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Resumo

Alta concentragao de lipoproteina modificada de baixa densidade (LDL) é um dos fatores que
aumentam o risco de doengas cardiacas. As concentra¢des mais elevadas de LDL modificada
estdo associadas a aterosclerose nas veias de sangue. A técnica de Z- scan (ZS) foi utilizada
para investigar a resposta éptica ndo-linear da lipoproteina modificada de baixa densidade
(molLDL). As caracteristicas estruturais do mLDL foram estudadas por espalhamento
dindmico de luz. Nesta pesquisa, os experimentos foram realizados em amostras de LDL de
24 pacientes com diabetes e gengivite (grupo 1) e 24 pacientes com diabetes e periodontite
(grupo 2). Os experimentos foram repetidos apds 6 meses sem qualquer tratamento para o
grupo 1 e com um tratamento periodontal para o grupo 2. Os resultados mostram que a
amplitude da curva Z-scan no grupo 2 é menor que a do grupo 1. Apds 6 meses de
tratamento periodontal a amplitude é maior do que antes, depois a concentragdo de LDL
modificado é reduzida nos pacientes tratados. Portanto, o risco cardiovascular para
aterosclerose é diminuido apds o tratamento periodontal. Além disso, os resultados do
espalhamento dindmico de luz mostram que ndo ha nenhuma mudanga estrutural

significativa no moLDL entre os dois grupos antes e apds 6 meses.






Abstract

High-concentration of modified low-density lipoprotein (LDL) is one of the factors
that increases the risk of heart disease. The higher concentrations of modified LDL
are associated with the atherosclerosis in the bloodstream. The Z-scan (ZS) technique
was used to investigate the nonlinear optical response of modified low-density
lipoprotein (moLDL). The structural characteristics of moLDL were studied by
dynamic light scattering. In this work, the experiments were carried out in LDL
solution from 24 patients with diabetes and gingivitis (group 1) and 24 patients with
diabetes and periodontitis (group 2). The experiments had been repeated after 6
months without any treatment for group 1 and with a periodontal treatment for group
2. The results show that the amplitude of Z-scan curve in group 2 is lower than that of
group 1. After 6 months of periodontal treatment the amplitude is getting higher than
before, then the concentration of modified LDL is reduced in the patients treated.
Therefore, the cardiovascular risk for atherosclerosis is decreased after the periodontal
treatment. Also, dynamic light scattering results show that there is not a significant

structural change in moLDL between the two groups before and after 6 months.
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Nomenclature

List of symbols:

Light absorption coefficient.

Beam power

Thermal conductivity of the sample

Radial distance to the beam axis and exponential integral function.
Exponential integral function.

Thermal diffusivity.

Mass density.

Specific heat capacity of the sample.
Characteristic time of heat diffusion.
Linear refractive index.

Thermo-optic coefficient.

Effective propagation length of the sample.
Sample thickness.

Rayleigh length

Light wavelength and

the beam waist at the focal position (z = 0).
Initial intensity.

Transmitted intensity.

Linear absorption coefficient.

Absorbance

Delay time.

Decay constant.

Diffusion coefficient.

Modulus of scattering vector.
Hydrodynamic radius of the nanoparticle.
Boltzmann’s constant.

Sample’s equilibrium temperature.
Viscosity of the liquid.
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LDL
7S
moLDL
CVD
WHO
QM
VLDL
HDL

DLS
NNLS

List of abbreviations:

low-density lipoprotein.

Z-scan technique.

modified low-density lipoprotein.
cardiovascular diseases.

the World Health Organization.
Quilomicrons.

very low-density lipoprotein.
high-density lipoprotein.
Ultra-violet.

Dynamic light scattering.
Non-Negatively constrained Least Squares.
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1- Introduction

1-1 Characteristics of Low-Density Lipoprotein

Nowadays, cardiovascular diseases (CVD) represent one of the main causes of
morbidity and mortality in the world. According to the World Health Organization
(WHO), the increase in the incidence of CVD tends to persist, worsening the health

conditions of developing countries [1].

Dyslipidemia is one of the major risk factors for the CVD. From the
pathophysiological point of view, dyslipidemia results from alteration in the
metabolism of the lipoproteins. These particles are responsible of the transportation of
lipids in plasma, and are mainly composed of lipids and proteins (called
apolipoproteins). Lipoproteins are classified into 4 major classes, according to their
density, in quilomicrons (QM), very low-density lipoprotein (VLDL), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL). In this context, dyslipidemia,
especially is due to the elevation of LDL concentration in plasma, is considered a

fundamental risk factor for CVD [2].

The main function of LDL is transporting cholesterol from the liver to the peripheral
tissues of the body. The diameter of the LDL is between 19 and 25nm [3]. The LDL
contains approximately 50% cholesterol (free and esterified), 25% proteins, 20%
phospholipids and 5% triglycerides. Over 95% of the LDL mass is the apoliprotein B-
100 (apo B-100, 549 kDa), each LDL particle contains only one molecule of apo B-

1000 [4]. The molecular mass of LDL is in the range from 2.4-3.9 MDa [5].



Lipoproteins have micellar-like structure: the surface is formed by a monolayer of
phospholipids, free cholesterol and antioxidants (the main ones being alpha-
tocopherol and beta-carotene); the nucleus is hydrophobic, formed by ester of
cholesterol and triglycerides, in different proportions in each lipoprotein [2]. In LDL,
between 40 and 60% of the surface area of the phospholipids monolayer is covered by
apolipoprotein B-100 [6]. Apo B-100 is exposed at the surface allowing receptor

recognition [7].

Phospholipids

Figure 1.1: Image of low-density lipoprotein (LDL)

The LDL particle quantity is heterogeneous according to size, density and
composition. Distinct subpopulations vary in isoelectric point, electrical charge,

hydrodynamic properties and immunoreactivity [8].

The subfraction composition varies between individuals. The structure of LDL
particles of different densities varies with respect both to the size of the core and the

width of the surface shell [9].



