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Effect of various 
irrigation solutions on 
cytokine expression of 
human gingival 
fibroblast: in vitro 
study
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SUMMARY
Aim: The aim of this study is to investigate the release of IL-1, 

TNF- α and VEGF following administration of NaOCl, propolis 

and chitosan solutions on human gingival fibroblasts.

Materials and Methods: This study was conducted on hu-

man fibroblast by cell culture and evaluation of the direct ef-

fect of various solutions on the cultured cells. The release of 

pro-inflammatory interleukin (IL), tumor necrosis factor (TNF) 

α and vascular endothelial growth factor (VEGF) on fibroblast 

was analyzed after administration of irrigation solutions. Log 

concentrations of NaOCl, Propolis and Chitosan effects on 

cells were measured by colorimetric method. 

Results: IL-1 and TNF-α secretion levels decreased during 

propolis and chitosan applications, which are natural produ-

cts.  It was also found that the propolis increased VEGF secre-

tion more than the other materials. 

Conclusions: The results of this study suggest that propolis 

and chitosan may contribute to the recovery of periapical tis-

sues via anti-inflammatory cytokines level secreted during the 

inflammatory process. It is important to search for the biologi-

cal effect of the materials in contact with the direct or indirect 

cause of the surrounding tissues during the endodontic tre-

atment.  

Keywords: Chitosan, cytokine, irrigation solutions, gingival 

fibroblast, propolis.

ÖZET
Amaç: Bu çalışmanın amacı human fibroblast hüre hattı üze-

rinde NaOCl, propolis ve kitosan solüsyonlarının uygulanma-

sının ardından IL-1, Tnf-a ve VEGF salınımını araştırmaktır. 

Gereç ve Yöntem: Bu çalışma, insan fibroblast hücre hattı 

üzerinde farklı irrigasyon solüsyonlarının doğrudan uygulan-

masının ardından oluşan etkinin değerlendirilmesiyle gerçek-

leştirilmiştir. İrrigasyon solüsyonlarının uygulanmasının ardın-

dan fibroblast hücresi üzerindeki pro-inflamatuar interlökin 

(IL), tümör nekrozis faktörünün (TNF) α ve vasküler endotelyal 

büyüme faktörünün (VEGF) salınımı analiz edildi. Hücreler 

üzerindeki NaOCI, Propolis ve Kitosan etkilerinin log konsant-

rasyonları kolorimetrik yöntemle ölçüldü.

Bulgular: Doğal materyaller grubunda bulunan propolis ve 

kitosan solüsyonlarının uygulaması ile IL-1 ve TNF-α sekresyo-

nu azaldı(p. Propolisin VEGF sekresyonunu diğer solüsyonlar-

dan daha fazla artırdığı bulundu(p<0.05).

Sonuç: Bu çalışmanın sonuçları, propolis ve kitosanın, infla-

matuvar süreç sırasında salgılanan antiinflamatuar sitokinler 

aracılığıyla periapikal dokuların iyileşmesine katkıda buluna-

bileceğini düşündürmektedir. Endodontik tedavi sırasında 

çevredeki dokulara doğrudan veya dolaylı olarak temas eden 

maddelerin biyolojik etkilerini araştırmak önemlidir.

Anahtar kelimeler: Kitosan, Sitokin, irrigasyon solüsyonları, 

gingival fibroblast, propolis.
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INTRODUCTION
The success of endodontic therapy depends on its opti-

