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Abstract: Orthodontic treatment applies mechanical forces that induce oxidative stress and
inflammatory response within the periodontal tissue, potentially affecting oral health. Non-invasive
diagnostic method through saliva offering a promising medium for evaluating oxidative stress
biomarkers and gene expression profiles. This cross-sectional study assessed salivary biomarkers and
the expression of the IL-1p and IL-8 genes in patients with orthodontic appliances, as these factors
are crucial in inflammation, bone resorption, and remodeling during orthodontic treatment. Thirty
orthodontic patients with fixed metallic appliances (=6 months) and thirty matched healthy controls,
ages 18 to 35, participated in this cross-sectional study. Salivary biomarkers, such as total protein
concentration and oxidative stress markers were measured using standard assays. The expression of
target genes was determined through Quantitative Reverse Transcription-PCR and the results were
presented as fold change values. Oxidative stress markers demonstrated significant differences
between groups, with the case group exhibiting notably higher levels of 8-OHdG (p = 0.0067), MDA
(p= 0.0031), TAC (p= 0.0074), and TBARS (p < 0.0001). Orthodontic patients also displayed
significantly elevated mean fold changes in IL-1f (p < 0.0001; 4.4) and IL-8 (p < 0.0001; 5.45) gene
expression relative to controls. Furthermore, positive correlations were reported between the target
genes and oxidative stress indicators, particularly MDA and 8-OHdG.A significant increase in
oxidative stress levels and changes in salivary Interleukin-1 beta and Interleukin-8 gene expression
have been observed during orthodontic treatment.

Keywords: IL-1(3; IL-8; Bone remodeling; Gene expression; Inflammation; Orthodontic forces;
Oxidative stress; Saliva biomarkers

1. Introduction

The main objective of orthodontic treatment, a crucial area of modern dentistry, is to enhance
the function and appearance of the oral cavity by correcting dental malocclusions and craniofacial
abnormalities [1,2]. Over time, much progress has been made in both technique and material [1].
However, the application of orthodontic forces can introduce biological stress which has implications
for both tissue remodeling and periodontal health [3,4]. The oral ecosystem is a complex
environment where various factors interact, and saliva serves as a key biological indicator of its
condition, with orthodontic treatment often inducing inflammation and oxidative stress in response
to applied forces [5].

The mechanical stresses applied during orthodontic treatment induce structural and
physiological modifications in the periodontal ligament, including shifts in cellular activity, vascular
dynamics, and fluid flow, as well as alterations to collagen fibers and extracellular matrix tension [6].
Oxidative stress, which damages cellular structures by peroxidatively damaging lipids, proteins, and
genetic material, due to an imbalance between the host total antioxidant capacity and reactive oxygen
species [7]. In the periodontal ligament, orthodontic stresses cause the release of inflammatory
mediators, which results in tissue remodeling, inflammation, and an increase in ROS generation [8].
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Biomolecules such as interleukin, TNF-a, macrophage colony-stimulating factor, prostaglandins,
growth factors, enzymes, and vasoactive neurotransmitters are released as a result of this process [6].
Important modulators of bone remodeling in response to mechanical pressures include IL-1B
(Interleukin-1 beta), IL-6 (Interleukin-6), TNF-a (Tumor necrosis factor),and IL-8 (Interleukin-8), and
[9,10]. Additionally, orthodontic materials, such as metals and plastics, can release elements that
further increase ROS levels, influencing both the oral environment and tissue remodeling [7,11].
Fixed orthodontic appliances induce oxidative stress by releasing metal ions through corrosion and
friction, triggering ROS production and associated health risks [12]. Laboratory-based research has
demonstrated that orthodontic appliances, including brackets and arch wires, can trigger oxidative
stress by releasing heavy metal ions [13,14]. In vivo studies on salivary and gingival crevicular fluid
biomarkers report mixed results [5,15,16].

Research has indicated that oxidative stress biomarkers temporarily rise immediately following
the placement of orthodontic devices but normalize to pre-treatment levels within days or weeks
[5,15]. In contrast, one investigation revealed no statistically significant alterations in these
biomarkers after one and six months of orthodontic therapy [16]. Saliva serves as a useful medium
for evaluating oxidative stress biomarkers associated with local oral conditions and, as a noninvasive
diagnostic method indicate the changes caused on by medical conditions [17,18]. The activity of genes
involved in inflammation during orthodontic treatment linked to bone resorption and periodontal
disease [19,20]. IL-1p is released by various cells including connective tissue fibroblasts, gingival
epithelium, macrophages, neutrophils, and dendritic cells, it promotes inflammation, bone
resorption, and tissue degradation [21]. In reaction to IL-1 and TNF-a, different cells release IL-8,
which draw neutrophils and leukocytes to inflammatory areas. Orthodontic forces raise IL-8 levels,
which may also be a factor in bone resorption [22-24].

