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ABSTRACT
Background: Carbonic anhydrase VI (CA VI) is crucial in regulating oral pH and
predicting susceptibility to dental caries. The hypothesis posits that caries activity
may alter the CA VI function, diminishing its capacity to regulate pH effectively and
potentially exacerbating cariogenic challenges. This 1-year cohort study sought to
investigate the enzymatic activity of salivary CA VI and buffering capacity following
a 20% sucrose rinse in 4 to 6.5-year-old children.
Method: This research involved 46 volunteers categorized into three groups based on
their caries status after follow-up: caries-free (CFee), arrested caries (CArrested), and
caries active (CActive). Children underwent visible biofilm examination and saliva
collection for salivary flow rate, buffering capacity, and CA VI analyses before and
after a 20% sucrose rinse.
Results: A reduction in the buffering capacity was observed after sucrose rinse in all
groups. The CA VI activity decreased significantly in CFee and CArrested groups after
sucrose rinse, although it did not change in the CActive group. An improvement in the
buffering capacity and salivary flow rate was found at follow-up when compared with
the baseline. After 1-year follow-up, buffering capacity and salivary flow rate
increased in all groups, whilst the CA VI activity reduced only in CFree and CArrested

children.
Conclusion: Sucrose rinse universally reduces the salivary buffering capacity, while
caries activity may disrupt CA VI activity response during a cariogenic challenge.
After a year, increased salivary flow enhances buffering capacity but not CA VI
activity in caries-active children.
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INTRODUCTION
Saliva creates a protection against dental caries due to the natural interplay of organic and
inorganic components that rules its physicochemical properties toward a healthy state
(Dawes, 2003). Among these properties, buffering capacity is widely recognized as a
caries-risk predictor since it demonstrates the individual ability to neutralize the
tooth-biofilm interface and establish the ion-supersaturated state necessary for tooth
surface remineralization (Leone & Oppenheim, 2001; Tenovuo, 1997).

The bicarbonate buffer system plays a crucial role in the acid-base homeostatic
mechanism of stimulated saliva (Pitts et al., 2017), which occurs through the two-step
reaction CO2 + H2O 4 H2CO3 4 HCO−

3 + H+. Due to its slow nature, carbonic
anhydrase VI catalyzes the CO2 hydration/carbonic acid (H2CO3) dehydration reaction to
help achieve a pH close to physiological levels. The second reaction, involving the natural
dissociation or ionization of H2CO3, it is more spontaneous (Kivelä et al., 1999a; Breton,
2001; Occhipinti & Boron, 2019). This enzyme can be found in saliva due to the
serous-acinar secretion from human parotid and submandibular glands (Parkkila et al.,
1990).

Recent studies suggest that dental caries can notably impact the CA VI isoform. This
enzyme has been implicated in a high propensity to form dental biofilms dominated by
aciduric and acidogenic species, increasing the risk of dental caries (Esberg et al., 2019).
Additionally, both the concentration (Szabó, 1974; Kivelä et al., 1999b; Oztürk et al., 2008;
Picco et al., 2017, 2019) and the enzymatic activity (Frasseto et al., 2012; Cardoso et al.,
2017; Borghi et al., 2017; Picco et al., 2017, 2019; Lima-Holanda et al., 2021; de Sousa et al.,
2021; de-Sousa, Lima-Holanda & Nobre-Dos-Santos, 2021) of CA VI in whole saliva have
been correlated with caries experience. However, the reciprocal significance between them
has not been fully understood.

Saliva interacts with the tooth surface, biofilm, and mucosa, undergoing changes that
can reflect the characteristics of the host and the oral environment (Marsh, Head &Devine,
2015; Proctor, 2016). Therefore, dietary sugar metabolism, microorganisms, and caries
activity can significantly induce saliva modifications (Lenander-Lumikari & Loimaranta,
2000; Lips et al., 2017; Pitts et al., 2017). According to prior research, children with caries
exhibit notably higher CA VI activity in both saliva and biofilm compared to caries-free
children (Frasseto et al., 2012; Picco et al., 2017, 2019; de Sousa et al., 2021). This outcome
can be attributed to an enzymatic adaptation driven by repeated pH fluctuations after
frequent cariogenic challenges. Noteworthy, the imbalance that occurs in caries
microbiome dysbiosis can cause a biochemical shift in the oral environment (Marsh, 2018)
and possibly change the molecular structure of biological molecules (Zeng, 2011; Belda-
Ferre et al., 2015; Buonanno et al., 2018). This process may be integrated to make
individuals more susceptible to developing caries lesions (de-Sousa, Lima-Holanda &
Nobre-Dos-Santos, 2021).

