0.19X10%). The anti-
internalization activities of K. parviflora
implicated one possible mechanism for anti-
peptic ulcer of this plant. Ora administration
of K. parviflora a 30, 60 and 120 mg/kg
significantly inhibited gastric ulcer formation
in rats. Its gastroprotective potential was
suggested to be related partly to preservation of
gastric mucus secretion (Rujjanawate et al.,
2005). No report of anti-internalization activity
of medicinal plants against H. pylori has been
documented before. While, the anti-adhesion
effect against H. pylori have been investigated
recently in some plants. A high-molecular-
weight, nondialysable material (NDM) of
cranberry juice at 0.2 mg/ml inhibited the
adhesion of H. pylori to the gastric cells
(Shmuely et a., 2004). An acidic
polysaccharide from Camellia sinensis, green
tea, possessed anti-adhesive effect against
certain  pathogenic  bacteria  including
Helicobacter pylori, Propionibacterium acnes,
and Staphylococcus aureus (Lee et al., 2006).
Root extract from Pelargonium sidoides (EPs
7630) could inhibit adherence of H. pylori to
human stomach and gastric epithelial cellsin a
dose dependent manner (Wittschier et al.,
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2007; Beil and Kilian, 2007). However, it was
found that the antibiotic resistance in H. pylori
was associated with higher internalization
activity due to the ability to escape from
antibiotic treatment. The close relationship
between the elevated invading efficiency and
clarithromycin resistance was investigated (Lai
et a., 2006). So, blocking the H. pylori invasion
by K. parviflora was suggested to enhance the
curing rate of H. pylori and could synergize the
conventional antibiotic treatment.
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Fig. 2a. Quantitative internaization assay in HEp-2 cdlls
incubated with H. pylori ATCC 43504 with and without
ethyl acetate extract of K. parviflora at 3, 6, 12 and 24 h.
The concentration of K. parviflora’ s ethyl acetate extract
was used at 32 ng/ml. The number of internalized H.
pylori was assessed by log CFU/mI. Data are presented as
meantSD of separate duplicate experiments with two
wells per experiment and duplicate plate counts from each
well. The significant difference from each control was set
at * p<0.05.
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Fig 2b. The number of viable H. pylori after treating with
32 nmg/ml of K. parviflora’s ethyl acetate extract at 3, 6,
12 and 24 h. Data are presented as mean+SD of separate
duplicate experiments

Due to H. pylori harboring cagA is more
virulence. So all H. pylori strains were screened
for cagA gene using the PCR method. Only H.
pylori ATCC 51932 and DMST 20165 did not
possess cagA gene (data not shown).
Comparison of the effect of K. parviflora’'s

120
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I
I .

Control 16.00 32.00 64.00 128.00
concentration(ug/ml)

% of control

Fig. 3. The effect of various concentrations of K.
parviflora’s ethyl acetate extracts on H. pylori ATCC
43504 internalization of HEp-2 cdls a 3 h of
incubation. The Data are presented as mean+SD of
independent duplicate experiments with two wells per
experiment and duplicate plate counts from each well.
The dignificant difference from control without the
extract was set at * p<0.05.
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Fig 4. The effect of K. parviflora’s ethyl acetate extracts
on internalization of different strains of H. pylori into
HEp-2 cedls. HEp-2 cdls were co-cultured with H.
pylori in the absence and presence of 64 nmg/ml of the
extract for 3 h. Data are presented as mean+SD of
independent duplicate experiments with two wells per
experiment and duplicate plate counts from each well.
The significant difference from each control without the
extract was set at * p<0.05.

ethyl acetate extract between five H. pylori
strains (3 cagA postive strains of ATCC
43504, ATCC 43526 and clinical isolated no.
820 and 2 cagA negative dtrains of ATCC
51932 and DMST 20165) for the anti-
internalization activity against HEp-2 cells
were performed. From preliminary study, using
64 ng/ml of K. parviflora’s ethyl acetate
extract and 6 h of incubation, no growth of H.
pylori was detected. Thus, the most effective
treatment condition was optimized at 64 ng/ml
of the extract and 3 h of incubation. The result
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was demonstrated in Fig. 4. In consistent with
our results, the invasion frequency and the
association of adhering bacteria were found to
be greater inthe type | strains (VacA and cagA
positive) than in type Il strains (VacA and
cagA negative) (Data not shown) (Petersen et

al., 2000). Interaction between bacterial factors
such as CagA and host signal transduction
pathways was suggested to be critical for
mediating cell transformation, cell
proliferation, invasion, apoptosi g/anti-
apoptosis, and angiogenesis (Su et al., 1999).
However, the extract significantly inhibited the
invasion of individual H. pylori strains (P <
0.05). The bacterial invasion activities were
reduced more than 75 %. Although, the
superior invasion activities were contributed in
the virulence H. pylori strains (cagA positive)
than the non-virulence strains (cagA negative),
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Abstract

