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ABSTRACT

The increasing of antibiotic resistance is the sesi problem of most pathogenic bacteria includirgji¢bbacter
pylori, which is the etiologic agent of chronic géss, peptic ulceration, gastric carcinoma and sjac MALT-
lymphoma. An alternative treatment using traditibméants is advantageous in less or nontoxic, cheag
availability in rural areas. In this study, we exaed the activities of 19 Thai fruit mesocarp egtsaon growth of
H. pylori by agar dilution method and anti-adhesiaativities of H. pylori ATC@3504 against HEp-2 cells by
spectrofluorometry. The ethanolic extract of sugpple (Annona squamosa L.) showed the most potdntiCs,
of 20 mg/ml and superior anti-adhesion activity76f3% against HEp-2 cells. The potential anti-Hlopyactivities
were observed from ethanolic extracts of mangostéerian, jujube, papaya, rambutan juice, mangaguiWhile,
potential anti-adhesion activities were derivednfrethanolic extracts of mangosteen, mango, sapgddke apple
and both ethanolic and aqueous extracts of gualthoAgh, pharmacological activities of mesocargrofts were
lower than exocarp (peel), endocarp (seed), leaf ather parts, it is the consumable part that peogbuld gain
pharmacological substances directly apart from griésavor.
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INTRODUCTION

The incidence of gastric cancer is the second hepdause of cancer death worldwide. For primaryegméon, it is
important to combinélelicobacter pylorieradication with other medical and laboratory enneg in order to reduce
the mortality in risk population [1]H. pylori associated diseases include peptic ulcer, gastrijastric
adenocarcinoma and MALT lymphoma. Approximatelyfhafl the world population becomes infected. The
prevalence of. pylori infection varied between geographical area, ettaticial and age groups, which associated
with socioeconomic status, educational level angidne. Transmission is via person-to-person cofactral-oral,
gastro-oral and fecal-oral. The major source oéaging is from contaminated water and food [2]. pathogenesis
of H. pylori infection starts from the adhesion of bacterigtmmach microvilli and the translocation of CagAoin
the cells, which triggers the inflammation and apsis process [3]. The first line of treatment tanslard triple
therapy with a proton pump inhibitor (PPI) and targibiotics of clarithromycin, amoxicillin, or metnidazole for 7
days [4]. However, the problems of stains resistarthese antibiotics are rising in many countriesdering the
failure of eradication. The alternative approacbesatural products have been extensively studieddwide to
explore novel antH. pylori agents [5, 6]. Anti-adhesion agents are also tinecéive therapy due to adhesion is the
critical step of infection. Several herbal medisinspice and food plants had been screened for #msi-
Helicobacter pyloriactivities including garlic, wasabi and honey [7-BYhile, cranberry juice an&elargonium
sidoideg(EPs7630) exhibited superior anti-adhesion actigifiL0, 11].
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Fruits are healthy foods with the great flavor anldt of nutritional benefits. Consumption of fuénd vegetables
was associated with lower risk of duodenal ulcesmach and colon cancer [12]. The phytochemicalérufs
including polyphenols, carotenoids, flavonoids, amthocyanins possess anti-oxidants, anti-neuroeegtve,
anti-cancer, anti-inflammatory and anti-microbiabperties, which are different among fruits andrtiparts. The
anti-oxidants effect was observed in apple peegrrghand grape seeds [13-15]. The anti-cancer igctivas
demonstrated in berry fruits (black raspberry atieveberry), apples, and pears [16, 17]. The mosergoanti-
microbial effect was observed in seed, peel andeleauch as pomegranate fruit peel and apple se&dlH].
Thailand is one of the tropical countries that haveny kinds of fruits. Some of famous Thai's fruste durian,
mango, rambutan, pomelo and mangosteen. Most pitabfruits must peel off the skin and consumeydhé pulp,
while cold-climate fruits usually eat whole. Althgihy the pharmacological and biological activities abundant in
the skin of fruits, which protect the pulp from @menmental attack such as sunlight, insects andaoiganism, the
mesocarp or pulp is also the important consumadtewith the great flavor and treasured part oéfjnutritional
and therapeutic substances. Thus, this study aimecreen the anti. pylori and anti-adhesion of the mesocarp of
nineteen Thai fruits, which will be advantageousHo pylori prevention and treatment by consumption of frait i
daily diet.

