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ABSTRACT

Aqueous and ethanolic extracts of 12 most-prefeNiggbrian indigenous chewing-sticks were assayedhfeitro
antimycotic potentials against 86 human oral Cadipecies isolated from tongues, teeth and sali. oral
Candida strains were not species-specific as regdneir sources of isolation but recovery ratesev€r albicans
(43), C. glabrata (5), C. pseudotropicalis (10) a@d tropicalis (28). In vitro susceptibility ratesf [C. albicans
(8.3-58.3%), C. glabrata (8.3-33.3%), C. pseudoitafis (8.3-25.0%), C. tropicalis (8.3-50.0%)] af@. albicans
(8.3-83.3%), C. glabrata (16.7-66.7%), C. pseudpitalis (8.3-75.0%), C. tropicalis (8.3-66.7%)] veerecorded
respectively among the oral Candida strains towaadaeous and ethanolic extracts of the chewindestiln vitro
inhibitory activities of each aqueous chewing-stiektract were, Massularia acuminata (0.0-20.0%),g&&
xanthoxyloides / Zanthoxylum xanthoxyloides (0.3%3, Pseudocedrela kotschyi (10.0-23.3%), Pargaeti
nigrescen (20.0-25.0%), Distemonanthus benthamig@u27.9%), Garcinia cola (0.0-28.6%), meyinrds.@-
28.6%), Terminalia avicenniordes (0.0-30.0%), Veriacamygdalina (20.0-37.2%), Terminalia glaucescér&6-
40.0%) and Periscopsis laxiflora / Prosopis afrieanOlax subscorpioide (20.0-40.0%). Relatively kigh
susceptibility rates were exhibited by ethanolitraots of Fagara xanthoxyloides / Zanthoxylum xamgtoides
(0.0-23.3%), Pseudocedrela kotschyi (0.0-25.0%pxQO8ubscorpioide (20.0-34.9%), Parquetina nigres¢@m-
37.2%), Periscopsis laxiflora / Prosopis africar4(3-40.0%), Massularia acuminata (0.0-53.6%), Gaiec cola
(17.9-60.0%), Distemonanthus benthamianus, Vernaniggdalina (20.0-60.0%), Terminalia glaucescen3.q3
60.0%) and Terminalia avicenniordes (27.9-70.0%pwimng sticks. The findings of this study indicated
phenotypic potentials of Nigerian chewing sticksadfinct cleansing agents in oral hygiene, whicloficlinical
relevance in dentistry.

Keywords: Candida chewing sticks, dental caries, natural plant pots] oral hygiene, oral trush, periodontal
diseases

INTRODUCTION

Oral candidiasis affects many sectors of the pajuiancluding the very young, the elderly and seveiglgnuno-
deficientpeople [1], whileCandidaspecies are the aetiological agents of oral casdidavhich usually reside as
commensals and part of normal oral microflora. They frequently cultured from oral and oesophagediaces
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and have been known to reach the oesophagus isamadtions [2-4] but determining exactly how tfansation of
Candidaspecies from being commensals to pathogens takee @gind how it can be prevented is a continuous
clinical challenge, although candidal adherencenta@osal surfaces is considered as a critical Irstiep in the
pathogenesis of oral candidiasis [2, 5-7].

Symptoms of oral candidiasis include burning maaghdrome; white lesions of the oral mucosa aree@®ed in
frequency [8], while treatment for oral candidiagisludes antifungal therapy if candidiasis is diaged. The
purpose of oral hygiene through regular removatiefital plaque and food deposits is an essentitrfaic the
prevention of dental caries and periodontal disgaz#hough methods for oral hygiene vary amongtties and
cultures. It has been shown tl@dndidaspecies can survive in the biofilm of the mouth §®, there is the need for
adjunct mouth-cleansing agents for oral hygien#) wagards to oral fungi.