In dental medicine, specific biomarkers are utilized to evaluate oxidative stress and cellular
damage within oral tissues [25]. Key indicators include Total Protein Concentration, markers of lipid
peroxidation (MDA, AND TBARS); Total Antioxidant Capacity (TAC) which quantifying systemic
antioxidant responses in host; and the marker of DNA alterations (8-Hydroxy-2'-Deoxyguanosine)
[4,26]. These biomarkers play a critical role in identifying and managing conditions such as
periodontal disease, offering insights into pathological mechanisms and therapeutic monitoring for
oral health disorders during orthodontic therapy [27,28]. This study therefore aimed to evaluate
salivary expression of IL-8 and IL-1B genes, as well as salivary markers in patients with orthodontic
bracket and their corresponding healthy adults.

2. Materials and Methods

2.1. Study Design

This cross-sectional study was carried out in Erbil-Iraq, from February to April 2025. Thirty
individuals undergoing orthodontic treatment, fixed metallic bracket, for over six months and thirty
age-matched controls without orthodontic interventions, systemic illnesses, or oral health issues
(ages 18-35). Demographic and baseline data were gathered using structured interviews. To reduce
confounding factors, saliva samples were collected in the morning between 10:00 and 12:00 AM.
Collections occurred in pre-labeled sterile containers prior to any clinical interventions. The levels of
oxidative stress biomarkers were determined using standardized laboratory procedures.
Furthermore, the gene expression levels of inflammatory, bone resorption, and remodeling
biomarkers like (IL-1f3) and (IL-8) were evaluated through the qRT-PCR. Descriptive methods of
statistics were employed to calculate the data, and SPSS version 25 (IBM Corp., Armonk, NY, USA)
was chosen for statistical evaluation, with an acceptable level of significance of p < 0.05.

2.2. Sample Collection

The method suggested by Henson et al. [29], was utilized as collecting saliva. Subjects refrained
from oral intake, dental hygiene practices, tobacco use, or gum consumption for a minimum one-
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hour period preceding specimen collection. Ten minutes prior to collecting, the mouth was rinsed
with tap water. The saliva was then expectorated into sterile tubes, chilled on ice packs, centrifuged
at °C (5 minutes, 5000 gravitational force) in the laboratory, and stored at -20°C for subsequent
biochemical and molecular analysis.

2.3. Total Protein Concentration

Saliva was tested for total protein using a commercial kit (Biuret technique, PROTBIU-600). This
technique uses alkaline conditions to cause cupric ions and proteins to form a purple-blue complex.
The results were expressed as g/dL, and the intensity was reported at 560 and 520 nm. The
concentration of total protein was directly proportional to the color intensity [30].

2.4. Total Antioxidant Capacity

The Abbexa Kit (abx295022), which is based on the FRAP (Ferric Reducing Antioxidant Power)
analysis method, was used to determine the concentration of total antioxidant capacity (TAC) in
saliva. To separate the supernatant, saliva samples were centrifuged at 4°C (10 minutes, 10000 rpm).
The buffer solution, tripyridyltriazine (TPTZ) solution, and substrate (sample) were combined to
create the working solution (FRAP). An iron sulfate (FeSO4) solution containing 100 mmol/L was
used to create standards with known values (0-2.5 mmol/L). 180 uL of the FRAP was applied to the
samples and standard solution (5 puL) [31]. The absorbance was reported at 593 nm following a 5-
minute incubation period at 37°C. A standard curve was used to calculate the concentrations of TAC
(mmol/L).

2.5. Measurement of Malondialdehyde (MDA)

Malondialdehyde (MDA) was quantified using the thiobarbituric acid reactive substances
(TBARS) method, which produces a chromogenic pink complex when MDA and thiobarbituric acid
react. At a wavelength of 532 nm, the optical density of this chemical was measured using
spectrophotometry, and concentrations were expressed as micromoles per liter (umol/L) [32].

