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This study aimed to determine the effect of local application of curcumin gels 
as adjunct to scaling and root planing (SRP) on the inflammatory biomarkers 
matrix metalloproteinase-8 (MMP-8), interleukin-6 (IL-6), C-reactive protein 
(CRP), and alkaline phosphatase (ALP), and the anti-inflammatory biomarker 
interleukin-10 (IL-10) in rats with experimentally induced periodontitis. Fifty-five 
adult Wistar rats with experimentally induced periodontitis were randomly divided 
into four groups: 15 rats received SRP  +  curcumin gel (CU), 15 rats received 
SRP  +  Tetracycline gel (Tet), 15 rats were treated with SRP alone, and 5 rats had 
experimental periodontitis without treatment (EP). Five systemically healthy rats 
without experimental periodontitis were used as the controls. Blood samples 
were collected by cardiac puncture from all groups after 2, 4, and 6  weeks of 
therapy. Biomarker levels determined by enzyme-linked immunosorbent assay 
(ELISA) and, ANOVA were used to compare the study groups. The results showed 
a significant increase in pro-inflammatory biomarkers and a significant decrease 
in anti-inflammatory biomarkers in the EP group compared with the control 
group (p <  0.05). The local application of curcumin or tetracycline gels resulted in 
a significant reduction in all inflammatory biomarkers at all periods of examination 
compared to the EP group. IL-10 levels gradually increased after 2  weeks, peaked 
at 4  weeks, and then decreased after 6  weeks, however, Tet showed statistically 
significant improvement compared to CU (p  <  0.05). Adjunctive application 
of CU gel was as effective as Tet gel in the treatment of EP in rats by reducing 
inflammatory biomarkers and enhancing anti-inflammatory cytokines.
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Introduction

Periodontal diseases are chronic inflammatory diseases that 
affect the supporting tissues of the teeth. The advanced form of the 
disease, called periodontitis, is characterized by loss of periodontal 
attachment apparatus that can not be reverted (Hernández-Monjaraz 
et  al., 2018). The main etiological factor in the initiation of 
periodontal diseases is dental plaque. Periodontal pathogens induce 
and immunoinflammatory host response resulting in tissue 
destruction (Hernández-Monjaraz et  al., 2018). The chronic 
inflammation caused by periodontitis can further destroy tooth-
supporting tissues may resulting in tooth loss in advanced form of 
the disease. Complex interactions between inflammatory and tissue 
remodeling mediators are involved in the etiopathogenesis of 
periodontal disease (Graves, 2008).

The main constituent of the outer membrane of Gram-negative 
microorganisms is lipopolysaccharide (LPS), which plays a vital role 
in the release of inflammatory cytokines by the host, such as 
interleukin-6 (IL-6), interleukin-1β (IL-1β) and tumor necrosis factor 
alpha (TNF-α), to further promote inflammation. Consequently, the 
activities of nuclear factor kappa-B (NF-κB) and activator protein 1 
are increased, resulting in periodontal attachment loss and alveolar 
bone resorption (Zhang et al., 2008).

The gold standard treatment of periodontal diseases is scaling and 
root surface planing (SRP) (Kim et al., 2015). Significant reduction in 
the load of pathogenic microbiota is nonetheless impossible as some 
pathogens reside in soft tissue or are located in anatomically difficult 
areas, such as the furcation area of teeth. As a result, antimicrobial 
medications are frequently utilized as adjuncts to SRP for the 
treatment of periodontal disease (Page, 2004). Chlorhexidine, 
Amoxicillin, Clindamycin, Clavulanate, Metronidazole, Azithromycin, 
and Tetracycline antimicrobials are widely used as adjuncts to 
periodontal therapy. A combination of systemic Amoxicillin and 
Metronidazole has been successfully demonstrated to enhance clinical 
periodontal parameters and significantly reduce the amount of 
periodontal bacteria (Zhang et al., 2008). However, several drawbacks 
of systemic antimicrobial medications have been reported, such as 
tooth discoloration, changed taste perception, and antibiotic 
resistance; therefore, local application of antibiotics was advised to 
reduce the side effects of systemic antibiotics (Matesanz-Pérez et al., 
2013; Jepsen and Jepsen, 2016). On the other hand, herbal medicine 
is advised as an adjunctive agent to SRP as alternative to antibiotics 
(Mohsen et al., 2020).

Since ancient times, turmeric, also known as Curcuma longa, has 
been used as a condiment and dye. It is a traditional spice from 
Southeast Asia. The use of turmeric increased when it was discovered 
to have medicinal properties and benefits in the treatment of different 
diseases. The dried rhizome of C. longa is highly rich in phenolics, 
with structures that have been recognized as Curcuminoids, which are 
chemically related to its main component, Curcumin (CU), causing 
turmeric to be of great value in medicine. The rhizomes of C. longa are 
used for extraction of CU, a naturally occurring yellow pigment in 
turmeric (Stabholz et al., 1993). It constitutes approximately 3–4% of 
the composition of turmeric and has antibacterial, anti-inflammatory, 
antioxidant, and anticancer properties, with a potential role in the 
treatment of periodontitis (Zhang et al., 2008; Fuloria et al., 2022).

There is an increasing interest in the adjunctive use of natural 
substances that could result in similar improvements as antibiotics 

in the non-surgical treatment of periodontitis (experimentally 
induced or not) (Mohammad et al., 2022). Furthermore, CU has 
shown to intervene the pathophysiological process of inflammation 
rather than working solely as an antimicrobial substance (Livada 
et  al., 2017). It has been reported that the anti-inflammatory 
actions of CU could be associated with inhibiting the mRNA and 
protein expression of cyclo-oxygenase-2 via down regulation of 
NF-κB activation (Plummer et al., 1999), and reducing the activity 
of phospholipase and lipoxygenase (Yamamoto et al., 1997; Began 
et  al., 1998). However, further studies have been suggested to 
provide concrete evidence on the beneficial effects of CU on 
reduction of probing pocket depth and clinical attachment loss 
(Oliveira et  al., 2021; Zhang et  al., 2022). It is important to 
acknowledge that the effects of locally administered CU gel on the 
level inflammatory biomarkers of IL-6, MMP-8, CRP, ALP, and 
IL-10 in blood in comparison to Tetracycline have not yet been 
investigated. Therefore, the purposes of this study are to investigate 
the effect of locally administered CU gel after SRP in systemic 
inflammatory biomarkers levels and compared to Tetracycline gel 
in combination with SRP on the systemic inflammatory biomarkers 
of IL-6, MMP-8, CRP, ALP, and IL-10 in experimentally induced 
periodontitis (EP) in rats. The null hypothesis is that CU gel does 
not modifies systemic inflammatory markers levels compared to 
SRP alone (standard treatment).

