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ABSTRACT

Tooth decay is considered the most widespread tiatec disease in the world. This study aims toaisoland
identify the important bacteria related to toothcdg, determine the sensitivity of bacteria in certeypes of
antimicrobial agents, and study the effect of hemegals on bacterial isolates. A total of 50 swalese collected
from the mouths of patients from both sexes, wissaranging from 1-60 years. The patients were sadvito
consult with dental clinics and specialized centerssolate and identify the causative agents assed with oral
diseases. Results showed that infection rates imger age groups (1-20 and 20-40) are higher thendlder
group (40-60), with percent incidence of 44% an@o32espectively. Antibiotic sensitivity test agaitige isolates
showed that chloramphenicol had the highest seitgiteffect with 83.2% followed by rifampicin andngamicin
with 81.35%, penicillin G with 64.40%, and streptaim with 16.94%. In addition, 100% resistance wesorded
against seven heavy metals, including silver nir&on chloride, zinc chloride, and lead acetalbe sensitivity to
mercury, cadmium, and copper sulfate were 1009486, and 1.69%, respectively. Hemolysin had thédsy
ability to produce virulence factors (72.88%), élled by lecithinase (42.37%) and protease (25.42%pase and
urease had the lowest virulence factor productibd. 16%).
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INTRODUCTION

Tooth decay is one of the most common infectioseaties affecting millions of people globally [1jaglof the
occasional factors for the disease is dental bigfithich is the bacterial charge that forms permédpen the tooth
surfaces [2]. Hazard factors include unsuitablévagl flow, low quality of salivary buffer, incomete fluoride
exposure, and increased consumption of sugar [&jie€ indicates the centralized removal of sudokeptiental
hard tissues by acidic products from the bactégimhentation of dietary carbohydrates [4]. Tootlkaleis a chronic
disease that is slowly developing in people. Todélcay presents as smooth holes and fissured ssirfaceéhe
crown and root of a tooth. According to the Worlddith Organization, 60—-90% of school children waitte have
dental cavities[5]. This decay is the result of theeraction of the oral microflora plaque, the ttosurface,
nourishment, and the oral environment over timeistey destruction of the tooth enamel [6]. Recendigease
incidence for cavities is decreasing in industzigdi nations but is increasing in developing nati@fsThe spread
of caries is uneven across the population and carities. The highest incidence is in the lower secanomic
groups, having limited access to adequate orattheake [8]. Despite the decline in incidence afes the United
States of America is spending 10 billion USD eaehryon tooth decay treatment [9]. In other indaliéd nations,
such as the United Kingdom and China, caries peexa in the past has been over 50% in childredelreloping
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countries, where oral health care is low, cariesiacreasing in an alarming rate. Previous stud@ee in Peru,
Mexico, the Philippines, and Taiwan found carieZ5-90% of children [10].

Mutants Streptococci, a group of cariogenic baateés associated in the initiation of dental cafies]. Another
group of bacteria that is substantial in the demedent of caries is Lactobacillus. Lactobacillus sloet usually
colonize the tooth surface, but is commonly foundthe oral cavity including the dorsum of the toeldi.
Although it could have a significant role in theiea advancement, Lactobacillus is not essentighéninitiation of
dental caries [12]. Positive association betwedivasg levels and bacterial caries is relevant wybohydrate
exhaustion. The presence of Streptococcus and lhacttus may potentially indicate the occurrencenof only
caries but also of carbohydrate consumption [$8}eptococcus mutans commonly accepted as one of the most
substantial etiologic agents in caries developnaent has been shown to directly cause caries in -frerenand
specific pathogen-free rat models. However, thegmee of caries has been found even in the abséiS&enutans
Although a high percentage & mutanshas been recovered from teeth without caresmutansemains the
species that is most associated with caries. Inoppiatic and specific germ-free rodent modd&s mutandas the
potential to generate caries [14]. Despite theoumriproperties irB. mutanghat raises its cariogenicity, strong
biofilm indicating the presence of dietary sucrissa stringent component in the development ofesari

Thus, this study aims to isolate and partially tifgrimportant bacteria related to tooth decay aigkases of the
mouth, determine the susceptibility of bacteriacéstain types of antimicrobial agents, study thieafof some
heavy metals for bacterial isolates, and studyatibitity of bacterial isolates in producing sometlé virulence
factors.