2.6. Measurement of Salivary 8-OHAG Levels by ELISA

The concentration of salivary 8-OHdG was assessed via a commercially available ELISA kit
utilizing a monoclonal antibody with high specificity. The procedure was conducted in a 96-well
microplate (Thermo Fisher Scientific), and absorbance was recorded spectrophotometrically at 450
nm within a 15-minute window following the addition of the stop reagent. The assay demonstrated
a detection threshold spanning 0.125 to 225 nanograms per milliliter (ng/mL) [33].

2.7. Measurement of Thiobarbituric Acid Reactive Substances (TBARS)

A spectrofluorometric technique was used for quantifying the amounts of TBARS following
derivatization with 0.67% thiobarbituric acid in phosphoric acid (100°C, 45 min). N-butanol was used
to extract colored products, which was then centrifuged for 12 minutes at 3000 rpm and compared
against a standardized (1,1,3,3-tetrametoxypropan). After measuring each sample's absorbance at 532
nm, the findings were calculated with a constructed standard curve and the results expressed as
pmol/L [34].

2.8. Extraction of Salivary RNA

RNA isolation was performed with the available saliva mini-extraction Kit (Qiagen, Germany),
adhering to the supplier’s instructions. The kit employs a silica membrane-based methodology
engineered to isolate >100 pug of RNA, optimizing yield for downstream RT-qPCR applications.
Enzymatic treatment with DNase and protease ensured elimination of genomic DNA and protein
contaminants, respectively. Purified RNA (~10 uL) was eluted and preserved at -20°C until
subsequent processing. RNA integrity and quantification were determined using a NanoDrop
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spectrophotometer (Lantech, Korea), with nucleic acid purity quantified via A260/A280 absorbance
ratios.

2.9. Quantitative Gene Expression (qRT-PCR)

For ¢cDNA synthesis, Reverse Transcription Kit (Thermo Fisher, USA) was used, with a total
volume of 10.0 pL per reaction. The reaction mixture contained 10X Buffer (2.0 uL), 25X dNTP Mix
(0.8 pL, 100 mM), 10X Random Primers (2.0 pL), Reverse Transcriptase enzyme (1.0 uL), RNase
Inhibitor (1.0 pL), and nuclease-free H20 (3.2 pL). Following synthesis, the cDNA was immediately
used in quantitative PCR applications. IL-13 and IL-8 gene expressions were evaluated using
quantitative real-time PCR based on SYBR.

Ten pL of GoTaq® qPCR Master Mix (Promega, USA), two pL of salivary cDNA, and ten pmol
of each primer were included in the reaction mixture. For IL-8 the primers were F:
GAGGGTTGTGGAGAAGTTTTTG and R: CTGGCATCTTCACTGATTCTTG, whereas for IL-1p,
they were F: GTGCTGAATGTGGACTCAATCC and R: ACCCTAAGGCAGGCAGTTG.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a reference for gene expression,
and the forward and reverse primers were TGAAGGTCGGAGTCAACGGATTTGGT and
CATGTGGGCCATGAGGTCCACCAC, respectively. Table (1) displays the PCR primer set
sequences (in the 5'-3' orientation). A Real-Time PCR machine (Thermo Fisher Scientific) was used
to accomplish relative quantification. Each sample's relative expression for each particular product
was assessed in triplicate. The target gene expression was determined using the 2-AACt methods
based on threshold cycle (CT) for both the reference gene GAPDH and the target genes (ACt = Ct
(target genes) - Ct (reference gene), AACt = ACt (target group) - ACt (control group).

Table 1. used primers in this study.

Gene Sequence Gene ID Amplicon  Reference
Symbol Size (bp) s

IL-8 F1: NM_000584 88bp [35-37]
GAGGGTTGTGGAGAAGTTTTT
G
R1:
CTGGCATCTTCACTGATTCTTG
IL-1B F2: M15330 120bp
GTGCTGAATGTGGACTCAATC
C
R2:
ACCCTAAGGCAGGCAGTTG
GAPDH F3: NM_002046. 983bp [37-39].
TGAAGGTCGGAGTCAACGGAT 7
TTGGT
R3:
CATGTGGGCCATGAGGTCCAC
CAC