Materials and methods

Rats and housing

The study involved fifty-five male Wistar rats weighting 250–300 g, 
4–6 weeks old, maintained in the animal house of the College of 
Medicine, Hawler Medical University, Erbil, Iraq. Prior to initiation of 
the study, the rats were allowed a week to adjust to the conditions in 
the animal house. Five rats were housed in each cage on a 12-h light/
dark cycle at an average temperature of 20 ± 5°C and a humidity level 
of 20–30%. Standard rodent chow and unlimited access to water 
were provided.

The Ethical and Animal Care Committee at the College of 
Dentistry/Hawler Medical University, Erbil, Iraq approved the study 
(approval no. 026, February 28, 2019), and all experimental procedures 
were completed in accordance with the Guidelines for Animal 
Experiments of Hawler Medical University and ARRIVE guidelines. 
In total, 50 rats with experimentally induced periodontitis and 5 rats 
as intact healthy controls were used in this study.

Curcumin gel composition and preparation

In SRP + CU group, rats received 12.5 μg/mL of CU gel 
immediately after SRP (Kunnumakkara et  al., 2017). CU gel 
contained CU powder: 95% CU (Bulk Supplements Pure CU 95% 
Natural Turmeric Extract Powder), Potassium sorbate (Analitik 
Kimya Ve Lab. Cih. San. Tic. Ltd. Sti. Istanbul, Turkey), Propylene 
glycol (Pharmaco-Aaper, Bengaluru, India), Metalose 90SH 10,000 
(Shin-Etsu Chemical Co., Chiyoda, Japan) and purified water. The 
muco-adhesive gel was prepared by Awa Medica Company, Hawler, 
Kurdistan Region, Iraq.
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Induction of experimentally induced 
periodontitis in rats

A combination of ligation and administration of revised 
Porphyromonas gingivalis was used to induce EP. The clinically 
isolated P. gingivalis from our previous study were used (Sha and 
Garib, 2019). An intramuscular injection of 0.12 mL/100 g body 
weight of Ketamine 10% and Xylazine 2% (2:1) solution was carried 
out to anesthetize the rats. The cervix of the upper left incisor was 
encircled with sterilized nylon 3–0 thread ligatures, which were then 
tied on the labial side of the tooth. This resulted in subgingival 
positioning on the palatal side and supragingival positioning on the 
labial side, (Iova et al., 2021), as shown in Figures 1A–C. All ligatures 
were checked daily, and if any were missing, they were instantly 
replaced. Additionally, 0.03 mL (1 × 106 CFU/mL) of P. gingivalis was 
applied every 3 days to the base of the gingival sulcus of the 
examined tooth (upper left incisor) for a period of 10 days (Sha et al., 
2021). The induction of periodontitis confirmed by presence of 
probing pocket depth >0.5 mm using Williams periodontal probe 
(Fischer and Klinge, 1994).

Experimental design

The 55 rats were randomly divided into the following five groups 
(Figure 2).

The first group included five healthy rats without ligature and 
inoculation with P. gingivalis (control group).

The second group included 5 rats with experimentally induced 
periodontitis without treatment (experimentally induced periodontitis 
(EP) group).

The third group included 15 rats that received local application of 
prepared Curcumin gel (12.5 μg/mL) into the periodontal pocket after 
SRP for 7 days [Curcumin (CU) group].

The fourth group included 15 rats that received local application 
of prepared Tetracycline gel (6 μg/mL) into the periodontal pocket for 
7 days after SRP [Tetracycline (Tet) group].

The fifth group included 15 rats that received SRP alone 
(SRP group).

After induction of periodontitis for 10 days, the ligatures were 
removed. Rats in the CU and Tet groups then received Curcumin and 
tetracycline gels, respectively, immediately after scaling and root 
planing. The treatment included local administration of the gel into 
the pocket, twice daily, 24 h after ligature removal, and was repeated 
continuously for 7 days using a plastic syringe with a blunt end. The 
choice of dosage was based on data from other previous studies as 
12.5 μg/mL for Curcumin gel and 6 μg/mL for Tetracycline gel (Sha 
and Garib, 2019; Mohammad et al., 2022). Five animals from each 
treated group were anesthetized and blood was withdrawn by cardiac 
puncture after 2, 4, and 6 weeks of therapy.

Blood sample collection

Ketamine and Xylazine were injected intraperitoneally to 
euthanize the animals (100 mg/kg Ketamine and 10 mg/kg Xylazine; 
Park et al., 2016), and cardiac puncture was used to collect a 5-ml 
blood sample from each animal. Later, the blood sample was added to 
a gel tube and centrifuged for 10 min at 3,000 rpm to dissociate into 
serum and stored at −20°C for analysis of MMP-8, IL-6, IL-10, CRP, 
and ALP levels. Blood samples were collected from the control and EP 
groups (at baseline after ligature-induced periodontitis was 

FIGURE 1

Ligature placements around cervix of lower incisors for EP induction, (A) before ligation, (B) induction of periodontitis, and (C) ligature induced 
periodontitis.
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established), and from the three treated groups after 2, 4, and 6 weeks 
of therapy.

Determination of biomarker levels

Serum IL-6, IL-10, and MMP-8 concentrations were determined 
using rat-specific enzyme-linked immunosorbent assay (ELISA) kits 
according to the manufacturer’s instructions. The Rat IL-10 ELISA 
kit-MyBioSource (MBS355232), MMP-8 ELISA kit-MyBioSource 
(MBS2501356), and Rat Il-6 ELISA kit (Wuhan Fine Biotech, ER0042) 
was used for determination of the IL-10, MMP8, and IL-6 level, 
respectively. For biochemical markers, the colorimetric method 
(02160, BIOLABO, France) and an enzyme immunoassay 
determination kit (LDN, United States) were used to determine the 
levels of ALP and highly sensitive CRP.

Statistical analysis

Data are presented as the mean ± standard deviation, and are 
normally distributed. Comparisons between the EP group at baseline 
(0 days) and the control healthy group and between the periodontitis 
EP group at baseline (0 days) and the different treatment groups at 2, 
4, and 6 weeks of therapy were performed by ANOVA post hoc Tukey. 
Comparisons between the three treatment groups at 2, 4, and 6 weeks 
of therapy were performed using one-way ANOVA test (F-test), 
accompanied by a post hoc test (Tukey test). The SPSS software 
package (version 22; SPSS Inc., Chicago, IL, United States) was used 
to analyze the data.

Results

Mean serum concentrations of MM-8, IL-6, CRP, and ALP were 
significantly higher in the EP group than in the healthy control group. 
In contrast to the control group, IL-10 concentrations were 
significantly reduced in the EP group (Figure 3).