1-2 Diabetes and Cardiovascular Disease

Diabetes is a serious, chronic disease that occurs either when the pancreas does not
produce enough insulin (a hormone that regulates blood glucose), or when the body
cannot effectively use the insulin it produces. Insulin is a hormone made by the
pancreas, which acts like a key to let glucose from the food we eat pass from the
blood stream into the cells in the body to produce energy. All carbohydrate foods are
broken down in glucose in the blood. Insulin helps glucose to get into the cells to
generate energy. Not being able to produce insulin or inability to use it effectively
leads to raised glucose levels in the blood (known as hyperglycemia). Hyperglycemia,
may, over time, leads to a serious damage to the heart, blood vessels, eyes, kidneys,

nerves and odontological health.

More than 400 million people live with diabetes. Diabetes is one of the leading causes
of mortality, affecting at least 425 million adults worldwide. Approximately, 79% of
adults with diabetes are living in low- and middle-income countries, in additional, 352
million people are at risk of developing type 2 diabetes. The proportion of people
with type 2 diabetes is increasing in most countries [10]. The prevalence of DM2 is
projected to rise from the current estimates 240 million affected to some 380 million

by 2025 [11].

There are two types of the diabetes: type 1 and type 2 [12, 13]. Diabetes mellitus type
1 (DM1), previously known as insulin-dependent, juvenile or childhood-onset
diabetes, is characterized by deficient insulin production in the body. People with
DMI1 require daily administration of insulin to regulate the amount of glucose in their

blood. Diabetes mellitus type 2 (DM2), previously called non-insulin-dependent,



results from the body’s ineffective use of insulin. DM2 patients account for the vast

majority of people with diabetes around the world [12,13].

Adults with diabetes historically have two or three times higher rates of CVD than
adults without diabetes [14]. The risk of cardiovascular disease increases continuously
with rising fasting plasma glucose levels, even before reaching sufficient levels for
diagnosis [15]. Protein glycation that occurs in diabetic patients is regarded as one of
the key factors in the pathogenesis of diabetic complications, including accelerated
atherosclerosis and CVD [16]. Although nonenzymatic glycosylation and oxidation
are increased in DM2, these features would not be directly involved in the generation

of modified LDL [17].

1-3 Diabetes and Periodontitis

Periodontitis is characterized by the destruction of connective tissue and dental bone
support following an inflammatory host response secondary to infection by
periodontal bacteria [18, 19]. Overall, periodontal disease affects about 20-50% of the

population around the globe [20].

High concentrations of cholesterol and the action of oral bacteria in the process of
atherosclerosis or the participation of acute-phase proteins may increase in chronic
periodontitis [21]. Also, periodontal disease is able to increase the risk of vascular

diseases due to the fact of increasing the infection by subgingival microbial species.

Diabetes mellitus is one of the systemic risk factors for periodontal diseases, which
can play a major role in initiation and progression of the disease [22]. DM2 and
periodontitis present the same inflammatory etiopathogenesis [23]. This fact

demonstrate a bidirectional relationship, since DM2 affects the severity of



periodontitis, and this may contribute to the individual's total inflammatory load,

influencing the natural course of DM2 [24].

The association between diabetes mellitus and periodontite can be explained as a
manifestation of systemic inflammation and the corresponding mechanisms of insulin
sensitivity and glucose dynamics [25]. The increased severity or chronicity of
periodontite increases the insulin resistance and aggravates glycemic control [26]. In a
recent study with 200,026 patients with periodontite and 154,824 subjects with a
healthy oral status, periodontite was significantly positively related to diabetes

mellitus [27].

High cholesterol LDL favor atherosclerosis that is an inflammatory disease that
develops in the large arteries, and it is responsible for cardiovascular events. The
hyperglycemia and oxidative stress can be found in individuals with DM2 and chronic
periodontitis. In parallel, the chronic periodontitis is an inflammatory disease and it
could have a negative effect on glycaemic control in favor of a prediabetes stage and
CVD. This profile can generate modified LDL by oxidation (high free-radicals
concentration) and/or glycation (hyperglycemic situations), therefore, causes a high
risk for the CVD [28-30]. So it was hypothesized that the LDL profile in patients with

periodontitis and DM2 is different compared with patients with DM2.

Several studies showed that modified LDL (moLDL) has a role in the formation and
development of atherosclerotic lesions in humans [31,32]. It has been demonstrated
that the atherosclerosis is associated with higher concentrations of modified LDL in
the bloodstream [33,34]. Complex Fluid Group of the USP Institute of Physics
(GFCx-IFUSP) succeeded in determining the amount of moLDL in the bloodstream

by introducing a technique that is known as the Z-scan technique [35-37]. The



importance of these methods comes through their applicability on biological samples.
Using Z-scan technique the studies showed that it can be differentiate between the
native LDL and moLDL solutions, where the nonlinear optical responses of both of
them are different [35]. Monteiro et all showed in their paper the relationship between
periodontitis and an increased risk for CAD [30]. Also, they studied the behavior of
moLDL solution from patients with periodontitis and showed that it can be decreased

the cardiovascular risk for atherosclerosis after a periodontal treatment [38].

In this project, we study the behavior of moLDL solution and his nonlinear optical
response in patients with diabetes and periodontits and compared with patients with
diabetes and gingivitis. We study also, the improvement of moLDL solution in
patients with diabetes and periodontits after 6 months periodontal treatment. Several
parameters are studied as linear absorption coefficient, thermo-optical coefficient and
thermal conductivity. The structural characteristics of moLDL is studied by a dynamic

light scattering (DLS).



2- Experimental technique
2-1 Z-scan technique

2-1-1 Z-scan

The first to develop and describe the Z-scan technique was Sheik-Bahae et al
in 1989[35,36]. The Z-scan technique is considered a simple and direct way to
measure the nonlinear effects on the light transmittance through a material when it is
illuminated by a Gaussian laser beam. This technique measures the nonlinear
absorption, the sign and magnitude of the nonlinear refractive index [35,36]. Using
this method it is possible to study the thermo-optical properties of various materials
such as liquid crystals, colloidal solutions [39-43], semiconductor and nanomaterials
[44-47]. It has recently been applied to biological solutions like low-density

lipoprotein [38].

