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Abstract
Background: Periodontitis occurs as a result of complex interactions between bacterial plaques and the host immune system. 
Diabetes mellitus is a risk factor for periodontitis and leads to inflammatory changes within periodontal tissue. Caveolin-1 is 
an integral membrane protein that has diverse functions, such as regulating inflammatory mediators and insulin signaling. 
Azurocidin is a microbicide protein present in the azurophilic granules of neutrophils. It plays a role in innate immunity 
and is secreted during inflammatory conditions, and its functions are influenced by the glycaemic state. Hence, this study 
aimed to estimate the levels of caveolin-1 and azurocidin in the GCF of individuals with newly diagnosed type 2 diabetes and 
nondiabetic individuals with chronic periodontitis.

Method: A total of 45 subjects were divided into three groups of 15 each. Group I included periodontally healthy subjects, 
Group II included chronic periodontitis patients, and Group III included chronic periodontitis patients who were newly 
diagnosed with type 2 diabetes mellitus. Periodontal parameters such as the PI, BI, GI, PD and CAL were recorded, and 
GCF samples were collected. Statistical analysis was performed using one-way ANOVA, Pearson’s correlation and multiple 
regression.

Results: The GCF levels of caveolin-1 and azurocidin were significantly greater in Group II and Group III than in Group I (p 
≤0.001). Caveolin-1 and azurocidin were significantly positively correlated with various periodontal parameters and GCF 
values (p ≤0.001).

Conclusion: The GCF levels of caveolin-1 and azurocidin were greater in chronic periodontitis patients with and without type 
2 diabetes mellitus than in periodontally healthy subjects. Hence, both of these molecules may be considered as biomarkers 
for periodontitis and diabetes mellitus.     
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1. Introduction
Periodontitis is a chronic, polymicrobial and concealed 
infectious disease of multifactorial origin involving 
supporting structures of the teeth that triggers an array 
of events involving immunity as well as the inflammatory 
response in the host [1]. All of these events are influenced by 
disease modifiers or risk factors that can be both genetic and 
environmental, such as diabetes mellitus, smoking, genetic 
factors, stress and obesity [2]. Epidemiological data confirm 
that diabetes is a major risk factor for periodontitis and that 
susceptibility to periodontitis is increased by approximately 

threefold in people with a longstanding hyperglycaemic 
state [3]. 

Diabetes mellitus (DM) is a chronic metabolic disorder 
characterized by elevated levels of glucose in the blood 
and is classified into two types: type I DM and type 2 DM 
[4]. All the forms of DM are associated with hyperglycemia, 
hyperlipidemia, and associated complications [5]. 
Frequently, the first recognizable abnormality detected in 
individuals who are likely to develop type II diabetes (T2D) 
is insulin resistance (IR). Dysfunction of insulin-responsive 
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molecules can lead to impaired insulin responsiveness in 
peripheral tissues and, thus, the development of type II 
diabetes. Recently, caveolin-1 and caveolae microdomains 
have emerged as potentially important regulatory elements 
in the control of insulin [6].

Caveolae are invaginations in the plasma membrane that 
have three isoforms (caveolin 1, 2, 3). Caveolin-1 (Cav-1) is 
the principal constituent and anchoring protein of caveoles 
in the plasma membrane [7]. The functions of caveolin-1 
include caveolae formation, insulin signaling, cholesterol 
transport, G protein subunit regulation, oncogenic 
transformation, and endothelial nitric oxide synthase (eNOS) 
regulation [8]. In addition, it is also specifically associated 
with glycosylated extracellular matrix metalloproteinase 
(EMMPRIN) and influences its ability to induce matrix 
metalloproteinase (MMP) production, which in turn leads to 
collagen destruction, as in diseases such as periodontitis [9].

Furthermore, the reported mechanisms in the literature show 
that inflammation is a central feature of the pathogenesis 
of periodontitis and diabetes. The elevated inflammatory 
state in diabetes patients contributes to a compromised 
immune response associated with patient vulnerability to 
bacterial infections. Neutrophils play an important role in 
the host immune response to bacterial infection [10]. During 
inflammation, activated neutrophils release proteases, 
antibiotic proteins, and other granular contents to eliminate 
phagocytosed microorganisms. There is increasing evidence 
that one such protein is a cationic antimicrobial protein with 
a molecular mass of 37 kDa (CAP37), which is also known 
as azurocidin (AZD) or heparin-binding protein (HBP) [11].

