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The objective of the present study was to establish if individuals with Diabetes Mellitus (DM2) and
periodontal diseases (gingivitis or periodontitis) presented an increase in the concentration of
modified LDL (moLDL) and what is the influence of periodontal treatment on the decrease of moLDL
particles with consequent improvement in the parameters of DM2. Twenty-four diabetic patients with
periodontitis (Group 1) and twenty-four diabetic patients with gingivitis (Group 2) were followed up for
a period of 12 months. Group 1 was treated with periodontal debridement, and Group 2 received supra-
gingival scaling and prophylaxis. In both groups, periodontal clinical parameters: probing depth (PD),
clinical attachment level (CAL), gingival resection (GR), bleeding on probing index (BOP) and plaque
index; inflammatory serum markers (glycemia, Alc, total cholesterol, HDL-cholesterol (HDL-c), LDL-
cholesterol (LDL-c), triglycerides and hs-CRP) and oxidized LDL (oxLDL) were measured at baseline,
t=6 and t =12 months after treatment. Solutions of LDL were analyzed using the nonlinear optical
Z-Scan and optical absorption techniques. The periodontal clinical parameters showed significant
improvement (p < 0.05) in both Group after 12 months. For both groups, total cholesterol, HDL-c, LDL-
¢, triglycerides and Alc levels did not show significant reductions after periodontal therapy. hs-CRP
levels in Group 1 presented a significant reduction after 12 months. The glycemic rate and the oxLDL
concentrations did not show significant differences as a function of time. The optical measurements of
LDL solutions revealed an improvement of the LDL-c quality in both groups. Periodontal debridement
was able to improve periodontal parameters and the quality of LDL-c in diabetic patients but without
changes in the oxLDL concentration in both groups. Considering the clinical relevance, the reduction of
infectious and inflammatory sites present in the oral cavity through periodontal therapy may help with
the control and prevention of hyperglycemia and precursors of cardiovascular diseases.

Periodontitis is an infection of bacterial origin, characterized by a destructive inflammatory process due to the
action of bacteria and their products, and its manifestation comes from the interaction between the causative
agent and the host’s immune and inflammatory response’.

Diabetes mellitus type 2 (DM2) is a chronic disease in which the pancreas does not produce enough insulin
or the body becomes unable to use it effectively® It has a high global prevalence and can affect 439 million people
on the planet by the year of 2030°.

DM2 is considered as a risk factor for the development of periodontal diseases*®, whereas individuals with
periodontitis have a significantly higher prevalence of diabetes when compared with patients without periodontal
diseases®. Because DM2 and periodontitis present the same inflammatory etiopathogenesis’, they demonstrate a
bidirectional relationship, as DM2 affects the severity of periodontitis, and this may contribute to the individual’s
total inflammatory load, influencing the natural course of DM2°.

Inflammatory processes, besides presenting abnormal cytokine production, promote oxidative stress’, defined
as the severe imbalance between free-radical production and antioxidant defense, leading to possible tissue
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damage'®. Thus, the inflammatory responses increase the formation of reactive oxygen species (ROS). Oxidative
stress may be the key point in explaining the relationship between DM2 and periodontitis’.

In periodontal lesions, the excessive production of ROS is a result of the inflammatory response, which may
induce the formation of modified LDL-c (moLDL), mainly oxidized LDL particles (0xLDL) in the blood'"2.
Studies have shown a positive relationship between the periodontal intervention, performed through periodontal
debridement, and the decrease of the serum levels of oxLDL!'"'*!*_ It was demonstrated that periodontal treat-
ment was able to cause changes in the serum levels of inflammatory markers, including oxLDL..

It is well established that the presence of moLDL particles in the blood is one of the risk factors for develop-
ing cardiovascular diseases (CVD)'>. These modifications may be due to the presence of ROS in the blood that
oxidize these particles. The moLDL particles are no more identified by the cell receptors as a proper cholesterol
deliverer and the immunological system will trigger an inflammatory response of the body against these particles.
Tocopherols and carotenoids are the endogenous antioxidants present in the LDL particles and protect them
against oxidation'®'.

Besides the usual biochemical essays employed to identify the presence of moLDL (mainly oxidized) in the
blood, the nonlinear optical Z-Scan (ZS) technique has been shown to be useful for evaluating the degree of mod-
ification of the LDL particles in the blood—in other words, the “quality” of the LDL particles in the blood". The
sensitivity, accuracy and simplicity of the ZS technique, compared to other optical techniques, make it attractive
as an effective tool for measuring the sign, magnitude, and order of the nonlinear optical response of materials'®'°.

In the literature, it is still unclear whether modifications in the level of inflammatory markers and the decrease
of 0oxLDL levels due to periodontal treatment occur in patients with DM2. Therefore, the objective of the present
study is to evaluate the quality of the LDL particles from patients with DM2, with generalized periodontitis, com-
pared with those with gingivitis, after periodontal treatment during a one-year follow-up. The ZS technique was
used to investigate the characteristic optical response of LDL solution samples, and the UV-visible spectropho-
tometer was used to measure the linear light absorbance of LDL samples’ solutions.