3. Results

A control group of thirty healthy adults and a case group of thirty orthodontic patients with
fixed appliances made up a total of sixty participants. Table (2) showed no significant differences
between two groups; the p values for gender, age, and smoking status were 0.79, 0.94, and 0.59,
respectively.
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Table 2. Baseline characteristics.
Gender Distribution Control (n=30) Case (n=30) P value
Frequency, % Frequency, %
Male 14 (46.7) 13 (43.3) 0.79
Female 16 (53.3) 17 (56.7)
Age (Mean + SD) 26.0 (5.33) 26.1 (5.12) 0.94
Smoking Smoker 10 (33.3) 12 (40)
status 0.59
Nonsmoker 20 (66.7) 18 (60)

Salivary biomarker concentrations were evaluated for each participant following unstimulated
salivary samples collection which were taken from both groups, Table (3). Salivary total protein level
was not significantly different between the groups (control: mean = 1.71 g/dl, SD = 0.12; case: mean =
2.25 g/dl, SD =1.82, P = 0.1103). Salivary oxidative stress biomarkers were significantly greater in the
case group than in the controls. In particular, the mean TBARS concentration in the case group was
1.40 pmol/1 (SD = 0.87), while for the control group was 0.48 pmol/l (SD = 0.24; P < 0.0001). The case
group also had higher levels of TAC, MDA, and 8-OHdG, with respective means of 0.57, 0.59, and
0.83.
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Table 3. Salivary total protein concentration and levels of oxidative stress biomarkers in study groups.
Parameters Control (n=30) Case (n=30) P value
Frequency, % Frequency, %
Total Protein 1.71 (0.12) 2.25(1.82) P=0.1103
g/dl

TBARS 0.48 (0.24) 1.40 (0.87) P <0.0001
umol/l

TAC Mean + SD 0.34 (0.11) 0.57 (0.44) P =0.0074
mmol/l

MDA 0.31 (0.08) 0.59 (0.49) P =0.0031
umol/l

8-OHdG 0.49 (0.05) 0.83 (0.66) P =0.0067
ng/ml

Table (4), Figure (1), and (2) represent the mean fold change values for the salivary relative gene
expression levels of IL-1(3 (IL1) and IL-8 (IL8) for both groups. The expression levels of both target
genes were significantly elevated in case group (P < 0.0001, t-statistic = 4.678). The mean fold change
for IL-13 was 4.4 (SD = 3.31) in case group, while for controls was 1.3 (SD = 1.49). Additionally, IL-8
showed a significant difference (P < 0.0001, t-statistic = 4.421); the mean fold changes were 5.45 (SD =
4.79) and 1.41 (SD = 1.45) for case and controls, respectively. Overall, in both groups, IL8 had a greater
mean fold change than IL1.

N w B

Fold Change, IL1

[E=N

H control M case

o

1

Figure 1. Fold change value of salivary IL-13 (IL1) gene expression.
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Figure 2. Fold change value of IL-8 (IL8) gene expression in case and control.
Table 4. Fold change value of salivary IL-1§3 (IL1) and IL-8 (IL8).
Relative Gene Expression Control Case P value
n=30 n=30
IL1 Fold Change 1.3 (1.49) 4.4 (3.31) P <0.0001
(Mean + SD) t-statistic =4.678
IL8 Fold Change 1.41 (1.45) 5.45 (4.79) P <0.0001
(Mean + SD) t-statistic =4.421

Age, gender, and smoking status did not significantly correlate with the target gene expression,
according to Table (5). Salivary IL1 expression and MDA levels (o = 0.575, P < 0.0001) and 8-OHdG
levels (0 = 0.416, P = 0.001) showed a strong positive significant relationship. The expression level of
IL1 was also observed to have a moderate association with TAC levels (o = 0.318, P = 0.013) and total
protein concentration (o = 0.264, P = 0.041). Similar findings were made by salivary IL8 expression,
which was strongly correlated with both MDA (o = 0.479, P < 0.0001) and 8-OHdG (o = 0.467, P <
0.0001). Furthermore, Figure (3) shows a strong positive significant association between the levels of
IL1 and IL8 expression (o = 0.821, P < 0.0001).

Table 5. Correlation between relative gene expression of salivary IL-1B (IL1) and IL-8 (IL8) with demographic
variables and salivary biomarkers.