Azurocidin (AZD) is an antimicrobial protein included in 
the serprocidin subgroup of chymotrypsin-like proteases. It 
is stowed in azurophilic granules and secretory vesicles of 
neutrophils. The biological functions of azurocidin include 
antimicrobial activity, induction of monocyte recruitment 
to the site of inflammation, augmentation of macrophage 
phagocytosis, and increases in endothelial permeability and 
macromolecular efflux through disruption of the cellular 
barrier [12]. Chronic diseases (such as type 2 diabetes), age-
associated insulin resistance, nutritional status, and lifestyle 
factors have significant effects on neutrophil function. The 
main factor in the inability of neutrophils to downregulate 
and exocytose primary granules, such as azurocidin, is a 
hyperglycemic state, which leads to impaired neutrophils 
[13]. Metabolic routes by which hyperglycemia is linked 
to neutrophil dysfunction include the advanced protein 
glycosylation reaction [14]. Increased glucose concentrations 
increase protein glycation, leading to early glycation products 
and advanced glycation end products (AGEs)which are the 
main factors responsible for the complications observed in 
diabetic patients [15].

According to the literature, periodontitis and diabetes mellitus 
share a cyclic relationship at the heart of their pathogenesis. 
Additionally, they interact with caveolin-1 and azurocidin to 
parse their pathophysiology and complications. To the best 
of our knowledge, no studies have investigated the levels of 

caveolin 1 and azurocidin in chronic periodontitis patients 
with and without diabetes. Therefore, the aim of this study 
was to estimate the levels of caveolin-1 and azurocidin in 
gingival crevicular fluid (GCF) from diabetic and nondiabetic 
patients with chronic periodontitis.

2. Methodology
2.1. Study Population:
The study population consisted of 45 subjects selected from 
the outpatient department of M.R. Ambedkar Dental College 
and Hospital, Bangalore, Karnataka, India. Approval from 
the ethical committee of M.R. Ambedkar Dental College 
and Hospital was obtained (Ethical Reference Number- 
EC657). The nature and purpose of the study were explained 
to the subjects, and written consent was obtained. The 
subjects were allocated to three groups depending on their 
periodontal status, and GCF samples were obtained from 
the deepest probing site of each of the subjects by placing 
calibrated volumetric microcapillary pipettes with a 0-5 μL 
range.

The duration of the study was one year from August 2020 to 
August 2021.

2.1.1. Selection Criteria:
Out of the 60 patients screened, 52 patients agreed to 
participate, and 45 patients fulfilled the inclusion criteria 
and were divided into three groups.
• Group I: 15 periodontally healthy subjects
• Group II: 15 chronic periodontitis patients without diabetes 
mellitus.
• Group III: 15 chronic periodontitis patients who were 
newly diagnosed with type 2 diabetes mellitus.

2.1.2. Inclusion Criteria:
1. Subjects were aged 30-45 years.
2. Subjects with ≥20 teeth excluding the third molars.
• Group I: Subjects with clinically healthy gingiva, no 
history of diabetes, bleeding on probing (BOP) ≤ 5% of sites 
examined, no evidence of attachment loss and probing depth 
(PD) ≤ 3 mm
• Group II: No history of diabetes, presence of bleeding on 
probing, probing depth ≥5 mm or clinical attachment loss 
(CAL) ≥3 mm
• Group III: Subjects were newly diagnosed type 2 diabetic 
individuals with an HbA1c ≥ 6.5, presence of bleeding on 
probing, probing depth ≥5 mm and clinical attachment 
loss≥3 mm.

The exclusion criteria were as follows: no history of tobacco 
consumption, periodontal treatment in the past 6 months, 
chemotherapeutic regimen during the past 6 months, or 
medication for diabetes mellitus or any other systemic 
disease.