Interestingly, salivary buffering capacity was negatively correlated with CA VI activity
(Picco et al., 2022). These findings have raised the hypothesis that the increase in CA VI
activity in the caries-affected group may not be associated with an enhanced buffering
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effect. Evaluating changes in salivary function following a transient cariogenic challenge
can provide valuable insights into understanding the deleterious effects of sucrose in
individuals at high risk of caries. Further research is needed to comprehensively
understand the interplay between CA VI and dental caries physiopathology, including the
underlying mechanisms that may impact saliva’s buffering capacity.

Given this background, this cohort study aimed to investigate the behavior of CA VI
activity and buffering capacity in 4- to 6.5-year-old children after a 20% sucrose rinse.
The 20% sucrose concentration simulates a high cariogenic challenge found in soft drinks,
cakes, and biscuits. Also, some researchers have demonstrated that the physiology of
salivary function can be affected by exposure to 20% sucrose rinse (Frasseto et al., 2012;
de-Sousa, Lima-Holanda & Nobre-Dos-Santos, 2020, 2021; Lima-Holanda et al., 2021).

MATERIALS AND METHODS
Ethical considerations
This study was approved by the Research Ethics Committee of the Piracicaba Dental
School, Universidade Estadual de Campinas, under protocol No. 0142012. Volunteers’
parents signed an informed consent form after being thoroughly instructed about the study
procedures. Children with dental treatment needs were referred to comprehensive dental
care at the Piracicaba Dental School of the Universidade Estadual de Campinas.

Subjects
Two independent and normally distributed populations were used for the sample size
calculation considering a two-sided test power provided by Gpower 3.1 program. A study
that evaluated salivary CA VI activity in preschoolers was chosen for the sample estimation
(de Sousa et al., 2021), where the mean (standard deviations) values were 10.03 (11.62) and
22.15 (17.81) for caries-free and caries-affected children, respectively. The input
parameters were 0.05 a-value, 0.10 β-value, 1/1 allocation rate, and 0.95 confidence
interval. The calculated number was 35 children for each group. However, this number was
increased to 41, considering possible losses to follow-up.

A probabilistic single-clustering method determined the sampling procedure. The
Municipal Department of Health of Piracicaba-SP randomly selected two public nurseries,
where children were subjected to an eligibility analysis. The exclusion criteria were
systemic diseases, disabilities, use of antibiotics or nervous system drugs, severe fluorosis,
dental hypoplasia, and children who refused to comply with any study phase.

Study design
Figure 1 shows a diagram of the experimental design. In total, 300 potentially eligible
children were invited to participate, but only 35% were examined for eligibility and
submitted to clinical examination to diagnose dental caries. At baseline, 104 children of
both sexes, with a gender ratio of 1 girl to 0.96 boys, aged between 48 and 78 months, were
divided into two groups:
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. Caries-free children (CFree, n = 42): Decayed, missing, and filled surfaces plus early caries
lesions (dmft + ECL) = 0.

. Active caries lesion children (CActive, n = 62). Dmft + ECL ≥ 1.

Children were submitted to visible biofilm examination (Alaluusua & Malmivirta,
1994) and saliva collection for salivary flow rate, buffering capacity, and CA VI activity
analyses. After a 1-year follow-up, 46 children (0.76 girl to 1 boy) remained in the cohort.
The high dropout rate (55.8%) probably occurred since children, who were 6 years old in
the first year, moved from their original preschool and could not be found.

Clinical examination and salivary analyses were repeated after 1 year follow-up.
According to changes in the caries index, children were assigned into three groups:

. CFree, n = 10: Children who remained caries-free, dmft + ECL = 0.

Figure 1 Flowchart of the research experimental design. The groups division was done after the study’s
follow-up period. The comparisons at the baseline were made with the disposition of groups adopted at
the end of the study to all comparisons. Full-size DOI: 10.7717/peerj.17429/fig-1

Souza et al. (2024), PeerJ, DOI 10.7717/peerj.17429 4/14

http://dx.doi.org/10.7717/peerj.17429/fig-1
http://dx.doi.org/10.7717/peerj.17429
https://peerj.com/


. CActive, n = 19: Children who had developed one or more caries lesions since the
beginning of the study, dmft + ECL ≥ 1.

. Arrested caries (CArrested, n = 17). Children with negative caries increment or who had
arrested caries lesions.

Examiner training, clinical examination, and caries assessment
The adapted version of the World Health Organization diagnostic criteria (World Health
Organization, 2013) plus the early caries lesions were considered for the clinical
examinations (Assaf et al., 2006). After calibration, the clinical examinations were
performed at baseline and follow-up by only one examiner (first author).

The clinical calibration, using a gold standard for criteria, was held to achieve an
acceptable level of agreement before the intraexaminer reliability assessment. First, clinical
slides were used to train the examiner regarding the WHO and the ECL criteria and the
interexaminer agreement was 80% at baseline and follow up.

Regarding all components of the diagnostic criteria, the intraexaminer reliability was
assessed by re-examination of 10% of children, with a one-week interval period and the
kappa values at baseline and follow-up for the tooth surfaces were 0.82 and 0.80
respectively. Teeth were cleaned and dried with gauze to favor the identification of early
caries lesions.

