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Introduction 

Hypochlorous acid (HOCl) is a physiological 
molecule that is synthesised by neutrophils during 
phagocytosis. It is involved in the active 
elimination of all microorganisms. HOCl is a weak 
acid and undergoes decomposition into 
hypochlorite ions (OCI-) and protons (H+) in 
accordance with the pH of the solution. (1) It is 
evident from extensive research that HOCI has 
been shown to have antiseptic properties. 
Furthermore, it has been determined that HOCI 
can cause apoptosis or cell necrosis in cells, 
depending on the ambient concentration (2, 3). 
Due to these characteristics, HOCl is employed as 
a disinfectant and antibacterial agent. 
Disinfectants based on HOCl affect all the vital 
functions of microorganisms, resulting in their 

death within seconds (4). The process of biofilm 
destruction prevents the development of antibiotic 
resistance amongs microorganisms. Furthermore, 
it ensures that harmful microorganisms present 
beneath this layer are prevented from entering the 
body from the external environment. In particular, 
it facilitates the process of wound healing and 
tissue regeneration by eliminating harmful 
microorganisms present in the wound area (5). In 
contrast to alcohol or iodine antiseptics, which 
have been demonstrated to damage keratinocytes 
and fibroblasts in healthy tissue, HOCl 
disinfectants have been shown to accelerate 
wound healing by increasing the proliferation 
(migration) of these cells to the damaged area. The 
product provides 99.99% antisepsis in less than a 
minute and is fully biodegradable, turning to water 
in 2-3 minutes. As it does not enter the systemic 
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circulation, it can be used in conjunction with 
other preparations required for treatment. It does 
not interact with any systemic product (6). For 
this reason, HOCl disinfectants are used to treat 
ulcers and wounds of various origins, including 
acute and chronic wounds, partial- and full-
thickness skin wounds, contusion wounds, post-
operative wounds, graft beds and skin grafts, 
burns (first- and second-degree), skin ulcers 
(stages I–IV), arteriovenous problems, 
neurological conditions, diabetes, trauma and 
other conditions. HOCl disinfectants are also used 
to treat various wounds, including small tears and 
cuts, abscesses, wound irrigation and debridement, 
and reduction of wound moisture and odour (7). 
It plays a pivotal role in the healing of these 
injuries by combining antimicrobial activity with 
non-cytotoxic action on the surrounding tissues 
(8-10). The aim of this study was to examine the 
impact of hypochlorous acid solutions, sodium 
hypochlorite (NaOCI) and zinc hypochlorite 
(ZnOCI) on the proliferation of keratinocytes 
(HaCaT) and fibroblasts (L929) in cell 
monolayers. The effects of these substances on 
cell proliferation, cell migration and apoptosis 
were investigated comparatively. 

Materials and Methods 
 
The ZnOCl and NaOCl salts used in the study 
were prepared in the laboratory of the 
Department of Biomedical Engineering, Faculty of 
Technology, Pamukkale University  
Sodium hypochlorous (NaOCl) and Zinc 
hypochlorous (ZnOCl):  

Chemicals: 0.9% NaCl solution, zinc salt (ZnCl₂ 

or ZnSO₄), deionised water. 
Instrument and Equipment: Electrolysis cell, 
power supply (DC), platinum and titanium 
electrodes, magnetic stirrer, pH meter, 
conductivity meter, UV-Vis spectrophotometer, 
ICP-MS device 
Obtaining sodium hypochlorous (NaOCl): 

1. The electrolysis cell was filled with 100 mL 
of 3% NaCl solution. 

2. Titanium coated platinum electrode was used 
as anode and stainless steel electrode was 
used as cathode. 

3. 4-6 V DC voltage and 200-300 mA current 
were applied to the cell. 

4. Electrolysis time was determined as 5 
minutes. 

5. The pH and conductivity of the resulting 
sodium hypochlorous solution were 
measured. 

6. The concentration of active chlorine was 
determined using a UV-Vis 

spectrophotometer with a wavelength of 292 
nm. 

Obtaining zinc hypochlorous (ZnOCl): 
1. The electrolysis cell was filled with 100 mL 

solution containing 3% ZnCl₂. 
2. Titanium coated platinum electrode was used 

as anode and zinc electrode was used as 
cathode. 

