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Abstract: Root canal treatment is incomplete without usage of intra canal medicaments. They help 

in the reduction of bacterial count and its by-products, making canals clean and decreasing 

postoperative pains. The aim of this study was to evaluate the effect of calcium hydroxide (Ca 

[OH]2) and triple antibiotic paste on matrix metalloproteinase-9 (MMP-9) and vasoactive intestinal 

peptide (VIP). Thirty single rooted teeth with periapical lesions which require root canal treatment 

were randomly divided into 2 groups; Group 1- calcium hydroxide and Group 2- triple antibiotic 

paste. After access opening and working length determination, cleaning and shaping of the root 

canals were done and intracanal dressing was given. In the second appointment, medicaments were 

removed, and sampling was performed by collecting the interstitial fluid of the apical tissues by 

paper points to assess the MMP-9 and VIP levels. The MMP-9 and VIP levels were measured by 

the enzyme-linked immunosorbent assay. The concentration of MMP - 9 on Ca(OH)2 and TAP was 

27.3pg/ml and 29.2pg/ml and VIP on Ca(OH)2 and TAP was 27.9pg/ml and 28.4pg/ml. There was 

no statistically significant difference between the intracanal medicament on the MMP-9 and 

VIP (p>0.05), proving that type of intracanal medicament does not influence MMP 9 and VIP 

levels. 
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INTRODUCTION: 

Bacteria and toxins in the root canal system activate a local immune response after reaching the periapical 

tissues through the apical foramen. Several proinflammatory and immunoregulatory cytokines, mediators, 

chemokines, and neuropeptides are involved in this local immune response,[1,2] during which these molecules 

degrade extracellular matrix (ECM) components, which are the main components of the connective tissue.[3] 

Bacterial infection of the dental pulp results in pulpal destruction, and subsequently stimulates an inflammatory 

cell response and destruction of bone in the periapex. Bacterial components, including lipopolysaccharides, 

induce the production of many polypeptide mediators, or cytokines, by inflammatory cells. These cytokines, 

which include macrophage‐derived interleukin‐1 beta, interleukin‐1 alpha and tumor necrosis factor, and 

lymphocyte‐derived lymphotoxin, have been shown to potently stimulate bone resorption and to inhibit 

reparative bone formation in vitro and in vivo. [4] 

During an immune response, immune cells and dental pulp neurons release vasoactive intestinal peptide (VIP), 

which has potent immunomodulatory properties. [5] VIP may regulate the growth of apical periodontitis lesions 

by inhibiting bone resorption through the suppression of osteoclast functions. In addition, during an immune 

response, the immune cells release matrix metalloproteinases (MMPs) that degrade all ECM components, 

including the bone matrix. Several studies have shown that MMPs participate in the pathogenesis of pulp and 

periapical inflammation. [6] Matrix metalloproteinase-9 (MMP-9) plays an important role in the development of 

periapical lesions and is highly expressed in apical periodontitis. MMPs are also thought to play a major role on 

cell behaviors such as cell proliferation, migration (adhesion/dispersion), differentiation, angiogenesis, apoptosis 

and host defense. [7] A recent study suggested that the epigenetic modulation of the MMP-9 gene may 

contribute to the pathogenesis of periapical granulomas and radicular cysts. [8] There is no solid evidence in the 

literature that mechanical instrumentation alone results in a bacteria-free root canal system. Considering the 

complex anatomy of root canal pulp space, this is not surprising.  [9] 

Bacteria and their byproducts in the root canal system are the primary causes of apical periodontitis, it is 

important to develop an optimal root canal disinfection protocol. Intracanal medicaments such as calcium 

hydroxide (Ca[OH]2) and  Triple Antibiotic Paste (TAP) are widely used in root canal treatments because of 

their antimicrobial and anti- inflammatory properties. Calcium hydroxide exerts antibacterial effects in the root 

canal system as long as a high pH is maintained. It was shown that a 7-day application of a calcium hydroxide 

medicament was sufficient to reduce canal bacteria to a level that gave a negative culture.[10] It has also been 
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shown that an aqueous calcium hydroxide paste and a silicone oil-based calcium hydroxide paste are effective in 

the elimination of enterococcus faecalis in dentinal tubules. [11] Triple antibiotic paste is a combination of three 

antibiotics such as ciprofloxacin, metronidazole, and minocycline. [12] Previous studies have evaluated the anti-

inflammatory properties of Ca(OH)2 and TAP, no study has investigated the effects of these two intracanal 

medications on the secretion of VIP and MMP-9.[13] 

This is a critical gap in the literature, because VIP and MMP-9 may play an important role in mediating the 

apical diseases. Therefore, it can be hypothesized that the level of VIP and MMP-9 secretion could be affected 

by the type of intracanal medication. The present study investigated the effects of these intracanal medicaments 

on MMP-9 and VIP secretion. The null hypothesis of this study was that the use of Ca(OH)2 paste and TAP for 

intracanal medication would not affect VIP and MMP-9 secretion levels. [14,15] 

We have numerous highly cited publications on well designed clinical trials and lab studies [16–31]. This has 

provided the right platforms for us to pursue the current study. Our aim of the present study was to evaluate the 

effects of calcium hydroxide and triple antibiotic paste on MMP-9 and VIP levels. 

  

MATERIALS AND METHODS: 

 Patient selection: 

Total of 30 patients who underwent  root canal treatment with periapical lesions were taken in the study. The 

study protocol received institutional approval from the Ethics Committee of the university. The study group 

consisted of patients aged between 25-60 years undergoing root canal treatment with periapical lesions for 

single rooted teeth. Exclusion criteria include medically compromised patients, pregnancy, steroid therapy, 

metabolic disorder patients. All the patients who were included in the study were informed about the treatment 

procedure and possible complications were also explained to them. Informed consent was taken from them.  