This multidisciplinary approach broads the horizons of the conclusions of the work, emphasizing the benefits
of the dental treatment with respect to the development of CVD in diabetic patients.

Materials and Methods

This clinical pre-post study with a follow-up of 12 months was registered at clinical trials (NCT03198832-
02/06/2017). All procedures received approval from the Human Research Ethics Committee of Institute of
Science and Technology (ICT) UNESP in Sao José dos Campos- Sdo Paulo, Brazil (n°1.504.963).

For this study, 356 diabetic patients were screened from May 2016 until August 2017. Forty-eight were
included in the pre-established criteria (inclusion and exclusion), of which 24 patients Group 1 had Periodontitis
stage III and IV, grade modifiers B and C and 24 patients Group 2 had Gingivitis -dental biofilm - induced
mediated by systemic or local risk factors. Considering our previous results'!(Monteiro et al.), a sample size of
22 patients per group would be necessary to detect variations of 0.12 units of moLDL between the groups, with
standard deviation 0.14. By using a two-tailed test of variance we have type I error a.=0.05, type I error 3=0.2,
and a power of 80%. Twenty-four patients per group were, then, included in the study.

These patients came from the ICT- UNESP (State University of Sdo Paulo Julio de Mesquita Filho) dentistry
school in Sao José dos Campos — Sdo Paulo, Brazil.

Included in the study were individuals older than 35 years who had DM2 diagnoses for more than five years;
had Alc levels between 7% and 11%; and had been diagnosed with periodontitis or gingivitis. They must have
presented with the loss of clinical insertions >3 mm in two non-adjacent teeth and the loss of clinical insertions
>5mm in 30% or more of the teeth present®, and they must have had at least 20 teeth present. They had to agree
to participate in the study and sign the informed consent form. Patients with cardiovascular disease, cancer, gas-
trointestinal disorders, skin diseases, pregnancy, lactation, smoking habit, arthritis, lupus; those who had under-
gone periodontal treatment within the past 12 months; those who had made use of antioxidant supplements,
anti-inflammatories, or antibiotics within the previous three months; those who had changed their glycemic
control medication during the past three months; and those with any other diseases of inflammatory origin were
excluded.

All of the participants received oral hygiene instructions (Bass brushing technique and the use of dental floss
or interproximal brushes), and an experienced clinician (JFP) obtained periodontal parameters. The diabetic
patients with periodontitis received full-mouth scaling and root planning with an ultrasonic device (Prof Neo,
Dabi Atlante-BR, TipPerio Sub-EVMWQHED3 Ribeirio Preto, SP, Brazil) and manual curettes (Millennium,
Golgran, SP Brazil). These procedures were performed under infiltrative local anesthesia with mepivacaine with
epinephrine (Mepivalem AD Dentsply Catanduva, SP, Brazil40/0.005 mg/mL) in a single session*'. Diabetic
patients with gingivitis received supra-gingival scaling and prophylaxis in a single session. Every three months,
patients from both groups received maintenance therapy through prophylaxis.

Clinical parameters measured were: probing depth (PD), clinical attachment level (CAL), gingival resection
(GR), bleeding on probing index (BOP) and plaque index (IPL). A trained examiner (JFP) performed the clin-
ical measurements (Kappa 0.86) using a 15-mm standardized manual periodontal probe (UNC® Hu-Friedy,
Jacarepaguad - Rio de Janeiro, Brazil). The examiner’s calibration was done as follows: the examiner measured
the PS and the NIC of 10 patients twice in a 24-hour interval. Then the measurements were submitted to the
intra class correlation test and the examiner was judged calibrated if a 90% agreement in the measurements was
reached. This procedure was repeated until the examiner reached this index.

After anamnesis and the collection of clinical measurements, all patients were referred to the clinical analysis
laboratory for the initial blood collection process. Blood was collected into Vacutainer tubes (Vacutainer, BD do
Brasil, Curitiba, PR, Brazil) containing ethylenediaminetetraacetic acid from each individual after 12h of fast-
ing at baseline and then six months and 12 months after the treatment, and the laboratory was blinded to study
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groups. The first baseline blood collection for laboratory analysis was performed prior to periodontal treatment.
The following blood collections (6 and 12 months) were performed 6 and 12 months after the date of periodontal
treatment.

The following analysis were: overnight fasting glucose, high-sensitivity C-reactive protein (hs-CRP), glycated
hemoglobin (Alc), total cholesterol, HDL-c, LDL-c, triglycerides (TG) and oxidized low-density lipoprotein
(oxLDL) level. Plasma was obtained following the centrifugation of the blood at 1000 g for 10 min at 4 °C and was
stored at —80 °C. Details about the detection of the oxLDL in the plasma may be encountered in Monteiro et al.!!