3. Electrolysis conditions: 6-8 V DC voltage, 
250-350 mA current, 5 min process time. 

4. The pH and conductivity of the resulting 
ZnOCl solution were measured. 

5. Zinc concentration in the solution was 
analysed by ICP-MS. 

Analysis and Results 

pH values:  
NaOCl solution: pH 7.2 ± 0.3 
ZnOCl solution: pH 6.8 ± 0.2 
Conductivity:  
NaOCl: 18.5 ± 0.5 mS/cm 
ZnOCl: 17.2 ± 0.4 mS/cm 
Active Chlorine Concentration (Chlorine 
measuring strips):  
 NaOCl: 120 mg/L 
 ZnOCl: 105 mg/L 
Cell culture: In this study, fibroblast (L929) and 
keratinocyte (HaCaT) cell lines were employed in 
a two-dimensional monolayer cell culture (11,12). 
The L929 and HaCaT cells were cultured at 37°C, 

with 5% CO₂ and 95% humidity. The cells were 
cultivated in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin. The 
cells were passaged at intervals of between two 
and three days, contingent on the density of the 
cells. Once the cells had reached a density of 
approximately 80-90% in the 100 mm culture 
plates, they were detached using trypsin-EDTA, 
centrifuged and resuspended in fresh medium.  
Cell viability test: The XTT test was employed to 
investigate the impact of NaOCI and ZnOCI on 
the viability of the HaCaT cell line, while the MTT 
test was utilised to examine their influence on the 
L929 cell line. 
XTT assay: The impact of ZnOCl and NaOCl on 
the proliferation of HaCaT cells were evaluated 
through the XTT assay, following the 
manufacturer's instructions (Cell Proliferation 
Assay with XTT Reagent-Cell Proliferation Kit, 
Lot: ≠213190). The HaCaT cells were seeded in 
96-well plates at a concentration of 2x10³ cells. 
The medium was replaced with solutions of 
NaOCI and ZnOCI at varying concentrations, 
which were then incubated for a further 24 hours. 
At the conclusion of the 24-hour incubation 
period, 100 μL of medium was added to each well, 



 

Mete et al/ The effect of hypochlorous acid on keratinocytes and fibroblasts. 
 

 

Van Med J Volume:33, Issue:1, January/2026 
 

114 

followed by the addition of 50 μL of activated 
XTT solution (comprising 49 μL of XTT reagent 
solution and 1 μL of activator solution) (12). The 
determination of the absorbance values 
absorbance values (OD) was conducted 
spectrophotometrically at 450 nm using a 
microplate reader (Biotek), with the results then 
being subjected to analysis. 
MTT assay: The MTT assay was employed to 
ascertain the impact of NaOCI and ZnOCI salts 
on the viability of the L929 cell line. The cells 
were seeded in 96-well plates at a concentration of 
2x10³ cells/well and incubated for 24 hours. 
Following the incubation period, the medium was 
replaced with solutions of varying concentrations 
and incubated for a further 24 hours. 
Subsequently, the culture medium was removed 
and 10 µL of MTT (5 mg/mL) and 100 µL of 
medium were added to the cells, which were then 
incubated for four hours. Subsequently, the 
medium containing MTT was removed and the 
resulting formazan crystals were dissolved in 
100% DMSO. The absorbance of the resulting 
colour was determined at 590 nm using a 
microplate reader spectrophotometer (Epoch, 
BioTek) and the results were evaluated (13). 
Colony formation test: The control and dose 
groups were seeded in a six-well plate at a density 
of 10³ cells per well. The cells were incubated at 

37°C with 5% CO₂ for 14 days, with medium 
changes performed every two days. At the 
conclusion of the 14-day period, the cells were 
fixed with cold methanol stored at -20°C for a 
duration of 10 minutes. Subsequently, the fixed 
colonies were stained with crystal violet for a 
period of 15 minutes. The number of stained 
colonies was counted and compared with that of 
the control group. 
Wound healing assay: HaCaT and L929 cells 
were seeded in cell culture dishes at a density of 

