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1 | INTRODUCTION

Abstract

Introduction: Dental caries is an infectious disease with predominantly of cariogenic
bacteria such as Streptococcus mutans (S mutans). Xylitol is considered as one of the
effective agents that can limit this dental infection. In this randomised, placebo-
controlled trial, we aimed to evaluate the potential reflection of short-term xylitol
consumption on pro-inflammatory cytokines (TNF-a, IL-6 and IL-8) and S mutans
counts by ELISA and gPCR (Quantitative real-time PCR), respectively.

Methods: In this study, 154 participants were assigned to two groups, control and
xylitol. Dental examination, saliva and swab samples were done at baseline and at
3-week for clinical and microbiological assessment.

Results: In xylitol group at the end of 3-week, gingival and plague index scores were
significantly decreased with respect to baseline values (P < .001 and P < .05, respec-
tively). The salivary concentration of TNF-a, IL-6 and IL-8 were statistically declined
at 3-week, more so than those at baseline in xylitol group (P < .001). S mutans ex-
pression was reduced about fivefold at 3-week use of xylitol and it was a statistically
significant difference compared to baseline (P < .001).

Conclusion: Intriguingly, even short-term consumption of xylitol might play a favour-
able role in maintaining the oral health status, possibly as a result of decreasing the
release of pro-inflammatory cytokines and the counts of S mutans. Nonetheless, this

investigation warrants further endorsement.

Cochrane analysis of randomised studies demonstrated that
xylitol-containing fluoride toothpastes are more effective than flu-

The global increase in sugar consumption resulted with systemic
health problems, such as heart disease, some cancers and tooth
decay, which have led to the use of sweeteners.! At the beginning of
1960s, a sugar alcohol called xylitol was first approved by FDA (Food
and Drug Administration) to use in foods.? It has been reported to
have positive effects on oral health, since it cannot be fermented by
cariogenic bacteria. Subsequently, microbial dental plaque formation
and Streptococcus mutans (S mutans) have been reported to reduce.®
Its use has been effective in oral health programs in schools and thus

it has been recommended in the prevention of dental caries.*

oride toothpastes in dental caries prevention among children.’ In ad-
dition, xylitol-containing products have been found to be effective
in children and adults. Recent research focuses on xylitol chewing
gums due to its ease of use, particularly among children and disabled
individuals.®”

A possible role of xylitol in caries prevention has been shown to
persist after the active intervention period. 44%-59% reduction in
caries prevalence was reported among children who consumed xyli-
tol chewing gum for two years compared to those who did not chew

after 3 years of the study. However, in the dental literature conflicting
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results are present about the efficacy of xylitol on oral health due to
different study designs, dose and frequency of xylitol use.’

On the other hand, link between carious lesion initiation and the re-
sponse of immune cells have been revealed. Activated monocyte-mac-
rophage cells produce cytokines which are significant mediators of
inflammation. These cells express a vast number of pro-inflammatory
cytokines, such as tumour necrosis factor-a (TNF-«), interleukin-6 (IL-
6) and interleukin-8 (IL-8). It is generally agreed that pro-inflammatory
cytokine concentrations are increased within both serum and saliva
of people with periodontal inflammation. To date, there has been no
specific randomised, placebo-controlled article published regarding
the effect of xylitol on pro-inflammatory cytokines.

Numerous studies have supported the idea that S mutans plays
a critical role in caries process.”!® One such study reveals that S
mutans is detected more in counts in high caries activity groups in
comparison to caries free individuals. Hence, bacteria counts may
be applied as a microbiological parameter for screening the caries
risk status. Likewise, the presence of salivary S mutans trigger the
production of pro-inflammatory cytokines.**

The conventional (culture-based) researches have focalised on
the impact of xylitol usage on S mutans presence in oral cavity. The
results obtained from these studies can only provide limited infor-
mation about the possible effects of xylitol on S mutans.*>** Among
the reasons for the limited data obtained by culture-based methods
are S mutans can only be identified phenotypically, the sensitivity/
specificity rates of these methods are low and false negative results
can be obtained. Despite the fact that the conventional polymerase
chain reaction (PCR) provides valid results, it unable to screen exact
quantification. Quantitative real-time PCR (gPCR) can ensure a sen-
sitive technique for not only detection, but also for quantification of
S mutans populations.** S mutans quantification in saliva is superior
to over previous qualitative molecular methods. In gPCR, microbio-
logical information is gained not only about the presence of S mutans
but also about the number of S mutans in saliva sample that might
be interconnected with immunological and/or dental caries status.

