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Abstract
Objective

ToevaluatethecytologicalchangesoftheoralmucosaamongsmokersusingArgyrophilicnucleolar
organizerregion(AgNOR)countsandPapanicolaou(Pap)staining.

Methodology

Theoralmucosalexfoliatesmearsof500individuals(200nonsmokersand300smokers)agedbetween18
and80yearswerepreparedinAlMadinah. TheAgNORcountandPapstainwereusedtogeneratea
cytogenicsmeartoassessthepresenceofcytologicalchangessuggestiveofatypia,inflammation,dysplasia,
keratinization, and proliferative activity of epithelial cells.

Results

Smokershaveaconsiderablyhighernumberof AgNORspernucleusthannonsmokers(1.993.53vs.0.42

1.22). Therewereinflammatorychangesin127(42.3%)ofthecasesand40(20%)ofthecontrols.
Multinucleatedcellsandatypiawerefoundin33(11%)and14(4.5%)ofthecasesbutnotinthecontrols.
Theresultsindicatehigherproliferativeactivityinsmokingpatientscomparedtononsmokingpatients,even in the
absence of clinical lesions.

Conclusion

Todetecttheeffectsofsmokingontheoralmucosa, Papstainingaloneisinsufficient. CombiningPap staining with
the AgNOR technique produces the desired results.
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Introduction

Smoking is presently the most preventable cause of disease, and one of the most important risk factors for
theemergenceofcancerinmanyorgansonaworldwidescaleismortality.Inlightoftheplethoraof
alterationsthattobaccocancause, itisnecessarytocloselymonitorpatientswhosmoke[1].Oralsquamous
celfcarcinomas(OSCCs)arecurrentlyrankedsixthintheworld,andthefive-yearsurvivalrateforcanceris dismal
tnless diagnosed in the early phases [2].

Therefore, there is a need to encourage the early detection of oral malignancies. The gold standard is a
biopsy,whichisperformedonlywhenlesionshecomesymptomatic,i.e.,inthelateoradvancedstage.
Microscopicallydistinguishingmalignantfrombenignabnormalitiesisfraughtwithdifficulty,androutine
histopathologicaltechniquesdonotrevealalldiagnosticandprognosticallysignificantcharacteristics[3].

Therefore, itisimperativetodevelopadjunctproceduresthataccuratelyandpromptlypredictmalignancy
progression. The significance of the nucleus in tumor pathogenesis has undergone a paradigm shift
followingthediscoveryofacorrelationbetweennucleolarfunction,size,andcelldoublingtimeinhuman cancer
cell lines.

Inordertodiscoverandtracktheearliestcellularchanges,exfoliativecytologymayproveuseful,reflecting the
crucial function of the nucleus in the regulation of cell proliferation and protein synthesis. Ki-67's



estimates of the proliferation rate and the proportions of S-phase and mitotic cells all correlate with
Argyrophilicnucleolarorganizerregion(AgNOR).Consequently,theNORareloopsofribosomalDNA
presentinthenucleoliofcellsontheshortlimbsofacrocentricchromosomes13,14,15,21,and22[4].

Underalightmicroscope,theinterphasicNORsareeasytoseebecausetheinterphasicacidicproteinsare
stainedbyasilverreactionNOR(RNApolymeraselupstreambindingfactor,topoisomerasel,nucleolin,
fibrillin, C23protein,andB23protein). Smallblackspecksscatteredaroundthenucleolusaftersilver
stainingcanbeusedtoidentify AQNORs. Quantitatively, AJNORsareamarkerofcellproliferationbasedon their
abundance in the nucleus [4]. It is a complementary diagnostic technique that has many advantages,
includingquickandeasyexecution,lowcost,diagnosticsafety,efficacy,andnoninvasiveness.Itcanalsobe
usedrepeatedly.StainingwithPapanicolaou(Pap)isonlyusefulforscreening. Itlacksdiagnosticvalue.Only
thosewhoaresusceptibletodysplasiaorcancerarerecognized. AQNORcountscanserveasanindicatorof
premalignant or malignant oral mucosal alterations.

Thegoalofthecurrentstudywastoassessthecytologicalchangesoftheoralmucosaamongsmekersusing AgNOR
counts and Pap staining.

MaterialsAndMethods
Studydesign

Thiswas acase-control studyconducted inMadinah thatwas carriedout fromAugust,2022to March2023.

Samplecollection

Usingawoodenspatula,buccalmucosalexfoliativesampleswereobtainedfrom500participants(300
smokersand200nonsmokers)agedbetween18and80years. Thesubsequentinclusioncriteriawere
implemented:non-alcoholuse,absenceoforallesions,andabsenceofmalignantorbenignoralneoplasms in the
past or present. Analyses were conducted on both smokers:and nonsmokers.

Thosewhosmoked20ormorecigarettesperdaywereclassifiedassmokersandthosewhosmoked<20
cigarettesperdaywereconsiderednon-smokers{5}:Onlyfilteredcigarettesmokersonlywereconsideredfor this
study. The researchers left outpipe smokers and other tobacco consumers because of the potential for
concentration change, which eould have distinct:effects on oral mucosal cells, and other systemic
consequences[6].Peoplewhohadneversmokedwereconsiderednon-smokers.PapandAgNORstainswere
usedtocolorthecytologicsamples.andviewedatmagnificationsof40and100,respectively.