2.2. Statistical Analysis
For all the patients, periodontal clinical parameters such as 
the PI, GI, BI, PD and CAL were recorded. The significance 
of the difference in the mean values was tested using one-
way ANOVA. Pearson’s correlation coefficient and multiple 

https://www.wecmelive.com/


Volume - 3 Issue - 1

Page 3 of 09

Copyright © Kumari AbhilashaInt J Diabetes Complications

Citation: Abhilasha, K., D, Jayanthi, Vivekananda, L. (2025). Estimation of Levels of Caveolin-1 And Azurocidin In Gingival Crevicular Fluid of 
Diabetic and Non-Diabetic Patients with Chronic Periodontitis: A Cross Sectional Study. Int J Diabetes Complications, 3(1),01-09.

regression analysis were used to determine the associations 
between clinical periodontal parameters and GCF parameters 
in all three groups for azurocidin and caveolin-1.

3. Results
The means of all the parameters were compared among 
all three groups. The mean ages were 36.67±5.49 years 
in Group I, 42.06±2.74 years in Group II and 41.93± 2.68 
years in Group III. The difference in the mean value was 
statistically significant (p˂0.05). There were 46.66% (n=7) 
males and 53.33% (n=8) females in Group I; 53.33% (n=8) 
males and 46.66% (n=7) females in Group II; and 60% (n=9) 

male subjects and 40% (n=6) females in Group III.

The mean values of the PI, GI, BI, PD and CAL were highly 
significantly different among all three groups (p<0.001) 
as shown in Table 1. The mean concentration of GCF 
caveolin-1 in group I was 5.65±2.76, that in group II was 
20.39±6.51, and that in group III was 20.72±7.45. The mean 
concentration of azurocidin in group I was 0.98±0.53, that in 
group II was 2.94±1.49, and that in group III was 2.98±2.25. 
The concentration was significantly greater in group III than 
in the other groups. (p˂0.001) (Table 1).

Pearson’s correlation coefficient was used to determine the 
associations between clinical periodontal parameters and 
GCF parameters in all three groups. There was a positive 
correlation between caveolin-1 and PI (r=0.981 in group 
I, r=0.858 in group II, r=0.673 in group III), GI (r= 0.908 
in group I, r=0.974 in group II, r=0.821 in group III), BI 

(r=0.958 in group I, r=0.948 in group II, r=0.643 in group III), 
PD (r=0.817 in group I, r=0.928 in group II, r=0.868 in group 
III) and CAL (r= 0.828 in group I, r=0.934 in group II, r=0.725 
in group III). This positive correlation suggested that greater 
the values of GI, PI, BI, PD and CAL were, the greater the 
concentration of caveolin-1. (Table 2).

Similarly, Pearson’s correlation between the GCF 
concentration of azurocidin in all three groups and all 
clinical parameters was positive which suggested that the 

greater the clinical parameters were, the greater the level of 
azurocidin (Table 3).

PARAMETER GROUP I GROUP II GROUP III p value
AGE 36.67+5.49 42.06+2.74 41.93+2.68 0.001*
PI 1.49+0.12 2.10+0.34 2.25+0.44 0.00*
GI 1.18+0.27 1.66+0.23 1.88+0.39 0.00*
BI 13.09+3.92 88.08+5.94 88.47+5.31 0.0001*
PD 2.01+0.27 5.40+0.61 5.43+0.86 0.00*
CAL 0.026+0.032 3.09+0.86 4.10+0.76 0.0001*
GCF CAVEOLIN-1
levels (ng/ml)

5.65+ 2.76 20.39+6.51 20.72+7.45 0.00*

GCF AZUROCIDIN
 levels (ng/ml)

0.98+0.53 2.94+1.49 2.98+2.25 0.001*

PARAMETERS CORELATION GROUP I GROUP II GROUP III
PI r value 0.981 0.858 0.673

p value 0* 0.000* 0.002*
GI r value 0.908 0.974 0.821

p value 0.000* 0.000* 0.000*
BI r value 0.958 0.948 0.643

p value 0.000* 0.000* 0.004*
PD r value 0.817 0.928 0.868

p value 0.000* 0.000* 0.000*
CAL r value 0.828 0.934 0.725

p value 0.000* 0.000* 0.001*

Table 1: Comparison of parameters among the three groups

Table 2: Correlations of the GCF levels of caveolin-1 with clinical parameters in the three groups
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PARAMETERS CORELATION GROUP I GROUP II GROUP III
PI r value 0.847586 0.785222 0.808388