There is no clinical study investigating the impacts of short-term
xylitol consumption on pro-inflammatory cytokine concentrations and
S mutans counts by qPCR. As a resust of lack of data in this area, the
present randomised controlled clinical study aimed to interpret the ef-
fects of short-term xylitol consumption on pro-inflammatory cytokines
namely, TNF-qa, IL-6 and IL-8 and S mutans counts by gPCR method.

2 | METHODS

In this prospective, randomised controlled, single-blind study, the ef-
fect of using xylitol was compared to the control group.

2.1 | Study design and sample size calculation

This study was approved by the Istanbul Aydin University Clinical

Research Ethics Committee with 2019/3 protocol number in terms

What'’s known

Dental caries occurs with predominantly Streptococcus mu-
tans (S mutans). Xylitol is considered as one of the effective

agents that can limit this dental infection.

What new

The short-term use of xylitol may play a favourable role in
protect oral health, possibly as a result of decreasing the
release of pro-inflammatory cytokines and the counts of
S mutans. The xylitol-containing chewing gum might be an
effective agent in maintaining oral health, decreasing cy-

tokines release and S mutans counts.

of the study methods and protocols prior to implementation. All
participants gave informed consent before taking part in the study.
We have adhered to the Consolidated Standards of Reporting Trials
(CONSORT) guideline for parallel-group randomised trials.®> For
the randomised study design and using the outcome measures, the
statistical power analysis indicated that a total sample of n = 67 in
each group would have the assumption of 95% Cl and power of 80%.
A nominal o = 0.05 and two-tailed tests were used in the power
calculations.

2.2 | Study participants and intervention

A total of 230 dental students accepted to participate and were
screened for eligibility, of whom 154 (66.9%) were eligible for enrol-
ment. Participants were eligible if they reported good health sys-
temically, had no allergy to xylitol, and between 18 and 65 years
old. Exclusion criteria included using topical fluoride application for
the last 4-week, using antibiotics in last 3-month before the evalu-
ation, having untreated caries lesion or gingival/periodontal dis-
ease. A total of 154 subjects participated in the study and in the
second week of the study, seven subjects (three in control; four in
xylitol groups) were excluded from the study because of the use of
antibiotics. They were then randomised by a biostatistician using a
computer-generated randomisation program to either control or xy-
litol groups; participants were allocated 1:1 into the study arms. The
flow diagram, showed in Figure 1, explains the design of the study.
In terms of standardise the possible caries progress, dental students
with similar brushing habits and sugar intake were included this re-
search. The subjects included in the study were trained to brush
with 1450 ppm fluoride toothpaste twice a day in the morning and
evening. The subjects were asked to continue their normal dietary
intake. The subjects were asked to chew the gums that were distrib-
uted to them in small locked packages on a weekly basis. In control
and xylitol groups, distributed gums had a same shape, amount and
packaging. The subjects were instructed to chew for at least ten min-

utes, two gums three times a day (after each meal). The xylitol group
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FIGURE 1 Flow diagram of the study

was asked to chew xylitol-containing chewing gums (Vivident Xylit,
Perfetti van Melle Food Co.). Since each chewing gum contained
0.9 g xylitol, the participants received 5.4 g xylitol daily. At least one
reminder message was sent every day to chew the gums. During the
study, all participants were asked to strictly avoid using other com-
mercially available gums.

2.3 | Oralclinical evaluation

Intra oral examination was performed by one dentist using mirror
and probe with cotton pellets and suctions under reflector light.
DMFT (decayed, missing, filled teeth) scores were recorded as stated
in WHO standard (1997), whereas Gingival Index and Plaque Index
were used to adjust the microbial plaque and gingival tissue.*¢'
Intra oral examinations were done prior to having breakfast and
tooth brushing. Dental plague and gingival indices of the patients
were recorded for each tooth and the scores were added up and

compared in groups at baseline and 3-week time points.

2.4 | Analysis of cytokines

The following cytokine analysis in saliva were performed: IL-6, IL-8
and TNF-a with unstimulated saliva collection method and stored
at -80°C prior to analyse. The concentrations of above-mentioned

cytokines were simultaneously measured by using the commercial

ELISA (Enzyme-linked immunosorbent assay) kits (Boster). The cy-
tokines were measured following the manufacturers’ instructions,
for which the sensitivity limit was <1 pg/mL. Cytokines were calcu-

lated as pg/mL based on the mean fluorescent intensities.