Samples preparation. Blood from patients were centrifuged at 10°g and 4 °C for 15 minutes to isolate the
plasma. Benzamidine (2 mM), gentamicin (0.5%) and chloramphenicol (0.25%), PMSF (phenyl-methyl-sulfo-
nyl-fluoride) (0.5mM) and aprotinin (0.1 unit/mL) were added. The LDL-c (hereafter called the “LDL solu-
tion sample” for the optical experiments - ZS and absorbance measurements) was isolated from the infranatant
(that contains HDL cholesterol, albumin and other proteins present in the plasma) via sequential preparative
ultra-centrifugation® at 10° g and 4 °C using a Hitachi Ultracentrifuge. The protein concentration was determined
using a bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, IL, USA) with bovine serum albumin as
the standard.

Z-Scan technique. The LDL-c sample is illuminated by a laser beam (wavelength X\ =532 nm). Periodic on
and off states of about 30 milliseconds of light irradiation are employed. The pulsed-light beam is focused at the
position of z=0 via a lens. All Z-scan experiments were performed at physiological temperature (37°C). The
sample moves along the z-axis, from a position before the focus until a position after the focus. The accuracy of ZS
measurements depends on the intensity stability of the laser, the Gaussian profile of the beam, the setup optical
alignment and the uniformity of the sample*. To avoid spurious effects in our measurements, the laser beam
intensity was monitored splitting the beam in two. One of them goes directly to a detector to measure the laser
intensity and the other goes to the ZS setup. Eventual fluctuations on the intensity during the experiments are cor-
rected by using the information from the first beam. The second beam enters in the ZS setup and passes through
the sample. The transmitted beam is detected by a detector with an iris positioned at its front. At least 10-15 inde-
pendent measurements (at fixed z position) are made to achieve good data statistics. The reproducibility of our
results were checked by measuring the same sample in different days, obtaining results within the experimental
errors. More details about the setup, data acquisition and data treatment can be found in our previous works!*?%,
The typical result in the ZS experiment is a peak to valley (or valley to peak) curve of the normalized transmit-
tance as a function of the sample z position. The peak to valley amplitude is proportional to the phase shift () of
the thermal lens formed. This parameter depends on the sample absorption coeflicient () (which is proportional
to the concentration of light absorbers), thermo-optical coefficient (dn/dT), laser power (P) and sample thickness
(L), and it is inversely proportional to the thermal conductivity (k) of the sample:
g 024Pdn | o
kX dT 1)
In this study, each patient and, correspondingly, each sample had different LDL-c concentrations, so we nor-
malized the values of § to compare the results from various patients. The parameters of o, P, L and dn/dT were
measured independently. Therefore, the ZS allows for the measurement of the sample thermal conductivity,
which is a characteristic of the LDL solution.

UV-vis spectroscopy. The linear-absorbance spectra were obtained via a Uv-vis spectrophotometer with a
wavelength range from 200 nm to 1100 nm. Samples were placed into a quartz cuvette with an optical-path length
of 1 cm. All experiments were performed at physiological temperature (37 °C). The spectrophotometer measures
the extinction spectrum, which is the sum of both the Rayleigh scattering and the absorbance. The Rayleigh
scattering is proportional to X\™*, and its intensity is estimated for each one of the samples®. The absorbance
is then calculated removing the scattering contribution from the extinction spectra. As mentioned before, the
LDL-c contains various molecules, and each of them has different absorption spectra. For instance, the maximum
light absorption of the APOB-100 is at X 5, = 280 nm**%, the cholesterol at X\, < 200 nm*, the a-Tocopherol
at N, 1o ~210nm and the carotenoids at X3 ¢, & No.cor =440 and 480 nm'®". In this study, we specifically inves-
tigated the absorbance values measured at A\ =480 nm (one of the wavelength at the maximum of absorbance of
Carotenoids), at various times of blood extraction, for example, baseline and after six and 12 months.

Statistical analysis. The data were consolidated and made available on the mean value + standard deviation
(SD) in the case of normal distribution or on the median + interquartile range otherwise. The evaluation of the
normality of the data was made by using the Shapiro-Wilk test. The values of the clinical and laboratorial param-
eters were compared depending on the case by using: t-test, x* test, Mann-Whitney Rank Sum Test, one-way
repeated measures ANOVA/Tukey Test and Friedman test.

Ethical approval. All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent. Informed consent was obtained from all individual participants included in the study.
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Group 1 Group 2 Gingivitis, | p-value
Parameters Periodontitis, n=24 | n=24 (intergroup)
Age (years) 57.6+9.8 56.3+9.5 0.6
Number of teeth 20.75+£4.56 25.29+3.06 0.0001
Gender (m/f) 12/12 12/12 1%
Systolic blood pressure (mm/Hg) 103.44+10.5 102.5+11.3 0.6
Diastolic blood pressure (mm/Hg) | 85.04+11.8 79.5£10.5 0.7

Table 1. Clinical and demographic data at baseline of the subjects (mean value £ SD). Values in bold show
statistically significant difference (p < 0.05), t-test for independent samples, *Mann-Whitney Rank Sum test,
&, 2

X test.