Helicobacter pylori, an etiological agent of active chronic gastritis and peptic ulcer disease, is how
considered to be as invasive enteropathogen. Invasion of gastric epitheium cells contribute to persistence
infection and eradication failure due to the bacteria could escape from antibiotic treatment and immune defense
mechanism. The aims of this study were to investigate the anti- Helicobacter pylori and anti-internalization
activities of nine Thai plant extracts used for gastric ailments in traditiona medicine including Kaempferia
parviflora, Allium sativum, Musa sapientum, Curcuma longa, Cymbopogon citratus Centella asiatica,

Andrographis paniculata, Aloe vera and Ocimum basilicum. The minimum inhibitory concentrations againg 11

clinical isolates and 2 reference strains of H. pylori were examined using an agar dilution method. The level of
internalization against HEp-2 cells was determined by a conventional gentamicin internalization assay. Only the
methanolic extracts of Curcuma longa and Kaempferia parviflora exhibited significant antibacterial activities at
MIC of 32 pg/ml and 64 pg/ml, respectively. Four common medicina plants including Curcuma longa,
Kaempferia parviflora, Allium sativum and Musa sapientum were further tested for their anti-internalization
activities againg H. pylori ATCC 43504 at 3, 6 and 12 h of incubation using the concentration equal to their
MIC. All four plant extracts showed inhibitory effects on the invasion of H. pylori to HEp-2 cells except
Curcuma longa enhanced the invasion at 6 and 12 h. Although, Allium sativum and Musa sapientum
demonstrated marked anti-internalization activities, the high concentrations of the extracts may have cytotoxic
effects. However, the use of medicinal plants sill have potential benefit in H. pylori eradication and could be a
useful choice to avoid the antibiotic resistance. Moreover, the anti-internalization activities may be a new
strategy to prevent H. pylori infection and improve the therapy.

Keywords. Helicobacter pylori, medicinal plants, anti-internalization
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Introduction

Helicobacter pylori infection represents the
major cause of peptic ulcer disease and gastric cancer
(Nationa Ingtitutes of Health, 1994). It was classified
by the World Health Organization as a group |, or
definite, human carcinogen. Approximately 50% of the
world's population is estimated to be infected with H.
pylori. Transmisson occurs via human-to-human
contacts, fecal-oral route and intrafamilial transmission
from mother to her offspring (Magahaes Queiroz and
Luzza, 2006). The recommended eradication therapy
continues to be triple therapy with a proton pump
inhibitor (PPl) and two antibiotics of clarithromycin,
amoxicillin, or metronidazole for 7 days (Cavallaro et
al., 2006). However, the eradication rate achieves only
60-80% in clinical practice. The treatment failure
resulted from an increasing of antibictic resistance
(Vilaichone et al., 2006) and reducing treatment
efficacy due to intracellular survival (Anderson and
Holck, 1990; Evans et al., 1992). A minor H. pylori
population which localized inside gastric mucosal cells
could not be entirdy killed even a long-time
adminigtration of pertinent antibiotics (Korman et al.,
1997). This leads to the relapses of gastric ulcers. Some
other disadvantages of long antibiotic treatment
attributed to drug resistance devel opment and drug side-
effects. Therefore, the aternative approaches of herbal
medicines become more prominent and extensively
studied worldwide in order to find new anti-
Helicobacter pylori and ant-invasion agents. (Stamatis
et al., 2003; Ndip et a., 2007; Shih et a., 2007). A
number of natural products have been shown to have
anti-Helicobacter pylori activity such as garlic extracts,
cinnamon extracts, tea catechins wasabi and honey
(Mabe et a., 1999; Ohta et a., 1999; Osato et al., 1999;
Tabak et a., 1999; Shin et a., 2004). Some spice and
food plants used in Thai traditional medicine for the
treatment of gastrointestinal diseases had been proven
to exhibited growth-inhibitory effects againgt H. pylori
including Myrigtica fragrans (aril), Barringtonia
acutangula (leaf), Kaempferia galanga (rhizome),
Cassia grandis (leaf), Cleome viscosa (leaf), Myrigtica
fragrans (leaf), Syzygium aromaticum (leaf), Pouzolzia
pentandra (leaf), Cycas siamensis (leaf), Litsea eliptica
(leaf) and Melaleuca  quinquenervia  (leaf)
(Bhamarapravati et al., 2003). However, no report on
anti-invasion action of medicina plants against H.
pylori has been documented before. This study aimed to
screen  the anti-Helicobacter pylori  and  anti-
internalization of nine Tha folk remedies which have
been frequently prescribed for treating gastric ailments.