The comparison between EP at baseline (0 day) and the three 
treatment groups at 2, 4, and 6 weeks of therapy is shown in 
Figure 4. In the CU group, there was a significant reduction in the 
levels of MMP-8, IL-6, CRP, and ALP after 2, 4, and 6 weeks of 
therapy compared to EP group (p < 0.001). A gradual increase in 
IL-10 levels was observed after 2 weeks of therapy; however, with 
no significant differences compared to EP (p = 0.465), and further 
increasing at 4 weeks (p < 0.001), followed by a slight decrease after 
6 weeks, but levels remained significantly higher than those in the 
EP (0 days) (p = 0.002). Similar results were found in both Tet and 
SRP groups (p < 0.001), except for the reduction in MMP-8 levels 
after 6 weeks of therapy in the Tet group (p = 0.330) and IL-6 after 
2 weeks in the SRP group (p = 0.994), which were not 
statistically significant.

It is important to acknowledge that levels of examined biomarkers 
in all studied groups after 6 weeks of therapy were significantly 
reduced, and their levels were comparable to the healthy control group.

Figure 4 also shows a gradual and significant elevation in serum 
IL-10 levels after 2 and 4 weeks of therapy in both the Tet and the SRP 
groups (p < 0.001). The levels later slightly decreased, but with 
non-significant differences from EP (0 days) after 6 weeks of therapy 
in the Tet group (p = 0.286) and the SRP group (p = 0.138). However, 
the level of IL-10 in CU group at 6 week was statistically significantly 
higher compared to EP (p < 0.05).

55 rats  
Animal housing (1week) 

10 rats without therapy 45 rats with EPD received 
therapy

15 rats received SRP + 
CU gel (CU Group)

15 rats received SRP + 
Tet. gel (Tet. Group)

15 rats received SRP 
(SRP group)

Blood collected after 
2 weeks (5 rats)

Blood collected after 
4 weeks (5 rats)

Blood collected after 
6 weeks (5 rats)

Blood collected after 
2 weeks (5 rats)

Blood collected after 
4 weeks (5 rats)

Blood collected after 
6 weeks (5 rats)

Blood collected after 
2 weeks (5 rats)

Blood collected after 
4 weeks (5 rats)

Blood collected after 
6 weeks (5 rats)

CU gel was applied for 7days Tet gel was applied for 7days

5 rats with EPD 
(EPD group)

5  healthy control rats 
(Control group)

Blood collected from 
retro-orbital venous 

sinus at baseline 
(0 day)

Blood collected from 
retro-orbital venous 

sinus of 5 rats

EPD 
induced in 
10 days

FIGURE 2

Experimental design of the study.
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In addition, intra-group analysis of mean serum levels of IL-6, 
MMP-8, IL10, CRP, and ALP at the different treatment groups was 
analyzed by one-way ANOVA post hoc Tukey’s test (Figure  4). 
MMP-8 and IL-6 levels in the CU group showed significant 
differences between time periods of 4 and 6 weeks compared to 
2 weeks, whereas IL-10 levels showed non-significant differences 
between time points of 2 and 6 weeks and of 4 and 6 weeks. 
Furthermore, between 2 and 4 weeks, there were no significant 
changes in the CRP and ALP levels. In the Tet group, the MMP-8 
and IL-6 levels at 4 and 6 weeks and the IL-10, CRP and ALP levels 
at 2 and 4 weeks were not significantly different. Finally, IL-6 levels 
in the SRP group between weeks 4 and 6 were not statistically 
significant (Figure 4).

Discussion

In the current experimental study, in addition to inoculation of 
P. gingivalis, a ligature induced periodontitis model was selected 
because the subgingival placement of the ligature favors accumulation 
of biofilms around the marginal gingiva and promotes sulcular 
epithelial ulceration, which cause exposure of the underlining 
connective tissue. Invasion by periodontal pathogens into this tissue 
results in intense host–microbe interactions inducing chemotaxis and 
recruitment of inflammatory cells (Graves et al., 2012; Lima et al., 
2017). Furthermore, this model is a highly predictable technique for 
the evaluation of adjunctive agents in periodontal therapy (Demirer 
et al., 2012; Kim et al., 2012).

The main focus of the present study was to compare the 
effectiveness of CU and Tet gels on the levels of inflammatory 
biomarkers, specifically IL-6, MMP-8, ALP, and CRP. The rationale 
behind selecting these biomarkers was associated with promising 
results for their use to aid in the diagnosis of periodontitis and 
monitoring the response to periodontal treatment (Stathopoulou 
et al., 2015; Cafiero et al., 2021). The relevance of these inflammatory 
mediators is supported by animal and human studies which reported 
that these biomarkers were significantly increased during periodontitis 
in relation to healthy periodontium (Shimada et al., 2010; Mohammad 
and Aziz, 2018; Leira et al., 2020; Khuda et al., 2021), and the levels of 
these biomarkers directly correlated with disease severity and alveolar 
bone loss (Leira et al., 2020; Koppolu et al., 2021; Luchian et al., 2022). 
The severity of periodontal disease has been associated with reduced 
serum levels of the anti-inflammatory cytokine IL-10 in contrast to an 
increase in inflammatory biomarkers (Leira et al., 2020).

The present study also found a reduction in inflammatory 
biomarkers and an elevation in anti-inflammatory cytokines in the 
three treatment groups from baseline to 2, 4, and 6 weeks. These 
results indicate that all three treatment modalities (CU, Tet, and SRP 
groups) were effective in reducing the inflammatory response in rats 
subjected to ligature-induced periodontitis and inoculation with 
P. gingivalis, with the Tet and Cu groups showing better improvement 
than the SRP group.

On the other hand, the main differences (main improvements) 
in IL10, MM-8, IL-6, CRP, and ALP at the baseline time points in 
the EP group and the CU, Tet, and SRP groups are presented in 
Figure 4. The results showed that all tested biomarkers were highest 

FIGURE 3

Comparison of biomarker level between EP and control group using t-test. EP, experimental periodontitis; MMP, matrix metalloproteinase; Il-10, 
interlukine10; CRP, C-reactive protein; ALP, alkaline phosphatase enzyme.
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in the Tet group, followed by the CU group, and lowest in the SRP 
group. Figure 5 presents the mean differences between baseline 
(0 days) in the EP group and the different treatment time points in 

the CU, Tet, and SRP groups. The main improvements in the blood 
levels of MMP-8, IL-6, IL-10, CRP, and ALP from 0 days to 2 weeks, 
from 0 days to 4 weeks, and from 0 days to 6 weeks were highest in 

FIGURE 4

Comparison between the EP group (0  day) and three treated groups at the three different time points and the three different time points for each 
group using one-way ANOVA and Tukey’s test for variable time comparison. EP, experimental periodontitis; SD, standard deviation; CU, Curcumin; Tet, 
tetracycline; SRP, scaling and root planing; MMP-8, matrix metalloproteinase-8; Il-10, interlukine10; CRP, C-reactive protein; ALP, alkaline phosphatase 
enzyme; p, probability; by ANOVA post hoc Tukey compares 2-, 4- and 6-weeks data to base line data.