2.5 | DNA extraction

For PCR-quantification, the microbial swab samples were collected
80 mm? on oral cavity. DNA was extracted using GeneMark GMPure
Swab DNA isolation kit (BM Labosis) according to the manufactur-
ers’ instructions. Spectrophotometer were used to measure DNA
concentration and purity at 260/280 nm in extraction samples
(Nanodrop 2000C Thermo Scientific). The extracted DNA was
stored at -20°C prior to testing.

2.6 | Quantitative Real-time PCR of S mutans

The quantitative real-time PCR (qPCR) of S mutans was performed
in the CFX96 Touch Real-Time PCR Detection System (Bio-Rad,
Hercules) using S mutans specific primers listed in Table 1 as previ-
ously described.*® Reaction mixture contained 10.4 pL of nuclease-
free water, 4 pL of 5X GM SYBR gPCR Master Mix (GMbiolab,
Taiwan), 0.3 pL of 10 pmol/L forward and reverse primer and 5 pL
DNA Template. The thermal cycling was performed at 45 cycles

(Enzyme activation at 95°C for 3 minutes, denaturing at 95°C for
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20 seconds, annealing at 63°C for 30 seconds and extension at 72°C
for 45 seconds). Melting curves were generated from 60 to 95°C
and read every 0.5°C for 5 seconds. For the relative quantification
in gPCR, 27T mathematical model were used to calculate S mutans

gtfB gene expression.19

2.7 | Statistical analysis

Clinical profile, cytokine and gene expression were evaluated using
SPSS version 23.0 (IBM Corp.). The differences between control
and 3-week groups were determined by applying a one-way analy-
sis of variance. The clinical profile and cytokines are presented as
the mean + standard deviation (SD). In the gene expression experi-
ments statistical analysis was performed using Wilcoxon analysis
of variance at a significance level. The figures display the mean and
standard error. A P < .05 was considered to indicate a statistically sig-

nificant difference. Statistical significance is denoted by an asterisk.

3 | RESULTS

The average age of the 154 participants (79 female, 75 male) was
23.43 + 2.3. Mean gingival and plaque index score changes in study
groups at different time points (baseline and 3-week) are given in
Table 2. At baseline, plaque and gingival index cores were similar in
the groups, with no statistically significant differences. No statisti-
cally significant differences were calculated in control group at base-
line and 3-week time points. A statistically significant decrease was
noted for both gingival (P < .001) and plaque index scores (P < .05) in
xylitol group at the end of 3-week time point.

Primer Sequence (5’-3") Position
Sm F5 AGCCATGCGCAATCAACAGGTT 2007-2028°
Sm R4 CGCAACGCGAACATCTTGATCAG 2421-2399°

Similar to the results obtained in the clinical profile, a statisti-
cally significant decrease in cytokines was observed at 3-week pe-
riod of xylitol group. In control group, salivary TNF-a, IL-6 and IL-8
concentrations were similar at baseline and 3-week time points,
with no statistically significant differences. The TNF-a concentra-
tion was statistically significantly decreased in xylitol group, rang-
ingfrom204.66 +173.49 pg/mLatbaselineto81.86 +75.77 pg/mL
at 3-week evaluation (P < .001). Similar to TNF-«, the concen-
trations of IL-6 and IL-8 were decreased at 3-week compared to
baseline. The level of salivary IL-6 was 159.71 + 116.39 pg/mL
at baseline and 45.62 + 21.27 pg/mL at 3-week (P < .001). The
most dramatic reduction in evaluated cytokines was observed
at salivary IL-8 concentration (381.9 + 254.83 at baseline and
113.41 + 92.8 at 3-week, P < .001). The results of this study
clearly showed that the concentration of TNF-«a, IL-6 and IL-8 in
xylitol group at 3-week decreased statistically significantly com-
pared to baseline (Figure 2). These cytokine results indicate that
xylitol might have a suppressor effect of inflammatory cytokine
production.