2. Materialsand M ethods

2.1. Plant materialsand extraction

The plant materials were purchased from
supermarket and Thai traditional drug store at Pak
Klong market in Bangkok, Thailand. Five hundred
grams of roughly ground air-dried plant materials were
extracted twice with methanol. The extracts were

filtered and concentrated by evaporation at 40°C until
dryness. Each sample was dissolved at 0.25-1 g/ml with
dimethyl sulfoxide (DMSO). These stock solutions
were filtrated through 0.2 nm Millipore and stored at -
20°C before use.

2.2. Bacterial strains and culture condition

The H. pylori strains used in this study were
two standard strains (ATCC 43504 and ATCC 43526)
and eleven clinical isolates obtained from Division of
Gastroenterology, Department of Medicine, Thammasat
University Hospital and from Department of medicina
sciences, Ministry of Public Health. The bacteria were
grown on brain heart infusion agar containing 7% sheep
blood and were incubated at 37°C for 3-5 days under
microaerophilic conditions (N, 85%; O,, 5%; CO,,
10%) using gas generating kit (Oxoid, UK).

2.3 Minimum inhibitory concentrations

Minimum inhibitory concentrations (MIC)
were determined, in duplicate, by an agar dilution
method following the National Committee for Clinical
Laboratory Standards guidelines. Briefly, 1 ml of each
diluted plant extract was mixed with 24 ml of
unsolidified Mudler-Hinton agar supplemented with
5% sheep blood and poured into sterile petri dishes.
Final concentrations of each plant extract were set to be
16, 32, 64, 128, 256 and 512 ng/ml. A 72-h H. pylori
strains were suspended in 0.85% NaCl to a turbidity of
McFarland standard 2 (107-10° CFU/ml). Subsequently,
three microliters of each inoculum was spotted on each
plate and incubated as described for 3 days. The MIC
was defined as the lowest concentration of each extract
at which no visible growth was observed.

2.4 Culture of HEp-2 cells

HEp-2 cdls from a patent with human larynx
carcinoma were obtained from the American Type
Culture Collection (ATCC CCL 23) and were cultured
in a medium consisting of Dulbecco’s modified Eagle's
medium (DMEM; Life Technologies Inc., Rockville,
Md), 10% fetal bovine serum and 1% antibiotic-
antimycotic solution (Gibco BRL Laboratories, Grand
Isand, N.Y.) at 37°C in 5% CO2 with 80% humidity.

2.5 Gentamicin inter nalization assay

HEp-2 cdls were washed two times with
Hank’s balanced salt solution (HBSS) treated with
trypsin, and seeded on six wells tissue culture plates at
a density of 1X10° cells/ml. After seeding, the cdls
were alowed to attach overnight in the same
aimosphere as described above to obtain 80%
confluency. After washing twice with HBSS, 900 mi of
DMEM containing no antibiotics and 100 m of H.
pylori suspension (about 10° CFU/ml) was added to
each well in the absence or presence of the extracts and
incubated for 3 h. Then, the cells were gently washed
two times with HBSS, and treated with HBSS
containing 100 ng/ml gentamicin and incubated for one
hour to kill extracellular bacteria. HEp-2 monolayers
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were then washed three times with HBSS and lysed in
digtilled water for 10 minutes to release intracellular
bacteria. The cell lysate was diluted in HBSS in 10-fold
dilutions and 100 m were plated onto brain heart
infusion agar supplemented with 5% sheep blood,
incubated as previoudy for 3-5 days to determine the
number of viable intracellular bacteria. The proportion
of internalized bacteria was calculated as the rate of the
number of internalized bacteria divided by the bacterial
inoculum.
2.6 Statistical analysis

All  experiments were caried  out
independently in duplicate experiments. The inhibitions
of internalization by various extracts at various time
intervals were evaluated by one way anaysis of
variance (ANOVA).  Statigtical significance was
accepted at the P=0.05 levd.