mal performance as much as on the response of the pa-

tient’s immune system. The tissue response is linked with 

the viability effect of the materials used for endodontic 

treatment, besides with the secretion of inflammatory cy-

tokines.1 But this information is not clear because the cy-

tokines are also important factors for tissue regeneration 

and regulating tissue inflammation.2

Microorganisms in the root canal system, microbial meta-

bolism products, endotoxins as well as the materials used 

during endodontic treatment process activate the secre-

tion of different inflammatory mediators (prostaglandins, 

cytokines, oxygenated intermediate products) from the 

surrounding cells.3,4 The biological properties of these 

materials are important because they may damage the 

periapical tissues, induce inflammation and alveolar bone 

resorption in the surrounding tissues when they are not 

biocompatible. The healing of periapical tissues after root 

canal treatment depends on the chemical composition 

of the endodontic materials and the degree to which the 

components break up into periapical tissues from these 

solutions.5

Since biological mediators provide information on the 

biological reactions that occur in the secretory region 

during periapical tissue healing process, therefore it is 

important to investigate the different cytokine secretion 

to determine the effect of the endodontic material on the 

cells.6,7

Although sodium hypochlorite (NaOCl) is the most com-

monly used irrigation solution during endodontic process 

due to its high antibacterial and organic tissue dissolving 

effect, it has high toxicity. Thus, the search for an alternati-

ve irrigating solution to NaOCl continues that may provide 

break ground in reliable endodontic treatment.8

Chitosan is a polymeric material comprising N-acetylglu-

cosamine and glucosamine copolymer units, obtained 

from chitin by way of deacetylation and it is a natural poly-

saccharide. Chitosan is a kind of sugar that is made of the 

hard-outer skeleton of shellfish, such as crab, lobster, and 

shrimp. Other than being an irrigation solution it is used 

for so many purposes in endodontic treatment as removal 

of the smear layer and pulp capping.9-11

Propolis is a bee product obtained by mixing honey and 

sprouts collected from plants with resins, waxes and sa-

liva secretions. Generally, propolis molecule consists of 

50% resin and vegetable balsam, 30% wax, 10% essential 

and aromatic oils, 5% pollen and 5% other various subs-

tances (including organic debris depending on collection 

place and time). It has anti-inflammatory and antimicrobial 

properties. Propolis has been used as root canal irrigation 

solution and pulp capping material in endodontic treat-

ment. Additionally, it is used in many fields of dentistry as 

karyology, oral surgery, periodontology, due to its non-

toxic and biocompatibility properties.12-14

According to the literature, it is indicated that the fibrob-

last cells play an important role in biochemical reactions 

in which various cellular products are secreted, especially 

cytokines.15

Tumor necrosis factor-α (TNF-α) and Interleukin-1 (IL-1) 

are common cytokines used to assess periapical inflam-

mation and bone destruction.16 Since vascular endotheli-

al growth factor (VEGF) is an effective cytokine in wound 

healing and bone regeneration, its release is closely rela-

ted to the viability and function of the cells.17,18

The aim of this research is to evaluate the effects of NaOCl 

which is still commonly used in the endodontic treatment 

and the natural materials such as Propolis and Chitosan 

on the secretion of IL-1, TNF-α and VEGF cytokines on 

fibroblast and to provide data about whether these new 

materials can be an alternative to NaOCl. The null hypo-

thesis was that there would be no significant differences 

between the secretion of IL-1, TNF-α and VEGF cytokines 

on human gingival fibroblast with regard to propolis and 

chitosan.

MATERIALS AND METHODS
Sample preparation

Before starting the analysis, chitosan solution was pre-

pared, 0.2 g of chitosan (Acros Organics, 90% degree of 

deacetylation) was diluted in 100 mL of 1% acetic acid, 

and the mixture was stirred for 2 h using a magnetic stirrer. 

Propolis specimen was collected from Kayseri in Turkey 

and prepared based on previous studies.19

Another irrigation solution used in this study was 5% Na-

OCl was commercially provided (Wizard, Directory Che-

mistry Industry and Trade Inc, Turkey). 

Cell cultures 

Human gingival fibroblasts (HGF-1; American Type Cultu-

re Collection, Manassas, VA; #ATCC CRL-2014) was obta-

ined through commercial sources for these studies. Cells 

were cultured in Dulbecco’s Modified Eagles Medium 

(DMEM; Sigma Chemical Co., St. Louis, MO) supplemen-

ted with 10% Fetal bovine serum (Sigma, St. Louis, MO, 

USA), Penicillin (100 U/ml; Sigma, St. Louis, MO, USA), and 

Streptomycin (100 g/ml; Sigma, St. Louis, MO, USA) at 

37°C in a humidified atmosphere of 5% CO2 in air accor-

ding to ATCC protocol. The culture medium was changed 

every 3 to 4 days.

There were 96-well plastic tissue culture plates (Linbro, 

Flow Laboratories Inc, McLean, VA) filled with 200 ‐l of 

medium containing 2x104hGFs in each well. The plates 

were then incubated at 37°C in a humidified atmosphere 

95% air containing 5% CO2 for overnight to permit atta-

chment of the cells to the plates. After 24 h, the medium 

was removed, and confluent HGFs were rinsed with 200 

µl phosphate buffered saline (PBS) three times. All mani-
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pulations of the specimens were performed under a la-

minar flow hood (Microtest) to avoid contamination from 

outside organisms.

The study groups were identified as it is seen 1: Human 

Gingival Fibroblast + NaOCl application, Group 2:  Hu-

man Gingival Fibroblast + Propolis application, Group 3: 

Human Gingival Fibroblast + Chitosan application. Whole 

solutions were applied as described by stock concentrati-

on by half diluting to find the LD50 dose.

Cytokine detection in culture

Each group consisted of four wells. Cell culture plates 

were incubated for 2 hours at 37 °C in a 5% CO2 incubator. 

Levels of cytokines such as TNF-α, IL-1 and VEGF (mini-

mum detectable dose; 3 ng/L for TNF-α; 1 ng/L for IL-1; 20 

ng/L for VEGF), were determined by specific ELISA tech-

niques according to the manufacturer’s instructions (Bi-

otech, Shanghai, China). The concentration of cytokines 

was determined spectrophotometrically. The absorbance 

was read at 490 nm (Thermo Scientific Microplate Pho-

tometer, Multiskan FC, USA). We constructed a standard 

curve using cytokine standards. The cytokine concentra-

tions for unknown samples were calculated according to 

the standard curve.

Statistical Analysis

Data analysis was performed using SPSS for Windows 

(version 15.0; SPSS Inc, Chicago, IL). Data were subjected 

to the Shapiro–Wilks test to characterize their normality. 