10⁶ cells per well and incubated for 24 hours. 
Once the cells had reached a confluence of 90%, a 
scratch was made in the cell layer using a 200 
microlitre pipette tip. The migration status of the 
cells was then observed at 0, 16 and 24 hours, 
with photographs taken under an inverted 
microscope. 
TUNEL saining: The apoptotic effect of NaOCl 
and ZnOCl on HaCat and L929 cells was assessed 
using the TUNEL assay. Cells from the groups 
cultured in chamber slides were fixed with 4% 
(w/v) paraformaldehyde for 20 minutes at room 
temperature. The cells were then washed with 
0.5% Triton X for 30 minutes and incubated in 
blocking solution for a further 30 minutes. The 
TdT-mediated dUTP nick-end labelling (TUNEL) 

kit protocol was used to determine the occurrence 
of apoptosis in the cells. The number of cells in 
total and the number of TUNEL-positive cells 
were counted in 10 randomly selected fields of 
view under the microscope. The apoptotic index 
(API) was calculated as the ratio of apoptotic cells 
to the total number of cell.  

Ethical Consent: As this study was conducted 
within a laboratory setting and used cell lines, 
approval from an ethics committee was not a 
compulsory requirement. The study used two cell 
lines: The HaCat cell line Applied Biological 
Materials  (ABM) Cat. No. ≠T9145. L929: 
European Collection of Authenticated Cell 
Cultures  (ECACC) Cat. No.≠85011425 

Statistical analysis: The data obtained were 
analysed using SPSS 21.0 for Windows. Shapiro 
Wilk test was used to examine the suitability of 
the data for normal distribution.One-way  
Analysis of Variance (ANOVA,) was used to 
compare independent groups and Tukey was used 
as post-hoc variance analysis were employed to 
analyse independent groups.  Statistical differences 
were considered significant at the 0.05 level or 
less. 

Results 

Cell viability: In HaCaT cells, the highest cell 
viability rate in the NaOCI application was 
determined at 1.44 ppm, while the lowest cell 
viability rate was determined at 23 ppm. In the 
ZnOCI application, the highest cell viability rate 
was determined at 3 ppm, while the lowest cell 
viability rate was determined at 44 ppm (Figure 1). 

 
 

Figure1: Effect of NaOCl ve ZnOCl On HaCaT cells. 
Percentage cell viability of HaCat cells induced by NaOCl 
and ZnOCl in different concentrations calculated with XTT 
assay. 
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In L929 cells, the highest cell viability rate was 
observed in the NaOCI application at 30 ppm, 
while the lowest cell viability rate was determined 
at 50 ppm. In the ZnOCI application, the highest 
cell viability rate was determined at 3 ppm, 
whereas the lowest was determined at 44.3 ppm  
(Figure 2).   
 

 
Figure 2: Effect of NaOCl ve ZnOCl on L929 cells. 
Percentage cell viability of L929 cells induced by NaOCl and 
ZnOCl in different concentrations calculated with MTT 
assay.  

 
 

 
Figure 3:  A. This image represents colony formation in 
HaCaT cells that have been treated with NaOCl And 
ZnOCI. Colonies were stained with crystal B:  Colony 
numbers were counted in the control and traeted groups 

 
 
 
Colony formation: The evaluation of the colony 
formation of the cells revealed a significant 
discrepancy in the number of colonies observed in 
the control group and those in the dose groups. 
Furthermore, the number of colonies in the 
HaCaT cell line demonstrated a notable increase 
following treatment with NaOCl and ZnOCI (p 
<0.05). Furthermore, a significant difference was 
observed between the two dose groups, with 

ZnOCI demonstrating a greater capacity to form 
colonies in the HaCaT cell line compared to 
NaOCI (p <0.05) (Figure 3).  The observation of 
L929 cell line revealed the absence of colony 
formation. 
Wound healing assay: Wound healing migration 
assay was performed to detect of effect of NaOCl 
and ZnOCl on migration in L929 cells. It was 
observed that the application of 20 ppm NaOCI 
resulted in approximately 1.2 times the number of 
cells migrating to the wound area in comparison 
to the control group at the 48-hour mark. 
Furthermore, the use of 40 ppm NaOCI led to the 
coverage of 2.7 times the wound area in 
comparison to the control group (Figure 4). A 
significant difference in wound area was observed 
between the treatment and control groups                    
(p<0.05). The 0.5 and 1.5 ppm ZnOCI 
applications resulted in the wound area being 
covered 1.21 and 9.7 times more, respectively, 
than in the control group (Figure 4.3.4). A 
significant difference was observed in the wound 
area of the treated group in comparison to the 
control group (p<0.05) (Figure 4). In the HacaT 
cell line, no cell proliferation was observed in 
either the experimental or control groups. 
 

