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Comparison of the effect of postoperative care agents on human 
gingival fibroblasts: a preliminary study

Purpose
The aim of this study is to compare effects of postoperative care agents; 
chlorhexidine, octenidine dihydrochloride and hyaluronic acid on human gingival 
fibroblasts’ viability, proliferation, apoptosis and migration.

Material and Methods
After cell culturing; chlorhexidine, octenidine dihydrochloride and hyaluronic acid 
solutions were applied on cells and nothing was applied for control group. The cells 
were monitored to investigate cytotoxicity; the percentage of apoptotic, living and 
dead cells at the time of 24, 48, and 72 hours (h). A scratch wound assay was performed 
to detect cell migration and cells were monitored at baseline, at 24 and 48h.

Results
At 24h, chlorhexidine showed statistically lower percentage of total apoptotic 
cells’ than octenidine dihydrochloride (p=0.049), hyaluronic acid (p=0.049) and 
control (p=0.049). At 48h, hyaluronic acid showed statistically lower percentage 
than chlorhexidine (p=0.049), and control (p=0.049). All agents were found to 
have statistically and significantly more cytotoxic than control. However, there 
was no difference between experimental groups for proliferation rate. Octenidine 
dihydrochloride showed statistically negative effects on cell migration than 
chlorhexidine and hyaluronic acid at 24h. Chlorhexidine and hyaluronic acid 
maintained migration ability of cells than octenidine dihydrochloride at 48h.

Conclusion
All agents have similar effects on cell behavior such as viability, apoptosis and cell 
proliferation. However, octenidine dihydrochloride showed statistically negative 
effects on migration ability than chlorhexidine and hyaluronic acid. 
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Introduction

In oral surgery practice, mouth rinses are used for postoperative care to 
prevent complications caused by various risk factors including bacterial 
infection, surgical trauma, insufficient wound care, and poor oral hygiene 
(1). The healing process begins after oral surgical procedures, and wound 
care is a key factor for hindering healing complications caused by over 
inflammatory reactions or infection during the early wound healing 
process (2). Although bacterial invasion into the wound area is one of 
the reasons for postoperative infection and mouth rinses are commonly 
prescribed in order to prevent postoperative complications, oral mouth 
rinses have some cytotoxic activities that cause fibrinolysis, which can 
disrupt the wound-healing process (3). There are many postoperative care 
solutions such as chlorhexidine (CHX), octenidine dihydrochloride (OCT), 
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povidone iodine, Meridol, and hyaluronic acid (HA). In the 
recent literature, there are studies about the cytotoxic and 
antimicrobial effects of these products, and each has its own 
advantages and disadvantages.

CHX is the most commonly prescribed antimicrobial 
mouth rinse after oral surgical procedures. CHX molecules 
are symmetrical cationic molecules composed of two 4- 
chlorophenyl rings and two biguanide groups (bisbiguanide) 
connected by a central hexamethylene chain (4,5). CHX is 
a substantive antimicrobial mouth rinse and maintains its 
activity for long periods. Nevertheless, CHX has been reported 
as having adverse effects such as causing alterations in the 
actin cytoskeletal assembly, and inducing apoptosis and 
autophagic and necrotic cell death (6).

OCT is a rarely studied mouth rinse, which is known for its 
lower cytotoxicity than CHX (3). OCT is a cationic surfactant 
and bis-(dihydropyridinyl)-decane derivative used as a 
postoperative care agent for mucosal and cutaneous wounds. 
Schmidt et al. demonstrated that OCT had a lower cytotoxic 
activity on human fibroblasts and epithelial cells (3).

Although these two mouth rinses, CHX followed by OCT, are 
widely used in clinical practice, their cytotoxic effects could 
impair the early wound healing process. Some postoperative 
care agents enhance healing, especially in wound healing; HA 
induces beneficial early granulation tissue formation, inhibits 
destructive inflammatory reactions during the healing phase, 
and supports reepithelization and angiogenesis (7). HA is an 
anionic, non-sulfated glycosaminoglycan molecule and is the 
major carbohydrate component of the extracellular matrix 
of many biologic structures such as connective, epithelial, 
and neural tissues. HA is a multifunctional biologic structure. 
Its synthetic form has been used in many different medical 
fields, in ophthalmology for dry eyes and postoperative care, 
in dermatology as a dermal filler and for promoting wound 
healing, and in rheumatology for joint fluid replacement. 
In addition to these clinical uses, HA’s synthetic form for 
topical oral use for enhancing postoperative wound healing 
has also been reported (7,8). Furthermore, Al- Bayaty et al. 
investigated HA’s antimicrobial activity and concluded that 
HA was antimicrobial, but when compared with CHX, its 
antimicrobial activity was very low (8).