Because the samples did not present a normal distribu-

tion, the Kruskal-Wallis H-test was used to determine sig-

nificant differences in samples from the same groups (P< 

0.05). The Mann–Whitney test was used to compare the 

differences between the groups (P< 0.05). The level of 

significance was set at P< 0.05.

RESULTS
In this study, activation of IL-1 TNF- α and VEGF secreti-

on on human gingival fibroblast of various solutions were 

evaluated in vitro. 

Analysis of IL-1 secretion

IL-1 assay data shows that all prepared solutions activate 

IL-1 release as shown in Figure 1.  

Solutions applied at the same effective dose (LD50) ca-

used releasing different amounts of IL-1 in fibroblast and 

this difference was statistically significant (P< 0.05). Ac-

cording to the results of this analysis, IL-1 secretion was 

found highest in the group treated with NaOCl while the 

minimum level in the group treated with propolis 

(Figure 1).

Figure 1. Columns represent the median values of IL-1 in pgm L-1.  Symbol (*) 
indicates the significant differences among 3 application groups (P<0.05).

Analysis of TNF-α secretion

TNF-α assay data shows that all solutions activate TNF-α 

secretion indicated in Figure 2.

Figure 2.Columns represent the median values of TNF-‐ in pgm L-1.  Symbol (*) 
indicates the significant differences amongst groups (P<0.05).

 It was found that the solutions caused different amounts 

of TNF-α secretion in fibroblast, but this difference was 

not statistically significant (P> 0.05).

Analysis of VEGF secretion

VEGF assay data shows that all solutions activate VEGF 

secretion shown in Figure 3. 

Figure 3.Columns represent the median values of VEGF in pgm L-1. Symbol (*) 
indicates the significant differences amongst groups (P<0.05).

These NaOCl, Chitosan and Propolis implementation 

changed the level of VEGF secretion in (HGFS) fibroblast 

and this difference was statistically significant (P< 0.05). In 

accordance with these results, VEGF secretion was deter-

Effect of endodontic irrigation solutions on cytokine
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mined the highest level in propolis group and lowest one 

in the chitosan group.

DISCUSSION
The results of the current study revealed that NaOCl, 

Propolis, and Chitosan had not been similar to cytokine 

production (P˂0.05). Therefore, the null hypothesis was 

not accepted. Studies have shown that root canal irriga-

tion is an essential part of endodontic treatment and the 

biological effect of irrigation solutions after contact with 

the surrounding tissues are important for the success of 

the treatment.20,21 So, it is important to investigate this bio-

logical effect and the mediators that are secreted after the 

solutions contact with the surrounding tissues. However, 

the effect of irrigation solutions on the periapical immune 

response, specifically cytokine secretion, is not clear.6,22,23

IL-1 and TNF-α are important inflammatory cytokines whi-

ch proide bone destruction induction during periapical 

diseases recovery.24 Besides these two cytokines, VEGF 

is an angiogenetic cytokine which can enhance the rege-

neration potential of periapical surronding tissues.25

All solutions used in this study activated the secretion of 

cytokines. Chitosan caused more TNF-α secretion nume-

rically, but there was no significant difference between 

the solutions in terms of the TNF-α secretion. IL1 secretion 

was more in NaOCl group compared to Chitosan and Pro-

polis group. Many researches have reported that chitosan 

and propolis are anti-inflammatory materials.21,26,27 Furt-

hermore, research results found in different studies about 

the cell viability of these solutions, NaOCl has been found 

to be highly toxic although propolis and chitosan are bi-

ocompatible materials with no toxicity.28-30 The high level 

of IL-1 secretion in NaOCl group is may be explained by a 

higher toxicity of NaOCl of which may have an important 

role in initialization effect of enflammation process than 

that of propolis and chitosan, which are anti-inflammatory 

and angiogenetic materials.

Propolis has been described in a number of studies as 

a material that induces angiogenesis.31,32 Today, VEGF is 

known to be one of the main cytokines involved in angi-

ogenesis.33,34 For this reason, propolis may induce more 

VEGF secretion compared to other solutions in accor-

dance with the result of the study.  In a study by Ahmadi 

et al.35, it was revealed that chitosan-based hydrogel did 

not induce angiogenesis. In addition, studies on chitosan 

have shown that angiogenesis is inhibited in various tu-

mor cell lines.36

Considering that the VEGF is an angiogenic cytokine, the 

result of our study is correlated with these studies. Howe-

ver, in other studies, it has been reported that chitosan 

activates wound healing by increasing angiogenesis on 

various normal cell lines.37, 38

The difference between our previous studies and our 

study may depend on the variety of cell lines used, the va-

riability of the solution used, the difference in the method 

of obtaining chitosan, and the test method.

In endodontics, an ideal irrigation solution is biocompa-

tible, as well as having antibacterial activity against mic-

roorganisms in root canals and solving organic and inor-

ganic tissues. For this reason, we think that further studies 

should be done to evaluate these properties of these so-

lutions.

CONCLUSIONS
Under the conditions of this study, the propolis and chito-

san in the natural material group showed lower inflamma-

tory cytokine secretion level than the NaOCl solution. In 

addition, propolis significantly increased VEGF secretion 

compared to other solutions.
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