3. Results
3.1 Effects on growth of H. pylori

Methanol extracts of 9 herbal medicines used
traditionally for gastric ailments and also as food
ingredients were screened in vitro for the anti-
Helicobacter pylori activities. The minimum inhibitory
concentrations (MIC) against all thel3 test strains of H.
pylori were shown in Table 1. Curcuma longa exhibited
the strongest growth inhibition with aMIC of 32 ng/ml.
Also significant anti-Helicobacter pylori actions with
MIC of 64 ng/ml belonged to Kaempferia parviflora.
While, no growth inhibiton againgt H. pylori was found
in Allium sativum, Musa sapientum, Cymbopogon
citratus Centella asiatica, Andrographis paniculata,

Aloe vera and Ocimum basilicum (MIC> 512 ng/ml).

Table 1 Minimum inhibitory concentrations (MICs. ng/ml) of 9 plant

extracts againg 11 clinical isolates and 2 reference drains of
Helicobacter pylori.
Parts MIC (ng/ml)
Curcuma longa Rhizome 32
Kaempferia parviflora Rhizome 64
Musa sapientum Fruit >512
Aloe barbadensis Gd in leaf > 512
Centella asiatica L eaf > 512
Allium sativum Capita >512
Andrographis paniculata Whole plant >512
Ocimum sanctum L eaf > 512
Cymbopogon citratus Stem >512

3.2 Effects on anti-inter nalization of H. pylori against
HEp-2 cells

Curcuma longa and Kaempferia parviflora
which possessed the significant anti-Helicobacter pylori
activities was investigated for the inhibitory action
againsgt H. pylori invasion into HEp-2 cdlls. The effects
againgt H. pylori invasion were also tested with Allium
sativum and Musa sapientum. Although, Allium sativum
was weakly active against H. pylori, consumption of
Allium vegetables reduced therisk of theintestina
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Fig. 1. Internalization assay of H. pylori-infected HEp-2 celsin the
absence or presence of plant extracts at 3 h of incubation. The
extracts were added at the concentration of the MIC. Results are
presented as the proportion of internalized bacteria versus control.
Data are presented as meantSD of separate duplicate experiments
with two wells per experiment and duplicate plate counts from each
well. The significant difference from control without the extract was
set at * p<0.05.
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Fig. 2. Internalization assay of H. pylori-infected HEp-2 cdlsin the
absence or presence of plant extracts at 6 h of incubation. The
extracts were added at the concentration of the MIC. Results are
presented as the proportion of internalized bacteria versus control.
Data are presented as meantSD of separate duplicate experiments
with two wells per experiment and duplicate plate counts from each
well. The significant difference from control without the extract was
set at * p<0.05.
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Fig. 3. Internalization assay of H. pylori-infected HEp-2 célsin the
absence or presence of plant extracts at 12 h of incubation. The
extracts were added at the concentration of the MIC. Results are
presented as the proportion of internalized bacteria versus control.
Data are presented as meantSD of separate duplicate experiments
with two wells per experiment and duplicate plate counts from each
well. The significant difference from control without the extract was
set at * p<0.05.

stomach cancer (Sivam, 2001; Gonzalez and Riboli,

2006). Musa sapientum had been indicated for gastric
ulcer protection and healing activities through its
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prominent effects on mucosal glycoprotein, cell
proliferation, free radicas and antioxidant systems
(Mukhopadhyaya et a., 1987; Godl et al., 2001; Mohan
Kumar et a., 2006). The concentrations of Curcuma
longa, Kaempferia parviflora, Allium sativum and Musa
sapientum used for the anti-internalization assay were
32 ng/ml, 64 ng/ml, 5 mg/ml and 25 mg/ml,
respectively. All the test extracts showed significant
inhibition of internalization at 3 h of treatment (Fig. 1).
However, Curcuma longa exhibited the opposite effects
during 6 and 12 h of incubation (Fig. 2 and Fig. 3). The
prominent activities conferred to Musa sapientum and
Allium sativum, respectively.