In general Z-scan technique is based on the principles of spatial-beam distortion.
A tightly focused Gaussian laser beam passes the sample, which is moved through the
focus of the beam, along the z-axis. The changing in the transmittance through the
sample as a function of the sample position (z) is measured by a photodetector. This
detector has a finite aperture and is placed in the far field. Figure 2-1shows the basic

setup of the Z-scan experiment.



lens sample
: detector

Laser }.
Beam H

- -

aperture

Fig 2-1: Schematic drawing of the Z-scan technique

When the beam reaches the sample, it absorbs the light and converts it into
heat, generating a temperature gradient, where the maximum temperature is in the
center of the beam (illuminated region) and decreases towards the edge. This behavior
induces a refraction-index gradient inside the sample, which is the thermal lens effect
that occurs on the time scale of milliseconds. The Gaussian beam also is pulsed by a
chopper, providing square periodic pulses. We call the refractive index variation as a
function of the temperature variation thermo-optic coefficient (dn/dT).

If the sample is a medium with dn/dT > 0 then it will act as a converging
lens. This effect is called self-focusing effect. If the medium of a sample has
dn/dT < 0 it will act as a diverging lens. This effect is called self-defocusing effect.

The sample with nonlinear refractive index will interact with the light as a lens.
Let’s consider a material with dn/dT < 0 and a thickness smaller than Rayleigh
length (zy). When the sample is far from the focus (z < 0) the beam intensity is low
and the nonlinear refraction is negligible, therefore the transmittance remains the
same. As the sample is moved towards the focus (on —z positions) (Figure 2-a), the
beam intensity is increased causing a negative lensing effect (self-defocusing effect)
and a decrease in the beam divergence. Thus, the transmittance measured at the
aperture is increased (Figure 2-b). When the sample is at the focus (z = 0) no effect

8



occurs on the beam (Figure 2-c). As the sample moves away from the focus (on
+z positions) the self-defocusing effect occurs within the sample, leading to an
increase in the beam divergence. Therefore, a decrease in the transmittance is
measured at the aperture (Figure 2-d). Finally, when the sample moves far from the
focus (z > 0) the beam intensity is low and the nonlinear refraction also is negligible.
Hence the transmittance returns to the initial linear value (Figure 2-¢). As a result of
negative dn/dT nonlinearity a pre-focal transmittance maximum (peak), followed by
a post-focal transmittance minimum (valley), is the Z-scan signature. In the other
case, the Z-scan signature of positive dn/dT nonlinearity corresponds to valley

followed by a peak as shown in Figure 2-3.

T
i -
U z

-7 ————d +1

a)

7=0
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I
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21!———b+ z
=0 ‘
T
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—1—1D z
—2T+2

d)
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e)

—D

-7 ——p 17
Z=0

Figure 2-2: Illustration of the thermal-lens effect for a sample having a negative

dn/dT [48).

To obtain the characteristic of Z-scan curve (peak-valley/valley-peak) we normalize the

transmittance at each position z and time t by equation [49].

I(z,t)
1(z,0)

Ty(z,t) =

<
*
rre—

Normaksed Transmittance
—_— ) a

@2.1)

dn/dT >0
dn/dT <0

T
0

Position (z)

|

Figure 2-3: The Z-scan typical curve of the thermal-lens effect. Normalized
Transmittance as a function of z-position for two samples with different signs of

dn/dT [50].

2-1-2 Thermal-lens model

The thermal-lens model was described well by Golden et al (1965) analyzing

the changing in the transmittance of a non-focused Gaussian beam [51]. Whinnery

and Hu continue this study on a focused Gaussian beam [52-53]. Thermal-lens effect

due to a weakly absorbing medium induces rising in the local heating within the

10



sample, generating a refraction-index gradient. The nonlocal dependence of the
refractive index on the beam intensity causes the nonlinearity [54]. Thermal-lens
phenomena are performed on the time scale of milliseconds [55]. There are two
models to analyze the thermal effect and calculate the data obtained from the Z-scan
experiment. The first one is known as a parabolic lens model and used by Golden,
Whinnery and co-workers. This model assumes a parabolic approximation for the
temperature distribution and that refractive index varies with increasing the
temperature. The other model is called aberrant model, developed by Sheldon et al
[56]. This model depends on the aberrant nature of the lens and uses the diffraction
theory to study the intensity change at the center of the laser beam in the far field, and
therefore, assumes the phase shift varies with increasing the temperature [57]. In
1984, Carter and Harris published a paper explaining the difference between these
two models describing the thermal lens effect [20]. The parabolic-lens model will be
used to investigate the thermo-optical properties of the low-density lipoprotein
solutions (LDL).

When a Gaussian beam of mode TEMy, and beam radius w propagates
through a thin material, it causes an increase in the temperature, which is given by

[53, 59]

AT (r,T) = 222 [Ei (- T - Ei (—L)] 2.2)

Tk 2 8D¢pt+ w2
where o is the light absorption coefficient, P is beam power, k is the thermal

conductivity of the sample, r is the radial distance to the beam axis and Ei(x) is the

exponential integral function. D, is the thermal diffusivity and defined as:

K

Dip = —

)

where p is the mass density and C, is the specific heat capacity of the sample.

11



The transmitted intensity is measured through an aperture in front of the
photodetector. If this aperture is much smaller than the beam waist, a parabolic

approximation to equation (2, 2) is used and gives:

AT (r6) = 0.06ax P l (1+2t> Zr( 2t )
e " ten 2t + typ

2.3)

where t;;, is the characteristic time of heat diffusion and is defined as:

w2

4Dsp

tin=
Due to the sample light incident absorption, the temperature increases and causes a
change in the density of the sample, hence a change in the refractive index. This

variation of the refractive index is proportional to AT and is written as:

n(r,t) = ny + %AT (r,t), (2.4)
where ng is the linear refractive index and dn/dT is the thermo-optic coefficient,

which gives the nonlinearity.

We consider the refractive-index changes with the beam radius as quadratic,

and the thermal lens will act as an ideal thin lens with the focal length given by [55
59]:

1 dn d?

m —leff = AT drZ — AT (T' t) oo’ (25)
where [ .5 f is the effective propagation length of the sample and given by:

1-— e—a’L

Ly = —
L is the sample thickness.

The normalized transmittance for each z-position and time t is writing as [49, 59]:

Ty (z) = =22 = [1 ( =)+ (1 + 2D (oo )]_1, (2.6)

1(z,t=0) 1+x2 2t+tep 1+x2 2t+tth
where x is the dimensionless sample position and written as x = z/z,.