Determination of flow rate and buffering capacity
Saliva samples were collected between 9 and 11 a.m. to avoid the influence of circadian
rhythm. Children were kept for 2 h without eating, drinking, or chewing gum. The
sampling procedure considered the following steps: (1) 5 min to relax, (2) 5 min of
stimulated saliva collection, (3) rinse with 5 mL of a 20% sucrose solution for 1 min, and
(4) 5 min of stimulated saliva collection.

The stimulus for salivation was reached with Parafilm� (Sigma Chemical Company, St.
Louis, MO, USA) chewing. The saliva produced in the initial 30 s was discarded. If the
saliva flow rate was low at 5 min, the collection continued for 10 min (Dawes & Kubieniec,
2004; Kirstilä et al., 1998). After saliva collection, samples were individually kept in labelled
closed Falcon� tubes (BD Biosciences, Franklin Lakes, NJ, USA) and transported to the
laboratory in a sealed icebox to avoid CO2 loss.

The stimulated salivary flow rate, calculated by measuring the total volume of saliva and
dividing it by the collection time, was expressed as mL/min. The Ericsson method was used
to determine saliva’s buffering capacity (Ericsson, 1959). The pH values were assessed using
an electronic pH meter (Orion Analyzer Model 420A; Thermo Fisher Scientific Inc.,
Waltham, MA, USA). After salivary flow rate and buffering capacity analyses, samples
were transferred to labelled microtubes, centrifuged at 5,000 rpm for 10 min at 4 �C,
stored, and frozen at −40 �C for CA VI activity quantification.

Quantification of carbonic anhydrase VI
The CA VI activity was determined using zymography (Kotwica et al., 2006), modified by
Aidar et al. (2013). In short, 10 mL of saliva was added to 10 mL of Tris-buffer (1:1) and
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from the final 20 mL, 10 mL and placed in each gel channel of the SDS-PAGE gel (30% T
and 0.8% C). Electrophoresis parameters were 1 h: 50 min at 140 V and 4 �C, then, the gel
was stained with 0.1% bromothymol blue for 10 min to provide a pH-related color change
due to the CA VI reaction with deionized water saturated with CO2, which tends to raise
the pH to 7. The luminescence in the bands’ area was calculated using the Image J software,
providing the CA VIACT in pixels/area (Collins, 2007).

Statistical analysis
The SPSS package for Windows, version 21.0 (SPSS, Inc., Chicago, IL, USA) and the
GraphPad Prism 7.04 program (GraphPad Software for Windows–version 7.04; GraphPad
Software, La Jolla, CA, USA) were used for statistical inferences.

Data normality and homogeneity of variances were tested using the Shapiro-Wilk and
Levene’s tests, respectively. The salivary flow rate and buffering capacity followed the
Gaussian distribution. A square root transformation was achieved since CA VI activity
data did not follow the Gaussian distribution (Sámal et al., 1999). The Box’s M test proved
the equality of multiple variance-covariance matrices.

The McNemar’s test was used to test differences in visible biofilm between baseline and
follow-up. The paired t-test was performed to determine whether caries status at baseline
and follow-up was significantly different. The salivary flow rate, buffering capacity, and CA
VI activity were analyzed using a three-way mixed model analysis of variance to compare
the mean differences among groups (caries status) split into within-subjects’ factors
(annual variation and sucrose rinse). The simple effects test was carried out as a single-step
pairwise comparison procedure considering the Bonferroni adjustment applied for
multiple comparisons. A 0.05 significance level was established for the analyses.

RESULTS
The number of caries-affected surfaces increased significantly from 4.26 (SD: 4.77) at the
baseline to 5.22 (SD: 6.24) at follow-up, with a significance level of 0.008 alpha level. In
children with caries at baseline, the number of affected surfaces was 6.84 (SD: 5.61) for the
CActive group and 3.88 (SD: 3.24) for the CArrested group. The 1-year caries increment for
the CActive group was 3.11 (SD: 2.03).

Figure 2 shows the effect of time, rinse, and disease on the salivary flow rate (A),
buffering capacity (B), and CA VI activity (C). Material S1 shows more comprehensive
statistics.

The salivary flow rate was significantly reciprocally influenced by time, caries disease,
and sucrose rinse. At baseline, salivary flow rate significantly increased after sucrose rinse
in the three investigated groups, whereas, at follow-up, this increase was observed only in
the arrested caries group. Furthermore, results showed a significantly increase in salivary
flow rate at follow-up for the three groups in the pre-rinse situation and for the CArrested

group in the post-rinse situation. Although the effect of caries disease was codependent on
time and rinse (a = 0.03, β − 1 = 0.66, ηp2 = 0.151), simple effects revealed that this effect
was significant at follow-up in the post-rinse condition (a = 0.028, β − 1 = 0.67, ηp2 = 0.15).
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Figure 2 Effect of time, rinse, and disease on the salivary flow rate (A), buffering capacity (B), and
CA VI activity (C). A three-way mixed model analysis of variance (ANOVA) was conducted on a sample
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Time and sucrose rinse independently influenced the buffering capacity. A reduction in
BC was observed after sucrose rinse, but it tended to be similar between groups at baseline
(6.27 [SD 0.69]; p = 0.937) and at follow-up (0.54 [SD 0.58]; p = 0.906). A significant
improvement in the buffering capacity was found at follow-up compared with baseline at
pre-rinse and post-rinse.