p value 0.00003* 0.00026* 0.00013*
GI r value 0.802107 0.933468 0.937121

p value 0.00016* 0.0000001* 0.00000013*
BI r value 0.920689 0.860205 0.821363

p value 0.0000005* 0.001946* 0.000086*
PD r value 0.850351 0.907146 0.983257

p value 0.000029* 0.0000015* 0.00*
CAL r value 0.927749 0.98965 0.882588

p value 0.0000032* 0.0000012* 0.000003*

Variable β coefficient S.D. T-STAT p value
PI -0.3821 0.3695 -1.03E+00 0.1678
GI 0.07768 0.04429 1.75E+00 0.06146
BI 0.000932 0.008235 1.13E-01 0.4565
PD -0.008094 0.01872 -4.32E-01 0.3392
CAVEOLIN-1 0.01151 0.01024 1.12E+00 0.149
AZUROCIDIN 0.04433 0.02953 1.50E+00 0.08849

Variable β coefficient S.D. T-STAT p value
PI -0.2061 0.3202 -6.44E-01 0.2701
GI 0.5961 0.6583 9.06E-01 0.1976
BI 0.03831 0.03105 1.23E+00 0.1285
PD 0.2341 0.2902 8.07E-01 0.2232
CAVEOLIN-1 -0.04631 0.02128 -2.18E+00 0.03302*
AZUROCIDIN 0.4508 0.08372 5.38E+00 0.000513*

Table 3: Correlations of the GCF levels of azurocidin with clinical parameters in the three groups

Table 4: Multiple linear regression analysis of the clinical parameters and the GCF levels of caveolin-1 and azurocidin 
with the CAL as the dependent variable in the chronic gingivitis group

Table 5: Multiple linear regression analysis of the clinical parameters and the GCF levels of caveolin-1 and azurocidin 
with CAL as the dependent variable in the CP group

Multiple linear regression was performed among the groups, 
and CAL was taken as the dependent variable. There was 
a positive effect among all the parameters in all groups; 
however, no statistically significant effect was detected in 
Group I (f test = 11.29 and p value =0.002) (Table 4). In Group 
II, only Caveolin-1 (p< 0.03) and Azurocidin (p< 0.01) had 

statistically significant effects, indicating that an increase in 
any of these values would lead to an increase in CAL (Table 
5). In Group III, the PI had a statistically significant effect 
(p<0.04), indicating that the greater the PI was, the greater 
the CAL (Table 6).

Multiple R 0.9972
R square 0.9944
Adjusted R Squared 0.9887
F-TEST (value) 176.3
p value <0.001*

Multiple R 0.9584
R square 0.9186
Adjusted R Squared 0.8372
F-TEST (value) 11.29
p value 0.002*
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Variable β coefficient S.D. T-STAT p value
PI 1.051 0.5513 1.91E+00 0.04916*
GI 0.3983 0.8148 4.89E-01 0.32
BI -0.0852 0.06708 -1.27E+00 0.1223
PD 0.4996 0.4486 1.11E+00 0.1511
CAVEOLIN-1 0.09386 0.07664 1.23E+00 0.1301
AZUROCIDIN -0.2622 0.2168 -1.21E+00 0.1329

Table 6: Multiple linear regression analysis of the clinical parameters and the GCF levels of caveolin-1 and azurocidin 
with CAL as the dependent variable in chronic periodontitis patients in the newly diagnosed diabetic group

Multiple R 0.9884
R square 0.9769
Adjusted R Squared 0.9539
F-TEST (value) 42.35
p value <0.001**

4. Discussion
Periodontitis is a common, complex and chronic inflammatory 
disease in which disease progression involves intricate 
interactions between biofilms and the host immune system, 
leading to destruction of the supporting structures of the 
teeth. A significant interrelationship between periodontal 
disease and systemic health has been established and 
may predispose, accelerate or increase the progression of 
periodontitis.

Diabetes mellitus is a group of complex multisystem metabolic 
disorders that are a proven risk factor for periodontitis and 
has been supported by ample evidence. Conversely, there is 
evidence that periodontitis can adversely affect glycaemic 
control.