Fibroblasts are crucial to the wound healing process. These 
cells are widely used in in vitro studies in order to examine 
cell behaviors during the wound healing process (3,9). The 
purpose of this study was to investigate and compare the in 
vitro effects of CHX, OCT, and HA on human gingival fibroblasts’ 
(HGFs) viability, apoptosis, proliferation, and migration in the 
early wound healing period using MTT assays, Annexin-V 
assays, and wound scratch assays.

Materials and Methods

Human gingival fibroblast (HGF) culture

HGFs were obtained from Erciyes University Betul-Ziya Eren 
Genome and Stem Cell Center (Kayseri, Turkey) and cultured 
in DMEM-Low Glucose (Biological Industries, Kibbutz Beit 
Haemek, Israel) supplemented with 10% fetal bovine serum 
(FBS), 100 IU/mL penicillin and streptomycin, and incubated 
at 37°C in a 5% humidified CO2 atmosphere. An ethical 
consideration was not required.

The samples of the study were divided into the four 
groups to compare effects of postoperative care agents. The 
groups were; chlorhexidine applied group (CHX), octenidine 
dihydrochloride applied (OCT) group, hyaluronic acid (HA) 
applied and nothing (contol group) were applied on human 
gingival fibroblasts’ cell.

Cell proliferation (MTT) assay

MTT assays were performed to monitor cell proliferation and 
viability (10,11). Cells were seeded at 5000 cells/cm2 in 96-well 
plates in standard culture medium. The final concentration 
was 0.5 mg/mL MTT in standard culture medium after 24 
h, 48 h, and 72 h of culturing. Following 4 h of incubation, 
the MTT solution was removed and dimethyl sulfoxide was 
added to dissolve the formed formazan crystals. The culture 
dishes were agitated in a shaker for 10 minutes to ensure the 
dissolution of formazan crystals. Absorbance was measured at 
a wavelength of 560-750 nm using a Glomax Multi Detection 
System microplate reader (Promega, USA) (twelve replicates 
for each treatment).

Annexin V and dead cell assay

Apoptotic, live, and dead cells were detected using a 
fluorescein conjugated annexin V kit with a Muse EasyCyte 
flow cytometer following the manufacturer’s instructions 
(Merck, Millipore, USA) (12). The average of the measurements 
from triplicate experiments was used in the calculation of the 
final data.

Wound healing assay

HGFs were grown to 95% confluence in 6 well-plates. 
A scratch wound was made by scratching the cells with a 
pipette tip (13). The cells were rinsed with CHX (Andorex®, 
Pharmactive, Turkey), OCT (Octenidol®, Schülke, Germany) 
and HA (Gencigel®, Ricerfarma, Italy) solutions for 30 seconds. 
HGFs were incubated in standard culture medium at 37°C 
in a 5% humidified CO2 atmosphere. The wound area was 
photographed at the beginning, at 24 h, and at 48 h, and cell 
migration was assessed by measuring the gap size in at least 

Figure 1. Calculating the width of the scratch wound by drawing and 
measuring vertical lines.
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10 fields using Image J (National Institute of Mental Health, 
Maryland, USA) (Figure 1). The average of the measurements 
from three experiments was used in the calculation of the 
final data. The migration rate is expressed as the percentage 
of scratch closure on an initial area basis, according to the 
following equation (At(Baseline) = scratch width at time 0, 
and At = scratch width at 24 h and 48 h) (14):

Results

Cell proliferation

Graphical data of cell proliferation are shown in Figure 2. 
Twenty-four, 48, and 72 hours after administration of the 
solutions, there were statistically significant differences in cell 
proliferation between the control group and experimental 
groups (Table 1). However, there were no differences 
between the mouth rinse groups for proliferation rates 
according to the MTT assay. The cell proliferation value of 
the control group was significantly higher than in the CHX, 

OCT, and HA groups (p<0.001). There were no statistically 
significant differences in terms of cell proliferation between 
the CHX, OCT, and HA groups.