Variable Relative gene Relative gene
expression IL1 expression
IL8
r p r p
Age 0.021 0.873 0.088 0.503

Gender 0.086 0.513 0.010 0.942
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Smoking 0.027 0.838 0.080 0.544
Total Protein concentration (g/dL) 0.264 0.041 0.234 0.072
MDA (umol/l) 0.575 0.000 0.479 0.000
TAC (mmol/l) 0.318 0.013 0.194 0.138
8-OHdG (ng/ml) 0.416 0.001 0.467 0.000
IL1 1.000 - 0.821 0.000
IL8 0.821 0.000 1.000 -
25
520
g
£ 15
%
& 10
e
o
i)
9o S
0
Samples

] e— 8

Figure 3. Correlation between target genes.

4. Discussion

This investigation focused on salivary total protein, oxidative stress biomarkers, and
inflammatory cytokines (IL-13 and IL-8) during orthodontic treatment for over six months. Sixty
participants (aged 18-35) were included, thirty orthodontic patients in the case group and thirty
healthy adults.

Age (p=0.94), smoking status (p=0.59), and gender (p =0.79) did not significantly differ between
the groups. The results of the study were therefore unaffected by these factors. According to previous
studies, it is more appropriate to collect and evaluate salivary oxidative stress biomarkers,
particularly 8-OHGua, in the morning [40]. Another study also reported higher salivary TAC
concentrations during the early morning hours [41]. A longitudinal pilot study aimed at determining
the variability of oxidative stress biomarkers in healthy adults (mean age 38.73 + 5.18 years) found no
significant day-to-day differences but observed significant variations in the concentration of
biomarkers (GPX, TAC, and MDA) between morning and afternoon [42]. Base on the study by
Kamodyova and Celec [43], stimulated saliva collection techniques changes the concentration of
oxidative stress biomarkers (AGEs and TBARS) compare to unstimulated saliva collection. Therefore,
in this study, unstimulated saliva samples (1 mL) were collected from both groups during the same
time frame (10:00-12:00 AM) after rinsing with tap water.

The findings showed no noticeable difference in the concentration of salivary total protein across
the groups (P =0.1103). A previous study reported salivary total protein levels before the placement
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of fixed metallic appliances (T0, 405.6 mmol/L), one month after placement (T1, 347.0 mmol/L), and
nine months after placement (T2, 371.0 mmol/L) in patients aged 10 to 20 years. Their results showed
a statistically significant difference in total protein levels between TO and T1, but no significant
differences were observed between TO and T2 [44]. This finding is consistent with the results of our
study, as in this study salivary total protein levels compared between patients with fixed metallic
appliances for more than 6 months and control group. Another study also reported no significant
differences (p = 0.83) of salivary total protein concentration in patients currently under fixed
orthodontic treatment (n=25) compared to control group (n=25), aged between 15.8 to 25.2 years old
[45].

The study found statistically significant differences (p = 0.0001, 0.0074, 0.0031, and 0.0067,
respectively) between the orthodontic patient group and controls in terms of mean concentrations of
oxidative stress biomarkers. Additionally, previous study revealed notable increases in TBARS and
total oxidant status (TOS) in both stimulated and unstimulated saliva samples one week following
orthodontic appliance placement, as observed in a subgroup of 37 participants aged 21.2 to 24.5 years
[5]. A study measured the mean salivary total antioxidant capacity (TAC) at different stages in 10
patients (mean age: 26.8 years), same study concluded a significant increase in TAC at the at the
beginning of orthodontic treatments in case group compare to their controls, and a progressive
decrease in TAC values approaching baseline levels after sixty days [46]. The findings of our study is
not aligned with the finding of previous studies in term of salivary MDA levels. For instance, a study
reported no significant changes in the MDA levels after orthodontic treatments (foxed metallic
appliance) at different stages [44]. Similarly, previous study concluded that the concentration of lipid
peroxidase biomarker (MDA) and DNA alteration biomarker (8-OHdG) during orthodontic
treatment with fixed appliances showed no significant changes after (6 or 12 months) in patients aged
between 15-18 years old [47]. On other hand, other reported an increase of 8-OHdG after 9 months of
treatment, but the difference were not significant [48]. While findings of present study agree with
other findings, level of salivary MDA start to increase in patients undergo fixed orthodontic
treatment, especially at first 24 hours and start to but yet not reaching to the base values at after 3
months due to the metal ions release from appliances [49]. Other study, reported two-fold increase
of 8-OHdG concentration in oral epithelial cells of 51 patients (aged between 12 and 36 years old)
after placement of fixed orthodontic treatment [50]. Moreover, invitro study confirmed that, all types
of orthodontic brackets increase oxidative stress biomarkers especially full metal and polyurethane
brackets [13]. With considerably greater levels of TBARS, TAC, MDA, and 8-OHdG in the case group,
therefore these results are in line with earlier studies that suggest fixed orthodontic appliances can
contribute to increase oxidative stress. The level of oral reactive oxygen species is known to rise when
metal ions are released from orthodontic appliances, which could explain the increase in oxidative
stress markers. As highlighted in earlier studies, the presence of metal in the mouth can lead to
corrosion, disrupting the balance between antioxidant capacity and ROS production, ultimately
leading to oxidative stress [14,51]. Additionally, other external factors, such as the oxidative potential
of dental materials, may further exacerbate the generation of ROS during orthodontic treatment [52].