The Sm F5 and Sm R4 primers which anneal to conserved se-
quences of gtfB gene of S mutans were selected and compared its
expression in each tested group at different time points (baseline
and 3-week). Standard curves were utilised to screen the exact
number of S mutans tested while melting peaks (Figure 3). The cal-

culated 274¢T

values in control group at baseline and 3-week were
similar, while a significant decrease was recorded in xylitol group
(21.98 + 12.5 at baseline and 4.11 + 3.73 at 3-week). As presented
in Figure 4, the gPCR result evaluated that S mutans expression was
decreased about 5-fold in xylitol group at the end of 3-week eval-
uation, and it was a significant difference compared with baseline

value (P < .001).

TABLE 1 Nucleotide sequences,

a0 F‘ragment positions and melting temperatures of the
1.7 (°C) size (bp) . . .
primers used in this study
69 415
70

*Melting temperature calculated by Primer Express (Applied Biosystems) at 1 WM of each primer.

PThe position of the nucleotide sequence from the ATG codon of the gtfB gene (accession number:

D88651).

Control Xylitol

TABLE 2 Gingival and plaque index
scores in control and xylitol groups at

Subjects (n) Mean + SD

Gingival Index Baseline 77 748 +3.93 77
3-week 74 8.81+214 73
P-value 0.31

Baseline 77 18.82 + 9.2 77
3-week 74 1711 +8.17 73
P-value .87

Plaque Index

Subjects (n) Mean + SD

P-value baseline and 3-week time points

6.83+4.2 17
206 +0.5 <.01

<0.01
20.71+11.4 .24

11.21 + 543 <.05
<.05
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FIGURE 2 Salivary pro-inflammatory cytokines in control and xylitol groups at baseline and 3-week evaluation. Data are presented in

terms of mean + standard deviation. *P < .001

FIGURE 3 Melt curve profiles and
melting temperatures for S mutans —
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4 | DISCUSSION

Xylitol has been approved originally as sweetener in chewing gum. In
dental literature, proper use of xylitol-containing gum could be effective
in preventing caries,?® presumably by accelerating saliva flow and pH?*
and boosting remineralisation of enamel lesions.?® Based on the find-
ings in dental literature review, the change in selected pro-inflammatory
cytokines (TNF-q, IL-6 and IL-8) and in molecular counts of S mutans was
investigated in the present study. The volunteers included in the study
were selected among dental students as they can be traced easily. They
were also with similar tooth brushing habits and diet in an attempt for

standardisation among all 154 included subjects in the study.

Temperature, Celsius

Impacts of xylitol chewing gum on dental health have been in-

72223 3nd the possible

vestigated for both long and short-term use
effects of xylitol on microbial dental plaque, S mutans counts and
saliva pH were evaluated. In these clinical studies, it was clearly
demonstrated that xylitol chewing gum was not effective when daily
consumption was below 3.4 g.2* Therefore, in the present study
5.4 g xylitol containing chewing gum was used three times after each
meal for 10 minutes a day for 3-week period.

Xylitol is broadly preferred anti-cariogenic ingredient as S
mutans unable to fermented it.2>?¢ Shyama et al’ evaluated the
efficacy of long-term xylitol use on microbial dental plague and

gingival index scores in physically disabled students. One hundred
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OBaseline m3-week
35

Control

forty-five students chewed xylitol-containing gum three times
per day for 18 months. A statistically significant decrease was re-
ported in the plaque and gingival index scores. Thus, xylitol chew-
ing gum was recommended in addition to oral hygiene in physically
disabled individuals. In line with these findings, the present study
pointed out a significant decrease in gingival and plaque index

1?7 conducted an 18-month

scores after 3 weeks. Alamoudi et a
long-term follow-up study in which 60 mother-child couples were
included. Mothers were given xylitol chewing gum whereas chil-
dren were provided with chewable xylitol tablets three times a
day for 3 months. After 6, 12 and 18 months, new caries forma-
tion, microbial dental plaque and S mutans counts were evaluated.
Consequently, a statistically significant reduction in the counts of
S mutans, mean plaque scores and new carious lesion formation
were reported. However, there are different conclusions about

1?8 evaluated

the efficacy of xylitol in dental literature. Masoud et a
the effect of 6 grams of xylitol daily for 3 months among 30 volun-
teers with fixed orthodontic appliances. There was no significant
decrease in plaque score, S mutans counts in dental plaque and
saliva. This might be attributed to fixed orthodontic appliances
which might shadow the effect of xylitol use. Although the de-
sign of our study was planned on short-term xylitol consumption,
positive changes reflected in the gingival index and plaque index
values are promising.