For centuries, chewing sticks have been used astla-tleaning device; some clinical epidemiologstaidies are in
support of beneficial activities of chewing sticks oral cases, while many laboratory investigatitrase also
suggested the presence of heterogeneous antindatnponents, which are extractable with the dsdifferent
chemical procedures. Today, chewing sticks areustédd in many developing countries based on toaditeligion
or because of their ready availability, low costl @mplicity; even, the World Health Organisatidecaencouraged
their use. The Year 2000 Consensus Report on OmgieHe stated that chewing sticks may have a wlgay in
the promotion of oral hygiene and that evaluatibtheir effectiveness warrants further researchj.[10

Traditional medical knowledge of medicinal plantedaheir use by indigenous cultures are not onkfulsfor
conservation of cultural traditions and biodiverdiut also for community healthcare and drug dguslent in the
present and future [12][23]. Several chewing-stickse been used for centuries as oral hygiene moafgany parts
of the world, while many studies have demonstrater anticaries, antiplaque, antiperiopathic andbanterial
effects of these sticks [13][24]. Aderinokwat al. [11] reported that slight improvements were detgdn the
gingival status of those using chewing-sticks re¢ato those in the group using toothbrush. Sirilavarious
researchers have also advocated the use of chetikg in community oral health programmes becdheg are
readily available, cheaper than toothbrushes astepaand also in consideration of oral reactionsdme users,
principally due to adulteration of some toothpastedue to allergic reactions.

A number of studies have been conducted on theaeffiof local chewing sticks on oral bacterial d¢t1-15] but
there is sparsity of data on the effect of chewstigks on oralCandidaspp., especially with regards to usage of
chewing sticks in oral hygiene in cases of oraldidasis. Apart from intrinsic nature, it is wellduwn that most of
the characteristics of microorganisms in close @atons with humans are affected by genetic coiitipos,
geographical/ environmental factors, diets etc.is Btudy will therefore, be one of the very few &ifiy) that
determinen vitro antimycotic effects of the most-preferred Nigeriadigenous chewing sticks @andidaspecies

of oral origin.

MATERIALS AND METHODS

Collection of oral specimens and OrafCandida isolates:

Candidastrains [16-19] used in this study were obtaimetbirm of three sets of early-morning oral swalwsrfroral
cavities of 40 healthy volunteers, who were 19-2&rg old students of various faculties of Univegrsit Ibadan,
and who had not been on antifungal therapy at Bashonths prior to collection of specimens [20].

Chewing sticks:

Local Nigerian chewing sticks used in this studyeverogbo (Garcinia cold common name (bitter kolai pupa
(Terminalia avicenniordgsogbo(Parquetina nigrescénewuro (Vernonia amygdalingDel., common name (bitter
leaf); pako ljebu (Massularia acuminatg idi funfun (Terminalia glaucescehs emi gbegiri (Pseudocedrela
kotschy), aayan (Periscopsis laxiflora / Prosopis africanq common name (mesquite)modunmoro
(Distemonanthus benthamianuseyinrqg orin ata (Fagara zanthoxyloidgsLam, common name (candle wood) /
(Zanthoxylum xanthoxyloideéEngl.). Zepernick & Timter anifion (Olax subscorpioidg. The chewing sticks were
obtained from local Nigerian herbal markets, andatvely identified with common names by traditibrinerbal
plants sellers, while final identifications werendoat the Herbarium, Department of Botany & Micabgy,
University of Ibadan, Nigeria.
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Antimycotic susceptibility test:

Determination of in vitro inhibitory activities of test chewing sticks on oal Candida strains using modified
agar well-diffusion method:

Aqueous and ethanolic extracts of the local chevsiticks were used for the determinationimfvitro inhibitory
activities. Holes, measuring 6.0 mm in diameterenaseptically bored and removed from sterile SDAr ggates,
followed by surface flaming of the agar plates.lE&DA agar plate was then seeded by streakingriire surface
of the culture plate with each or@bandidastrain. By modification of the method of Tagtal. [21], 500ul of each
aqueous and ethanolic chewing stick extracts wsgedsed into the agar wells in the seeded platdewed by
incubation at 30-3% for 24-48 hrs. The modification was by incorporgtthe chewing stick extracts into sterile
semi-solid agar before dispensing into the wellprievent spreading of the extracts on the agaaserfinhibitory
activities of the extracts depended on the reledskffusible inhibitory metabolites into the assanedium during
incubation, so, inhibition zones surrounding tharagells were noted and recorded in mm diameteilewtoles
without zones of inhibition or inhibition zones $ethan 10.0 mm were recorded as negative. Resates rgcorded
in triplicates.