AgNORstaining

Theair-driedsmudgeswerediscolored.Thefreshlypreparedworkingsolutionwaspreparedbycombining
twovolumesofab0%aqueoussilvernitratesolutionwithonevolumeof2%gelatininal%formicacid
solution.Beforeanalysis,allsmearswereleftinadark,room-temperaturesilversolutionfor30minutes[7].
Cytopathologists examined and interpreted the silver-stained cells at 10x and 40x magnification using a
lightmicroscope. AgNORswereenumeratedinthenucleiofthefirst50non-overlapping,inner-layer
nucleatedepithelialcells.Underalightmicroscope, NORsweredirectlycountedbasedontheparameters
establishedbyCrockeretal.,i.e.,well-definedblackdotsinthenucleuswerecounted,andaggregations
(overlappingorfusedblackdots)weredeemedasinglestructure|[8].

Papanicolaoustaining(Pap)technique

All around the world, the Pap test has been used to detect precancerous and cancerous tumors. After 15
minutesin95%ethanol,thesmearswerefixed.rinsedintapwater,stainingwithHarrishematoxylinforone to three
minutes, rinsing with running water, dipping in 95% ethanol, staining with eosin azure for 2-2.5
minutes,two10-seconddipsin95%ethanol,oneminutein100%ethanol,andtwo10-seconddipsinxylene to
remove the stain, and finally mounted with dibutyl phthalate xylene[9]. Pap-stained smears were identified
at 40x.

Cytologicalchangessuggestiveofinflammation, dysplasia,keratinization,andproliferativeactivityof
epithelialcells, Epithelialatypiacanbeconsideredinthepresenceofoneormoreofthefollowingfeatures:
hyperchromatism, an increased nuclear-to-cytoplasmic ratio accompanied by nuclear enlargement,
clumpingofchromatincharacterizedbymoderatelyprominentnucleationandirregularnuclearborders,bi-
ormultinucleation,increasedkeratinizationandscantinessofthecytoplasm,andvariationsincellsizeand shape.

Datamanagement

ThesStatisticalPackageforSocialScience(SPSS),version21.0(IBMCorp.,Armonk,NY),wasusedfordata
coding,entry,andstatisticalanalysis. Withachi-squaredforcategoricalvariables(P<0.05),thedatais
deemedsignificant.



Ethicalapproval

ThestudywasapprovedbytheMedical EthicsCommitteeof Al-RayanColleges(ethicalapprovalcode:H-03-M-
122-024z).

Results

Inthisstudy, theagesof500participants(300smokers(case)and200non-smokers(control)rangedfrom18
to80yearswithameanageof28years. Therewerel.39malesforeveryfemalepresent.Malesandfemales
hadroughlyequalrepresentationacrossallagegroupsasindicatedinTablel.
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Male Female
<20years 56
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40-49 49
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Total 280
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FIGUREL1:Distributionofthestudypopulationbygender

From500samplesstainedwithPapanicolaou(Pap),inflammatorychangesweredetectedin42.3%ofcases
and20%ofcontrols;multinucleatedandatypiaweredetectedinl1land4.5percentofcases,respectively,
andnotdetectedincontrols,asshowninTable2,Figure2,andFigure 3.



Inflamm ation Infection Atypia p.value

group Cells-binucleatedormultinucleated
smokers 33(11%) 127(42.3%) 39(13%) 14(4.50%)

0.023
nonsmokers 0(0%) 40(20%) 6(3%) 0(0%)

TABLEZ2: Statistical analysis of cytologicalchanges by Pap stain

Pap:Papanicolaou
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FIGUREZ2: Buccal smear taken from an apparently healthy cigarette
smoker

The smear shows epithelium cells with

inflammation.Papanicolaou (Pap) stain X40
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FIGURE3: Buccal smear taken from an apparently healthy cigarette

smoker

The smear shows epithelium cells with

atypia.Papanicolaou (Pap) stain X40

Toevaluatetheprol'//';tivea”’ ivity, entageofcellswithmorethanthreeAQNORspernucleusand
P o, i X X
themeanpercentageof%l swithmotethanthreeAgNORspernucleuswashigherinsmokers(74.6%)than
! icantdifference(0.053)asshowninTable3andFigure4.

AGNORS No MeanofAGNOR+SD Meanof%ofcellswith>3AgNORdots+SD p.value
Case 300 1.99+3.53 74.6

) g, g \\\\Wlk i 0.053
Control 200 %?}1.22 . YU 5.4

% -

TABLE3:Statisticalanalysis ofAgNORdots intheoralmucosa ofthestudy population

AgNOR:Argyrophilicnucleolarorganizer region




FIGURE4: Buccal smear taken from an apparently healthy cigarette
smoker

The smear showsAgNOR dots pernucleus.