Cytokines may be one of the useful parameters for diagnosis
and monitoring the dental health, and saliva could be utilised as a
non-invasive diagnostic sample to measure pro-inflammatory cyto-
kines released during caries initiation and progression. Cytokines
regulate many aspects of the immune response. In this response,
molecular patterns of oral pathogens, like S mutans, bind to specific
receptors on oral cavity cells, which then trigger the immunological
response with a release of cytokines. The selected pro-inflammatory
cytokines including TNF-a and IL-6 are one of two cytokines that

are grouped as notable among these pro-inflammatory cytokines.

FIGURE 4 Smutans gtfB gene
expression. Bars represent the mean
expression levels; error bars represent the
standard error limits. *P < .001

Xylitol

Also, TNF-a and IL-6 are mainly considered to be unique mediators
of acute inflammation.??3C IL-8 is synthesised by a vast number of
different immune cells. The main role of IL-8 is to mediate the neu-
trophil migration and then activate them.3! However, the effect of
short-term xylitol consumption on pro-inflammatory cytokines has
not yet been investigated. Our findings clearly highlighted a statisti-
cally highly significant decrease in salivary TNF-q, IL-6 and IL-8 using
ELISA after the short-term consumption of xylitol (P < .001).

This was the first randomised controlled study which determined
to allow comparison the amount of S mutans at baseline and 3-week use
of short-term xylitol consumption on oral swab samples using gPCR. In
dental literature, elevated TNF-q, IL-6 and IL-8 have been correlated
with high numbers of S mutans and active caries lesions.® Many previ-
ous studies have suggested that the xylitol consumption could be have
a reducing effect on S mutans counts.®?*4 To our knowledge there has
been no other published data on the effect of xylitol on pro-inflam-
matory cytokines and S mutans counts. Swab samples were collected
instead of saliva, in order to determine the number of S mutans using
gPCR for the first time in the present study. In this manner, standard-
isation was ensured to determine the number of S mutans more accu-
rately and to make relevant comparison among the groups. Our results
showed that 3-week xylitol consumption resulted with decrease in the
number of S mutans on standardised swab samples using gPCR when
compared to control (P < .001). In other words, it was thought that the
decrease in S mutans counts after the use of xylitol may be in line with
the decrease in pro-inflammatory cytokines.

5 | CONCLUSION

Taken together with these data, xylitol may be a promising candi-
date as an anti-caries agent. Our results suggest that xylitol can in-
hibit the scores of gingival and plaque indexes possibly induced by

decreasing the pro-inflammatory cytokines. We have shown here
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for the first time that the effect of short-term xylitol use could be
related with decreasing number of S mutans using gPCR. Since all
cytokines role in a spatiotemporal manner, randomised controlled
studies including vast number of cytokines may be warranted for
better understanding of possible long-term effects of xylito. Overall,
this study supports the hypothesis that short-term effect of xylitol
not only reduces the number of S mutans, but may also decrease the
TNF-a, IL-6 and IL-8.

ACKNOWLEDGEMENTS
Authors thank Istanbul Aydin University Scientific Research Projects
Unit for the financial support to conduct this study.

DISCLOSURES

Authors do not have conflicts of interests.

ORCID
Ozer Akgiil https://orcid.org/0000-0002-3802-3270
REFERENCES

1. Hujoel PP, Makinen KK, Bennett CA, et al. The optimum time to
initiate habitual xylitol gum-chewing for obtaining long-term caries
prevention. J Dent Res. 1999;78:797-803.

2. YVYlikahri R. Metabolic and nutritional aspects of xylitol. Adv Food
Res. 1979;25:159-180.

3. Sampaio GG, Leddido G, Gongalves LM, Benini Paschoal MA.
In vitro antimicrobial potential of infant mouthwashes against
Streptococcus mutans biofilm: a preliminary study. Indian J Dent Res.
2019;30:399-402.

4. Shwetha R, Vivek S. Effect of dentifrices containing sorbitol, com-
bination of xylitol and sorbitol on salivary Streptococcus mutans and
Lactobacillus counts in 14-15-year-old children: a randomized trial.
Int J Clin Trials. 2017;4:184-190.