 Sample collection: 

The study consists of two groups - Group 1: Treatment with calcium hydroxide paste Group 2: Treatment with 

Triple antibiotic paste. Teeth were isolated and disinfected using 30% H2O2 v/v and 2.5% NaOCl for 30sec 

then 5% sodium thiosulphate was used to inactivate the 2.5% NaoCl. Access cavity preparation was done, 

working length determined with 15 K hand files using radiographs. During instrumentation, root canals were 

irrigated with 2ml 1% NaOCl. The canals were then irrigated again with saline for 1min after root canal 

instrumentation and the medicaments were placed and access cavity sealed with temporary filling. Three days 

later the root canals medication was removed and cleaned with 17% EDTA and then with distilled water. The 

interstitial fluid was collected from the apical tissue through the paper points that were used to dry the root canal 

and stored.  

 Estimation of VIP by ELISA  

Pipetted out 100μl of standards and test samples into the appropriate wells and incubated the plate at room 

temperature for 1 hour, centrifuge at 300 rpm and then washed the wells. Added 100 μl of VIP Antibody into 

each well. Incubated the plate at room temperature 25°C for 1 hour, centrifuge at 300rpm on an orbital micro 

plate shaker. Added 100 μl of biotinylated VIP working solution into each well. After washing, 100 μl of 

substrate Solution was added into each well. The incubation time may be extended up to 20 minute if the 

reaction temperature is below 20°C. Absorbance was read within 5 minutes using a microplate reader set to 450 

nm. 

 Estimation of MMP-9 by ELISA 

About 100μlof antibody was coated on a microtiter plate and incubated overnight Then, 100 Μl of anti-MMP9 

and standards were added to appropriate wells and covered with adhesive strips followed by incubation for two 

hours at room temperature. Later, 100 μL (each) of working dilution of  biotinylated MMP9  and substrate 

solution were added to each well, after washing the plate three times with a wash buffer between each addition, 

and incubated for 20 minutes at room temperature. Finally, 50 μL of stop solution was added to each well to 

stop enzyme reaction and the color generated was read at 450 nm. The concentration of OPG in the tested 

samples was calculated using the standard curve plotted using the optical density values with the standards.The 

data was collected and subjected to statistical analysis using independent t test and the significance level was set 

at 0.05 

 

RESULTS AND DISCUSSION: 

VIP level was found to be estimated as 27.9pg/ml on the usage of Ca(OH)2. The MMP-9 level was found to be 

estimated as 27.3pg/ml on the usage of Ca(OH)2. Similarly when the VIP was found to be 28.4pg/ml with the 

usage of TAP. This shows a slight deviation of 0.5 pg/ml. Similarly the MMP-9 level was found to be 29.2pg/ml 

with the usage of TAP.Here the deviation is found to be upto 1.9 pg/ml.There was no statistical significant 

difference seen between the intracanal medicaments  in terms of MMP-9 and VIP levels (p>0.05). 

According to the results of the present study, the type of medication did not affect the amount of VIP and MMP-

9 secretion. VIP is a neuropeptide that promotes new bone formation, and MMP helps in promoting bone 

growth. Ca(OH)2 is used for intracanal medication between treatment visits. 
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The ability of Ca(OH)2 to reduce osteoclast-like cell differentiation may have shifted these lesions to the 

healing stage and increased VIP levels. [32] Moreover, Ca(OH)2 increases Th-2-type cytokine levels , and the 

stimulation of Th-2-type cytokines induces VIP expression. However, there are several factors that influence the 

immune response. Therefore, it is more relevant to conclude that the medications were effective in reducing 

intracanal bacteria, and the host immune response subsequently changed. [33] Most commonly used intracanal 

medicament used is calcium hydroxide. Calcium hydroxide has been widely used as an intracanal medicament. 

Several studies have reported that due to alkaline ph of calcium hydroxide there is difficulty in eliminating 

resistant microrganisms. [34] 

EDTA was used to remove Ca(OH)2 because a previous study reported that EDTA is effective at removing 

Ca(OH)2 from root canals. EDTA reacts with calcium ions and forms soluble calcium chelates, subsequently 

becoming easier to remove from root canal walls. The chelating effect of EDTA is self-limiting because 

equilibrium is formed when all ions have been bound. [35,36] In addition, EDTA has minimal antimicrobial 

effects. It was previously reported that EDTA has no significant effect on biofilm viability and was ineffective 

against E. faecalis even after 60 min of contact. In the present study, a 1-min EDTA application was used to 

remove the Ca(OH)2. Therefore, it is unlikely that removing the Ca(OH)2 using EDTA interfered with the 

results of the Ca(OH)2 group. [37] 

 

 
Fig.1: Bar chart represents the MMP -9 and VIP levels  in group 1 and group 2. X represents the VIP 

and MMP-9 levels in accordance with different groups. Y axis shows the mean of VIP and MMP-9 
levels. It is found that the MMP-9 and VIP was slightly at a higher level in group 2(red) compared 

to group 1 (blue) , however it was not statistically significant (p>0.05). 
      

CONCLUSION: 
Within the limitations of the present study it was found that there was no significant difference in levels of VIP 

and MMP-9 when calcium hydroxide or triple antibiotic paste were used as intracanal medicaments. Therefore it 

can be concluded that usage of intracanal medicaments does not influence the MMP -9 and VIP levels. However 

further studies need to be performed to substantiate these findings. 
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