Time and sucrose rinse significantly affected the CA VI activity but did not exhibit a
significant interaction. Over time, the CA VI activity significantly decreased in the CFree

and CArrested groups in pre-rinse situation. However, the behavior of CA VI throughout
time did not change in the CActive group. At baseline and follow-up, CA VI activity
significantly decreased after sucrose rinse in CFree and CArrested groups but not in the CActive

group. In addition, we could not find any significant difference between groups concerning
the CA VI activity at baseline and follow-up.

DISCUSSION
This study showed that the CA VI activity reduced over time and after exposure to sucrose
rinse whether children were caries-free or had only arrested caries. The CA VI activity
remained stable over time in children with active caries lesions, even after the cariogenic
challenge. Controversially, the reduction in the CA VI activity at the follow-up was
accompanied by an expressive increase in the buffering capacity in saliva.

The CFree and CArrested groups showed significant decreases in the CA VI activity after
sucrose rinse and at follow-up. The adaptive response of the isoenzyme to a medium of
high acid production may reduce its activity due to an inhibitory effect mediated by
sucrose. Similarly, a previous study found a pronounced decrease in the initial activity of
CA VI activity after sucrose rinse when the mechanical control of biofilm was discontinued
(Lima-Holanda et al., 2021). These authors argued that poor oral hygiene causes a high
and sustained concentration of metabolites, which could be responsible for a change in CA
VI enzymatic activity.

The CActive group did not exhibit significant changes in CA VI activity following the
sucrose rinse and at follow-up. One plausible explanation could be the frequent exposure
to cariogenic challenges experienced by this particular group (Nobre dos Santos et al., 2002;

Figure 2 (continued)
of 46 volunteers, consisting of 10 caries-free (CFree) individuals, 17 individuals with arrested caries
(CArrested), and 19 individuals with active caries lesions (CActive). Data were plotted as means and standard
deviations for salivary flow rate and buffering capacity. CA VI activity was represented as medians and
interquartile ranges. When significant interactions were found, the main effects were suppressed. Dif-
ferent capital letters denote statistically significant multivariate simple effects of time within each level of
factor combination (disease and rinse): Baseline vs. follow-up in CFree pre-rinse, baseline vs. follow-up in
CArrested pre-rinse, baseline vs. follow-up in CActive pre-rinse, baseline vs. follow-up in CFree post-rinse,
baseline vs. follow-up in CArrested post-rinse, and baseline vs. follow-up in CActive post-rinse. Different
lower letters represent statistically multivariate simple effects of rinse within each level of factor com-
bination (disease and time): Pre-rinse vs. post-rinse in CFree at the baseline, pre-rinse vs. post-rinse in
CArrested at the baseline, pre-rinse vs. post-rinse in CActive at the baseline, pre-rinse vs. post-rinse in CFree

at the follow-up, pre-rinse vs. post-rinse in CArrested at the follow-up, and pre-rinse vs. post-rinse in CActive

at the follow-up. For detailed information, please go to Supplemental Material.
Full-size DOI: 10.7717/peerj.17429/fig-2
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Parisotto et al., 2010). Frequent pH drop events could be responsible for the reduced
source of HCO−

3 due to more significant amounts of acid production by microbial
metabolism during famine events (Takahashi, 2015). Consequently, the enzyme could no
longer change its activity after a sucrose rinse. Kazokaitė et al. (2015) strengthened our
assumption by showing that CA VI is more stable in slightly acidic conditions than in
neutral ones.

The hypothesis here is that the dysbiotic events ruled by caries promote an enzymatic
adaptation for more intense chemical aggression. Notably, caries undergoes a biochemical
shift toward disease (Marsh, 2018) and structural and conformational changes in salivary
molecules (Zeng, 2011; Buonanno et al., 2018). Thus, investigating the ecological
interactions among microbiome, electrolytes, and glycolytic metabolites and their
respective impact on the phenotypic structure of CA VI activity can be an exciting topic for
future research.

Expanding the scope of this discussion, could the transient enzymatic changes in CA VI
activity affect the acid-base control in the oral cavity? Addressing this question, we noticed
a significant decrease in buffering capacity at baseline and follow-up after sucrose rinse.
Sugar metabolization should consume the acid of the saliva buffers, making the saliva
medium less resistant to pH changes. However, our study design was insufficient to
identify the effect of sucrose-mediated enzymatic changes on the buffer capacity regarding
catalytical efficiency.