5. Watthanasaen S, Merchant AT, Luengpailin S, Chansamak N, Pisek
A, Pitiphat W. Xylitol-containing chewing gum for caries preven-
tion in students with disabilities: a randomised trial. Oral Health Prev
Dent. 2017;15:519-527.

6. Hegde RJ, Thakkar JB. Comparative evaluation of the effects of
casein phosphopeptide-amorphous calcium phosphate (CPP-ACP)
and xylitol-containing chewing gum on salivary flow rate, pH and
buffering capacity in children: An in vivo study. J Indian Soc Pedod
Prev Dent. 2017;35:332-337.

7. Shyama M, Honkala E, Honkala S, Al-Mutawa SA. Effect of xylitol
candies on plaque and gingival indices in physically disabled school
pupils. J Clin Dent. 2006;17:17-21.

8. Gornowicz A, Bielawska A, Bielawski K, et al. Pro-inflammatory cy-
tokines in saliva of adolescents with dental caries disease. Ann Agric
Environ Med. 2012;19:711-716.

9. Kanasi E, Dewhirst FE, Chalmers NI, et al. Clonal analysis of
the microbiota of severe early childhood caries. Caries Res.
2010;44:485-497.

10. Mitrakul K, Asavanund Y, Vongsavan K. Prevalence of five bio-
film-related oral streptococci species from plaque. J Clin Pediatr
Dent. 2011;36:161-166.

11. Loesche WI. Role of Streptococcus mutans in human dental decay.
Microbial Rev. 1986;50:353-380.

12. Rafeek R, Akpaka PE, Bishop AK, et al. The effects of xylitol gum on
the bacterial composition of saliva and plaque. Int J Dent Oral Sci.
2017;4:494-497.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

7 of 8
CLINICAL PRACTICE WI LEYJ—

Campus G, Cagetti MG, Sale S, et al. Six months of high dose xylitol
in high risk caries subjects - a 2 year randomised, clinical trial. Clin
Oral Invest. 2013;17:785-791.

Hata S, Hata H, Miyasawa-Hori H, Kudo A, Mayanagi H.
Quantitative detection of Streptococcus mutans in the dental
plaque of Japanese preschool children by real-time PCR. Lett Appl
Microbiol. 2006;42:127-131.

Moher D, Schulz KF, Altman D. The CONSORT statement: revised
recommendations for improving the quality of reports of paral-
lel-group randomized trials. JAMA. 2001;285:1987-1991.

Loe H, Silness J. Periodontal disease in pregnancy. 1. Prevalence
and severity. Acta Odontol Scand. 1963;21:533-551.

Silness J, Loe H. Periodontal disease in pregnancy. Il. Correlation
between oral hygiene and periodontal condition. Acta Odontol
Scand. 1964;22:121-135.

Yano A, Kaneko N, Ida H, Yamaguchi T, Hanada N. Real-time
PCR for quantification of Stococcus mutans. FEMS Microbiol Lett.
2012;214:23-30.

Stipp RN, Gongalves RB, Hofling JF, Smith DJ, Mattos-Graner RO.
Transcriptional analysis of gtfB, gtfC, and gbpB and their putative
response regulators in several isolates of Streptococcus mutans. Oral
Microbiol Immunol. 2008;23:466-473.

Deshpande A, Jadad AR. The impact of polyol-containing chew-
ing gum on dental caries. A systematic review of original random-
ized controlled trials and observational studies. J Am Dent Assoc.
2008;139:1602-1614.

Makinen KK. The rocky road of xylitol to its clinical application.
J Dent Res. 2000;79:1352-1355.

Padminee K, Poorni S, Diana D, Duraivel D, Srinivasan MR.
Effectiveness of casein phosphopeptide-amorphous calcium phos-
phate and xylitol chewing gums on salivary pH, buffer capacity, and
Streptococcus mutans levels: an interventional study. Indian J Dent
Res. 2018;29:616-621.

Ghasemi E, Mazaheri H, Tahmourespour A. Effect of probiotic
yogurt and xylitol-containing chewing gums on salivary S mutans
count. J Clin Pediatr Dent. 2017;41:257-263.

Duane B. Xylitol and caries prevention. Evid Based Dent.
2015;16:37-38.

Park E, Na HS, Kim SM, Wallet S, Cha S, Chung J. Xylitol, an anti-
caries agent, exhibits potent inhibition of inflammatory responses in
human THP-1-derived macrophages infected with Porphyromonas
gingivalis. J Periodontol. 2014;85:212-223.