FIGURE 5

Comparison between the three studied treatment groups at 2, 4, and 6 weeks using one-way ANOVA with multiple group comparison using Tukey’s 
post hoc test for (A): MMP-8, (B): IL-10, (C): IL-6, (D): CRP, and (E): ALP. CU, Curcumin; Tet, tetracycline; SRP, scaling and root planing; MMP, matrix 
metalloproteinase; IL-10, interlukine10; CRP, C-reactive protein; ALP, alkaline phosphatase enzyme; p, probability. *Significant, **Highly significant, 
***Very highly significant.
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the Tet group, followed by the CU group, and lowest in the 
SRP group.

The levels of IL-6, MMP-8, IL10, CRP, and ALP in the three 
treatment groups are presented in Figure 5. After 2, 4, and 6 weeks of 
periodontal therapy, the results revealed significant differences among 
the three groups. After 2 and 6 weeks of therapy, there were no 
significant changes in the reduction of IL-6, MMP-8, CRP, or ALP 
levels between the CU and Tet groups; however, there was a significant 
difference between the two groups at 4 weeks. Regarding IL-10, no 
significant differences were found between the CU and Tet groups 
after 2, 4 and 6 weeks of therapy. However, significant differences at 
different time points were found when the CU, Tet, and SRP groups 
were compared except for the levels of MMP-8 and IL-6 at 2 weeks.

In line with previous studies (Shimada et al., 2010; Mohammad 
and Aziz, 2018; Leira et al., 2020; Khuda et al., 2021; Koppolu et al., 
2021; Luchian et al., 2022), the results of the present study showed that 
the EP group had significantly higher serum levels of IL-6, CRP, 
MMP-8, and ALP and lower levels of IL-10 than the control group 
confirming that the experimental model used was able to induce 
experimental periodontitis. This may be explained by the fact that the 
host’s immune inflammatory response to bacteria and bacterial 
products produces various proinflammatory mediators and cytokines 
as well as several tissue-degrading enzymes such as MMP that cause 
periodontal soft and hard tissue destruction (Meyle et al., 2017), and 
these inflammatory biomarkers will enter the circulation (Gu and 
Ryan, 2009). In contrast, some studies have reported the opposite of 
the current study; (Virtanen et al., 2017; Escobar et al., 2018), factors 
such as duration and the method of inducing periodontitis might 
explain these discrepancies in the results.

The anti-inflammatory properties of both gels when applied 
locally for 7 days and continued for 6 weeks after the last application 
of CU and Tet gels. These long duration effects can be explained by the 
bioadhesive property of Curcumin, which results in better retention in 
the periodontal pocket (Anuradha et al., 2015). Tetracycline retained 
the necessary drug concentration at the desired place and then being 
excreted in the active form for extended durations as it adheres to the 
root surfaces (Anuradha et al., 2015). In addition, Tetracycline could 
significantly inhibit collagenase activity by binding to the Ca2+ or Zn2+ 
(cations) required for the activation of MMPs (Marcaccini et al., 2010; 
Tilakaratne and Soory, 2014). These results are in accordance with 
previous studies (Rodrigues et  al., 2004; Cazalis et  al., 2009; Gu 
et al., 2011).

Although treatment with Tetracycline showed significant 
improvement in inflammatory biomarkers, the development of 
resistance genes in the subgingival microbiota following local 
application limits its use as an adjunct to periodontal therapy 
(Rodrigues et  al., 2004; Arredondo et  al., 2020). Therefore, it is 
preferable to choose a natural treatment for periodontal disease rather 
than chemotherapeutic drugs, particularly those with identical 
features and few adverse effects. Curcumin was therefore employed in 
the current study because it is entirely natural, safe, and harmless 
(Asher and Spelman, 2013; Hosseini and Hosseinzadeh, 2018; 
Soleimani et  al., 2018), with anti-inflammatory and 
immunomodulatory characteristics (Kunnumakkara et  al., 2017). 
Additionally, because CU contains the same β-diketone zinc-binding 
moiety as Tetracycline, it has similar anti-inflammatory effects to that 
of Tetracycline in terms of MMP inhibition and reduction of 
inflammatory mediators (Wang et al., 2019).

Similar to the current study, previous research has examined the 
impact of local application of Curcumin gel on decreasing serum levels 
of IL-6 and CRP in rats with experimentally induced periodontitis, 
and findings have shown that the Curcumin-treated group have lower 
levels of these biomarkers than those of the control group (Zhou et al., 
2013; Gorabi et al., 2022). In our previous work, we have shown by 
histopathological examination that the adjunctive application of CU 
gel is capable of reduce inflammation and alveolar bone resorption. 
Further, the results suggested that CU gel has potential osteogenesis 
and healing effects (Mohammad et al., 2022).

In contrast, IL-10 has been reported to be  involved in the 
pathogenesis of periodontitis, as it downregulates the immune 
response (Hu et  al., 2009). In the current study, the reduction of 
inflammatory biomarkers in rats that received treatment with 
Curcumin was accompanied by an increase in IL-10 levels. This result 
is in line with previous studies reporting that Curcumin could enhance 
the production of IL-10, an anti-inflammatory cytokine (Mollazadeh 
et al., 2019).

The effects of Curcumin in the treatment of periodontal disease 
can be explained by its anti-inflammatory properties. For example, 
Curcumin has been reported to downregulate NF-κB (Banik et al., 
2017), and expression of cell adhesion molecules (such as intercellular 
adhesion molecule 1, vascular adhesion molecule 1) and E selectin. 
Inflammatory cytokines, however, have been shown to upregulate 
expression of these molecules (Kawasaki et al., 2015). Moreover, the 
inhibitory effects of Curcumin on proinflammatory cytokines such as 
IL-6, cell migration through chemokines receptors and LPS-induced 
COX-2 expression are major factors in the pathogenesis of periodontal 
disease (Livada et al., 2017; Guzmán-Flores et al., 2023), and alveolar 
bone resorption might explain the beneficial effects of Curcumin as an 
adjunct to periodontal treatment (Hong et al., 2004).