Cell viability

Graphical data of cell viability is presented in Figure 3. 
When both CHX and OCT solutions were applied, there were 
time-dependent statistically significant differences between 
the different times (p=0.027) (Table 2). For both solutions, cell 
viability after 24 h was significantly higher than cell viability 
after 48 h and 72 h (p=0.049). Cell viability in the CHX and OCT 
groups showed a decrease at 48 h and rose again after 72 h. 
In both groups, there were statistically significant differences 
for cell viability after 48 h and 72 h (p=0.049). For the control 
and HA groups, there were no time-dependent statistically 
significant differences (p=0.148).

Twenty-four and 48 hours after administration of the 
solutions, there was a statistically significant difference in 
cell viability between the solutions (p<0.05). There were no 

Table 1. Cell proliferation stratified by time periods (Post Hoc Tukey’s test *p<0.05).

MTT Assay
24 hours
Mean±SD

48 hours
Mean±SD

72 hours 
Mean±SD

Control 0.351±0.038 0.9242±0.138 2.2188±0.216

CHX 0.251±0.012 0.2459±0.013 0.2489±0.023

OCT 0.2515±0.016 0.2627±0.018 0.253±0.022

HA 0.2555±0.011 0.26±0.014 0.2539±0.023

p 0.002** 0.008** <0.001***

Table 2. Cell viability in different time periods.

Living HGFs (%)
24 hours

Mean±SD (median)
48 hours

Mean±SD (median)
72 hours

Mean±SD (median)
p

Control 95,25±1,05 (95,35) 91,10±0,18 (91,05) 91,23±1,29 (91,45) 0,061

CHX 99,58±0,20 (99,55) 88,67±1,46 (87,90) 91,93±0,80 (92,15) 0,027*

OCT 98,80±0,23 (98,75) 90,77±0,37 (90,90) 92,17±0,95 (92,10) 0,027*

HA 95,17±0,94 (94,95) 94,22±0,45 (94,15) 93,83±0,51 (93,70) 0,148

p 0,025* 0,022* 0,086

Figure 2. Time-dependent effects of CHX, OCT and HA on HGFs’ cell 
proliferation.

Figure 3. Time-dependent effects of CHX, OCT and HA on HGFs’ Cell 
viability.
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statistically significant differences in terms of cell viability 
between the CHX, OCT, HA, and control groups after 72 h.

Total apoptotic cells

Graphical data of total apoptotic cells are shown in Figure 4. 
When both CHX and OCT solutions were applied, there were 
time-dependent statistically significant differences between 
the different times for total apoptotic cell percentages 
(p=0.027) (Table 3). For both solutions, apoptotic cell 
percentages after 24 h were significantly lower than living cell 
percentages after 48 h and 72 h (p=0.049). The apoptotic cell 
percentage in the CHX and OCT groups showed an increase 
at 48 h and declined again after 72 h. In both groups, there 
were statistically significant differences for apoptotic cell 
percentages after 48 h and 72 h (p=0.049). For the control 
and HA groups, there were no time-dependent statistically 
significant differences.

In the evaluation of the percentage of total apoptotic cells 
at 24 h, CHX showed a statistically lower percentage than OCT 
(p=0.049), HA (p=0.049), and the control group (p=0.049). At 

48 h, HA showed a statistically lower percentage of apoptotic 
cells than the CHX (p=0.049) and control groups (p=0.049). 
CHX and OCT may prevent early apoptosis at 24 h; however, 
there were no statistically significant differences between the 
solutions at 72 h .

Gap closure rate

Graphical data of gap closure rates are given in Figure 
5. CHX, OCT, and HA solutions had an inhibitory effect on 
HGF migration according to the wound healing assay. 24 
and 48 hours after administration of the solutions, there 
was a statistically significant difference between the control 
group and the test groups (p<0.001) (Table 4). OCT showed a 
statistically worse effect on HGF migration than CHX (p=0.01) 
and HA (p=0.01) at 24 h. CHX and HA maintained the ability 
of HGF migration better than OCT at 48 h (p=0.01, p<0.001, 
respectively). CHX and HA had a similar effect according to 
the wound healing assay. Inhibition of cell migration was 
observed in the CHX, OCT, and HA groups in the scratch gap 
tests (Figure 6).

Discussion

In this study, HGFs were chosen to analyze the cytotoxic 
effects of CHX, OCT, and HA, because fibroblasts are essential 
to the wound healing process. After homeostasis and clot 
formation, wounds enter the proliferative step. Fibroblasts 
are one of the primary cell types that expand during this 
phase, driven by a burst of growth hormones supplied by 
the inflammatory response (15). The proliferative potential of 

Figure 4. Time-dependent effects of CHX, OCT and HA on HGFs’ total 
apoptotic cell percentage.