Lynch H, Milgrom P. Xylitol and dental caries: an overview for clini-
cians. J Calif Dent Assoc. 2003;31:205-209.

Alamoudi NM, Hanno AG, Masoud MI, Sabbagh HI, Aimushayt AS,
Masoud IM. Impact of maternal xylitol consumption on mutans
Streptococci, plaque and caries levels in children. J Clin Pediatr Dent.
2012;37:163-166.

Masoud M, Allarakia R, Alamoudi NM, Nalliah R, Allareddy V. Long-
term clinical and bacterial effects of xylitol on patients with fixed
orthodontic appliances. Prog Orthod. 2015;16:35.

De Paepe B, Creus KK, De Bleecker JL. The tumor necrosis factor
superfamily of cytokines in the inflammatory myopathies: potential
targets for therapy. Clin Dev Immunol. 2012;2012:369432.

Barnes TC, Anderson ME, Moots RJ. The many faces of interleu-
kin-6: the role of IL-6 in inflammation, vasculopathy, and fibrosis in
systemic sclerosis. Int J Rheumatol. 2011;2011:721608.
Zimmermann HW, Seidler S, Gassler N, et al. Interleukin-8 is acti-
vated in patients with chronic liver diseases and associated with
hepatic macrophage accumulation in human liver fibrosis. PLoS One.
2011;6:21381.

Aluckal E, Ankola AV. Effectiveness of xylitol and polyol chewing
gum on salivary Streptococcus mutans in children: a randomized con-
trolled trial. Indian J Dent Res. 2018;29:445-449.

85U8017 SUOWILLOD BAIERID 3jqed|dde U Aq pausech a/e SN YO (3N JO S3INJ 104 ARIQIT BUIIUO ]I UO (SUOHIPUOD-PUR-SWISILOY B 1M ARe.d)1 U1 JUO//SANY) SUORIPUOD PUR SWS L 3L) 385 *[1202/€0/2T] U0 AriqiTauliuo M) sg Ba od aA sueydmny AseAun uipAy Inquess| Aq e29eT do(/TTTT 0T/10p/wod A ARiq1eul|uo//sdny Wwouy papeoiumod ‘6 ‘0202 ‘TrZTey.T


https://orcid.org/0000-0002-3802-3270
https://orcid.org/0000-0002-3802-3270

80of8 W

33.

34.

@I[¥» THE INTERNATIONAL JOURNAL OF

AKGUL ET AL.

ILEY—CLINICAL PRACTICE

Maden EA, Altun C, Ozmen B, Basak F. Antimicrobial effect of
toothpastes containing fluoride, xylitol, or xylitol-probiotic on sali-
vary Streptococcus mutans and lactobacillus in children. Niger J Clin
Pract. 2018;21:134-138.

Hajiahmadi M, Yegdaneh A, Homayoni A, Parishani H,
Moshkelgosha H, Salari-Moghaddam R. Comparative evaluation of
efficacy of "Green Tea" and "Green Tea with Xylitol" mouthwashes
on the salivary Streptococcus mutans and lactobacillus colony
count in children: a randomized clinical trial. J Contemp Dent Pract.
2019;20:1190-1194.

How to cite this article: Akgiil O, Topaloglu Ak A, Zorlu S,
Oner Ozdas D, Uslu M, Cayirgan D. Effects of short-term
xylitol chewing gum on pro-inflammatory cytokines and
Streptococcus mutans: A randomised, placebo-controlled trial.
Int J Clin Pract. 2020;74:e13623. https://doi.org/10.1111/
ijcp.13623

85U8017 SUOWILLOD BAIERID 3jqed|dde U Aq pausech a/e SN YO (3N JO S3INJ 104 ARIQIT BUIIUO ]I UO (SUOHIPUOD-PUR-SWISILOY B 1M ARe.d)1 U1 JUO//SANY) SUORIPUOD PUR SWS L 3L) 385 *[1202/€0/2T] U0 AriqiTauliuo M) sg Ba od aA sueydmny AseAun uipAy Inquess| Aq e29eT do(/TTTT 0T/10p/wod A ARiq1eul|uo//sdny Wwouy papeoiumod ‘6 ‘0202 ‘TrZTey.T


https://doi.org/10.1111/ijcp.13623
https://doi.org/10.1111/ijcp.13623