12



2
Zo is the Rayleigh length and given as: zy = % , A is the light wavelength and wy

the beam waist at the focal position (z = 0).
6 is known as the amplitude of the Z-scan characteristic curve, which depends on

several parameters and given by:

_ 024 aPlesr _ﬂ
9= kA ( dT)’ (2.7)

The amplitude of thermal lens can be calculated also from the difference between the
transmittance peak and valley. Figure 2-4 shows the peak-valley difference ApLY,
which is written as [49]:

AMT =~ 210 (2.8)
We analyze the data obtained from the Z-scan experiment through a parabolic

thermal-lens model then we can determine the amplitude of the Z-scan characteristic
curve. This amplitude depends on several parameters such as laser beam power, linear
absorption coefficient, thermo-optical coefficient and thermal conductivity. Therefore

we study the thermal optical properties on LDL solutions by equation (2.7).

A
T(z)

ATpwv

i *~
0 Z (mm)

Figure 2-4: Graph illustrating the meaning of AT,,_,, [48]
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2-1-3 Experimental setup

The setup of Z-scan experiment is illustrated in Figure 2-5.The light source
used in the experiment was from a Nd: YVO4 cw laser (continuous wave) with a
Gaussian profile (TEMO00 mode) 532nm wavelength (green light) and radius w. The
beam power used for LDL samples was (100+5)mW . The beam passes through two
converging lenses (L1, L2). Each lens has diameter of 50.8 mm and a focal length of

100mm for L1 and 80 mm for L2 and are used to focolize the beam.

Intensity Intensity
. 11 Chopper .. l |
g El
LASER Cw  1ime

A= 532 nm

Figure 2-5: Experimental setup of Z-scan technique [60].

A mechanical chopper is placed between the lenses (L1, L2) at the focal point.
The chopper is used to modulate the beam periodically, giving square pulses in the
time scale of milliseconds. Knowing how to choose the time interval AT is important
to avoid some undesirable effect such as a cumulative effect. This effect appears when
the time interval between pulses is too short compared to thermal characteristic time

14



(AT < tp) because there is not enough time between two pulses to completely relax
the system, therefore the thermal lens does not reach the stationary state. Another
effect could also appear if the time interval is too long compared to thermal
characteristic time (AT > t;p), such as the Soret effect [59]. For LDL samples we
applied AT = 30 ms, which is provided by a chopper of frequency of 16 Hz.

The beam after lens L2 is reflected by two mirrors (E1, E2) and has a diameter of
25.4 mm. These mirrors are used to align the laser beam to another lens (L3) with a
diameter 50,8 mm and focal length of 125 mm. This is known as the Z-scan lens. This
lens focuses the beam at position z = 0. The sample is placed on a microdisplacer,
which moves it through the beam focus in the z-direction and at different positions.
This microdisplacer is controlled through the microcomputer by the acquisition
program. The sample is also placed inside a temperature control device, which adjusts
the sample temperature. The temperature of the LDL samples was fixed at 37°C
because it is the temperature of LDL in the human body.

After the sample, a beam splitter is inserted into the beam path to divide the
beam in two directions. Part of the beam is sent in the first direction to the
photodetector of silicon (D1). The detector is positioned far from the focal point of L3
and sensitive to the intensity change in the center of the laser beam. The other part of
the beam is aligned to another photodetector. The two detectors are connected to
oscilloscope (Tektronix), which reads the signal and send it to the microcomputer to

process the data by acquisition program.
Z-scan, data acquisition:

Z-scan data are obtained through the acquisition software “zscan_chopper”.
The program also controls the microdisplacer, and it was developed by the Group of

Complex Fluids at the Institute of Physics in USP. “Zscan chopper” program is
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connected with the oscilloscope and then collects the same data of the voltage value
as a function of time from channel 1, which is related with the photodetector D1 and
from channel 2, which is related to the second photodetector D2. Through the window
shown in Figure 2-6 we can control several parameters related to the microdisplacer,
such as the total displacement through which the sample moves, that was 50 mm for
LDL samples. The z interval between the positions was 1 mm, the number of
measurements at each position was 10 times, and the waiting time between the

displacements was 1s.
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Figure 2-6: Configuration of the Z-scan arrangement through the zscan_chopper
software [60].
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Figure 2-7: zscan_chopper_new software with the data collected from the
oscilloscope [60].

Figure 2-7 shows a window of the “zscan_chopper” program with data obtained from
the oscilloscope. It also presents, for a specific position, the square electrical signal as
a function of time, for both channel 1 and channel 2.

During the measurement performed, the thermal-lens effect appears clearly
through the square electrical signal where we could see the time evolution of the light
transmittance. The time evolution of the light transmittance is defined as the light
transmittance as a function of time at a fixed position. For thermal-lens effect, all
time-dependent curves start at the same transmittance value. Figure 2-8 shows the
pulse recorded on the oscilloscope screen. When the sample is placed at the focus, the
transmitted intensity has the same value, then when the sample moves towards the
beam focus the transmitted intensity changes significantly at the beginning of the

pulse. Far from the focus, the transmitted intensity also returns to the same value.
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Figure 2-8: Typical oscilloscope’s records of the transmittance, as a function of time,
of a sample with negative dn/dT [50].

After the Z-scan measurement is finished all the data is stored at “zscan_chopper”
program. Through the program, we can do the normalization for the transmittance
data to obtain the Z-scan characteristic curve (peak-valley/valley-peak) according to
equation (2.1) then save it in a file. This file contains the data of position, normalized
transmittance Ty, and the standard deviation. The file can be opened in another

program like QtiPlot to process and fit the data with models.

2-2 Linear absorbance experiment

2-2-1 Measurement of the linear absorption coefficient

When the light interacts with a material some of the light can be absorbed,
scattered and transmitted, as shown in Figure 2-9. The transmission of the material is
defined as the ratio of the initial intensity (Iy) to the transmitted intensity (I1,) and

given by the equation [61]:
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Figure 2-9: Illustrative scheme of the transmission when the light passes through a
material.