EXPERIMENTAL SECTION

Isolation of microbial isolates from patients

Collection of samples: With the assistance of dgsitispecimens in this study have been collectad the dental
units in health centers and dental clinics in Gamgh#ahang, Malaysia. Sterile swabs were usedépéatients of
both genders, with ages ranging from 1-60 yeare@ed samples were transferred to the laboratbkyniversiti
Malaysia Pahang.

Microbial culture
Samples from the mouth of patients were culturechatnient agar plates and were incubated at 3724oh. The
samples were then purified and cultured on agatsld@hese were kept in the chiller until use.

Antimicrobial activity test using disc diffusion method

Antibiotic sensitivity test

All antibiotics used in this study were from Massdl”, Mast Diagnostics, Mast group, Mersey side, exdept
penicillin G, which was from Oxoid, Basingstoke, miashire, England. Streptomycin was prepared in the
laboratory. Antibiotic discs (amoxicillin 10 pg,or@ycin 10 pg, ampicillin 10 pg, tetracycline 10 ggntamicin 10
pg, chloramphenicol 110 pg, penicillin G 10 pgeptomycin 10 pg, and rifampicin 5 pg) used Mulleirtbn agar
from Hardy Diagnostics. According to the manufaetis recommendations, the antibiotic discs wergared and
were autoclaved at 12 °C for 15 min. The medium tha® cooled to 45-50 °C and poured onto the pldies
antibiotic discs were allowed to set on a levefae to a depth of approximately 4 mm. Inoculunesnfrprimary
culture plates were prepared by touching 3-5 cekniith a swab and transferring them into a plBite. inoculums
were mixed with two drops of sterile distilled watend were spread in three plates. The nine atitbiscs
prepared were placed onto the inoculated platdssefuently, they were placed in the chiller fomiis and were
incubated at 37 °C. After an overnight incubatittre diameter of each inhibition zone was measunedrecorded
in mm [15].

Heavy metals activity test

Preparation of concentration: Concentration wapamexd by using 10 pg/mL for the seven heavy méials silver
nitrate, iron chloride, zinc chloride, lead acetatepper sulfate, cadmium, and mercury). The stmktion was
prepared for the concentration. Filter paper dias wsed and was laden with 25 pl of heavy metdl [16

1823



Essam A. Makky et al J. Chem. Pharm. Res., 2015, 7(3):1822-1829

Virulence factors

Haemolysin

Hemolysin test was used to investigate the prodaoctif blood enzyme. The hemolytic activity of baitevas
assayed by using nutrient agar containing 5% bl&adterial isolate cultures were incubated at 3T®%C24 h on
blood agar plates. The appearance of a transpasaptaround the bacteria indicates a positive résuhemolysin
[17].

Protease

Skim milk agar medium was used to investigate ttoelpction of protease enzyme. The medium was peelplay
mixing 100 ml of nutrient agar and 1 ml of steglém milk. The mixture was autoclaved to make étrié¢ and then
poured into sterile dishes [18] Inoculums from mimnculture plates were prepared by brushing 346nies via
loop and transferring them onto the plates. Theuhans were incubated for 24 h at 37 °C. Decomjmrsibn areas
was observed

Lipase and Lecithinase

Egg yolk agar was prepared by mixing 100 ml of iewtr agar, which was sterilized via autoclave aras eft to

cool to 45 °C, with 5 ml of egg yolk. The agar wamlired into sterile dishes. The agar was usedstinduish the
bacteria that produce lipase or lecithinase enZrfie Egg yolk agar was inoculated with coloniegafe isolated
bacteria and was incubated at 37 °C for 24-48 .otk agar is inferred to be effective on inhibdilecithinase
enzyme around the developing colonies. Egg yolk egalso used to detect the effectiveness of égawyme. Egg
yolk agar test was conducted by immersing the gistufficient quantity of a saturated copper s@fédr 20 min.