Caries disease did not seem to impact CA VI activity, unlike other studies (Frasseto
et al., 2012; Picco et al., 2017, 2022; Lima-Holanda et al., 2021; de Sousa et al., 2021;
de-Sousa, Lima-Holanda & Nobre-Dos-Santos, 2021). These authors performed cross-
sectional studies and found a higher CA VI activity in the saliva of children having caries.
This conflicting outcome may be due to considerable inter-individual variation and to the
small sample size of our study, which was demonstrated by the low power of the analysis
(β − 1 = 0.09). Buffering capacity results showed the same trend and may be explained
similarly.

As expected, our study also showed that at baseline, the saliva flow rate increased after
sucrose rinses in three groups with no statistical difference between them, which could be
promoted by the mechanical and gustatory stimulation reached during the sucrose rinse
and parafilm chewing (Proctor, 2016). In this case, the lack of statistical difference can be
interpreted as a consequence of the healthy salivary flow rates. Preliminary data have
shown that the relationship between saliva flow rate and dental caries has no predictive
value for disease occurrence when the flow is within physiological range (Lenander-
Lumikari & Loimaranta, 2000). Note that an increase in the saliva flow rate was perceived
at the follow-up. We speculate that the maturation of salivary function may be the leading
cause of this outcome. The rise in salivary flow could explain the independent increase in
buffering capacity regardless of the caries index after the follow-up period.

We must point out some limitations of this research. Firstly, the high sample dropout
compromised the power of the analyses regarding the difference between groups.
Secondly, the analysis was restricted to saliva samples. Thus, we could not infer the impact
of the CA VI function in the acid-base equilibrium at the biofilm-tooth interface. Thirdly,
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the cariogenic challenge with a 20% sucrose solution gives limited information concerning
the clinical reality, mainly due to the complexity of human diet and its dependence on
other carbohydrates that can impair the physicochemical properties of saliva and
enzymatic behavior of iso-enzymes such as CA VI. Finally, although this study included
the early caries lesion criteria which increases the dmfs/dmft indexes, bitewing radiographs
were not used, thus some lesions at the distal surface of the first primary molars may have
been underdiagnosed.

CONCLUSIONS
In conclusion, the study highlights two distinct mechanisms: one linked to caries activity
and the other to the salivary function maturation. The sucrose rinse lowered buffering
capacity regardless of caries status, while caries activity may disrupt CA VI activity
response, affecting enzyme stimulation during a cariogenic challenge. After a 1-year
follow-up, the rise in the salivary flow might enhance buffering capacity as a chemical shift
toward a healthier state. Yet, this improvement may not be mirrored in enzyme activity
among caries-active children.

ACKNOWLEDGEMENTS
This article was based on a thesis submitted by the first author to the Piracicaba Dental
School, Universidade Estadual de Campinas, in partial fulfillment of the requirements for a
DDS degree in Dentistry (Pediatric Dentistry area). We especially thank the volunteers and
their parents for participating in this research.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the São Paulo Research Foundation, Grants No 2012/02516-1
and 2012/15834-1. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
São Paulo Research Foundation: 2012/02516-1, 2012/15834-1.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Thayse Rodrigues de Souza conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

. Bruna Raquel Zancope performed the experiments, prepared figures and/or tables, and
approved the final draft.

Souza et al. (2024), PeerJ, DOI 10.7717/peerj.17429 10/14

http://dx.doi.org/10.7717/peerj.17429
https://peerj.com/


. Emerson Tavares de Sousa analyzed the data, prepared figures and/or tables, authored or
reviewed drafts of the article, and approved the final draft.

. Thais Manzano Parisotto analyzed the data, authored or reviewed drafts of the article,
and approved the final draft.

. Marcelo Rocha Marques performed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

. Marinês Nobre dos Santos conceived and designed the experiments, analyzed the data,
authored or reviewed drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Ethics Committee in Research of the Piracicaba Dental School, University of
Campinas, granted Ethical approval to carry out the study within its facilities (Ethical
Application Ref: 0142012).

Data Availability
The following information was supplied regarding data availability:

The raw data and statistical analysis are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.17429#supplemental-information.

REFERENCES
Aidar M, Marques R, Valjakka J, Mononen N, Lehtimäki T, Parkkila S, de Souza AP, Line SR.

2013. Effect of genetic polymorphisms in CA6 gene on the expression and catalytic activity of
human salivary carbonic anhydrase VI. Caries Research 47(5):414–420 DOI 10.1159/000350414.

Alaluusua S, Malmivirta R. 1994. Early plaque accumulation—a sign for caries risk in young
children. Community Dent Oral Epidemiol 22(5 Pt 1):273–276
DOI 10.1111/j.1600-0528.1994.tb02049.x.