RESULTS

In this study, 86 strains of or@landidawere phenotypically characterised@salbicans43 (50.0%)C. glabrata5
(5.8%), C. pseudotropicalislO (11.6%) andC. tropicalis 28 (32.5%). The recovery patterns of the @@ahdida
species were tongu€Jalbicans22 (25.6%)C. glabratal (1.2%),C. pseudotropicalis3 (3.5%) ancC. tropicalis 8
(9.3%)]; teeth €. albicans15 (17.4%),C. glabrata 1 (1.2%),C. pseudotropicalis3 (3.5%) andC. tropicalis 11
(12.7%)] and saliva@. albicans8 (9.3%),C. glabrata 3 (3.5%),C. pseudotropicalis4 (4.7%) andC. tropicalis 7
(8.1%). More ofC. albicans strains were recovered from tongue, moreCofglabrata and C. pseudotropicalis
strains were isolated from saliva, while more &f € tropicalis strains were isolated from teeth (Fig. t).vitro
susceptibility rates of 8.3-58.3% were exhibiteddogl C. albicansstrains towards the aqueous extracts of twelve
local chewing sticks but the highest overall meamikitory activities of 32.6% and 37.2% were re@utdn ifon
(Olax subscorpioideandewuro (Vernonia amygdalingrespectively (Table 1).

Oral C. glabrata strains also exhibited susceptibility rates of-8333% towards the aqueous extracts of the local
chewing sticks but the maximum overall mean inbilyitactivities by the aqueous extracts of the lad@wing
sticks was 40.0%. 20.0% were inhibiteddgbo (Parquetina nigrescénewuro(Vernonia amygdaling emi gbegiri
(Pseudocedrela kotschyimodunmoro(Distemonanthus benthamianusneyinro and ifon (Olax subscorpioide
40.0% of the strains were inhibited lgi funfun (Terminalia glaucescefsand aayan (Periscopsis laxiflora,
Prosopis african® while none of the&. glabratastrains was inhibited by the remaining local chrepéticks.

Overall susceptibility rates of the 10 ofal pseudotropicalistrains towards aqueous extracts of the chewinlgsst
were 8.3-25.0%; 20.0% of the. pseudotropicalisstrains were inhibited by six of the aqueous extraf local
chewing sticks-ogbo (Parquetina nigrescen ewuro (Vernonia amygdaling pako ljebu(Massularia acuminatg
aayan (Periscopsis laxiflora, Prosopis africajeorin aata (Fagara xanthoxyloides / Zanthoxylum xanthoxylojdes
andmeyinra Ten percent of the strains were inhibiteddsggbo (Garcinia colg andemi gbegiri(Pseudocedrela
kotschy); 30.0% were susceptible idi pupa(Terminalia avicenniordgsandidi funfun (Terminalia glaucesceis
40.0% were inhibited byfon (Olax subscorpioidge while none of the strains was inhibited byodunmoro
(Distemonanthus benthamiany3able 1).

Overall susceptibility rates of the 28 ofal tropicalis strains towards aqueous extracts of the chewinlgsstvere
8.3-50.0%. The most inhibitory chewing sticks toe&E. tropicalis strains werewuro (Vernonia amygdalingand
ifon (Olax subscorpioide(35.7%). 28.6% of the strains were inhibited loyi@ous extracts afrogbo (Garcinia
cola) and meyinrg 25.0% byogbo (Parquetina nigrescen 21.4% byidi pupa (Terminalia avicenniordgs idi
funfun (Terminalia glaucesceps aayan (Periscopsis laxiflora, Prosopis africapaand orin aata (Fagara
xanthoxyloides/ Zanthoxylum xanthoxylgithet lower inhibitory rates were recorded in otbhkewing sticks (Table
1).