Caveolin-1 is an integral membrane scaffolding protein 
localized on the cytoplasmic side of the peripheral 
membrane of caveolae. It is present in several types of cells 
but is abundant in endothelial cells, fibroblasts, adipocytes 
and smooth muscle cells [16]. Recently, the colocalization of 
Cav-1 in hPDLCs and HGFs has been strongly demonstrated 
[17, 18]. In addition to its diverse cellular presence, Cav-1 is 
implicated in several cellular processes, such as inflammation. 
During inflammation, it serves as an immunomodulatory 
agent by modulating the activity of immune cells such as 
neutrophils, lymphocytes and APCs [16]. 

The azurophilic granules of neutrophils contain the 
antimicrobial protein azurocidin. Azurocidin exhibits a 
broad spectrum of antimicrobial activity, particularly against 
gram-negative bacteria. It also has chemotactic effects 
on monocytes/macrophages and T cells and enhances 
macrophage phagocytosis. During inflammation, the 
release of TNF-α and IL-6 from monocytes in response to 
lipopolysaccharide (LPS) is induced by azurocidin [19].

In light of the current understanding of the role of caveolin-1 
and azurocidin in the inflammatory process, the present 
study was designed to estimate the GCF levels of caveolin-1 
and azurocidin in selected study groups to correlate these 

levels with periodontal clinical parameters and to explore 
the possibility of using these factors as biomarkers in 
periodontitis and diabetes mellitus.

The mean PI value of Group III was highest, which is in 
accordance with the study by Campus et al [20]. This can be 
attributed to diabetic patients having more dental plaque 
and poorer oral hygiene than nondiabetic patients, which 
may be attributed to higher levels of glucose in gingival 
crevicular fluid and saliva [21].

When the mean GI was compared between groups, it was 
highest in Group III, similar to the findings of the study by 
Norma Sznajder et al., hence validating the microvascular 
changes in the endothelium of diabetic patients [22]. The 
mean BI was significantly lower in the chronic gingivitis 
group than in the nondiabetic and diabetic groups, similar 
to the findings of Tchobroutsky [23]. This may be because 
excess production of cytokines in diabetic patients plays an 
important role in both micro- and macrovascular alterations, 
which promote bleeding on probing [24]. Increased glucose 
levels in GCF may also result in altered plaque microflora, 
causing an increase in gingival bleeding [25]. 

In addition, the diabetic group showed significant increases 
in the mean PD and CAL, with highly significant p values 
(≤0.001), similar to the findings of Barnett et al. and 
Campbell et al. [26, 27]. Chavarry and coworkers carried 
out a systematic review and meta-analyses that indicated 
a significantly greater mean CAL and a greater mean 
periodontal probing depth in individuals with type 2 diabetes 
mellitus than in control subjects [28]. This can be explained 
by the fact that during the inflammatory response to the 
bacterial toxins in periodontal tissue, various cytokines, 
prostaglandins, and interleukins are released, which play a 
major role in the amplification of tissue destruction.

Gingival crevicular fluid comprises an assemblage of cellular 
and biochemical factors that determine the metabolic status 
of several components of the periodontium. The collection 
of GCF is a relatively simple and noninvasive procedure. 
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Therefore, the levels of Caveolin-1 and Azurocidin were 
estimated using GCF samples in this study.

According to the evaluation of Caveolin-1 levels, Group 
III had significantly greater caveolin-1 levels (p<0.001*). 
The caveolin-1 levels were lowest in Group I. However, the 
caveolin-1 levels were greater in Group II than in the chronic 
gingivitis group, suggesting that Caveolin-1 plays a role in 
regulating inflammatory conditions through its effector 
responses for immune cells, leading to its immunomodulatory 
function. These findings are in accordance with those 
of a 2012 study by Takizawa et al., which suggested that 
secreted caveolin-1 derived from periodontal fibroblastic 
cells enhances inflammation [29]. The mechanism for this 
inflammatory pathway was proposed by Yamaguchi et al. 
in 2008, who suggested that Cav-1 is involved in IL-6, a 
potent inflammatory mediator, and enhances the production 
of cathepsin, which causes intracellular proteolysis and 
extracellular matrix remodelling, leading to tissue destruction 
in periodontitis [30]. In 2015, Lee et al. reported that Cav-1 
inhibition positively regulates osteoblastic differentiation in 
hPDLCs, cementoblasts and osteoblasts [18]. 