Figure 5. Time-dependent effects of CHX, OCT and HA on Gap Closure 
Rate in the wound scratch assay.

Table 3. Total apoptotic cell percentage for different time periods.

Total apoptotic HGFs (%)
24 hours

Mean±SD (Median)
48 hours

Mean±SD (Median)
72 hours

Mean±SD (Median)

Control 4.23±0.90 (4.30) 8.20±0.23 (8.25) 7.87±1.01 (7.70) 0.061

CHX 0.38±0.16 (0.45) 11.13±1.47 (11.8) 7.97±0.67 (7.80) 0.027*

OCT 1.15±0.22 (1.25) 9.23±0.37 (9.10) 7.77±0.95 (7.80) 0.027*

Table 4. Gap closure rate (*statistically significant).

Wound scracth assay gap 
closure rate  (%)

24 hours
Mean±SD

48 hours
Mean±SD

Control 28.42±0.81 43.74±3.44

CHX 1.99±3.11 2.15±1.90

OCT 0.50±0.72 1.91±1.91

HA 4.94±2.01 5.87±1.16

p <0.001* <0.001*
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fibroblasts in the wound bed appears to drive the course of 
the healing process (16).

CHX is the most widely used and verified agent, having a 
broad activity spectrum against oral pathogens with good 
tolerability (17). Löe and Schiott defined CHX as the gold 
standard of mouth rinses in 1970 (4). The most important 
advantage of CHX is the very high level of substantivity, 
which leads to prolonged adherence of the antiseptic on 
hard and soft oral tissue. Therefore, the antiseptic is gradually 
released at an effective dose, which assures the persistence of 
its antimicrobial effect (18).

However, negative effects of CHX on human alveolar bone 
cells, stem cells from buccal fat pads, and HGFs were observed 
in many studies (1, 9, 18). Cabral and Fernandes analyzed 
osteoblastic cells in vitro using MTT assays and suggested that 
CHX had a negative effect on cell growth of osteoblastic cells 
(1). Furthermore, Eick et al. demonstrated that commercially 
available CHX had a very strong cytotoxic effect on HGFs in 
MTT assays at different concentrations (9). Park et al. analyzed 
cell viability of stem cells derived from buccal fat pads using 
cell counting kit-8 (CCK-8) assays and found that both CHX 
and Listerine had negative effects on cell viability and relative 
viability (19). Schmidt et al. compared the cytotoxic effects of 
CHX and OCT using MTT assays and found that OCT had a lower 
cytotoxic potential on HGFs and human nasal epithelial cells in 
the applied concentration compared with CHX (3). An in vitro 
study on L929 cells (ATCC CCL 1) derived from an immortalized 
mouse fibroblast cell line, which is routinely used in in vitro 

cytotoxicity assessments, by Müller and Kramer reported 
that OCT was less cytotoxic than several antiseptic solutions 
including CHX, benzalkonium chloride, cetylpyridinium 
chloride, mild silver protein, polyhexamethylene biguanide, 
povidone iodine in solution, povidone iodine in ointment, 
silver (I) sulfadiazine, and triclosan (20). In the present study, all 
of the studied postoperative care agents showed a statistically 
significant negative effect on cell viability compared with 
the control group in the MTT assays. A comparison of the 
experimental groups showed no statistically significant 
differences between them.

In the literature, it was suggested that exogenous HA 
application could decrease the inflammatory response and 
prevent oxygen free-radical damage after tooth extraction 
(21, 22). HA has a moderating effect by erasing free radicals 
(23). Mendoza et al. reviewed all available data on the features 
and clinical profile of HA and they claimed that HA could 
erase free radicals (24). In a study conducted by Ye et al., it 
was suggested that high-molecular- weight HA could be an 
effective protective agent that had antioxidant properties 
(25). Gocmen et al. investigated the antioxidant and anti-
inflammatory effect of HA and reported that it had an anti-
inflammatory effect following wisdom tooth extraction. 
However, the oxidative stress levels and clinical outcomes 
were similar after one week. The authors suggested that 
according to their histologic data, HA application showed a 
lower inflammatory response. However, the clinical outcomes 
after one week showed no significant differences between the 

Figure 6. Gap closure views of control, CHX, OCT and HA groups at baseline, 24 h and 48 h.
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groups. The authors claimed that the reason for this difference 
was that postoperative sequelae generally resolve within one 
week (2). The better cell viability and apoptosis findings of the 
HA group in this study compared with other groups might be 
related to this anti-inflammatory characteristic.