Susceptibility rates of 16.3-37.2% were recordeargC. albicansstrains towards the ethanolic extracts of local
chewing sticks. The relatively more inhibitory chieg sticks wereorogbo (Garcinia colg (25.6%),idi pupa
(Terminalia avicenniordgs(27.9%),ewuro (Vernonia amygdalina(30.2%), pako ljebu(Massularia acuminata
(30.2%) andmeyinro (30.2%), aayan (Periscopsis laxiflora, Prosopis africahgd32.6%),idi funfun (Terminalia
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glaucescens(34.9%),modunmorgDistemonanthus benthamiany84.9%),ifon (Olax subscorpioide(34.9%) and
ogbo (Parquetina nigrescen(37.2%), while lower susceptibility rates of 1%&3and 20.9% were recorded émi
gbegiri (Pseudocedrela kotschyandorin aata (Fagara xanthoxyloides/ Zanthoxylum xanthoxylojdespectively
(Table 2).

Susceptibility rates of 16.7-66.7% were exhibitgatte oralC. glabrata strains towards ethanolic extracts of local
chewing sticks. Out of the fiv€. glabrata strains, none was susceptible to the ethanoliaetst ofpako ljebu
(Massularia acuminafa emi gbegiri(Pseudocedrela kotschyandorin aata (Fagara xanthoxyloides/ Zanthoxylum
xanthoxyloidels 20.0% were susceptible tdi pupa (Terminalia avicenniordgsogbo (Parquetina nigrescénand
ifon (Olax subscorpioide 40.0% were susceptible tgbo (Parquetina nigrescerandaayan(Periscopsis laxiflora,
Prosopis africang while 60.0% were susceptible twogbo (Garcinia colg, ewuro (Vernonia amygdaling idi
funfun(Terminalia glaucescefsmodunmordDistemonanthus benthamianwndmeyinro(Table 2).

Overall, 8.3-75.0% of the or&. pseudotropicalisstrains were susceptible to ethanolic chewing<stextractsn
vitro. None of the strains was inhibited dgbo (Parquetina nigrescen10.0% of the strains were inhibited pgko
ljebu (Massularia acuminataand emi gbegiri(Pseudocedrela kotschyi20.0% of the strains were inhibited by
ewuro (Vernonia amygdaling modunmoro (Distemonanthus benthamianusneyinro and orin aata (Fagara
xanthoxyloides / Zanthoxylum xanthoxyloil&9.0% were inhibited bigi funfun (Terminalia glaucescehsaayan
(Periscopsis laxiflora, Prosopis africapandifon (Olax subscorpioidge 40.0% were inhibited bgrogbo (Garcinia
cola), while 70.0% were inhibited bgi pupa(Terminalia avicenniordgs

In vitro, 8.3-66.7% of the ordl. tropicalis strains were susceptible to the ethanolic extratctscal chewing sticks.
The most inhibitory chewing sticks weogbo (Parquetina nigrescenidi pupa (Terminalia avicenniordgsand
pako ljebu(Massularia acuminafawith inhibitory rates of 35.7%, 46.2% and 53.6@spectively. The inhibitory
rates byidi funfun (Terminalia glaucesceis modunmoro(Distemonanthus benthamiajuand meyinro were
32.1%; 25.0% inhibitory rates were recorded ewuro (Vernonia amygdaling emi gbegiri (Pseudocedrela
kotschy) andifon (Olax subscorpioidg while 17.9%, 14.3% and 14.3% inhibitory rateseveecorded irorogbho
(Garcinia colg, aayan (Periscopsis laxiflora, Prosopis africapaand orin aata (Fagara xanthoxyloides/
Zanthoxylum xanthoxyloidesespectively (Table 2).