Curcumin also inhibits the expression of inducible nitric oxide 
synthase (iNOS) enzyme by inflammatory and epithelial cells, which 
may play a role in periodontal inflammation (Nakatake et al., 2017; 
Wang et al., 2019). On the other hand, it has been reported Curcumin 
molecule bind to CXCL8 chemokine and inhibit ferroptosis in 
ligature-induced periodontal-diseased mice, thus, play a pivotal role 
in treatment of periodontitis (Huang et al., 2023; Wang et al., 2023). 
Finally, Curcumin inhibits the JAK/STAT signaling pathway and 
phosphorylation of p38 MAPK, thus reducing the expression of iNOS, 
COX-2, monocyte chemoattractant protein-1, and intercellular 
adhesion molecule-1 during inflammatory periodontal disease 
(Nakatake et al., 2017; Wang et al., 2019).

The application of natural Curcumin in clinical settings has major 
limitations, such as low systemic bioavailability due to a poor 
absorption rate in the gastrointestinal tract, short plasma half-life 
(Anand et  al., 2007) and rapid metabolism following oral 
administration (Yang et al., 2007). To overcome these limitations, the 
current study utilized the local delivery of Curcumin as a gel over a 
systemic approach because of the bioadhesive property of Curcumin, 
resulting in better retention in the periodontal pocket.

Conclusion

The results of the current study suggest that adjunctive local 
application of Curcumin to SRP has anti-inflammatory effects 
comparable to those of tetracycline for the treatment of EP in rats. 
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Curcumin has a comparable effect on the reduction of inflammatory 
biomarkers (MMP-8, IL-6, CRP, and ALP) and the elevation of anti-
inflammatory biomarkers (IL-10) to those of tetracycline following 
6 weeks of application. Thus, Curcumin is a promising alternative to 
antibiotics in periodontal therapy.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The animal study was approved by Ethic Committee, College of 
Dentistry, Hawler Medical University. The study was conducted in 
accordance with the local legislation and institutional requirements.

Author contributions

CM: Conceptualization, Methodology, Supervision, Writing – 
original draft. KA: Methodology, Writing – original draft, Data 
curation, Investigation, Resources. AS: Conceptualization, Project 
administration, Validation, Visualization, Writing – review & editing. 
SG: Validation, Visualization, Writing – review & editing, 
Formal analysis.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors express deep thanks and appreciation to the staff 
members of the Animal House and Biochemistry Departments of the 
College of Medicine, Awa Medica Company in Erbil City, and the 
Veterinary Research Center in Sulaimani City.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Anand, P., Kunnumakkara, A. B., Newman, R. A., and Aggarwal, B. B. (2007). 

Bioavailability of curcumin: problems and promises. Mol. Pharm. 4, 807–818. doi: 
10.1021/mp700113r

Anuradha, B. R., Bai, Y. D., Sailaja, S., Sudhakar, J., Priyanka, M., and Deepika, V. 
(2015). Evaluation of anti-inflammatory effects of curcumin gel as an adjunct to scaling 
and root Planing: a clinical study. J Int Oral Health 7, 90–93.

Arredondo, A., Blanc, V., Mor, C., Nart, J., and León, R. (2020). Tetracycline and 
multidrug resistance in the oral microbiota: differences between healthy subjects and 
patients with periodontitis in Spain. J. Oral Microbiol. 13:1847431. doi: 
10.1080/20002297.2020.1847431

Asher, G. N., and Spelman, K. (2013). Clinical utility of curcumin extract. Altern. Ther. 
Health Med. 19, 20–22.

Banik, U., Parasuraman, S., Adhikary, A. K., and Othman, N. H. (2017). Curcumin: 
the spicy modulator of breast carcinogenesis. J. Exp. Clin. Cancer Res. 36:98. doi: 
10.1186/s13046-017-0566-5

Began, G., Sudharshan, E., and Appu Rao, A. G. (1998). Inhibition of lipoxygenase 1 
by phosphatidylcholine micelles-bound curcumin. Lipids 33, 1223–1228. doi: 10.1007/
s11745-998-0327-2

Cafiero, C., Spagnuolo, G., Marenzi, G., Martuscelli, R., Colamaio, M., and Leuci, S. 
(2021). Predictive periodontitis: the Most promising salivary biomarkers for early 
diagnosis of periodontitis. J. Clin. Med. 10:1488. doi: 10.3390/jcm10071488

Cazalis, J., Tanabe, S., Gagnon, G., Sorsa, T., and Grenier, D. (2009). Tetracyclines and 
chemically modified tetracycline-3 (CMT-3) modulate cytokine secretion by 
lipopolysaccharide-stimulated whole blood. Inflammation 32, 130–137. doi: 10.1007/
s10753-009-9111-9

Demirer, S., Kara, M. I., Erciyas, K., Ozdemir, H., Ozer, H., and Ay, S. (2012). Effects 
of boric acid on experimental periodontitis and alveolar bone loss in rats. Arch. Oral 
Biol. 57, 60–65. doi: 10.1016/j.archoralbio.2011.07.012

Escobar, G. F., Abdalla, D. R., Beghini, M., Gotti, V. B., Rodrigues Junior, V., 
Napimoga, M. H., et al. (2018). Levels of pro and anti-inflammatory Citokynes and 
C-reactive protein in patients with chronic periodontitis submitted to nonsurgical 
periodontal treatment. Asian Pac. J. Cancer Prev. 19, 1927–1933.

Fischer, R. G., and Klinge, B. (1994). Clinical and histological evaluation of ligature-
induced periodontitis in the domestic ferret. J. Clin. Periodontol. 21, 230–239. doi: 
10.1111/j.1600-051X.1994.tb00311.x

Fuloria, S., Mehta, J., Chandel, A., Sekar, M., Rani, N. N. I. M., Begum, M. Y., et al. 
(2022). A comprehensive review on the therapeutic potential of Curcuma longa Linn. In 
relation to its major active constituent curcumin. Front. Pharmacol. 13:13. doi: 10.3389/
fphar.2022.820806

Gorabi, A. M., Abbasifard, M., Imani, D., Aslani, S., Razi, B., Alizadeh, S., et al. (2022). 
Effect of curcumin on C-reactive protein as a biomarker of systemic inflammation: an 
updated meta-analysis of randomized controlled trials. Phytother. Res. 36, 85–97. doi: 
10.1002/ptr.7284

Graves, D. (2008). Cytokines that promote periodontal tissue destruction. J. 
Periodontol. 79, 1585–1591. doi: 10.1902/jop.2008.080183

Graves, D. T., Kang, J., Andriankaja, O., Wada, K., and Rossa, Jr, C. (2012). Animal 
models to study host-bacteria interactions involved in periodontitis. Front. Oral Biol. 15, 
117–132. doi: 10.1159/000329675

Gu, Y., Lee, H.-M., Sorsa, T., Salminen, A., Ryan, M. E., Slepian, M. J., et al. (2011). 
Non-antibacterial tetracyclines modulate mediators of periodontitis and atherosclerotic 
cardiovascular disease: a mechanistic link between local and systemic inflammation. 
Pharmacol. Res. 64, 573–579. doi: 10.1016/j.phrs.2011.06.023

Gu, Y., and Ryan, M. (2009). “Overview of periodontal diseases: causes, pathogenesis, 
and characteristics” in Periodontal diseases and overall health: a clinician’s guide. Eds. R. 
J. Genco and R. C. Williams (Professional Audience Communications, Inc.), 5–23.