Few studies have examined salivary pro-inflammatory markers during orthodontic tooth
movement in humans. This present study aimed to compare the expression of IL-1{3 and IL-8 genes
in patients with fixed metallic appliances and a control group using a PCR based method. According
to the results of quantitative real-time PCR, the mean fold change of IL-1§3, and IL-8 was significantly
higher in case group compared to controls, p value was 0.0001 for both genes. This results agree with
results of previous study, the mechanical forces orthodontic appliance cause a rapid release of TNF-
a, IL-1$3, and IL-8 in the process of treatment [53]. In contrast, others reported the significant elevation
of salivary level of IL-1a, and IL-8 at early stages of orthodontic treatments [24]. The difference in
results may be due to varying methodologies, as previous studies used enzyme-linked
immunosorbent assay (ELISA), while this study employed quantitative real-time PCR for
determining the expression levels of salivary IL-1f3 and IL-8.
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The correlation between salivary IL-1, IL-8, and other biomarker expression levels was also
evaluated in this analysis. The data for fold change values of IL-13 and IL-8 were not normally
distributed, as confirmed by the Kolmogorov-Smirnov and Shapiro-Wilk tests (P = 0.000). Therefore,
a non-parametric Spearman’s rank correlation test was applied to analyze the relationships between
various parameters. No significant correlations were found between gene expression levels and age,
gender, or smoking status. However, a strong positive correlation was observed between IL-1f3
expression and MDA levels (0 =0.575, P <0.0001), as well as with 8-OHdG levels (o = 0.416, P =0.001).
Additionally, moderate correlations were found between IL-1( expression and total protein
concentration (o = 0.264, P = 0.041) and TAC levels (o = 0.318, P = 0.013). Similarly, IL-8 expression
showed significant correlations with MDA (o = 0.479, P < 0.0001) and 8-OHdG (o = 0.467, P <0.0001).
Furthermore, a strong positive correlation between IL-1( and IL-8 expression levels was observed (o
=0.821, P < 0.0001). Few studies have thoroughly explored the relationship between salivary IL-1(3
and IL-8 expression levels, particularly in the context of orthodontic treatments. Thus, the results of
our study have primarily compared in terms of the association of target genes. In orthodontic
patients, there is a positive correlation between the salivary IL-1f level and the oral bacterial load
[54]. The local host reaction to orthodontic stresses causes an increase in IL-8 and neutrophil buildup,
which in turn sets off processes of bone resorption and remodeling [53]. IL-6 and 8-OHdG levels in
the serum of patients with TMJ disorders were found to be strongly correlated in another
investigation [55].

5. Conclusions

According to the results, fixed metallic orthodontic equipment changes the expression of
salivary IL-1p and IL-8 genes and dramatically enhance oxidative stress (TBARS, TAC, MDA, and 8-
OHdG). These biological changes indicate that orthodontic therapy may cause oxidative and
inflammatory reactions that could affect periodontal health. The study design as a cross-sectional,
sample collection at a single point, and the small sample size of 30 participants per group may limit
the generalizability of the results.
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Abbreviations

The following abbreviations are used in this manuscript:

Abbreviation Full Term

8-OHdG 8-Hydroxy-2'-Deoxyguanosine

ELISA Enzyme-Linked Immunosorbent Assay
GAPDH Glyceraldehyde-3-Phosphate Dehydrogenase

IL-1B Interleukin-1 beta
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Abbreviation Full Term

IL-6 Interleukin-6

IL-8 Interleukin-8
MDA Malondialdehyde

Quantitative Reverse Transcription-Polymerase Chain

qRT-PCR

Reaction
TAC Total Antioxidant Capacity
TBARS Thiobarbituric Acid Reactive Substances
TNF-a Tumor Necrosis Factor-alpha
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