DISCUSSION

The diagnosis of oral candidiasis can be basecherclinical recognition of a particular form Gandida while
fungal opportunistic infections, and in particuthose caused by vario@andidaspecies have gained considerable
significance as cause of morbidity and often, nlibytf22, 23]. Several clinical forms of oropharyee) candidiasis
(OPC) exist but the most common and widely recaghiss acute pseudomembranous candidiasis, which is
commonlyreferred to as thrush [24], including oral thrugbral candidiasis, primarily caused 6y albicans is an
opportunistic infection [25]; however, species afnralbicans Candida such asC. glabratg C. kruseiand C.
parapsilosis have also been implicated more frequently. Thas worroborated by the types@éndidaspecies .
albicans Candida glabrataC. pseudotropicali@ndC. tropicalis) also isolated from oral specimens (teeth, toungue
and saliva) in this current study, although @endidaspecies were not species-specific as regardsdbeices of
isolation.

Adhesion ofCandidacells to oral surfaces is aitial event in the development of oral candidsg|@6], and there is
the possibility that the strong synergistic int¢i@ts among oral microbial pathogens can influeheg& adhesion to
oral surfaces. This can be easily explained byftut that the oral microbial pathogens usually foantayer
(biofilm) over the teeth enamel [9]. It has als@beeported that whole saliva was shown to proriwettachment
of Candidayeast cells to hard surfaces [27, 28]. The stddyt@an et al. [29] demonstrated that most bark extracts
possessed antimicrobial activity and thereforewihg sticks can serve as adjunct cleansing agestscially as
good abrasive teeth/mouth-cleansing agents indragimal health [30].

Although minimal to moderati vitro inhibitory activities in the aqueous extracts aalhtively higher inhibitory

activities in the ethanolic extracts of some Nigerchewing sticks were recorded in this study. H@aren cases of
oral hygiene, observdd vitro results of the teeth cleansing agents are nousixely the same results obtainead

vivo. Thus, the acclaimed five most-popular local cmgwsticks, especially among the south-western Mger
(Yoruba tribe) habitual chewing-stick usewsin aata (Fagara xanthoxyloides/ Zanthoxylum xanthoxylojdes
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pupa (Terminalia avicenniordgs idi funfun (Terminalia glaucescehspako ljebu(Massularia acuminataand
ewuro (Vernonia amygdalinawas based mostly on the reported significant nadtiasty/foaming properties due to
the barks, as well as the mouth-feel after theligesas mouth cleansing agents.

In addition to teeth cleansing effects, the sulsjerted in the study of Ogunshe and Odumesi [15] supported
usage of local chewing sticks as natural meansdiigmastication, being the only oral hygiene dgbat can be
daily chewed for some time. It was also advocaked thewing sticks can aid in inducing salivationl ahereby,

can also be responsible for cleansing of the saliegagans, since the main purpose of mouth-clegni&noral

hygiene and dental health. It has been recommethdéadhewing-sticks will be a great help in devatgpcountries
with financial constraints and limited oral heattlire facilities for their populations [15, 25, 3djt much more
importantly, Candidaspecies are membesg mixed biofilms (including fungal-bacterial intetions)in vivo, and

subject to various antagonistic and synergistierattions; therefore, as claimed by habitual chgwiick users, the
abrasive importance of chewing sticks cannot béace by other mouth / teeth-cleansing method. Sthdy of

Khanet al. [29] advised the use of unpeeled rather thanepeehewing sticks for tooth-cleaning in order ttyfu
exploit the antimicrobial effects of chewing stickserefore, such study is recommended for furtioesideration.

Table 1:1n vitro mean percentage susceptibility rates of oralandida species towards aqueous
extracts of twelve Nigerian indigenous chewing stis

In vitro mean percentage susceptibility rate€ahdidaspecies

Lab codes

of chewing C. albicans C. glabrata C. tropicalis C. pseudotropicalis

sticks (43) (5) (28) (10)
[8.3-58.3] [8.3-33.3] [8.3-50.0] [8.3-25.0]