Guzmán-Flores, J. M., Arevalo-Caro, C. M., Martínez-Esquivias, F., Isiordia-Espinoza, M. A., 
and Franco-de la Torre, L. (2023). Molecular mechanism of curcumin on periodontitis: a 
pharmacological network study. J. Oral Biosci. 79, 120–122. doi: 10.1016/j.job.2023.08.004

Hernández-Monjaraz, B., Santiago-Osorio, E., Monroy-García, A., 
Ledesma-Martínez, E., and Mendoza-Núñez, V. M. (2018). Mesenchymal stem cells of 
dental origin for inducing tissue regeneration in periodontitis: a mini-review. Int. J. Mol. 
Sci. 19:944. doi: 10.3390/ijms19040944

Hong, J., Bose, M., Ju, J., Ryu, J. H., Chen, X., Sang, S., et al. (2004). Modulation of 
arachidonic acid metabolism by curcumin and related beta-diketone derivatives: effects 
on cytosolic phospholipase a(2), cyclooxygenases and 5-lipoxygenase. Carcinogenesis 
25, 1671–1679. doi: 10.1093/carcin/bgh165

Hosseini, A., and Hosseinzadeh, H. (2018). Antidotal or protective effects of 
Curcuma longa (turmeric) and its active ingredient, curcumin, against natural and 
chemical toxicities: a review. Biomed. Pharmacother. 99, 411–421. doi: 10.1016/j.
biopha.2018.01.072

https://doi.org/10.3389/fmicb.2023.1274189
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1021/mp700113r
https://doi.org/10.1080/20002297.2020.1847431
https://doi.org/10.1186/s13046-017-0566-5
https://doi.org/10.1007/s11745-998-0327-2
https://doi.org/10.1007/s11745-998-0327-2
https://doi.org/10.3390/jcm10071488
https://doi.org/10.1007/s10753-009-9111-9
https://doi.org/10.1007/s10753-009-9111-9
https://doi.org/10.1016/j.archoralbio.2011.07.012
https://doi.org/10.1111/j.1600-051X.1994.tb00311.x
https://doi.org/10.3389/fphar.2022.820806
https://doi.org/10.3389/fphar.2022.820806
https://doi.org/10.1002/ptr.7284
https://doi.org/10.1902/jop.2008.080183
https://doi.org/10.1159/000329675
https://doi.org/10.1016/j.phrs.2011.06.023
https://doi.org/10.1016/j.job.2023.08.004
https://doi.org/10.3390/ijms19040944
https://doi.org/10.1093/carcin/bgh165
https://doi.org/10.1016/j.biopha.2018.01.072
https://doi.org/10.1016/j.biopha.2018.01.072


Mohammad et al. 10.3389/fmicb.2023.1274189

Frontiers in Microbiology 09 frontiersin.org

Hu, K. F., Huang, K. C., Ho, Y. P., Lin, Y. C., Ho, K. Y., Wu, Y. M., et al. (2009). 
Interleukin-10 (−592 C/a) and interleukin-12B (+16974 a/C) gene polymorphisms and 
the interleukin-10 ATA haplotype are associated with periodontitis in a Taiwanese 
population. J. Periodontal Res. 44, 378–385. doi: 10.1111/j.1600-0765.2008.01116.x

Huang, X., Liu, Y., Wang, Q., Rehman, H. M., Horváth, D., Zhou, S., et al. (2023). Brief 
literature review and comprehensive bioinformatics analytics unravel the potential 
mechanism of curcumin in the treatment of periodontitis. BMC Oral Health 23:469. doi: 
10.1186/s12903-023-03181-x

Iova, G. M., Calniceanu, H., Popa, A., Szuhanek, C. A., Marcu, O., Ciavoi, G., et al. 
(2021). The antioxidant effect of curcumin and rutin on oxidative stress biomarkers in 
experimentally induced periodontitis in hyperglycemic Wistar rats. Molecules 26:1332. 
doi: 10.3390/molecules26051332

Jepsen, K., and Jepsen, S. (2016). Antibiotics/antimicrobials: systemic and local 
administration in the therapy of mild to moderately advanced periodontitis. Periodontol. 
71, 82–112. doi: 10.1111/prd.12121

Kawasaki, K., Muroyama, K., Yamamoto, N., and Murosaki, S. (2015). A hot water 
extract of Curcuma longa inhibits adhesion molecule protein expression and monocyte 
adhesion to TNF-α-stimulated human endothelial cells. Biosci. Biotechnol. Biochem. 79, 
1654–1659. doi: 10.1080/09168451.2015.1039480

Khuda, F., Anuar, N. N. M., Baharin, B., Nasruddin, N. S., Khuda, F., Anuar, N., et al. 
(2021). A mini review on the associations of matrix metalloproteinases (MMPs)-1,-8,-13 
with periodontal disease. AIMS. Mol. Sci 8, 13–31. doi: 10.3934/molsci.2021002

Kim, M. H., Choi, Y. Y., Lee, H. J., Lee, H., Park, J.-C., and Yang, W. M. (2015). Topical 
application of herbal formula for the treatment of ligature-induced periodontitis. J. 
Periodontal Implant Sci 45, 145–151. doi: 10.5051/jpis.2015.45.4.145

Kim, Y. S., Kang, S. J., Kim, J. W., Cho, H. R., Moon, S. B., Kim, K. Y., et al. (2012). 
Effects of Polycan, a β-glucan, on experimental periodontitis and alveolar bone loss in 
Sprague-Dawley rats. J. Periodontal Res. 47, 800–810. doi: 
10.1111/j.1600-0765.2012.01502.x

Koppolu, P., Sirisha, S., Mishra, A., Deshpande, K., Lingam, A. S., Alotaibi, D. H., et al. 
(2021). Alkaline phosphatase and acid phosphatase levels in saliva and serum of patients 
with healthy periodontium, gingivitis, and periodontitis before and after scaling with 
root planing: a clinico-biochemical study. Saudi J Biol Sci 28, 380–385. doi: 10.1016/j.
sjbs.2020.10.016