In addition to its role in periodontal tissue, Cav-1 has been 
shown to be involved in systemic inflammatory conditions 
in several studies, as evidenced by Ohnuma et al. in 2006 
and Hu et al. in 2007. These authors suggested that Cav-1 
expressed in neutrophils plays an important role in the 
mechanism of PMN activation-mediated inflammation and 
that Cav-1 interaction with immune cells leads to antigen-
specific T-cell activation. Additionally, overexpression of Cav-
1 aggravates the inflammatory response [16,30, 31]

Several other animal studies have also shown a positive 
correlation between Cav-1 and chronic disease conditions 
[32-34].

However, in contrast to previous and present data, a study 
by Agarwal et al in 2010 revealed the role of Cav-1 as a 
negative regulator of EMMPRIN in neuroinflammation [35]. 
A similar result was obtained by Wang et al. in 2013, who 
demonstrated the colocalization of EMMPRIN in gingival 
tissues. Their study concluded that Cav-1 impairs EMMPRIN 
glycosylation, leading to decreased MMP production in 
periodontal disease [36].

In a study by Bae et al in 2019, Cav-1 expression increased 
under cytokine influence, leading to beta cell apoptosis and 
diabetic conditions [37]. This finding strongly explains the 
elevated levels of Cav-1 in group III in the present study. 
Various studies conducted by Ortega et al. have suggested 
that Cav-1 plays a role in the inflammatory response to 
insulin, confirming the direct contribution of Cav-1 to the 
maintenance of insulin in the body [38]. Under the influence 
of chronic inflammatory conditions and long-term glucose 
exposure, insulin sensitivity is compromised, leading to 
enhanced Cav-1 expression as an adaptive response [39,40]. 
In support of this, Haddad et al., in 2020, also reported 
that continuous exposure to high glucose concentrations 
increased Cav-1 and IR expression and impaired insulin 

signaling, leading to insulin insensitivity [41]. The possibility 
of newly diagnosed type 2 diabetes patients being under 
long-standing undiagnosed glucose exposure is likely due 
to elevated Cav-1 levels. In another previously conducted 
study by Kabayama et al. in 2007, under the influence of 
TNF-α-induced insulin resistance, IR and Cav-1 dynamically 
segregated [42]. This can indicate that under inflammatory 
conditions, Cav-1 tends to be dissociated from IR, leading 
to an increase in its level and impaired insulin signaling, as 
has also been suggested by the current study. Furthermore, 
evidence also suggests that Cav-1 may be involved in 
diabetes-associated inflammation because of the two-way 
relationship between diabetes and periodontitis.

Because of its ability to affect numerous cellular pathways, 
Cav-1 is also involved in various diabetes-associated 
complications. A 2017 study by Ding et al reported the 
association of Cav-1 expression with the progression of 
diabetic peripheral neuropathy, which is considered to be an 
important cause of ulcers in diabetic patients and can lead 
to compromised quality of life [43]. A review by Krieken 
and Krepinsky in 2017 showed that under high glucose 
conditions, Cav-1-mediated signalling leads to increased 
ECM accumulation, leading to DN [44]. In addition, in 
2019, Bonds et al. reported a correlation between Cav-1 in 
type 2 diabetes mellitus and its effect on the development 
of Alzheimer’s disease; however, this relationship is still a 
debated topic [45]. Nonetheless, other studies have shown 
the association of caveolin with diabetes complications such 
as diabetic retinopathy. Cardiovascular diseases such as 
coronary disease, cerebrovascular disease, peripheral artery 
disease and myocardial impairment [41]. 

The data of the current study and the aforementioned 
studies support that Cav-1 is upregulated in chronic disease 
conditions such as periodontitis and diabetes. Furthermore, 
its association with diabetes-related complications makes it 
a strong therapeutic molecular target for improving quality 
of life.