Group 1 Periodontitis, Group 2 Gingivitis
parameter | Time n=24 p-value n=24 p-value
Baseline 3.314+0.80 2.21£0.25
<0.0001 n.s.
6 months 2.5240.27 2.1440.21 -
PD(mm) | 15 nonths 2574033 ~0.0001 2044025 - 0.002
Reduction (A) 0.74£0.68 e 0.17+£0.27 -
Baseline 3.851+0.93 2.50£0.51
<0.0001 n.s.
6 months 3.07+£0.48 2.43+0.44 -
CAL(mm) | 15 honths 3.1240.56 ~0.0001 2334054 ~0.002
CAL gain (A) 0.73+£0.68 e 0.17+£0.27 e
Baseline 0.5540.35 n.s. 0.2940.39 oy
GR (mm) 6 months 0.55+0.35 n.s. 0.29+0.39 n‘s-
12 months 0.55+£0.35 n.s. 0.29+£0.39 -
Baseline 0.63+£0.19 <0.0001 0.25+0.14 <0.0001
BOP (%) 6 months 0.23+0.10 <0.0001 0.124+0.09 <0.0001
12 months 0.14+£0.07 =0.03 0.06£0.05 =0.02
Baseline 0.81+0.17 <0.0001 0.77+£0.14 <0.0001
IPL (%) 6 months 0.52+£0.20 0.0001 0.43+£0.21 <0.0001
12 months 0.52+0.14 n.s. 0.39+£0.16 n.s.

Table 2. Full-month clinical parameters (mean value + SD) at baseline and after 6 and 12 months treatment.
Values in bold show statistically significant difference (p < 0.05). ANOVA One-way repeated Measures/Tukey
Test.

Results

All 48 patients completed the 12 months of evaluation. The demographic data of the patients included in the study
are described in Table 1. No statistically significant differences were found at baseline among the groups for the
parameters of age, gender and number of teeth.

Clinical outcomes. The full-mouth periodontal clinical parameters evaluated are presented in Table 2. The
analysis of the clinical results obtained showed the mean values of PD, CAL, GR, BOP and IPL for the groups
in all times investigated. In Group 1, a significant reduction in PD was found from baseline to t =6 months and
from baseline to t= 12 months (p < 0.0001). The same reduction pattern was observed for CAL, with a significant
reduction from t=0to t=6 (p < 0.0001) and from baseline to t=12 months (p < 0.0001). For BOP, both groups
presented a significant reduction from baseline to t =6 and from baseline to t =12 months (p < 0.0001) and also
showed a significant reduction from t=6 to t=12 months (Group 1 p=0.03 and Group 2 p=0.02). IPL (in %)
both groups showed a significant reduction from baseline to t =6 (p < 0.0001) and from baseline to t =12 months
(p <0.0001).

Table 3 shows the pocket stratification data, including moderate and deep pockets, for example, PD=5 to
6 mm and PD >7mm in Group 1. In the analysis of Group 1, it was observed that with respect to moderate
pockets, there was a significant reduction in the mean number of them, mean PD (mm), and CAL in all follow-up
periods (p=0.001). The same reduction pattern was observed for deep pockets at t =6 and t =12 months.

Systemic outcomes. In the systemic parameters evaluated (Table 4 and Table 5), glycemia in the Group
Ishowed statistically significant increase between baseline and t =6 (p =0.032).In the Group 2, there is no sta-
tistically significant in all follow-up periods.Alcin the Group ldecreases during the first 6 months treatment
with statistically significant differences between baseline and t=6 (p =0.006). In the Group 2 no statistically
significant differences was observed in all follow-up periods. hs-CRP concentrations in the Group 1 presented a
decreasing during 12 months treatment and significant difference between baseline and t =12 (p =0.041) while
in the Group 2 no statistically significant differences was observed in all follow-up periods. The periodontal
treatment had no effect on the concentration of oxLDL, HDL-c, LDL-c, total cholesterol and TG in both groups.

The typical results of the ZS experiments of one LDL solution sample of a patient from Group 1, at different
times, are shown in Fig. la. From the peak to valley amplitude, we obtained the phase shift (6) (Tables 4, 5 and
Fig. 1). In both groups, there are significant difference for phase shift (6) between baseline and t =12 months
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Group 1
Periodontitis, | p-value baseline | p-value baseline to
parameter time n=24 to 6 months 12 months
Baseline 11.424+5.34
# of sites with moderate pockets | 6 months 5.2543.99 0.001 0.001
(PD =5 to 6 mm) per patient 12 months 4.424+3.86 . :
Reduction (A) | 7.00+4.23
Baseline 5.3540.48
PD of moderate pockets (5 to 6 months 345+1.25 . .
6mm) 12 months 354150 | 0001 0.001
Reduction (A) | 1.81+1.45
Baseline 5.3740.48
CAL of moderate pockets (5 to 6 months 4.40+1.29 + +
6mm) 12 months a13+139 | 000 0.001
CALgain (A) |1.24£1.35
Baseline 4.504+6.50
# of sites with deep pockets 6 months 1.334+1.88 0.001° 0.001"
(PD > 7 mm) per patient 12 months 1.21+1.77 . :
Reduction (A) | 3.2945.70
Baseline 7.92+1.57
6 months 4.49+1.72
PD of deep pockets (PD >7 mm) 12 months 4494210 <0.0001 <0.0001
Reduction (A) |3.44+1.94
Baseline 8.15+1.51
CAL of deep pockets 6 months 6.00+1.89 « *
(PD>7mm) 12 months 6.07£2.25 0.001 0.001
Reduction (A) | 2.09+1.97

Table 3. Evaluation of moderate and deep pockets at baseline and after 6 and 12 months treatment (mean
value £ SD). Values in bold show statistically significant difference (p < 0.05). ANOVA One-way repeated
Measures/Tukey Test. “Friedman Repeated Measures Analysis of Variance on Ranks.