EXPERIMENTAL SECTION

Bacterial strainsand cultivation

Two H. pylori standard strains (ATCC 43504 and ATCC 43526) weel in this study. Seventeen clinical isolates
were obtained from Division of Gastroenterology, pBement of Medicine, Thammasat University Hospital
Pathumthani, Thailand. All bacterial strains wetdtured on brain heart infusion agar containing ) sheep
blood and were incubated at 37°C for 3-5 daysnmi@oaerophilic jar system with gas generating kit.

Preparation of fruits extracts

Nineteen Thai fruits were purchased from local retgkincluding sugar apple, mangosteen, rambutanargu
longkong, jujube, salak pulm, pomelo (variety Thdbge), pomelo (variety Kao Pan), guava (variety-Bdn

Thong), guava (variety Klom Sali), pineapple, watelon, tangerine, sapodilla, mango, rose appleaymam@nd
coconut. Only the mesocarp parts were subjectedueous and ethanolic extraction. Briefly, 1.5dqifoms of fresh
fruits were washed and processed the uneaten &gt (skin and seeds). The mesocarp parts weriatousmall

pieces and dried in an oven at 50 °C for 24-48degixwatermelon and tangerine were freshly extdacte

For aqueous extraction, one half of the dehydr&tgits was mechanically crushed, squeeze througlzeyaloth,
centrifuged at 5,000 rpm for 10 min, and filterbdough Whatman Grade No. 1 filter paper. The sugtamr was
lyophilized until dryness.

For ethanolic extraction, another half of the dehyed fruits were mechanically crushed, extractade with 95%
ethanol and dried by rotary evaporator at 60 °@¥ad by lyophilization until dryness. All extractgere dissolved
in dimethyl sulfoxide (DMSO) and stored at -20°Qiunsed.

Minimum inhibitory concentration (M1C) determinations

An agar dilution method was used according to theical and Laboratory Standards Institute guidelinA stock
solution of each extract was serially diluted twdfm Mueller-Hinton broth and 1 ml of each dilutiavas mixed
with 24 ml Mueller-Hinton agar supplemented with Seep blood and poured in a petri dish to givénal f
concentration of the extracts in the medium ranfgech 0.625-20 mg/ml. EacH. pylori strain was suspended in
0.85 NaCl to a turbidity of McFarland standard 12ao yield approximately 7010° CFU/ml. Three microlitres of
each bacterial suspension was spotted on eactedlifpiite and incubated for 3 days as previouslyriesd.
Growth control plates consisting of medium alond amedium with the upmost concentration of DMSO dach
extraction diluents were performed in each expemim&he MIC was determined from the lowest conaditn of
each extract with no bacterial growth.

Cédl Culture

The HEp-2 cell line from a patient with human laxyzarcinoma was kindly provided by Dr. PornthepriBigrakul,
Faculty of Allied Health Sciences, Chulalongkorniwémsity, Thailand. The cells were cultured in #&°dlasks
containing RPMI 1640 supplemented with 10% (v/vlafebovine serum and 1% (v/v) antibiotic-antimycoti
solution at 37°C in 5% CgQwith 80% humidity. The cells were passaged evebydays at a 1:2-1:4 split ratio using
Dulbecco’s phosphate buffered saline (DPBS) withcaltium and magnesium as washing buffer and tnypsi
EDTA solution to detach the adherent cells.
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Labeling of bacteria

The 3 day culturéd. pylori ATCC43504 was resuspended in 1 ml RPMI 1640 amtebal numbers were adjusted
by optical density at 600 nm to 2.0. The bactesiapension was incubated with 1@.1% FITC in DMSO for 1 h
at room temperature in the dark. The FITC-labeledactdria were recovered by
centrifugation] D U000 0000000 0000000000000 00000OoUoDoioouooooooooo
Jooooooooouobuoooodobioooobuogouobgoboobgobooobgobdoon
ooooooooo

Adhesion assay of H. pylori to Hep-2 cells

The HEp-2 cells were seeded at a density 6fcélls on 24-well plates and left overnight to @®0% confluence.
The cell monolayers in each well was washed twith RPMI 1640 and replaced with RPMI 1640 contagnimo
antibiotics. The cells were infected with 10D FITC-labeledH. pylori (5x1¢ CFU/mI) in the absence and presence
of the extracts. After incubation at 37°C for 2nbpadherent bacteria were washed three times inIRBND. The
cell monolayers were lysed with sterile distilledter at room temperature for 10 min. The bacteddlerence was
quantified by fluorescence microplate reader (extat 485 nm and detected at 528 nm).