According to Pearson’s correlation analysis of all three groups, 
caveolin-1 expression correlated significantly with clinical 
parameters, indicating that an increase in GI, PI, bleeding on 
probing, probing pocket depth and clinical attachment loss 
subsequently resulted in an increase in the level of Cav-1 in 
the GCF, indicating that Cav-1 is a biomarker that is positively 
associated with inflammation in periodontitis and diabetes 
mellitus patients.

In this study, the levels of azurocidin were also analysed, and 
they were significantly (p<0.001*) greater in the periodontitis 
group than in the gingivitis group. These findings were in 
agreement with the findings of the first study conducted by 
Choi et al. in 2011. The authors revealed that azurocidin in 
the GCF is an upregulated protein in periodontitis patients 
[46]. Another study by Leppilahti et al. in 2014 revealed 
elevated levels of azurocidin in the GCF of patients with 
gingivitis and periodontitis, with higher concentrations 
in the periodontitis group [47]. In 2018, Guzman et al. 
conducted proteomic profiling of the GCF of periodontitis 
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patients and concluded that azurocidin was upregulated at 
baseline in periodontitis patients and decreased in value 
after periodontal therapy [48]. 

Recently, in 2020, Afacan and Atmaca Ilhan studied azurocidin 
in saliva and reported that there was a greater level of 
salivary azurocidin in periodontitis patients. Moreover, 
azurocidin has been reported to be elevated even in plasma 
during systemic septic conditions [49]. A review by Stock et 
al. in 2018 illustrated the role of neutrophil granule protein 
involvement in chronic inflammatory conditions such as 
Alzheimer’s disease [50].

Our study is the first to analyse the levels of azurocidin in 
the GCF of patients with chronic periodontitis and newly 
diagnosed type 2 diabetes mellitus. The greatest amount of 
azurocidin was detected in Group III. These findings imply 
that azurocidin is elevated in chronic disease conditions such 
as periodontitis and diabetes. The proposed mechanism is 
that AZD is stored not only in azurophilic granules but also 
in other granules, such as secretory granules, and under 
chronic conditions, AZD is secreted from these granules, 
leading to an increase in the number and specific regulation 
of monocyte recruitment and activation. These factors 
increase cytokine release, cause destruction to the host and 
perpetuate inflammation. A study carried out by Huang et 
al. in 2018 showed strong evidence of increased neutrophil 
counts in newly diagnosed type 2 diabetes patients, which is 
in accordance with our study [20].

Pearson’s correlation analysis of the periodontal parameters 
revealed that AZD was significantly correlated with the 
clinical parameters, indicating that it is a biomarker that is 
positively associated with inflammation in periodontitis and 
diabetes mellitus patients. This finding is well supported 
by a study conducted by Ipek et al. in 2018 in which the 
authors investigated the role of azurocidin and reported that 
azurocidin is a potent marker of inflammation [12]. 

Multiple linear regression analysis was used to evaluate the 
joint effect of all the periodontal parameters (PI, GI, BI, PD, 
Caveolin-1, and Azurocidin) with CAL (as the dependent 
variable) in all three groups, which implies that there is a 
significant relationship between the set of predictors and 
the CAL.

Although there are highly significant data related to the 
findings of our study, there are still some limitations. One 
of the major limitations of the study is that a larger number 
of study participants need to be recruited to overcome the 
variability in the results. Moreover, the levels of caveolin-1 
and azurocidin need to be studied at different stages of the 
disease to determine the relationship between these two 
molecules and the disease process. Future studies can be 
designed to study the correlation of the expression of the 
molecules within groups with different variants of diabetes 
status and duration with HbA1c levels, which may clarify 
the relationship between the initiation and progression of 
periodontal disease.

5. Conclusion
To the best of our knowledge, the present study is the first to 
analyse the GCF levels of caveolin-1 and azurocidin in chronic 
periodontitis patients and chronic periodontitis patients 
with newly diagnosed type 2 diabetes. Our study revealed 
a correlation between the GCF levels of caveolin-1 and 
azurocidin in periodontitis and diabetes mellitus, suggesting 
that these two factors are potent markers of inflammation 
and have high diagnostic value. This finding underscores the 
importance of both molecules in normal and disease states 
and emphasizes the need for further research in this area.
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