Before After treatment

Baseline 6 months p-value baseline to | 12 months | p-value 6 to 12 | p-value baseline to
parameter n=24 n=24 6 months n=24 months 12 months
Glucose (mg/dL) 157.7+37.5 |182.6+71.4 |0.032 168.1+48.2 |n.s. n.s.
Alc (%) 94+1.7 87+1.5 0.006 89+1.6 n.s. n.s.
hs-CRP (mg/L)* 34149 22+46 n.s. 19435 n.s. 0.041
Ox-LDL (unit) 1.66 £0.60 1.69£0.59 n.s. 1.70£0.55 n.s. n.s.
Total Cholestrol (mg/dL) 219.7+£34.5 |220.0+40.0 |ns. 217.2+£245 |ns. n.s.
HDL-c (mg/dL) 64.0+£18.2 58.5+17.1 n.s. 56.9+15.1 n.s. n.s.
LDL-c (mg/dL) 114.8+41.7 |118.1+419 |ns. 125.0+31.0 |n.s. n.s.
TG (mg/dL) 204.2+64.5 |216.3+70.3 |ns. 1759+35.2 |n.s. n.s.
Phase shift: 6 0.10£0.05 0.13£0.06 n.s. 0.16+0.07 n.s. 0.025
K (W/m.K) 0.52+£0.22 0.38£0.07 0.004 0.40+0.08 n.s. 0.035
Abs (\=480nm)® 0.63+£0.23 0.75+0.30 n.s. 0.93+0.33 n.s. 0.002

Table 4. Systemic parameters at baseline and after 6 and 12 months treatment of Group 1- Periodontitis
(mean + SD). “Parameter not normally distributed, expressed as median and interquartile range, Friedman
ANOVA. PAbs is LDL-c solution absorbance that is proportional to the sample absorption coefficient a. n.s—
not significant. Values in bold show statistically significant difference (p < 0.05). ANOVA One-way repeated
Measures/Tukey Test.

(Group 1, p=0.025 and Group 2, p=0.0009). Equation 1 allows for the determination of the thermal conductiv-
ity (k) of the LDL solution (Tables 4, 5).

The absorbance spectrum of the LDL solution was obtained after the subtraction of the scattering from
the extinction spectrum (Fig. 2a). It is worth remarking that it is very similar to the absorbance spectrum of
Carotenoids'®!”. From absorbance spectrum we read its values for 480 nm and a comparison between mean
values are shown in Fig. 2b.

Discussion
Clinical parameters were initially assessed for the full mouth in both groups. Patients with gingivitis had signif-
icant reductions in BOP and IPL after six and 12 months of the beginning of treatment. In Group 1, there were
significant reductions in PD and CAL, confirming the efficacy of the treatment. The analysis of Group 1 with
respect to the presence of moderate and deep pockets, the choice of periodontal debridement in a single session®,
showed that PD > 7 mm experienced a statistically significant reduction after treatment (p < 0.0001).

In vitro ZS experiments, where native human LDL particles were oxidized with CuSO, as a function of the
time, showed that the nonlinear optical responses of the samples depend on the oxidative degree of the LDL
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Before After treatment
Baseline 6 months p-value baseline | 12 months | p-value 6to | p-value baseline
parameter n=24 n=24 to 6 months n=24 12 months | to 12 months
Glucose (mg/dL) 138.1+42.8 | 122.9+284 |n.s. 138.5+47.4 | n.s. n.s.
Alc (%) 7.8+1.4 7.3+1.4 n.s. 7.5+1.4 n.s. n.s.
hs-CRP (mg/L)* 2.1+3.6 31+39 n.s. 2.1+27 n.s. n.s.
oxLDL (unit) 1.80+0.54 1.86+0.82 n.s. 1.75+0.63 n.s. n.s.
Total Cholestrol (mg/dL) | 197.94+29.9 |196.2+31.7 |ns. 200.1£22.1 | ns. n.s.
HDL-c (mg/dL) 61.9+16.6 59.7+14.8 n.s. 58.5+10.0 n.s. n.s.
LDL-c (mg/dL) 101.54+33.0 | 99.7+34.8 n.s. 109.7+£24.8 | n.s. n.s.
TG (mg/dL) 172.94+60.7 | 184.2£57.1 |n.s. 159.74+33.7 | n.s. n.s.
Phase shift: 0.1540.06 0.1940.07 n.s. 0.24+0.12 n.s. 0.0009
K (W/m.K) 0.46+0.11 0.36 £0.04 <0.0001 0.34+0.06 n.s. <0.0001
Abs (\=480nm)" 1.02+£0.38 0.96+0.27 n.s. 1.2040.47 n.s. n.s.