Assaf AV, de Castro Meneghim M, Zanin L, Tengan C, Pereira AC. 2006. Effect of different
diagnostic thresholds on dental caries calibration-a 12 month evaluation. Community Dentistry
and Oral Epidemiology 34(3):213–219 DOI 10.1111/j.1600-0528.2006.00278.x.

Belda-Ferre P, Williamson J, Simón-Soro Á, Artacho A, Jensen ON, Mira A. 2015. The human
oral metaproteome reveals potential biomarkers for caries disease. Proteomics 15(20):3497–3507
DOI 10.1002/pmic.201400600.

Borghi GN, Rodrigues LP, Lopes LM, Parisotto TM, Steiner-Oliveira C, Nobre-Dos-Santos M.
2017. Relationship among a amylase and carbonic anhydrase VI in saliva, visible biofilm, and
early childhood caries: a longitudinal study. International Journal of Paediatric Dentistry
27(3):174–182 DOI 10.1111/ipd.12249.

Breton S. 2001. The cellular physiology of carbonic anhydrases. Journal of the Pancreas 2:159–164.

Buonanno M, Di Fiore A, Langella E, D’Ambrosio K, Supuran CT, Monti SM, De Simone G.
2018. The crystal structure of a hCA VII variant provides insights into the molecular

Souza et al. (2024), PeerJ, DOI 10.7717/peerj.17429 11/14

http://dx.doi.org/10.7717/peerj.17429#supplemental-information
http://dx.doi.org/10.7717/peerj.17429#supplemental-information
http://dx.doi.org/10.7717/peerj.17429#supplemental-information
http://dx.doi.org/10.1159/000350414
http://dx.doi.org/10.1111/j.1600-0528.1994.tb02049.x
http://dx.doi.org/10.1111/j.1600-0528.2006.00278.x
http://dx.doi.org/10.1002/pmic.201400600
http://dx.doi.org/10.1111/ipd.12249
http://dx.doi.org/10.7717/peerj.17429
https://peerj.com/


determinants responsible for its catalytic behavior. International Journal of Molecular Sciences
19(6):1571 DOI 10.3390/ijms19061571.

Cardoso AA, Lopes LM, Rodrigues LP, Teixeira JJ, Steiner-Oliveira C, Nobre-Dos-Santos M.
2017. Influence of salivary parameters in the caries development in orthodontic patients-an
observational clinical study. International Journal of Paediatric Dentistry 27(6):540–550
DOI 10.1111/ipd.12295.

Collins TJ. 2007. ImageJ for microscopy. Biotechniques 43(1S):25–30 DOI 10.2144/000112517.

Dawes C. 2003. What is the critical pH and why does a tooth dissolve in acid? Journal of the
Canadian Dental Association 69:722–724.

Dawes C, Kubieniec K. 2004. The effects of prolonged gum chewing on salivary flow rate and
composition. Archives of Oral Biology 49(8):665–669 DOI 10.1016/j.archoralbio.2004.02.007.

de Sousa ET, Lima-Holanda AT, Sales LS, Nobre-Dos-Santos M. 2021. Combined effect of starch
and sucrose on carbonic anhydrase VI activity in saliva and biofilm of children with early
childhood caries. Exposure to starch and sucrose alters carbonic anhydrase VI activity in saliva
and biofilm. Clinical Oral Investigation 25(5):2555–2568 DOI 10.1007/s00784-020-03567-z.

de-Sousa ET, Lima-Holanda AT, Nobre-Dos-Santos M. 2020. Changes in the salivary electrolytic
dynamic after sucrose exposure in children with Early Childhood Caries. Scientific Reports
10:4146 DOI 10.1038/s41598-020-61128-6.

de-Sousa ET, Lima-Holanda AT, Nobre-Dos-Santos M. 2021. Carbonic anhydrase VI activity in
saliva and biofilm can predict early childhood caries: a preliminary study. International Journal
of Paediatric Dentistry 31(3):361–371 DOI 10.1111/ipd.12717.

Ericsson Y. 1959. Clinical investigations of the salivary buffering action. Acta Odontologica
Scandinavica 17(2):131–165 DOI 10.3109/00016355908993928.

Esberg A, Haworth S, Brunius C, Lif Holgerson P, Johansson I. 2019. Carbonic anhydrase 6 gene
variation influences oral microbiota composition and caries risk in Swedish adolescents.
Scientific Reports 9(1):452 DOI 10.1038/s41598-018-36832-z.

Frasseto F, Parisotto TM, Peres RC, Marques MR, Line SR, Nobre dos Santos M. 2012.
Relationship among salivary carbonic anhydrase VI activity and flow rate, biofilm pH and caries
in primary dentition. Caries Research 46(3):194–200 DOI 10.1159/000337275.

Kazokaitė J, Milinavičiūtė G, Smirnovienė J, Matulienė J, Matulis D. 2015. Intrinsic binding of
4-substituted-2,3,5,6-tetrafluorobenezenesulfonamides to native and recombinant human
carbonic anhydrase VI. FEBS Journal 282(5):972–983 DOI 10.1111/febs.13196.