ORO 23.3 0.0 28.6 10.0

IDP** 20.9 0.0 21.4 30.0

OGB 23.3 20.0 25.0 20.0

EW 37.2 20.0 35.7 20.0

PKIJ” 14.0 0.0 17.9 20.0

IDE” 18.6 40.0 21.4 30.0

EMI 23.3 20.0 14.3 10.0

AAY 27.9 40.0 21.4 20.0

MOD 27.9 20.0 17.9 0.0

MEY 16.3 20.0 28.6 20.0

AAT™ 23.3 0.0 21.4 20.0

IF 32.6 20.0 35.7 40.0

Keys: 1. ORO = Orogbo (Garcinia cola), 2. IDP = Idi pug@erminalia avicenniordes), 3. OGB = Ogbo (Pargoatnigrescen), 4. EW =
Ewuro (Vernonia amygdalina), 5. PKIJ = Pako ljebgssularia acuminata), 6. IDF = Idi funfun (Termireaglaucescens), 7. EMI = Emi
gbegiri (Pseudocedrela kotschyi), 8. AAY = Aayaerigeopsis laxiflora, Prosopis africana), 9. MODModunmoro (Distemonanthus
benthamianus), 10. MEY = Meyinro, 11. AAT = OrinaagFagara xanthoxyloides/ Zanthoxylum xanthoxys)d12. IF = Ifon (Olax
subscorpioide).
Values in parenthesis are the overall susceptybilites of the Candida species towards the aquebewing sticks’ extracts.-*** = popular -
most popular local chewing-sticks.
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Table 2: In vitro mean percentage susceptibility rates of oralandida species towards ethanolic
extracts of twelve Nigerian indigenous chewing stis

In vitro mean percentage susceptibility rate€ahdidaspecies

Lab codes

of chewing C. albicans C. glabrata C. tropicalis C. pseudotropicalis

sticks (43) (5) (28) (10)
[8.3-83.3] [16.7-66.7] [8.3-66.7] [8.3-75.0]

ORO 25.6 60.0 17.9 40.0

IDP** 27.9 20.0 46.2 70.0

0GB 37.2 20.0 35.7 0.0

EwW* 30.2 60.0 25.0 20.0

PKIJ** 30.2 0.0 53.6 10.0

IDF** 34.9 60.0 32.1 30.0

EMI 16.3 0.0 25.0 10.0

AAY 32.6 40.0 14.3 30.0

MOD 34.9 60.0 321 20.0

MEY 30.2 60.0 32.1 20.0

AAT*** 23.3 0.0 14.3 20.0

IF 34.9 20.0 25.0 30.0

Keys: 1. ORO = Orogbo (Garcinia cola), 2. IDP = Idi pug@erminalia avicenniordes), 3. OGB = Ogbo (Pargoatnigrescen), 4. EW =
Ewuro (Vernonia amygdalina), 5. PKIJ = Pako ljetMgssularia acuminata), 6. IDF = Idi funfun (Termli@glaucescens), 7. EMI = Emi
gbegiri (Pseudocedrela kotschyi), 8. AAY = Aayaerigeopsis laxiflora, Prosopis africana), 9. MODModunmoro (Distemonanthus
benthamianus), 10. MEY = Meyinro, 11. AAT = OrinaaéFagara xanthoxyloides/ Zanthoxylum xanthoxys)d12. IF = Ifon (Olax
subscorpioide).

Values in parenthesis are the overall susceptjbibites of the Candida species towards the ethabiewing sticks’ extracts * -*** = popular -
most popular local chewing-sticks.

25.0% -

20.0% 17.4%

12.7%
9.3% B Tongue
8.1%
Teeth

HSaliva

15.0% A

10.0% -

3 5044.7%

5.0% A

3.5%
204

0.0% 1 1 1 1

Fig. 1. Percentage recovery rates of ordlandida species from oral specimens
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CONCLUSION

On the basis of the presented results and withénlithitations of this study, we concluded signifitan vitro
inhibitory potentials of some Nigerian indigenousewing sticks on oraCandidaspecies, and that the abrasive
importance of chewing sticks can aid in inhibitiohoral candidal pathogens, and if incorporated iaothpastes
can additionally influence the quality of oral mifiora; thereby, leading to more efficacious oraliene.
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