4. Discussion

Adhesion and invasion to the gadiric epithelial
take the crucia role in the pathogenesis of H. pylori
infection. The intracellular habitat of H. pylori
established the persistent infection in the human gastric
cells and caused the major problem for eradication
failure (Bjorkholm et a., 2000). The intracelular H.
pylori provided the repopulation in the extracelular
environment (Amieva et al., 2002). Accompany with
the increase of microbial resistance strains reduced the
effectiveness of antibiotic treatments (Levy, 2002). In
vitro studies have shown that the intracellular bacteria
are resistant to extracdlular antibiotics, such as
amoxicillin and gentamicin (Molyneux and Harris,
1993). Although, the intracellular antibiotic such as
clarithromycin, significantly increased the efficacy of
therapy, the prevalence of resistance strains to such
agent ill appeared with the rate about 20%. So,
clarithromycin-containing triple therapies are no longer
acceptable as empiric therapy (Graham and Shiotani.,
2008). Plant extracts are the aternative source of
antimicrobial agents with multiple organic components
including phenols, quinines, flavones, tannins,
terpenoids, and alkaloids (Cowan., 1999). For centuries,
numerous folk medicines have been used for curing the
gastrointestinal disorders in many countries all over the
world. Most studies have been focused to their anti-
Helicobacter pylori activities (Bae et ., 1998; Y esilada
et a., 1999; Stamatis et a., 2003; Ndip et a., 2007,
Zaidi et a., 2009). In Thailand, some spice and food
plants including Myristica fragrans, Barringtonia
acutangula, Kaempferia galanga, Cassia grandis,
Cleome viscosa, Syzygium aromaticum had been shown
to exhibit the growth inhibition againg H. pylori
(Bhamarapravati et d., 2003). In this study, Curcuma
longa and Kaempferia parviflora was shown to have
significant anti-Helicobacter pylori activities. The MIC
of Curcuma longa was related to the previous data
(Mahady et al., 2002). Curcumin (diferuloylmethane),
the major constituent derived from the rhizomes of
Curcuma longa (Turmeric), has been shown to prevent
gastric and colon cancers in rats (Ikezaki et d., 2001).
Moreover, it was able to block the NF-kB activation
and celular motogenic response of epithelid cels
induced by H. pylori infection (Foryst-Ludwig et al.,
2004). Kaempferia parviflora is a Zingiberaceous plant,

possessed anti-gastric  ulcer activity which was
suggested to be related partly to preservation of gastric
mucus secretion (Rujjanawate et al., 2005). The anti-
internalization activities of some medicinal plants were
firstly reported in our study. Musa sapientum has
shown the dtrongest inhibition againg H. pylori
invasion to HEp-2 cdlls. However, in the test condition
for gentamicin internalization assay, we used the
concentration of each extracts at the level of MIC. The
superior anti-Helicobacter pylori activities of Musa
sapientum and Allium sativum should be considered
towards adverse effects due to the high quantity of the
extracts. Curcuma longa conferred the inhibitory action
against H. pylori invasion to HEp-2 cdls only in the
beginning period (3 h) but it enhanced the
internalization ability in the extended times (6 and 12
h). The inducement of cell invasion should be seriousy
concerned agpart  from its benefit such as
pharmacol ogical effects, anti-inflammatory,
antimutagen, antibacterial, antiviral and antioxidant
effects (Aradjo and Leon, 2001). Kaempferia parviflora
was the attractive plants carrying both the anti-
Helicobacter pylori activity and anti-internalization
activity. It has been reported to possess anti-allergic,
antibacterial (Tewtrakul and Subhadhirasakul, 2007),
antiplasmodid activities (Yenja et d., 2004) aswell as
anti-peptic ulcer effects (Rujjanawate et al., 2005).

In conclusion, we reported the potential in
vitro anti-Helicobacter pylori activity and anti-
internalization activity of some Thai medicinal plants
used in traditiona treatment of gastrointestina
disorders. Further studies are needed to be carried out to
investigate their mechanism and effects in vivo. This
finding may be useful in the future drug development in
combination with antibiotics for effective trestment and
prevention of H. pylori-associated gastric cancer.
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