SilverstainX40;AgNOR:Argyrophilicnucleolarorganizerregion
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FIGURES:Distributionofagegroupbythestudypopulation

Discussion
Theriskoforalcancerincreaseswiththenumberofcigarettessmokedperdayandthelengthoftimea person smokes.
Many people have experienced alterations to their oral mucosa as a direct result of their
habitofsmoking.Smokinghasbeenlinkedtoawidevarietyofdiseases, fromsuperficialandeasilytreated lesions to

more serious cancers of the oral mucous membranes[10].



Thisstudyprovidedconclusiveevidencelinkingcytologicalalterations, AgNORcounts,andcigarette
smoking.Oralmucosalepithelialcellsproliferatemorerapidlywhenexposedtoheatandthechemical
componentsoftobacco. Therefore, theriskofdevelopingOSCCisgreaterforsmokers. AgNORstaining
allowsthedetectionofthisproliferationintheabsenceofclinicalsigns. Ourdataalsoshowedthatsmokers
haveahigheraveragenumberofAgNORpernuclearcell.

Cigarettesmokerswithoutorallesions, likethoseinourstudy,havebeensuccessfullystudiedusingthe
AgNORmethod,whichrevealshigherratesofcellularproliferationinsmokersascomparedtononsmokers.
Whenstudyingtheoralmucosalcellsofsmokers,Salehinejadetal. foundahighernumberofAgNORsper
nucleusinsmokers(3.6)comparedtononsmokers(1.96)[11].Fontesetal.examinedthe AgNORcountof the
tongue in cigarette smokers and non-smokers based on the number of cigarettes ingested daily and the
lengthofsmoking.ltwasdiscoveredthattobaccoconsumershaveahighriskofdevelopingpremalignant
lesions[12].

UsingtheAgNORandPaptechniques,Ahmedetal.analyzedtheatypicalcytologicalalterationsinnormally
developingoralmucosaafterexposuretotobacco,alcohol,spicyfoods,andpepper.WhilethePapmethod
detectedincreasedkeratinizationin45%ofsmokers,32.7%ofpepperandhotmealconsumers, 11.8%of
alcoholics,and3.7%ofnonexposedindividuals,wefoundthatthemeannumberof AgNORspernucleuswas
significantlyhigherinthosewhoregularlysmoked(3.68),drank(2.82),andconsumedhotmeals(2.28)[13].

Inourinvestigation,astatisticallysignificantdifferencebetweensmokersandnonsmokerswasfoundinthe mean
number of AgNORs per nucleus in 50 cells (1.99+3.53) and non-smokers (0.42+1.22). These values are
comparabletothosereportedbyShahandSethiandOrellana-Bustosetal. butdifferfromthoseobtainedby
Cancadoetal.,whoobservedameanof2.01+0.13insmokers[ 14-16]. Thisdiscrepancymaybeattributable
tothesamplesizeandcharacteristics,asthelatterauthorsdefinedsmokersasthosewhohadsmoked10-20
cigarettesperdayfor10-50years,whereastheinclusioncriterionusedinthepresentstudywas10-20 cigarettes per
day. In addition, neither the mean number of cigarettes.nor the. mean duration of smoking consumed daily
was reported by the authors.

Inmucosalcellsofthebuccal mucosa,smokingresultedinaconsiderablyincreasednumberof AgNORsper
nucleus,showingthatthesecellsaremoreproliferative. SampaioHChypothesizedthatsmokingaffectsthe
proliferativeactivityofcellsutilizingthehistochemicalAgNORtechnique[17].

Eveniftherearenoclinicalsymptoms;smokershavebeenfoundtohavecytologicalchangeslike
hyperchromaticity,anincreasednuclear-cytoplasmicratio,irregularnuclearborders,inflammation,
multiorbi-nucleation,increasedkeratinization,andchangesintheshapeand/orsizeofthecellsandnuclei.
Thismaybeasignofepithelialchangesinresponsetoaphysiochemicalenvironment.Inasimilarstudy
comparingsmoking'seffectsonbuecalepithelialcellsinsmokersandnonsmokers,Farhadietal. foundthat smokers
were more susceptible to nuclear alterations such as micronuclei formation and karyolysis frequency
[18].Evenintheabsenceofclinicallesions,theresultsofthisstudyindicatethatsmoking patients have greater
proliferative activity than nonsmoking patients.

Limitations

Thelimitationofthepresentstudyisasmallsamplesize,anditisunclearifsmokersareatahigherriskof
malignanttransitiontoOSCCthannonsmokers.Morestudyisneededtoassessthedetectionoforalcancer utilizing
the Pap stain and AgNOR technique on a larger sample size.

Conclusions

ThecombinationofPapstainingandtheAgNORmethodisareliableindicatorformeasuringcigarette
smoking'simpactsontheoralmucosa. Tofindout,additionallengthyresearchwithsizablesamplesizesof cigarette
smokers must be conducted.

AdditionallInformation
Disclosures

Human subjects: Consentwasobtainedorwaivedbyallparticipantsinthisstudy.ResearchEthics
CommitteeatAl-RayanCollegesissuedapproval HA-03-M-122-024. Animalsubjects: Allauthorshave
confirmed that this study did not involve animal subjects or tissue.
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