After the removal of excess solution, the dish wded using the incubator for 30 min. Decompositajrfat by

lipase enzyme was indicated by the emergence ehgke blue color in growth areas.

Urease Test

This test was done to investigate the ability oftbda to produce urease enzyme and to analyzeurdee of
ammonia and carbon dioxide content. Urea agar m@sulated and incubated at 37 °C for 18-24 h. Resiesult
was considered to be indicated by the change or aflthe media to pink[20].

RESULTS AND DISCUSSION

Patient’s isolates

Data on bacterial and yeast (59) isolates duriegpttimary isolation of samples are shown in tabdnd figure. 1.
Data were obtained from the mouths of 50 patiefitdifferent ages and genders, composed of 54% neaids
females. The 20-40 and 1-20 years age group wemadhe infected, with 44% incidence, compared wWithelder
age group (40-60 years), with 32% incidence. Thidysconfirmed that children and younger individuate more
susceptible to mouth infection compared with othge groups. This finding may be due to the low imityuand
low health consciousness of these age groups, hasvdue to other factors related to nutrition gudblic health
that increases the rates of infection among thenanbther study,[21] stated that children are nsusceptible to
decay-causing bacteria than other age groups afectéd children who have malformed teeth showegh hi
mortality rates. The frequent sugar consumptionptildren plays an important role in infections. Mets can also
transfer diseases from their infected teeth tor tti@idren. In such case, the levels of bacterimébat the children
are similar with that of the mothers.

Table 1: Primary isolation of samples and percentags

Patients Samples & age (year)lsolate number Percentage (%)

Single isolate 33 55.93
Mixed isolate 26 44.07
1-20 16 32
20-40 22 44
40-60 12 24
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age group

m 1-20 years m 20-40 40-60

Figure 1. Percentage of isolates according to ageogp

Sensitivity of bacteria to antibiotics

Data presented in figure. 2 show the percentagsitsgty of bacterial isolates against nine anttims. The highest
sensitivity to antibiotics was observed in chlordummpicol (83.05%), followed by gentamicin and rifdoip
(81.35%). Streptomycin and penicillin G had 16.9d86 64.40% sensitivity, respectively.
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Figure 2. Percentage sensitivity of bacterial isotas antibiotics