Statistical analysis

All experiments were carried out independently tnleamst duplicate experiments. The levels of adimesvere
expressed as meanzSE by compared to the untreatgtblc(100% adhesion). One way analysis of vaganc
(ANOVA) was used to evaluate the significance atphobability values < 0.05.

RESULTSAND DISCUSSION

Theanti-H. pylori activities of fruits

The emerging problem . pylori resistance has a serious impact for successathtent regimens. An alternative
treatment using traditional herbal medicines isaat&geous in less or nontoxic, cheap and avathabiii rural
areas. Fruits are favorite foods for people allrdlie world. Both fiber and vitamins are importémt good health.
In addition, fruits contain many pharmacologicaluess, including anti-oxidant [20] anti-inflammatig@1], anti-
aging [22], anti-cancer [23], anti-bacterial adias [24].In this study the effect of 19 Thai fruit extracts growth

of H. pylori were screened using standard agar dilution me#®€LSI recommendatiolhe MICs of both
aqueous and ethanolic extracts from mesocarp @k fagainstH. pylori was shown in Table 1. The ethanolic
extract of sugar apple exhibited the highest Eintpylori activity with MICsy = 20 mg/ml. The potential growth
inhibition were demonstrated in ethanolic extradftsnangosteen, durian, jujube and papaya and aguedracts of
rambutan and mango with M}g= 20 mg/ml. The upmost concentration of DMSO diliseof each extract ranging
from 4-25% v/v were not effected kb pylori growth. Although the anti-bacterial activity of smearp part of fruits
were not as good as exocarp (peel) and endocaed)(dbeir potential bacteriostatic effects couledctly gain by
daily consumption besides other health benefit® [Blw antibacterial activities of fruits had beesmibnstrated in
some previous reports. The MIC of pericarps of nostgen againsLandida albicansvas 1 mg/ml [25]. The MIC
of mango against methicillin-resistaBtaphylococcus aureuMRSA) and extended spectrum beta-lactamase
(ESBL) were 0.31-6.25 mg/ml and 0.32-7.5 mg/mlpestively [26]. The MIC of guava leave against tiaulig-
resistantVibrio choleree Ol and multidrug resistar®. aureuswas 1.25 mg/ml [27] and 7.5 mg/ml [28],
respectively.

Table 1. Minimum inhibitory concentrations (MICs) of Thai fruit extractsagainst 19 H. pylori strains

. Aqueous extracts Ethanolic extracts

NO Scientific Name Common Name MIC 50 MIC 40 MIC 50 MIC 20

1 Garcinia mangostand. Mangosteen >20mg/ml >20 mg/ml > 20 mg/ml20 mg/ml

2 | Nephelium lappaceuin Rambutan >20mg/m] 20mg/ml | >20 mg/ml| > 20 mg/ml
3 | Annona sguamosa Sugar Apple > 20 mg/m| > 20 mg/ml 20 mg/ml 20 mg/ml

4 Durio zibethinud.. Durian >20mg/ml| >20mg/m|l > 20 mg/ml 20 mg/ml

5 Lansium domesticum Longkong >20mg/mlf >20mg/ml >20mg/ml > 20 mi/m
6 Zizyphus mauritiandamk. Pudsa, Jujube >20mg/ml >20 mg/ml > 20 nhg/m20 mg/ml