Kunnumakkara, A. B., Bordoloi, D., Padmavathi, G., Monisha, J., Roy, N. K., Prasad, S., 
et al. (2017). Curcumin, the golden nutraceutical: multitargeting for multiple chronic 
diseases. Br. J. Pharmacol. 174, 1325–1348. doi: 10.1111/bph.13621

Leira, Y., Iglesias-Rey, R., Gómez-Lado, N., Aguiar, P., Sobrino, T., D'Aiuto, F., et al. 
(2020). Periodontitis and vascular inflammatory biomarkers: an experimental in vivo 
study in rats. Odontology 108, 202–212. doi: 10.1007/s10266-019-00461-3

Lima, M. D. R., Lopes, A. P., Martins, C., Brito, G. A. C., Carneiro, V. C., and Goes, P. 
(2017). The effect of Calendula officinalis on oxidative stress and bone loss in 
experimental periodontitis. Front. Physiol. 8:440. doi: 10.3389/fphys.2017.00440

Livada, R., Shiloah, J., Tipton, D. A., and Dabbous, M. K. (2017). The potential role of 
curcumin in periodontal therapy: a review of the literature. J. Int. Acad. Periodontol. 19, 
70–79.

Luchian, I., Goriuc, A., Sandu, D., and Covasa, M. (2022). The role of matrix 
metalloproteinases (MMP-8, MMP-9, MMP-13) in periodontal and Peri-implant 
pathological processes. Int. J. Mol. Sci. 23. doi: 10.3390/ijms23031806

Marcaccini, A. M., Meschiari, C. A., Zuardi, L. R., de Sousa, T. S., Taba, M. Jr., 
Teofilo, J. M., et al. (2010). Gingival crevicular fluid levels of MMP-8, MMP-9, TIMP-2, 
and MPO decrease after periodontal therapy. J. Clin. Periodontol. 37, 180–190. doi: 
10.1111/j.1600-051X.2009.01512.x

Matesanz-Pérez, P., García-Gargallo, M., Figuero, E., Bascones-Martínez, A., Sanz, M., 
and Herrera, D. (2013). A systematic review on the effects of local antimicrobials as 
adjuncts to subgingival debridement, compared with subgingival debridement alone, in 
the treatment of chronic periodontitis. J. Clin. Periodontol. 40, 227–241. doi: 10.1111/
jcpe.12026

Meyle, J., Dommisch, H., Groeger, S., Giacaman, R. A., Costalonga, M., and 
Herzberg, M. (2017). The innate host response in caries and periodontitis. J. Clin. 
Periodontol. 44, 1215–1225. doi: 10.1111/jcpe.12781

Mohammad, C. A., Ali, K. M., Al-Rawi, R. A., and Gul, S. S. (2022). Effects of 
curcumin and tetracycline gel on experimental induced periodontitis as an anti-
inflammatory, osteogenesis promoter and enhanced bone density through altered Iron 
levels: histopathological study. Antibiotics 11:521. doi: 10.3390/antibiotics11040521

Mohammad, C., and Aziz, H. (2018). Effect of scaling and root planing on salivary 
alkaline phosphatase and acid phosphatase in patients with chronic periodontitis. Med. 
J. Babylon 15, 186–190.

Mohsen, S., Dickinson, J. A., and Somayaji, R. (2020). Update on the adverse effects 
of antimicrobial therapies in community practice. Can. Fam. Physician 66, 651–659.

Mollazadeh, H., Cicero, A. F., Blesso, C. N., Pirro, M., Majeed, M., and Sahebkar, A. 
(2019). Immune modulation by curcumin: the role of interleukin-10. Crit. Rev. Food Sci. 
Nutr. 59, 89–101. doi: 10.1080/10408398.2017.1358139

Nakatake, R., Hishikawa, H., Matushima, H., Nakamura, Y., Ishizaki, M., Matsui, K., 
et al. (2017). Curcumin protects liver inflammation by suppressing expression of 
inducible nitric oxide synthase in primary cultured rat hepatocytes. Funct. Foods Health 
Dis. 7:716. doi: 10.31989/ffhd.v7i9.362

Oliveira, R. C. G., Costa, C. A., Costa, N. L., Silva, G. C., and Souza, J. A. C. (2021). 
Effects of Curcuma as an adjunct therapy on periodontal disease: a systematic review 
and meta-analysis. Complement. Ther. Clin. Pract. 45:101493. doi: 10.1016/j.
ctcp.2021.101493

Page, R. C. (2004). The microbiological case for adjunctive therapy for periodontitis. 
J. Int. Acad. Periodontol. 6, 143–149.

Park, S.-I., Kang, S.-J., Han, C.-H., Kim, J.-W., Song, C.-H., Lee, S.-N., et al. (2016). 
The effects of topical application of polycal (a 2: 98 (g/g) mixture of polycan and calcium 
gluconate) on experimental periodontitis and alveolar bone loss in rats. Molecules 
21:527. doi: 10.3390/molecules21040527

Plummer, S. M., Holloway, K. A., Manson, M. M., Munks, R. J., Kaptein, A., Farrow, S., 
et al. (1999). Inhibition of cyclo-oxygenase 2 expression in colon cells by the 
chemopreventive agent curcumin involves inhibition of NF-kappaB activation via the 
NIK/IKK signalling complex. Oncogene 18, 6013–6020. doi: 10.1038/sj.onc.1202980

Rodrigues, R. M., Gonçalves, C., Souto, R., Feres-Filho, E. J., Uzeda, M., and 
Colombo, A. P. (2004). Antibiotic resistance profile of the subgingival microbiota 
following systemic or local tetracycline therapy. J. Clin. Periodontol. 31, 420–427. doi: 
10.1111/j.1600-051X.2004.00493.x

Sha, A. M., and Garib, B. T. (2019). Antibacterial effect of curcumin against clinically 
isolated Porphyromonas gingivalis and connective tissue reactions to curcumin gel in the 
subcutaneous tissue of rats. Biomed. Res. Int. 2019, 1–14. doi: 10.1155/2019/6810936

Sha, A. M., Garib, B. T., Azeez, S. H., and Gul, S. S. (2021). Effects of curcumin gel on 
osteoclastogenic bone markers in experimental periodontitis and alveolar bone loss in 
wistar rats. J. Dent. Sci. 16, 905–914. doi: 10.1016/j.jds.2020.09.015

Shimada, Y., Komatsu, Y., Ikezawa-Suzuki, I., Tai, H., Sugita, N., and Yoshie, H. (2010). 
The effect of periodontal treatment on serum leptin, interleukin-6, and C-reactive 
protein. J. Periodontol. 81, 1118–1123. doi: 10.1902/jop.2010.090741