By knowing the transmission of the material, the absorbance is defined by the

equation:

A=log (Tl) (2.10)

where the absorbance is proportional to the concentration of the material. By using

equation (2.9) and (2.10) the absorption coefficient is calculated as:

Aln(10
o =409

- 2.11)

For LDL nanoparticles, they present a significant scattering beside the absorbance and
the transmission, therefore, couldn't be neglected. This scattering is related to

Rayleigh scattering, which is determined by the equation [61]:

Sca() =axA"*+b, (2.12)

where a, b are constants and 4 is the wavelength of the light.
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2-2-2 Experimental setup

UV-visible spectrophotometer measures the absorbance of LDL samples. The
light source consists of a deuterium lamp and halogen lamp. The deuterium lamp
emits electromagnetic radiation with a wavelength from 200 nm to 800 nm and the
halogen lamp emits electromagnetic radiation with wavelengths from 500 nm to 1100
nm. The light comes from the source to the sample then to two spectrometers through
optical fibers. The spectrometer measures the transmitted intensity then converts it
into an electrical signal and send it to an acquisition program called “Spectra Suite”

(Ocean Optics) in the microcomputer.

The spectrophotometer is calibrated with an empty reference cuvette through
measuring the intensity when no radiation passes the cuvette (I,), and the intensity
after emitting the radiation from the source to the empty cuvette (I). Then we insert a
cuvette filled with a sample solution to measure the intensity of radiation transmitted
through the sample (1I,). Spectra Suite processes this data and calculates the

absorbance relative to a reference material by using the following equation:

_ 1a(D)—17(A)
AQ) = loglo(—w)_lzm). 2.13)

The results of the UV-visible spectroscopy measurement are shown in the
absorbance spectra in the Spectra Suite program. But actually, for LDL nanoparticles,
the absorbance spectra refer to the extinction spectra, which is the sum of both
scattering and absorbance, because the spectrometer measures only the light
transmitted, therefore we could not differentiate between the absorbance and the
scattering. To obtain the absorbance value we subtract the scattering, which is

calculated by equation (2.12) from the extinction spectra. Then the linear absorption
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coefficient calculated by equation (2.11) at the same wavelength A = 532 nm is used
for the Z-scan experiment. The measurements are performed at temperature 37°C. The

thickness of the cuvettes used is 10 mm.

2-3 Measurement of the thermo-optic coefficient

To obtain the thermo-optical coefficient (dn/dT), the refractive index of LDL
samples is measured at a different temperature through an ATAGO 5000i
refractometer. The accuracy of measurements is about 0.1°C in the temperature and
2 X 1075 nD in the refractive index. The temperature used varies between 26 and
46°C. The data obtained is analyzed to determine the linear slope, which provides the

thermo-optical coefficient value in T~ unit.

2-4 Dynamic light scattering technique

Dynamic light scattering (DLS), also known as photon correlation
spectroscopy, is an easy and quick way to measure the size distribution of
nanoparticles in solution, even though it is a low-resolution technique. Basically,
when a sample of a colloidal dispersion, which contains a large number of particles, is
illuminated by a laser beam, the intensity fluctuations over time of the scattered light
from all illuminated particles are detected at a fixed scattering angle 6 by a

photodetector [62,63]. Figure 2-10 shows the basic DLS experimental geometry.
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Figure 2-10: sketch of the DLS setup.

As is well known, at a given temperature, the particles in a fluid undergo Brownian
motion. Small particles move faster than larger particles. This diffusional motion is
the main cause of the temporal fluctuations in the intensity of the scattered light, and
consequently the source of information about the particle structure, provided that a
suitable model relating structure and time scale of the movement (diffusion) of the

particles exists.

The measurements of these temporal fluctuations are made through
autocorrelation of the detected scattered intensity signal, at a given angle 0. The decay
time of fluctuations depends on the diffusion constant and the size of particles. The
small particles move rapidly, therefore it takes a lower decay time while the large
particles move slowly, therefore it takes a higher decay time. The fluctuating signal is
processed through autocorrelation function C(t), which is given by the following

expression for the monodisperse case [62,63]:

C(t)= Ae™ 2t + B, (2.14)
where t is the delay time , A and B are constants and I' is the decay constant

related to the relaxation of the fluctuation and given as

I'=Dq?, (2.15)
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where D is the diffusion coefficient and q is the modulus of scattering vector that

depends on the scattering angle 8 through the equation:

q= 2;—0" 2sin(3), (2.16)

where n is the average refractive index of the medium at a given temperature T, and
Ao is the wavelength of the laser light in vacuum.

From the equations 2.14-2.16, the diffusion coefficient could be obtained from a
proper analysis of the measured autocorrelation function. If it is known for a given
particle, and also making the hypothesis of spherical, non-interacting nanoparticle, the
mean size of these nanoparticle can be determined directly from the Stokes-Einstein

equation,
= —2 :5(:) ~, (2.17)

where r is the so called hydrodynamic radius of the nanoparticle, Kp is Boltzmann's
constant, T is the sample’s equilibrium temperature, n(t) is the viscosity of the liquid.
The Stokes-Einstein equation is an example of a suitable model relating structure and
diffusion of particles in suspension, assuming the hypotheses described above.

The LDL nanoparticles are spherical in shape to a good approximation [64].
And in practice the non-interacting regime for a nanoparticle solution is achieved by
working in an appropriate concentration range, where the average distance between
the particles is higher than the characteristic distances of the interactions between the
particles. If necessary, the solution is diluted by adding solvent, taking care to keep
the chemical stability of the sample and also to avoid coalescence and/or aggregation
of the particles. So that, the Stokes-Einstein equation is a suitable model for the
diffusion of LDL particles in solution [65, 66].

DLS is an ensemble-average technique in opposition to single particles

techniques, like transmission electron microscopy that analyzes the particles

individually, one at a time.
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2-4-1 Experimental setup

The DLS measurements were made using a 90plus Particle Size Analyzer from
Brookhaven Instruments (USA). In this equipment, the samples are illuminated by a
laser beam with wavelength of 657 nm and power of 35 mW. The intensity
fluctuations of the scattered light are registered by a photodetector placed at an angle
of 907 relative to the incident beam direction. The technique is suitable to measure
sizes of particles from 2nm to 3um.