Table 5. Systemic parameters at baseline and after 6 and 12 months treatment of Group 2-Gingivitis

(mean + SD). *Parameter not normally distributed, expressed as median and interquartile range, Friedman
ANOVA. PAbs is LDL-c solution absorbance that is proportional to the sample absorption coefficient o n.s—
not significant. Values in bold show statistically significant difference (p < 0.05). ANOVA One-way repeated
Measures/Tukey Test.

0.28 - b ®  group1 - Periodontitis
0.26 ® group2 - Gingivitis
0.24

0.22
0.20
0.18 4
I 0.16
0.14 |
0.12
0.10 4

Normalized transmittance

0.8 T T T T T T

o m

6 12
z (mm) time (month)

Figure 1. (a) Typical Z-scan experimental results of a LDL-c solution sample from a diabetic patient with
periodontitis. Normalized transmittance as a function of the sample position, at different times of the
periodontal treatment; (b) Mean values of the phase shift (6 £ SE) of all patients from the two groups at different
times.

particles®®. The higher the oxidative degree of the particles, the lower the nonlinear optical response measured
by the ZS technique. Similar results were obtained with LDL particles modified by glycation in in vitro experi-
ments®. Solutions with LDL particles modified by glycation present a smaller nonlinear optical response with
respect to solutions with native LDL. In a previous work'?, we investigated the quality of the LDL in the blood
of patients with periodontitis before and after the periodontal treatment. Before the treatment, the ZS results
showed that the LDL particles of these patients were heavily modified. After 12 months of the periodontal treat-
ment, the ZS results showed characteristics of more healthy particles. This conclusion was supported by comple-
mentary analysis showing that periodontal treatment modifies the level of several inflammatory markers that, in
principle, reduces the risk of CVD.

We showed that it is possible to detect minimum modifications in the LDL particles with the ZS, which is not
detectable with other techniques?***!, The LDL particles feature various components, such as phospholipids,
APOB-100, carotenoids, cholesterol esters, triglycerides and free cholesterol. Each of them contributes differently
to the sample thermal-lens optical response®’. The LDL components absorb the light from the laser and transform
it into heat, which propagates across the sample. In particular, the carotenoids present a linear light-absorption
maximum at wavelengths of about 480 nm.

In both groups investigated, we saw an improvement of the LDL quality due to the 12 months dental treat-
ment (0 increases), and the values of 6 from the patients with periodontitis were always lower when compared
with those from the gingivitis group. Comparing both groups, the differences between the 6 mean values increase
with time, faster in the case of the gingivitis group. More interesting, even after 12 months of the periodontal
treatment, the quality of the LDL from patients with periodontitis did not reach the level of that of the gingivitis.

These results indicate that the periodontitis left a sequel in the patients, even after the treatment, with respect
to the quality of the LDL particles present in their blood. The increasing mean values of 6 with the time of dental
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Figure 2. (a) Typical absorbance spectrum of a LDL-c sample of a patient from the periodontitis group (Black:
Extinction spectrum, Red: Nonlinear Fit (scattering), Blue: Absorbance); (b) Mean values of absorbance at
X\ =480nm, in the different times, from the two groups.

treatment may have two origins. One is the possible increasing sample-absorbance values due to the increasing
number of antioxidants in the LDL-c. The other possibility is the decreasing values of the thermal conductivity
of the solution due to the decreasing amount of oxidation products in the plasma and consequently in the LDL
solution investigated.

The thermal conductivity, k, is calculated directly from the measurement of 6 as remarked earlier (Eq. 1). The
mean value of k from both groups decreased with time. Moreover, the mean values in Group 1 were higher than
those in Group 2 at the same time. Between baseline and t= 12 months, the mean values of k in Group 1 and
Group 2 were significantly different, with p=0.035 and p < 0.0001, respectively. Since the oxidation process form
lipid hydro peroxides, these oxidation products were shown to increase thermal conductivity*’. In this frame-
work, we expected that the concentration of antioxidants in the LDL particles were inversely proportional to k.

In both groups the absorbance at =480 nm (Fig. 2b) increased after 12 months treatment. The mean values
of absorbance in Group 2 were always bigger than those in Group 1. For Group 1, there were significant dif-
ferences in the mean values of absorbance between baseline and t=12 months (p =0.002). Assuming that the
absorbance at A =480 nm was (mainly) proportional to the concentration of carotenoids, we can conclude that: i)
the number of carotenoids in Group 2 was higher than that of Group 1 at the same time, and ii) patients from both
groups showed an increase of the number of carotenoids in their LDL particles as a function of time.