Kirstilä V, Häkkinen P, Jentsch H, Vilja P, Tenovuo J. 1998. Longitudinal analysis of the
association of human salivary antimicrobial agents with caries increment and cariogenic micro-
organisms: a two-year cohort study. Journal of Dental Research 77(1):73–80
DOI 10.1177/00220345980770011101.

Kivelä J, Parkkilä S, Parkkila AK, Leinonen J, Rajaniemi H. 1999a. Salivary carbonic
anhydrase isoenzyme VI. Journal of Physiology 520(2):315–320
DOI 10.1111/j.1469-7793.1999.t01-1-00315.x.

Kivelä J, Parkkila S, Parkkila AK, Rajaniemi H. 1999b. A low concentration of carbonic
anhydrase isoenzyme VI in whole saliva is associated with caries prevalence. Caries Research
33(3):178–184 DOI 10.1159/000016514.

Kotwica J, Ciuk MA, Joachimiak E, Rowinski S, Cymborowski B, Bebas P. 2006. Carbonic
anhydrase activity in the vas deferens of the cotton leafworm-Spodoptera littoralis (Lepidoptera:
Noctuidae) controlled by circadian clock. Journal of Physiology and Pharmacology 57:107–123.

Lenander-Lumikari M, Loimaranta V. 2000. Saliva and dental caries. Advances in Dental Research
14(1):40–47 DOI 10.1177/08959374000140010601.

Souza et al. (2024), PeerJ, DOI 10.7717/peerj.17429 12/14

http://dx.doi.org/10.3390/ijms19061571
http://dx.doi.org/10.1111/ipd.12295
http://dx.doi.org/10.2144/000112517
http://dx.doi.org/10.1016/j.archoralbio.2004.02.007
http://dx.doi.org/10.1007/s00784-020-03567-z
http://dx.doi.org/10.1038/s41598-020-61128-6
http://dx.doi.org/10.1111/ipd.12717
http://dx.doi.org/10.3109/00016355908993928
http://dx.doi.org/10.1038/s41598-018-36832-z
http://dx.doi.org/10.1159/000337275
http://dx.doi.org/10.1111/febs.13196
http://dx.doi.org/10.1177/00220345980770011101
http://dx.doi.org/10.1111/j.1469-7793.1999.t01-1-00315.x
http://dx.doi.org/10.1159/000016514
http://dx.doi.org/10.1177/08959374000140010601
http://dx.doi.org/10.7717/peerj.17429
https://peerj.com/


Leone CW, Oppenheim FG. 2001. Physical and chemical aspects of saliva as indicators of risk for
dental caries in humans. Journal of Dental Education 65(10):1054–1062
DOI 10.1002/j.0022-0337.2001.65.10.tb03449.x.

Lima-Holanda AT, de Sousa ET, Nobre-Dos-Santos M, Steiner-Oliveira C. 2021. The role of
mechanical control of biofilm in the salivary pH after sucrose exposure in children with early
childhood caries. Scientific Reports 11:7496 DOI 10.1038/s41598-021-86861-4.

Lips A, Antunes LS, Antunes LA, Pintor AVB, Santos DABD, Bachinski R, Küchler EC,
Alves GG. 2017. Salivary protein polymorphisms and risk of dental caries: a systematic review.
Brazilian Oral Research 31:e41 DOI 10.1590/1807-3107bor-2017.vol31.0041.

Marsh PD. 2018. In sickness and in health-what does the oral microbiome mean to us? An
ecological perspective. Advances in Dental Research 29(1):60–65
DOI 10.1177/0022034517735295.

Marsh PD, Head DA, Devine DA. 2015. Ecological approaches to oral biofilms: control without
killing. Caries Research 49(Suppl. 1):46–54 DOI 10.1159/000377732.

Nobre dos Santos M, Melo dos Santos L, Francisco SB, Cury JA. 2002. Relationship among
dental plaque composition, daily sugar exposure and caries in the primary dentition. Caries
Research 36(5):347–352 DOI 10.1159/000065959.

Occhipinti R, Boron WF. 2019. Role of carbonic anhydrases and inhibitors in acid-base
physiology: insights from mathematical modeling. International Journal of Molecular Sciences
20(15):3841 DOI 10.3390/ijms20153841.

Oztürk LK, Furuncuoğlu H, Atala MH, Uluköylü O, Akyüz S, Yarat A. 2008. Association
between dental-oral health in young adults and salivary glutathione, lipid peroxidation and sialic
acid levels and carbonic anhydrase activity. Brazilian Journal of Medical and Biological Research
41(11):956–959 DOI 10.1590/S0100-879X2008005000048.