For our LDL samples, the measurements were performed at 37 °C for 5 minutes,
divided in measurements of 1 minute for statistical analysis and evaluation of the data
quality. The measured data were analyzed by Brookhaven Instruments Dynamic Light
Scattering Software. Among other methods of analysis [62], the Non-Negatively
constrained Least Squares (NNLS) method was the one that resulted in better and
more stable fit of the experimental data. So that, it was chosen to estimate the particle-
size distribution histogram weighted by number, volume, and intensity of scattered
light for each sample. From the number-averaged size distribution, an average

hydrodynamic radius and standard deviation of the distribution were calculated.
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3- Samples

This study carried out on 24 diabetes mellitus type 2 (DM2) patients with generalized

chronic periodontitis (group 2) and 24 DM2 patients with gingivitis (group 1).

The group of DM2 patients with periodontitis received a periodontal treatment and
analyzed after 6 months. With respect to time, the samples were divided into basal
time (time 0) and 6 months after treatment (time 6). Therefore, the samples were
distributed according to the time (time 0 and time 6) and the presence of periodontitis

(group 1 and group 2).

These patients were collected at the Science and Technology Institute (ICT) - School
of Dentistry of S2o José dos Campos (FOSJC-UNESP), in Sao José dos Campos - SP

- Brazil.

To determine the sample size, a confidence interval of 95% and a B-error of 20%
(power of 80%) were used to detect a difference of 0.12 units of modified LDL

between the groups [30].

3-1 Selection Criteria

The 48 patients analyzed showed the pre-established inclusion and exclusion criteria

for this study.
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3-1-1 Inclusion Criteria

Individuals older than 35 years with DM2 diagnosed for more than five years
and with glycated hemoglobin Alc (HbAlc) levels controlled (between 7%
and 11%);

To be diagnosed with generalized chronic periodontitis: to present loss of
clinical interproximal insertion > 3 mm in 2 non-adjacent teeth and loss of
interproximal clinical insertion >5 mm in 30% or more of the teeth present
[67];

To have present at least 20 teeth;

To agree to participate in the study and sign the informed consent form

(Resolution CNS 466/12 and the Professional Ethical Code - 179/93).

3-1-2 Exclusion Criteria

Patients with a history of hypertension or nephropathies;

Patients with cancer, gastrointestinal disorders, skin diseases, pregnancy,
lactation, smoking, arthritis and lupus;

To have undergone periodontal treatment in the last 12 months;

To have made use of an antioxidant, anti-inflammatory, or antibiotic
supplements within the previous 3 months;

To have changed the medication for glycemic control in the last 3 months;

To present dental elements with pulpal or periapical inflammation;

To present any other inflammatory diseases.
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3-2 Separation of lipoprotein

Blood samples were collected from each individual after fast of 12-15 hours. The
collection was conducted by qualified professional and in a reserved place, equipped
exclusively for this purpose. All material needed for the collection of blood was used
for the first time and had its disposal done within the laboratory safety standards. All
samples were used exclusively for the purposes described in this study. The blood was
collected in vacutainer tubes containing Ethylene Diamine Tetraacetic Acid-EDTA
(1,0 mg/mL) (BD®, Brazil), used as anticoagulant and antioxidant, kept on ice and
protected from light until the plasma was obtained (by centrifugation at 3000 rpm, 10
min, 4°C). Plasma separation was done on the same day of the blood collection. After,
the plasma samples were stored at —80°C. The phase of blood collection, plasma
separation and storage was done in ICT. The step of obtaining the LDL from the
plasma was performed in Laboratory of the Institute of Physics of USP. The transport
of the samples showed kept on ice and protected from light until final destination

(IF/USP).

The following were added to the plasma: benzamidine (2 mM), gentamicin (0.5%),
chloramphenicol (0.25%), phenyl-methyl-sulfonyl-fluoride (PMSF) (0.5 mM), and

aprotinin (0.1 U/mL).

From plasma, very low density lipoprotein (VLDL) (1.006 <d < 1.019 g/mL) and low
density lipoprotein (LDL) (1.020 < d < 1.063 g/mL) were isolated by preparative
sequential ultracentrifugation (40,000 rpm, 18 hours at 4°C) [68] using a fixed-angle
rotor (Hitachi® Himac CP 70MX, Tokyo, Japan). The VLDL samples were

discarded. The density cut-off point for to isolate LDL was 1.063 g/mL.
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All reagents were purchased from Sigma Chemical® (St. Louis, MO, USA). All
biological waste not used in the described experiments was discarded according to the

Laboratory Safety Standards.

3-3 Biochemistry analyses

3-3-1 Protein concentration

Protein concentrations in LDL were determined by using the Bicinchoninic Acid
(BCA) method, PierceTM BCA Protein Assay kit (Thermo Fisher Scientific®, MA,

USA) with bovine serum albumin (BSA) as standard [69].

3-3-2 Glycolaldehyde concentration

Long-term incubation in vivo of the LDL with glucose, especially in patients with
diabetes, leads to the formation of advanced glycation end products (AGE). The AGE
concentration in LDL samples was determined in sub-sample using a Cell Biolabs’

OxiSelect™ AGE Competitive ELISA Kit (Cell Biolabs®, San Diego, CA, USA).

Measurements were performed in duplicate and the results were averaged, according
to manufacturer’s instructions. The ratio of AGE concentration to protein level was

expressed in micrograms of AGE per milligram of protein (ug/mg).

3-4 Statistical analysis

Quantitative variables were evaluated using the Statistical Package for the Social

Sciences (SPSS) version 16.0 [70].

For the determination of the tests we considered the type of distribution of the

variables, using the Kolmogorov-Smirnov test (p> 0.05). For the variables with
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normal distribution we used a parametric test and for the other variables, a

nonparametric test. The significance level considered for all tests was p <0.05.
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4- Experimental results and discussion
4-1 Z-scan

The Z-scan experimental setup as illustrated in Figure 2-5 is used to study the
nonlinear optical response of the low-density lipoprotein (LDL) from two groups of
patients with diabetes (group 1) and patients with diabetes and periodontitis (group 2).
The degree of modification of LDL particles in the solution is investigated by the
amplitude of Z-scan typical curve (peak to valley) where the higher amplitude value
(8) corresponds to the less modified degree, as Gomes et al and Santos et al presented
in their study [67, 37]. The amplitude value depends also on the sample LDL
concentration [37]. In this study each sample has a different LDL concentration. To
compare the results it is necessary to normalize the amplitude values of Z-scan

measurements for all of them to have the same concentration by the equation:

Bnnew) = "2 On(ota)» (2.18)
where C,, 4, 1 the maximum concentration of the samples and C,, is the concentration
of sample n.
Figure 4-1 shows the typical Z-scan curves for some LDL samples from group 1 and
group 2 in the beginning (time 0) and after 6 months (time 6). In Figure 4-1(a), a
correspondence is observed between the experimental data and the fitting with the
theoretical model of equation 2.6. Figure 4-1(b) shows that the amplitude of the Z-
Scan curve of patient with diabetes and periodontitis is lower than of the patient with
diabetes and gingivitis, and Figure 4-1(c) shows that the amplitude of the Z-Scan
signal of a patient with diabetes and periodontitis increased after 6 months.