The LDL particle’s core consists of triglycerides, esterified and free cholesterol molecules. Its surface is a mon-
olayer comprising phospholipids, free cholesterol, a-tocopherol, carotenoids, and the APOB-100%. Carotenoids
are hydrophobic molecules localized in the lipid membrane and their orientation towards lipids depends on their
structural features and polarity**.

In the ZS experiment, light is mainly absorbed by the external surface layer of the LDL particle, i.e., the phos-
pholipid heads, APOB-100, a-tocopherol, carotenoids and cholesterol present in this layer. APOB-100 and
a-tocopherol present maximum absorbance in wavelengths about 280 nm and 210 nm respectively, and in 532 nm
their light absorptions are small'®!72%’, The absorption spectra of most carotenoid exhibit maximum absorption
around 400-500 nm depending on the solvent they are diluted in®*. Some carotenoids (e.g., 3-carotene), in the
presence of phospholipids, have absorption spectrum broadening, presenting a non-negligible absorbance in
532nm*. The phospholipids and free cholesterol present in the surface layer of the LDL have also small absorp-
tions in 532 nm, comparing to that of carotenoids®®*2. Therefore, LDLs phospholipids, APOB-100, a-tocopherol,
and cholesterol contributions to the formation of the thermal-lens are small.

The absorbance spectrum of the LDL (Fig. 2a) is the result of the absorption of all the molecules present in
the phospholipid layer and the APOB-100. Consequently, we expect that the main contribution to the formation
of the thermal-lens is the light absorption by the carotenoids present in the LDL. We cannot, however, claim that
the carotenoids are the unique responsible for the thermal-lens formation, since a small contribution from other
molecules exist. This fact is a limitation of our analysis.

Conclusions

Periodontal debridement was able to improve periodontal parameters in diabetic patients with periodontitis, and
the BOP and IPL patterns in patients with gingivitis, but without changes in the oxLDL concentration in both
groups. However even after one-year of periodontal treatment, the quality of the LDL particles in patients of
Group 1 did not reach that of Group 2. Measurements of the thermal conductivity and optical absorbance of LDL
solutions revealed an improvement of the LDL quality in both groups with the treatment. The physical parame-
ters of 0, k and Abs were shown to be more adequate for determining the quality of the LDL particles of patients,
which is important for evaluating their CVD risk.

Received: 16 July 2019; Accepted: 12 October 2019;
Published online: 06 November 2019

SCIENTIFIC REPORTS |

(2019) 9:16138 | https://doi.org/10.1038/s41598-019-52498-7



www.nature.com/scientificreports/

References

1. Dentino, A. et al. Principles of periodontology. Periodontal 2000 61, 16-53 (2013).

2. Brugués, A. et al. Processing diabetes mellitus composite events in MAGPIE. ] Med Syst 40, 44 (2016).

3. Shaw, J. E. et al. Global estimates of the prevalence of diabetes for 2010 and 2030. Diabetes Res ClinPr 87, 4-14 (2010).

4. Pinson, M. et al. Periodontal disease and type diabetes mellitus in children and adolescents. J Clin Periodontol 22, 118-123 (1995).

5. Page, R. C. et al. Advances in the pathogenesis of periodontitis: summary of developments, clinical implications and future
directions. Periodontal 2000 14, 216-248 (1997).

6. Soskolne, W. A. et al. The relationship between periodontal diseases and diabetes: an overview. Annals of Periodontology 6, 91-98
(2001).

7. Acharya, A. B. et al. Effect of scaling and root planing on serum interleukin-10 levels and glycemic control in chronic periodontitis
and type 2 diabetes mellitus. J Indian Soc Periodonto 119, 188-193 (2015).

8. Bascones-Martinez, A. et al. Periodontal disease and diabetes-Review of the Literature. Med Oral Patol Oral Cir Bucal 16, 722-729
(2011).

9. Bullon, P. et al. Obesity, diabetes mellitus, atherosclerosis and chronic periodontitis: a shared pathology via oxidative stress and
mitochondrial dysfunction. Periodontal 2000 64, 139-153 (2014).

10. Halliwell, B. Antioxidant characterization: methodology and mechanism. Biochem pharmacol 49, 1341-1348 (1995).

11. Monteiro, A. M. et al. Cardiovascular disease parameters in periodontitis. ] Periodontol 80, 378-388 (2009).

12. Tamaki, N. et al. Periodontal treatment decreases plasma oxidized LDL level and oxidative stress. Clin Oral Invest 15, 953-958
(2011).

13. Monteiro, A. M. et al. Measurement of the nonlinear optical response of low-density lipoprotein solutions from patients with
periodontitis before and after periodontal treatment: evaluation of cardiovascular risk markers. ] Biomed Opt 17, 115004 (2012).

14. Catla, A. L. et al. The effect of periodontal therapy on cardiovascular risk markers: a 6-month randomized clinical trial. J Clin
Periodontol 41, 875-882 (2014).

15. Jin, P. et al. LOX-1 and atherosclerotic-related diseases. Clin Chim Acta 491, 24-29 (2019).

16. Rodriguez-Amaya, D. B. et al. HarvestPlus handbook for carotenoid analysis (Vol. 2). (International Food Policy Research Institute
(IFPRI), Washington, 2004).