This study showed that chloramphenicol had the reiggtificant influence on the bacterial isolatelseta from the
mouth of the patients, followed by gentamicin aifidmpicin. Tetracycline, ampicillin, neomycin, aadhoxicillin
were found less effective compared with other autiérial drugs. One noticeable result was thathheterial
isolates showed variation in their resistance ®dminoglycoside antibiotic group. They had a gbiitsi ratio of
74.57% to neomycin and 81.35% to gentamicin. Régeatnotable increase in the resistance to amytogide
antibiotics was noticed Livermore and Winstanle§Q2) presented in their study the relationship eetwantibiotic
and mechanism, giving a comprehensive discussiothfse testing wide panels of drugs versus isal&esistance
caused by the formation of the enzyme by resiskattteria modifies the antibiotic, which in turn dssits
effectiveness. Loss of outer membrane proteinsclvteduces the permeability of the antibiotic ieside bacterial
cell, can also be a reason for the loss of drugcéffeness[22]. Evidence from the current studynstbthat the
majority of bacterial isolates are highly resistémtthe antibiotics-lactam (ampicillin, amoxicillin, penicillin G).
High bacterial resistance to the antibigtitactam is attributed to several mechanisms. Higtdrial resistance can
be caused by the ability of bacteria to produceeheymeg-lactamase, which breaks the bindgitactam. This
phenomenon changes the permeability barrier intymaetween the antibiotic and the target penicitlinding
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protein. Such result is compatible with the studpe by Cherian and Manjunath (2003). They exterspedtrunms-
lactamase to produce Enterobacteriaceae in artecéae hospital in Trinidad and Tobago[23]. Thresults showed
the high resistance of the bacterial isolatesrepgbmycin, explaining the mechanism of resistandéis antibiotic.
Thus, the binding of the molecule to the 30S subimbérferes with 50S subunit association with ti@NA strand,
thus resulting in an unstable ribosomal-mRNA complhis phenomenon also leads to a frame shift tiautand
defective protein synthesis, thereby leading td dekth. Syal et al. (2013) reported that the sbragcin’s
therapeutic concentration of 10 mg/mL interferethim Jaffe reaction and acts as non-creatininentbgen. In their
study, the streptomycin’s interference in Jaffectiea can be possibly a false positive creatinisteneation because
of excessive dose exposure [24]. The study alswetian increasing resistance to tetracycline. Téggstance is
believed to be caused by the presence of plasrhatsehcode resistance to the antibiotic. Koo and \(AD11)
conducted a study on the distribution and tranbfbity of tetracycline-resistance determinantsEscherichia
coli isolated from meat and meat products. They reddhat the high prevalence of tetracycline-resiskarcoli in
meat may be due to the high transferability ofajcline determinants [25]. They observed that ltveest
resistance showed by the bacterial isolates washtoramphenicol, gentamicin, and rifampicin. Modt the
bacterial isolates appeared to be sensitive tethatibiotics due to the presence of plasmids. Assponse, such
antibiotics are currently used limitedly at hosisita

Sensitivity of bacteria to heavy metal

Figure 3 shows the resistance and sensitivity pgages of bacterial isolates to the seven heavalmeh this
study, 100% resistance to the heavy metals siliteate, iron chloride, zinc chloride, and lead atetwas recorded.
By contrast, the bacterial isolates appeared ta0f¥6 sensitive to mercury and 86.44% and 1.69%itsenso
cadmium and copper sulfate, respectively.
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Figure 3. Percentage of bacterial isolates sensigwf heavy metal

Results from this study showed the high resistaidte bacterial isolates to silver nitrate. Statwénd Trevors
(1990) reported a 39% resistanceofcoli to silver [26]. Therefore, the resistance of baatéo silvers can be
modified at the intervals of the microorganism’'sdening. Silver resistance is stable at the intervaf
microorganism population. Silver is also transnhiksto sensitive recipient strains by conjugatiotransformation

in vitro. Silver (2003) found a link between bacterial silvesistance and molecular biology by using silver
compounds [27] Results of the current study shotletthe bacterial isolates presented resistancedd. One of
the mechanisms that microorganisms utilize to aviegtoxicity of heavy metals is to limit their mement across
the cell envelope. Jarostawiecka and Piotrowskd42@8tudied the main mechanisms of lead resistamamgely,
cell exclusion and ion efflux to the cell exteridhe cytoplasm membrane is a natural barrier fad.I& his role is
opposed principally by lipopolysaccharide, a pdrthe outer membrane. Many macromolecules bind ie#&fam-
negative microorganism. This role is contended qgipialy by lipopolysaccharides, a large part of thater
membrane. In Gram-positive microorganisms, leadbasind by peptidoglycans as well as by teichoic and
teichuronic acids [28] .The data obtained in thiglg show the sensitivity of microorganisms to cadm This
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finding can attributed to the low concentrationcafimium, which increases the rates of sensitiatis®. Cohen et
al. (1990) studied the effect of zinc and cadmiwamsi onEscherichia coli(E. col)). The exposure oE. coli to
various concentrations of these ions resulted iftnarease of the total protein and the presencmetfl binding
proteins in the cells. The activity of alkaline gpbates also increased in the presence of these[28h By
contrast, the heavy metal copper was found legxtfe on the bacterial isolates in the currentdstiichels and
Wilks (2005) reported that copper alloy surfacesehmtrinsic properties, which can destroy a lavgeiety of
microorganisms. Copper alloys can cause an infestimman disease [30].