To study the amplitude values (6) that is obtained by equation (2.6) for the

two groups of patients we will present the results in the box plot.
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Figl-lre 4-1: Comparison of Z-Scan typical curve between some patients. (a)
experimental data and theoretical fitting. (b) patients with diabetes and periodontitis
versus patients with only diabetes. (c) evolution of the z-scan signal after six months.

In the beginning (time 0), the amplitude values (8) of the 24 patients from group 1

and the 24 patients from group 2 are presented in the box plot shown in the Figure 4-

2. The results show that the mean value of 0 from the patients of group 1 is higher

than group 2. This means that LDL particles of the patients with diabetes and

periodontitis are more modified than those from the patients with diabetes and

gingivitis. The higher modification of LDL corresponds to the lower amplitude (peak

to valley) and this result is the same as what other studies showed.
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Figure 4-2: Box plot of the 8 values of all the patient from group 1 and group 2 in the
beginning (time 0)( p = 0.002).

Figure 4-3 shows the box plot of the amplitude values () of all the patients from
group 2 before and after 6 months of the periodontal treatment. For group 2 the results
show that the mean value of 8 after 6 months periodontal treatment is higher than that
before treatment. The degree of modification of LDL particles was showed to be
reduced after the treatment. Therefore, the patients of group 2 have less modified
LDL particles after the treatment than before.

The Z-scan is performed also for LDL samples from group 1 after 6 months
without any treatment. Figure 4-4 shows the comparison of 8 values between the two
groups after 6 months. The mean value of 8 from the patients of group 1 is still higher
than the patients of group 2 but with a lower percentage than the beginning.

Figure 4-5 shows the amplitude values (8) of all the patients from group 1 in
the beginning and after 6 months. For group 1, the results show that there is no

significant change in the mean value of 8 before and after 6 months.
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Figure 4-3: Box plot of the 8 values of all patients from group 2 before and after 6
months of treatment (p = 0.029).
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Figure 4-5: Box plot of the 8 values of all patients from group 1 before and after 6
months (p = 0.084).
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The modification state of LDL particles is determined by the amplitude of the
parameter 8. The results showed that the modified LDL in the blood of patients with
diabetes is lower than that of patients with diabetes and periodontitis. The results also
showed that the degree of modification of LDL particles is diminished after the
periodontal treatment, therefore it reduced the risk of cardiovascular disease.

In order to investigate the origin of the Z-scan results we will study the other
parameters such as the liner absorption coefficient, the thermo-optic coefficient and

the thermal conductivity, indicated in equation (2.7).

4-2 Linear absorption

Figure 4-6 shows some typical examples of optical absorption spectra of LDL
samples from group 1 and group 2. The black points (extinction spectra) are obtained
in the UV-Vis setup described in section 2-2-2, while the red line (scattering line) is a
estimative for the Rayleigh scattering, obtained by fitting the equation (2.12) to the
UV-Vis experimental points in the wavelength ranges where there is no absorption
peaks. The absorption spectra (blue points) as a function of the wavelength are
obtained subtracting the scattering curve from the UV-Vis extinction points. The
results show the presence of three peaks in the absorption spectrum for both groups.
The statistical analysis for all patients is done at the wavelength of 532 nm, which is
the wavelength of the laser used in the Z-Scan experiments. In order to discount the
dependence of the absorption spectrum on the concentration we normalized the data

in the same way we did for the Z-Scan amplitudes (equation (2.18)).
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To compare the contribution of the linear absorption in the Z-Scan amplitude,
we calculate the absorption coefficient using equation (2.11), and then present their

values in the box plot for all patients.
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Figure 4-6: The absorbance (A) as a function of wavelength for LDL samples from
some patients.
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In the beginning (time 0), the absorption coefficient values (a) of the 24
patients from group 1 and the 24 patients from group 2 are presented in the box plot
shown in Figure 4-7. The results show that the mean value of @ from the patients of
group 1 is higher than group 2. This means that LDL particles of the patients with

diabetes absorb light more than the patients with diabetes and periodontitis.
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Figure 4-7: Box plot of the a values of all the patient from group 1 and group 2 in the
beginning (time 0) (p = 0.007).

Figure 4-8 shows the box plot of the absorption coefficient values (a) of all the
patients from group 2 before and after 6 months of the periodontal treatment. For
group 2, the results show that there is no significant change in the mean value of

abefore and after 6 months of periodontal treatment.
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Figure 4-8: Box plot of the avalues of all the patient from group 2 before and after 6
months of treatment ( p = 0.388).

Figure 4-9 shows the box plot of the absorption coefficient values a of the two
groups after 6 months. Group 1 didn't have any treatment while group 2 had a
periodontal treatment after 6 months. The mean value of « is the same for both
groups.

Figure 4-10 shows the box plot of the absorption coefficient values a of all the
patients from group 1 in the beginning and after 6 months. For group 1, the results

show that the mean value of « is the same before and after 6 months.
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4-3 Measurement of the thermo-optic coefficient

Figure 4-11 shows the values obtained for the refractive index of LDL sample
as a function of the temperature for one typical patient. The refractive index decreases
with increasing the temperature for LDL particles solutions. The thermo-optic
coefficient (dn/dT) is obtained from the linear fit of the data. The mean value of
dn/dT for group 1 in time 0 is (1.39 £ 0.08) x 10~* /K. The mean value of dn/dT
for group 2 in time 0 is (1.47 + 0.08) x 10™* /K. The mean value of dn/dT for
group 1 in time 6 is (1.3 + 0.08) x 10~* /K. The mean value of dn/dT for group 2
in time 6 is (1.46 &+ 0.08) x 10™* /K. These results agree with those from Santos et

al [71]. The thermo-optic coefficient is almost constant for LDL samples investigated.
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Figure 4-11: Temperature dependence of the refractive index of the LDL sample from
one patient.
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4-4 Thermal conductivity