Parisotto TM, Steiner-Oliveira C, Duque C, Peres RC, Rodrigues LK, Nobre-dos-Santos M.
2010. Relationship among microbiological composition and presence of dental plaque, sugar
exposure, social factors and different stages of early childhood caries. Archives of Oral Biology
55(5):365–373 DOI 10.1016/j.archoralbio.2010.03.005.

Parkkila S, Kaunisto K, Rajaniemi L, Kumpulainen T, Jokinen K, Rajaniemi H. 1990.
Immunohistochemical localization of carbonic anhydrase isoenzymes VI, II, and I in human
parotid and submandibular glands. Journal of Histochemistry & Cytochemistry 38(7):941–947
DOI 10.1177/38.7.2113069.

Picco DCR, Lopes LM, Rocha Marques M, Line SRP, Parisotto TM, Nobre Dos Santos M. 2017.
Children with a higher activity of carbonic anhydrase VI in saliva are more likely to develop
dental caries. Caries Research 51(4):394–401 DOI 10.1159/000470849.

Picco DCR, Lopes LM, Steiner-Oliveira C, Nobre dos Santos M. 2022. The protective potential of
Carbonic Anhydrase VI (CA VI) against tooth decay in children: a systematic review of the
literature. Journal of Clinical Advances in Dentistry 6(1):21–27
DOI 10.29328/journal.jcad.1001028.

Picco DCR, Marangoni-Lopes L, Parisotto TM, Mattos-Graner R, Nobre-Dos-Santos M. 2019.
Activity of Carbonic Anhydrase VI is higher in dental biofilm of children with caries.
International Journal of Molecular Sciences 20(11):2673 DOI 10.3390/ijms20112673.

Pitts NB, Zero DT, Marsh PD, Ekstrand K, Weintraub JA, Ramos-Gomez F, Tagami J,
Twetman S, Tsakos G, Ismail A. 2017. Dental caries. Nature Reviews Disease Primers
3(1):17030 DOI 10.1038/nrdp.2017.30.

Proctor GB. 2016. The physiology of salivary secretion. Periodontology 70(1):11–25
DOI 10.1111/prd.12116.

Souza et al. (2024), PeerJ, DOI 10.7717/peerj.17429 13/14

http://dx.doi.org/10.1002/j.0022-0337.2001.65.10.tb03449.x
http://dx.doi.org/10.1038/s41598-021-86861-4
http://dx.doi.org/10.1590/1807-3107bor-2017.vol31.0041
http://dx.doi.org/10.1177/0022034517735295
http://dx.doi.org/10.1159/000377732
http://dx.doi.org/10.1159/000065959
http://dx.doi.org/10.3390/ijms20153841
http://dx.doi.org/10.1590/S0100-879X2008005000048
http://dx.doi.org/10.1016/j.archoralbio.2010.03.005
http://dx.doi.org/10.1177/38.7.2113069
http://dx.doi.org/10.1159/000470849
http://dx.doi.org/10.29328/journal.jcad.1001028
http://dx.doi.org/10.3390/ijms20112673
http://dx.doi.org/10.1038/nrdp.2017.30
http://dx.doi.org/10.1111/prd.12116
http://dx.doi.org/10.7717/peerj.17429
https://peerj.com/


Sámal M, Kárný M, Benali H, Backfrieder W, Todd-Pokropek A, Bergmann H. 1999.
Experimental comparison of data transformation procedures for analysis of principal
components. Physics in Medicine and Biology 44:2821–2834 DOI 10.1088/0031-9155/44/11/310.

Szabó I. 1974. Carbonic anhydrase activity in the saliva of children and its relation to caries activity.
Caries Research 8(2):187–191 DOI 10.1159/000260107.

Takahashi N. 2015. Oral microbiome metabolism: from “Who are they?” to “What are they
doing?” Journal of Dental Research 94(12):1628–1637 DOI 10.1177/0022034515606045.

Tenovuo J. 1997. Salivary parameters of relevance for assessing caries activity in individuals and
populations. Community Dentistry and Oral Epidemiology 25(1):82–86
DOI 10.1111/j.1600-0528.1997.tb00903.x.

World Health Organization. 2013. Oral health surveys: basic methods, 5th. Geneva: WHO press.

Zeng Y. 2011. The functional consequences of relative substrate specificity in complex biochemical
systems. Frontiers of Genetics 2:65 DOI 10.3389/fgene.2011.00065.

Souza et al. (2024), PeerJ, DOI 10.7717/peerj.17429 14/14

http://dx.doi.org/10.1088/0031-9155/44/11/310
http://dx.doi.org/10.1159/000260107
http://dx.doi.org/10.1177/0022034515606045
http://dx.doi.org/10.1111/j.1600-0528.1997.tb00903.x
http://dx.doi.org/10.3389/fgene.2011.00065
http://dx.doi.org/10.7717/peerj.17429
https://peerj.com/

	Sucrose rinse modulates the salivary behavior of carbonic anhydrase VI and its buffering capacity: a longitudinal study in 4 to 6.5-year-old children ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