17. Tatraaljai, D. et al. Study of the effect of natural antioxidants in polyethylene: performance of 3-carotene. Polym Degrad Stabil 102,
33-40 (2014).

18. Sheik-Bahae, M. et al. High-sensitivity, single-beam n-2 measurements. Opt lett 14, 955-957 (1989).

19. Jacinto, C. et al. Thermal lens and Z-scan measurements: Thermal and optical properties of laser glasses—A review. J non-cryst solids
352, 3582-3597 (2006).

20. Tonetti, M. et al. Advances in the progression of periodontitis and proposal of definitions of a periodontitis case and disease
progression for use in risk factor research: Group C Consensus report of the 5th European workshop in periodontology. J Clin
Periodonto 132, 210-213 (2005).

21. Tomasi, C. et al. Full-mouth ultrasonic debridement and risk of disease recurrence: a 1-year follow-up. J Clin Periodonto 133,
626-631 (2006).

22. Havel, R. . et al. The distribution and chemical composition of ultracentrifugally separated lipoproteins in human serum. J Clin
Invest 34, 1345-1353 (1955).

23. Yao, C. B. et al. Focus introduction: Z-scan technique. Optik 140, 680-682 (2017).

24. Santos, P. et al. Behavior of the thermal diffusivity of native and oxidized human low-density lipoprotein solutions studied by the
Z-scan technique. ] Biomed Opt 17, 105003 (2012).

25. de Queiroz Mello, A. P. et al. Structural and Nonlinear Optical Characteristics of In Vitro Glycation of Human Low-Density
Lipoprotein, as a Function of Time. Braz ] Phys 48, 560-570 (2018).

26. Layne, E. Spectrophotometric and turbidimetric methods for measuring proteins. Method Enzymol 3, 447-454 (1957).

27. Scopes, R. Measurement of protein by spectrophotometry at 205 nm. Anal biochem 59, 277-282 (1974).

28. Rodriguez, I. R. Rapid analysis of oxysterols by HPLC and UV spectroscopy. BioTechniques 36, 952-958 (2004).

29. Quirynen, M. et al. One stage full-versus partial-mouth disinfection in the treatment of chronic adult or generalized early-onset
periodontitis. II. Long-term impact on microbial load. ] periodontol 70, 646-656 (1999).

30. Alves, S. et al. Advances in the non-linear optical investigation of lyotropic-like low-density human lipoproteins in the native and
oxidised states. Lig Cryst 41, 465-470 (2014).

31. Fonseca, H. A. R. et al. Non-linear optical responses of low-density lipoprotein are associated with intima-media thickness of carotid
artery in athletes. Cell Biochem Biophys 74, 253-262 (2016).

32. Gomez, S. et al. Characterization of native and oxidized human low-density lipoproteins by the Z-scan technique. Chem Phys Lipids
132, 185-195 (2004).

33. Esterbauer, H. et al. The role of lipid peroxidation and antioxidants in oxidative modification of LDL. Free Radical Bio Med 13(4),
341-390 (1992).

34. Romanchik, J. E. et al. Distributions of carotenoids and a-tocopherol among lipoproteins do not change when human plasma is
incubated in vitro. ] nutr 125(10), 2610-2617 (1995).

35. Britton, G. et al. Carotenoids: handbook (ed. Britton, G. et al). 39-454 (Springer Basel AG-Birkhiuser, 2004).

36. Yonekura, L. et al. Acyl moieties modulate the effects of phospholipids on 3-carotene uptake by Caco-2 cells. Lipids 41(7), 629-636
(2006).

Acknowledgements

We thank Miss Mariana Sales for the help in the absorbance measurements. The work was supported by the
National Council for Scientific and Technological Development from Brazil, National Institute of Science and
Technology Complex Fluids (INCT-FCx) - (CNPq - 465259/2014-6) and Sdo Paulo Research Foundation
(FAPESP - 2014/50983-3; 2016/24531-3; 2018/07340-5).

Author contributions

Juliana Pedroso: design, literature search, clinical studies, data acquisition and manuscript editing. Zahra
Lotfollahi: literature search, data acquisition, statistical analysis, manuscript preparation and manuscript review.
Ghadeer Albattarni: literature search and data acquisition. Maiara Arrruda Schulz: experimental studies and
data analysis. Andrea Monteiro: experimental studies and data analysis. Andre Luiz Sehnem: experimental
studies, data acquisition and data analysis. Magnus Ake Gidlund: experimental studies and data analysis. Antonio
Figueredo Neto: definition of intellectual content, concepts, design, manuscript preparation and manuscript
review. Maria Jardini: definition of intellectual content, concepts, design, manuscript preparation, manuscript
editing and manuscript review.

SCIENTIFIC REPORTS |

(2019) 9:16138 | https://doi.org/10.1038/s41598-019-52498-7



www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.A.N.].

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS|  (2019)9:16138 | https://doi.org/10.1038/s41598-019-52498-7