To verify the origin of the variation of the amplitude (6 ) the thermal
conductivity of LDL solutions is calculated. The other parameters (P, L.sf) in the
equation (2.7) are fixed. The results presented in section 4-3 show that there is no
significant change in the thermo-optic coefficient values. If the linear absorption
coefficient is the only physical parameter responsible for the changing in the
amplitude of Z-scan, then thermal conductivity should be constant. The thermal

conductivity is calculated according to equation (2.7).
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Figure 4-12: Box plot of the thermal conductivity (k) values of all the patient from
group 1 and group 2 in the beginning (time 0) ( p = 0.008).
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Figure 4-13: Box plot of the thermal conductivity (k) values of all the patient from
group 1 and group 2 after 6 months (p < 0.001).

The box plot of thermal conductivity values of all patients from group 1 and
group 2 in time 0 and time 6 is shown in Figure 4-12 and 4-13 respectively. In time 0,
the mean value of k from the patients of group 2 is higher than group 1. After 6
months, the thermal conductivity values for group 2 is reduced, as shown in Figure 4-
13. Although the mean value of k is still higher than group 1 but with a small
difference.

For group 1, the box plot of thermal conductivity values in time 0 and after 6
months is shown in Figure 4-14. The results show that there is a change in the mean
value between the beginning (time 0) and after 6 months (time 6), however, they are
similar, taking into account the experimental errors.

For group 2, the box plot of thermal conductivity values in time 0 and after 6 months
of treatment is shown in Figure 4-15. The results show that the mean value of k after 6

months of treatment is reduced. According to the results above the linear absorption
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coefficient and the thermal conductivity are the responsiple of changing the amplitude
of Z-scan curves in LDL samples from patients with periodontitis and diabetes before
and after the treatment. However, to improve our conclusions about the role of the
thermal conductivity and the linear absorption coefficient in the changing of the Z-

scan amplitude, the experiments should be repeated after 12 months of the periodontal

treatment.
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Figure 4-14: Box plot of the thermal conductivity (k) values of all the patient from
group 1 before and after 6 months (p < 0.001).
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Figure 4-15: Box plot of the thermal conductivity (k) values of all the patient from
group 2 before and after 6 months of treatment (p = 0.008).

4-5 Dynamic Light Scattering

The dynamic light scattering experiment was employed to evaluate the LDL
particle-size distributions of all the samples as well as the existence of particles’
aggregates. For each sample, the measured autocorrelation curves were fitted using
the NNLS method, resulting in particle-size distribution histograms weighted by
number, volume, and intensity of scattered light, as shown in Figure 4-16 ( typical
results for patient 48 at time 0). The average radius and distributions’ standard
deviation were calculated from the number-averaged particle-size distribution. The

standard deviation was adopted as a measure of size polidispersity of the LDL sample.
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Figure 4-16: Measured (blue points) and fitted (black line) autocorrelation function
using the NNLS method (a). Particle-size distribution histograms weighted by
number (b), volume (c), and intensity of scattered light (d). Data and analysis

done for patient 48 at time 0.

Measurements were performed for samples from patients at time 0 and after 6 months.

Figure 4-17(a) shows the box plot of the mean radius (weighted ) of LDL particles

and Figure 4-17(b) shows the normalized intensity autocorrelation functions measured

by DLS for the samples from groups 1 and 2 at time 0. The results show that there is

not a significant change in the sizes and polidispersities of LDL particles between the

two groups. The mean value of the mean radius and standard deviation of the mean

radius for group 1 is about 11.2 + 0.9 nm and for group 2 is about 11.6 + 1.0 nm. The

same results are obtained after 6 months where the mean value of the radius of LDL

particles is the same for group 1 and group 2, as shown in Figure 4-18. The mean

value of the mean radius and standard deviation for group 1 is about 10.4 + 0.7nm and

for group 2 is about 10.4 = 0.9nm.
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Figure 4-17: (a) Box plot of the sizes of LDL particles values of the patient from
group | and group 2 in the beginning (time 0) (p = 0.355). (b) Intensity
autocorrelation functions measured by dynamic light scattering (DLS) for the samples
of patients.
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Figure 4-18: Box plot of the size of LDL particles values of the patient from group 1
and group 2 after 6 months (p = 0.846).
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Figure 4-19: Box plot of the size of LDL particles values of the patient from group 2
before and after 6 months of treatment (p = 0.054).

Figure 4-19 shows the box plot of the mean radius (weighted) of LDL particle
for group 2 before and after 6 months periodontal treatment. The results show that
there is not a significant change in the mean value of the radius of LDL particles.
Therefore, the sizes of LDL particles are about the same. The same results are
obtained for group 1 and after 6 months as shown in Figure 4-20.

Also, observe that the size polidispersities (standard deviation of the
distribution) presented in the number-weighed size distributions are small, though a
very small fraction of very large aggregates exists in all samples, as shown in the
intensities-weighted and volume-weighted sizes distributions.

As a result, the LDL nanoparticles size didn't change in patients with diabetes

and patients with periodontitis and diabetes.
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Conclusion

The Z-scan experiment is shown to be a good tool to differentiate the modification
state of LDL particles between the diabetes patients with and without periodontitis.
The experiment is also an easy way to evaluate the improvement of the quality of
LDL particles after periodontal treatment. The results showed that the degree of
modification of LDL from patients with periodontitis and diabetes is higher than in
patients with diabetes and gingivitis. The linear absorption coefficient in patients with
periodontitis and diabetes was lower than in patients with diabetes and gingivitis. The
thermal conductivity seems to be higher in patients with periodontitis and diabetes
than in patients with diabetes and gingivitis.

The degree of modification of LDL was shown to be reduced after the periodontal
treatment in patients with periodontitis and diabetes. Therefore the risk of
cardiovascular disease in diabetic patients has been reduced in the patients with
periodontitis and diabetes by the treatment. The results showed that both groups of
patients had a close value of the thermo-optical coefficient.

The size of LDL particles is about the same in both groups of patients. Also, this size
didn’t change after the periodontal treatment for group patients with periodontitis and

diabetes.
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