7 Salacca eduliRReinw. salak pulm >20 mg/ml  >20mg/ml > 20 mg/mk 20 mg/mi
8 Citrus maximaBurm.) Merr. (variety Thong Dee)] Pomelo > 20 mg/m> 20 mg/ml | > 20 mg/ml| > 20 mg/m|
9 Citrus maximaBurm.) Merr. (variety Kao Pan) Pomelo, > 20 mg/mP 20 mg/ml| > 20 mg/ml > 20 mg/m|l
10 | Psidium guajavd.. (variety Pan-Sri-Thong) Guava >20mg/ml >2@ml | >20 mg/ml| >20 mg/m
11 | Psidium guajavd.. (variety Klom Sali) Guava > 20 mg/ml > 20 mg/ml> 20 mg/ml| > 20 mg/mi
12 | Ananas comosu&inn.) Merr. Pineapple >20mg/ml  >20mg/ml  >@@/ml | >20 mg/ml
13 | Citrullus lanatusMats & Nakai Watermelon >20 mg/ml  >20 mg/ml >r@2@/ml | > 20 mg/ml
14 | Citrus reticulataBlanco Tangerine >20 mg/ml >20mg/ml > 20 mg/pr 20 mg/mi
15 | Manilkara achragFosberg Spodilla >20mg/ml >20 mg/ml > 20 mg/p 20 mg/ml
16 | Syzygium samarangen@@&ume) Merr. & Perry Rose apple >20mg/ml >2@ml | >20 mg/ml| >20 mg/m
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17 | Cocos nuciferd.inn. Coconut >20mg/m| >20mg/ml  >20 mg/ml  G&mag/ml
18 | Carica papaydlinn Papaya >20mg/m|  >20mg/ml > 20 mg/ml20 mg/ml
19 | Mangifera indical. Mango > 20 mg/ml| 20 mg/ml > 20 mg/ml| > 20 mg/ml

The anti-adhesion properties of fruitsagainst H. pylori

According to adhesion df. pylori to host epithelial cells or host tissue is a pyaigte for initial virulent process.
The strategy of blocking adhesion at mucosal sedas advantageous not only to prevent infectidnalso reduce
bacterial resistance [29]. In this study the extwdoom mesocarp of all 18 fruits were compared tfair anti-
adhesion activity against HEp-2 cells using thecemtration at 20 mg/ml of each. The result was shiomFigure 1.
The ethanolic extract of sugar apple and aqueotiaa»of mango exhibited the most potent anti-aabimeactivity
at 76.2 % and 70%, respectively (p < 0.05). Thditi@al use of sugar apple is mostly for anti-mialaand
insecticidal activities. Recently, the extract afjar apple leaves shown to prevent and heal palutic by reduce
the excretion of pepsin and plasma gastrin anceéas® mucin [30] and its MICs against gram-posiéind gram-
negative bacteria were 53-3gand i[24]. While, mango leaves extract was repottecontain anti-typhoid activity
of multidrug resistant strains with MICs of 10-5@#/ml [31]. The potential anti-adhesion activitieere& observed
between 38.1-74.3% from ethanolic extracts of mategm, mango, sapodilla, rose apple, guava andagu&e.
The inhibitory activity of ethanolic extract of mgwsteen could not determine directly due to the {2Egells
detachment by the extract. The preliminary studyplsrincubation of the mangosteen extract withpylori and
washing off before adding to the HEp-2 cells denasd significant anti-adhesion activity (data sbown). The
anti-adhesive effect again$t. pylori was reported in some natural products such asbergn juice [32],
Pelargoniumsidoidesroot extract [11] and green tea leaf [33]. The poond in the extracts that shown to influence
H. pylori binding on gastric tissue were glucuronic acidi@rad polysaccharides from okra fruit [34] and acid
polysaccharide from green tea [35]. The polysaddbafractions fromArtemisia capillarisand Panax ginseng
reduced theH. pylori binding to AGS cells by 11-44% and 35-67%, respetti[36]. The fresh extract from okra
fruits exhibited 68.8% reduction K. pylori adhesion to AGS cells [37].
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Figure 1. Adhesion assay of H. pylori-infected HEp-2 cellsin the absence or presence of 18 ethanolic fruit extractsat 2 h of incubation.
The extracts were added at the concentration oM@ Data are presented as mean +SD. The significkifference from control without the
extract was set at p<0.05.
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Figure 2. Adhesion assay of H. pylori-infected HEp-2 cellsin the absence or presence of 18 aqueousfruit extractsat 2 h of incubation.
The extracts were added at the concentration oMh@. Data are presented as mean +SD. The significlifference from control without the
extract was set at p<0.05.

CONCLUSION

In this study, the ethanolic extract from mesocpapt of sugar apple exhibited the strongest inbibitactivity
againstH. pylori growth and showed highest anti-adhesion activiiyngared to other fruits. The extracts of
mangosteen and mango demonstrated the potentigdlHgyori and anti-adhesive effects. Although, the
bactericidal activities from mesocarp of fruits wenferior to other parts of fruit and fruit tréejs the consumable
part that contains various nutritional substanass féber. Thus, daily intake of fruits is beneficfar health and
could also gain the pharmacological agents fotrneat and prevention &f. pylori infection.
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