Virulence Factors

Figure 4 shows the percentage of bacterial isolpteduced to five virulence factors. Hemolysin hhd highest
production to virulence factors with 72.88%, follesv by lecithinase and protease with 42.37%, and225.
respectively. Less bacterial isolates were prodteedrulence by lipase and urease (10.16%).
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Figure 4. Percentage to bacterial isolate producedrulence factors

Virulence is the degree of pathogenicity exhibibgdmost pathogens and is a measure that effectilifgrentiates
pathogenic and non-pathogenic strains. The dedregutence depends on several virulence factarghis study,
the most significant result was that of hemolysirva.88%. A direct relationship between bactersalates and
hemolysin was not observed. Bacterial isolate iséréhat are Gram-positive are noted to contairhigbest number
of Gram-positive bacteria with much hemolysin progt Other authors have also shown that 89% of hysimo
produces clinical isolated strains [31]. Takalhastal. (2014) showed that 80% of produced henolf®m the
human body is positive oferomonas trota[17]. Almost 95% of isolated human Streptococcusdpces a
characteristic hemolysin that is only among Streptsi. Hemolytic expression is always connectedthe
expression of a key virulence factor. Hemolysiefigoded by a single genetic locus known as thepgton[32].
Meanwhile, the second highest virulence factor poed in bacterial isolates was lecithinase at 42.3The
phospholipid lecithin is one of the chief comporseat the cell membrane, which can be degraded dithiease
enzyme, thus producing diglyceride and phosphoofiok and causing toxicity. Sharaf et al. (2014)arted that
53 isolates from 60 bacterial isolates were pasitof lecithinase when lecithinase-producing baatdrom
commercial and homemade foods were studig8]. Bacterial proteases are recognized as virulenc®riain a
number of infectious diseases due to their celltasdie damaging effects. In one study, in whiehglotease result
was 25.42%, a connection was found between theaserin protease production $taphylococcus epidermidis
and the obscurity dbtaphylococcus aureurs biofilms obtained from the same patient [34&t and Walia (2014)
reported that 39 strains of bacteria-producinggasé out of 57 strains were isolated from diffesmit samples
from a cotton field [35]. The lowest percentageviofilence factors in the current study was recoraleti0.16% for
both urease and lipase. Urease has a significntrreeveral biological processes. It is a virgkefactor in many
pathogenic organisn86] . Morou et al 2011 reported that urease activity in plagoorded a trend that remains
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stable during the study period. Urease activity megatively associated with sugar consumptiondttiteon, urease
activity in saliva increased with age and was ey associated with the levels 8f mutansn saliva and with the
educational level of the parentsipase is a triacylglycerol hydrolyzing enzyme ttltatalyzes the hydrolysis of
water-insoluble free fatty acid and glycerols. lspalso has a wide range of chemical reactionsrdts of this
study are similar to those of Thomas et al. (2008yyhich they found thaBacillus mycoideshowed a growth or
production of lipase at temperatures below 10 °@hbmve 50 °C [37]. Joseph (2006) reported thatusondihloride
increased lipase production, whereas the presehoetals in the media had an inhibitory effeBt. epidermidis
immobilized cells in agar beads and increaseddipaieduction by 3% compared with free cells. [38].

Results of the study showed that the rate of toatfies was highest in the second age group 44%/r&hdts of
tests proved the antibiotic sensitivity , the ol antibiotic for the tooth caries are chlorampbel 83.05%,
Gentamicin and Rifampicin ( 81.35%). The resaftshis study showed an increase in the propomibresistance

all heavy metals except mercury (100%), cadmium4@®) and copper sulfate (1.69%).The highest gbitt
produce virulence factors was hemolycin72.88% jthewmse 42.37 and protease25.42%, lipase and aireas
werel0.16%.

CONCLUSION

The higher infection was in younger age groups , cigtaenicol had the highest sensitivity effect, fofeheavy
metals were resistance bacterial isolates and hysindhad the highest ability to produce virulenaetbrs
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