In this present study, on comparing cell viability and 
apoptosis, the findings showed concordance with each other. 
At 24 h, CHX showed better results compared with OCT and 
HA, but at 48 h, HA showed better results than all groups 
including the control group. These data suggest that HA 
might have a positive effect on cell viability and apoptosis at 
48 h.

Conclusion

All the mouth rinses had similar effects on cell behavior 
such as viability, apoptosis, and cell proliferation. Although 
the results of the present study support the hypothesis that 
CHX, OCT, and HA prevent cell migration and maintain HGF 
viability, OCT showed a greater statistically negative effect 
for HGF migration ability than CHX and HA. The reason of 
the negative effect of HA on cell migration and viability 
could be the concentration used in this experiment. Different 
concentrations at different times for these agents should be 
further studied. Additional experiments that investigate other 
parameters such as cell differentiation, collagen synthesis 
and breakdown, inflammatory response, and growth factor 
release should be conducted in order to understand the 
effects of these agents at a molecular level. Additionally, in 
this experiment, the antimicrobial effects of these agents 
were not evaluated. Finding the balance between bactericidal 
effects without cellular toxicity is important for long-term 
postoperative treatment. Further experimental and clinical 
studies are needed to evaluate the antimicrobial effects 
of CHX, OCT, and HA; therefore, it would be more suitable 
to combine these findings with the cellular effects of these 
agents in order to understand their clinical effects.

Türkçe Öz: Ameliyat sonrası kullanılan bakım ürünlerinin insan diş 
eti fibroblastlarına etkilerinin karşılaştırılmasi: ön çalışma. Amaç: Bu 
çalışmanın amacı postoperatif bakım ajanları olan; klorheksidin, ok-
tenidin dihidroklorür ve hiyalüronik asitin insan gingival fibroblast-
larının canlılığı, proliferasyonu, apoptozisi ve migrasyonu üzerine et-
kilerini karşılaştırmaktır. Gereç ve Yöntem: Hücre kültüründen sonra; 
klorheksidin, oktenidin dihidroklorür, hiyalüronik asit çözeltileri hücrel-
ere uygulandı ve kontrol grubu için hücrelere hiçbir şey uygulanmadı.
Hücrelerin apoptotik, canlı ve ölü hücre yüzdeleri sitotoksisiteyi araştır-
mak amacıyla 24, 48 ve 72 saat izlendi. Hücre migrasyonunu saptamak 
için yara tahmini testi yapıldı ve hücrelerin başlangıç, 24. saat ve 48. 
saat takipleri yapıldı. Bulgular: 24 saat sonra, klorheksidin; oktenidin di-
hidroklorür (p = 0.049), hiyalüronik asit (p=0.049) ve kontrol (p = 0.049) 
‘dan istatistiksel olarak daha düşük toplam apoptotik hücre yüzdesi 
gösterdi. 48. saatte, hyalüronik asit; klorheksidin (p = 0.049) ve kontrol 
(p = 0.049)‘dan istatistiksel olarak daha düşük apoptotik hücre yüzdesi 
gösterdi. Tüm ajanlar kontrol grubuna göre istatistiksel olarak daha fa-
zla sitotoksik bulundu. Bununla birlikte, çoğalma oranı açısından deney 
grupları arasında fark yoktu. Oktenidin dihidroklorür, hücre göçünde 
24. saatte klorheksidin ve hiyalüronik asitten istatistiksel olarak daha 
negatif etki gösterdi. 48. saatte klorheksidin ve hiyalüronik asitokteni-
din hücre migrasyon kapasitesi octenidin dihidrokloritten daha fazla 
bulundu. Sonuç: Tüm ajanlar canlılık, apoptoz ve hücre proliferasyonu 
gibi hücre davranışları üzerinde benzer etkilere sahiptir. Bununla birlik-
te, oktenidin dihidroklorür; klorheksidin ve hiyalüronik aside göre, hücre 
göç etme kapasitesi üzerinde istatistiksel olarak daha olumsuz bir etki 

gösterdi. Anahtar Kelimeler: Klorheksidin; hiyalüronik asit; oktenidin di-
hidroklorit; hücre canlılığı; hücre göçü
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