Soleimani, V., Sahebkar, A., and Hosseinzadeh, H. (2018). Turmeric (Curcuma longa) 
and its major constituent (curcumin) as nontoxic and safe substances: review. Phytother. 
Res. 32, 985–995. doi: 10.1002/ptr.6054

Stabholz, A., Kettering, J., Aprecio, R., Zimmerman, G., Baker, P. J., and Wikesjö, U. M. 
(1993). Antimicrobial properties of human dentin impregnated with tetracycline HCI 
or chlorhexidine: an in  vitro study. J. Clin. Periodontol. 20, 557–562. doi: 
10.1111/j.1600-051X.1993.tb00771.x

Stathopoulou, P. G., Buduneli, N., and Kinane, D. F. (2015). Systemic biomarkers for 
periodontitis. Current Oral Health Reports 2, 218–226. doi: 10.1007/s40496-015-0072-9

Tilakaratne, A., and Soory, M. (2014). Anti-inflammatory actions of adjunctive 
tetracyclines and other agents in periodontitis and associated comorbidities. Open Dent. 
J. 8, 109–124. doi: 10.2174/1874210601408010109

Virtanen, E., Yakob, M., Tervahartiala, T., Söder, P., Andersson, L. C., Sorsa, T., et al. 
(2017). Salivary MMP-13 gender differences in periodontitis: a cross-sectional study 
from Sweden. Clin Exp Dent Res 3, 165–170. doi: 10.1002/cre2.76

Wang, Y., Huang, X., and He, F. (2019). Mechanism and role of nitric oxide signaling 
in periodontitis. Exp. Ther. Med. 18, 3929–3935. doi: 10.3892/etm.2019.8044

Wang, H. H., Lee, H.-M., Raja, V., Hou, W., Iacono, V. J., Scaduto, J., et al. (2019). 
Enhanced efficacy of chemically modified curcumin in experimental periodontitis: 
systemic implications. J. Exp. Pharmacol. 11, 1–14. doi: 10.2147/JEP.S171119

Wang, Y., Lin, H., Huang, W., Liu, Z., Chen, Z., Zhao, X., et al. (2023). Curcumin 
attenuates periodontal injury via inhibiting Ferroptosis of ligature-induced periodontitis 
in mice. Int. J. Mol. Sci. 24:9835. doi: 10.3390/ijms24129835

Yamamoto, H., Hanada, K., Kawasaki, K., and Nishijima, M. (1997). Inhibitory effect 
on curcumin on mammalian phospholipase D activity. FEBS Lett. 417, 196–198. doi: 
10.1016/S0014-5793(97)01280-5

Yang, K. Y., Lin, L. C., Tseng, T. Y., Wang, S. C., and Tsai, T. H. (2007). Oral 
bioavailability of curcumin in rat and the herbal analysis from Curcuma longa by LC-
MS/MS. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 853, 183–189. doi: 10.1016/j.
jchromb.2007.03.010

Zhang, D., Chen, L., Li, S., Gu, Z., and Yan, J. (2008). Lipopolysaccharide (LPS) of 
Porphyromonas gingivalis induces IL-1β, TNF-α and IL-6 production by THP-1 cells in 
a way different from that of Escherichia coli LPS. Innate Immun. 14, 99–107. doi: 
10.1177/1753425907088244

Zhang, Y., Huang, L., Zhang, J., De Souza Rastelli, A. N., Yang, J., and Deng, D. (2022). 
Anti-inflammatory efficacy of curcumin as an adjunct to non-surgical periodontal 
treatment: a systematic review and Meta-analysis. Front. Pharmacol. 13:808460. doi: 
10.3389/fphar.2022.808460

Zhou, T., Chen, D., Li, Q., Sun, X., Song, Y., and Wang, C. (2013). Curcumin inhibits 
inflammatory response and bone loss during experimental periodontitis in rats. Acta 
Odontol. Scand. 71, 349–356. doi: 10.3109/00016357.2012.682092

https://doi.org/10.3389/fmicb.2023.1274189
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1111/j.1600-0765.2008.01116.x
https://doi.org/10.1186/s12903-023-03181-x
https://doi.org/10.3390/molecules26051332
https://doi.org/10.1111/prd.12121
https://doi.org/10.1080/09168451.2015.1039480
https://doi.org/10.3934/molsci.2021002
https://doi.org/10.5051/jpis.2015.45.4.145
https://doi.org/10.1111/j.1600-0765.2012.01502.x
https://doi.org/10.1016/j.sjbs.2020.10.016
https://doi.org/10.1016/j.sjbs.2020.10.016
https://doi.org/10.1111/bph.13621
https://doi.org/10.1007/s10266-019-00461-3
https://doi.org/10.3389/fphys.2017.00440
https://doi.org/10.3390/ijms23031806
https://doi.org/10.1111/j.1600-051X.2009.01512.x
https://doi.org/10.1111/jcpe.12026
https://doi.org/10.1111/jcpe.12026
https://doi.org/10.1111/jcpe.12781
https://doi.org/10.3390/antibiotics11040521
https://doi.org/10.1080/10408398.2017.1358139
https://doi.org/10.31989/ffhd.v7i9.362
https://doi.org/10.1016/j.ctcp.2021.101493
https://doi.org/10.1016/j.ctcp.2021.101493
https://doi.org/10.3390/molecules21040527
https://doi.org/10.1038/sj.onc.1202980
https://doi.org/10.1111/j.1600-051X.2004.00493.x
https://doi.org/10.1155/2019/6810936
https://doi.org/10.1016/j.jds.2020.09.015
https://doi.org/10.1902/jop.2010.090741
https://doi.org/10.1002/ptr.6054
https://doi.org/10.1111/j.1600-051X.1993.tb00771.x
https://doi.org/10.1007/s40496-015-0072-9
https://doi.org/10.2174/1874210601408010109
https://doi.org/10.1002/cre2.76
https://doi.org/10.3892/etm.2019.8044
https://doi.org/10.2147/JEP.S171119
https://doi.org/10.3390/ijms24129835
https://doi.org/10.1016/S0014-5793(97)01280-5
https://doi.org/10.1016/j.jchromb.2007.03.010
https://doi.org/10.1016/j.jchromb.2007.03.010
https://doi.org/10.1177/1753425907088244
https://doi.org/10.3389/fphar.2022.808460
https://doi.org/10.3109/00016357.2012.682092

	Effect of Curcumin gel on inflammatory and anti-inflammatory biomarkers in experimental induced periodontitis in rats: a biochemical and immunological study
	Introduction
	Materials and methods
	Rats and housing
	Curcumin gel composition and preparation
	Induction of experimentally induced periodontitis in rats
	Experimental design
	Blood sample collection
	Determination of biomarker levels
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