 
 
Figure 4: The images show the wound healing in the control 
group and NaOCl (A,B) and ZnOCl (C,D) treated groups. 
The results showed that NaOCl and ZnOCl administration 
increased cell migration. Representative images of cells in 
the control and dose groups at 0h, 24h and 48h are given. 

 
TUNEL staining results: Compared to the 
control group, application of NaOCI and ZnOCI 
resulted in a significant reduction in apoptosis in 
the HaCaT and L929 cell lines (p<0.05) (Figure 5). 
However, it was demonstrated that NaOCI was 



 

Mete et al/ The effect of hypochlorous acid on keratinocytes and fibroblasts. 
 

 

Van Med J Volume:33, Issue:1, January/2026 
 

116 

more effective than ZnOCI at reducing apoptosis 
in HaCaT cells (p<0.05). In the L929 cell line, the 
apoptotic index was observed to be lower in the 
treatment groups than in the control group. 
Nevertheless, no significant difference was 
identified between the NaOCI and ZnOCl -
treated groups (p≥0.05).  
 

 
Figure5: The image presents the results of TUNEL staining 
in the HaCat and L929 cell lines. The arrow indicates 
TUNEL-positive cells. Immunoperoxidase & Haematoxylin, 
X400, Bar=50µM 

 

Discussion 

The objective of this study was to examine the 
healing effects of NaOCl and ZnOCl, derived 
from different chlorine salts, on keratinocyte 
(HaCaT) and fibroblast (L929) cell lines in vitro. 
The impact of NaOCl and ZnOCl on keratinocyte 
and fibroblast cell lines was examined through the 
utilisation of cell viability, colony formation and 
wound healing assays. Furthermore, the 
occurrence of apoptosis in the cells was 
ascertained through the utilisation of the TUNEL 
methodology. The results demonstrated that 
NaOCI and ZnOCI solutions were more effective 
in colony formation in HaCaT cells compared to 
the control group. Furthermore, the data indicated 
that ZnOCI was more effective than NaOCI 
among the two different hypochlorite acids. It is 
noteworthy that no colony formation was 
observed in L929 cell lines. The results of the 
wound healing migration assay demonstrated that 
both NaOCI and ZnOCI were effective in the 
fibroblast cell line. The data indicate that the 40 
ppm NaOCI solution resulted in approximately 
2.7 times the cell migration observed in the 
control group. The 1.5 ppm ZnOCI solution 
demonstrated a 9.7-fold increase in cell migration 
compared to the control group. Our findings 
indicated that the ZnOCI solution exhibited 
superior efficacy in wound closure compared to 

the NaOCI solution. A review of the literature on 
the role of zinc in wound healing indicates that 
zinc levels increase significantly during the early 
inflammatory phase of wound healing (14).   In a 
study conducted by Lonsdown et al., it was 
demonstrated that within the initial 24 hours 
following injury, there was a 15-20% increase in 
zinc levels at the wound edge. This increase 
subsequently reached up to 30% during the 
subsequent stages of granulation tissue 
development and epidermal proliferation. It has 
been reported that the early influx of zinc is due 
to an increase in the expression of the 
metallothionein (MT) protein family in 
keratinocytes, macrophages and dermal fibroblasts 
at the wound edge. Conversely, in the later stages 
of wound healing, a reduction in cell division and 
scar maturation is associated with a decline in zinc 
levels (15). In this study, colony formation was 
observed in HaCaT cells; however, migration was 
not observed in wound healing experiments, 
including the control group. This phenomenon 
may be attributed to the inherent biological 
characteristics of the specific cell lines in question. 
A comprehensive review of the current literature 
has revealed studies showing that strong 
intercellular connections in epithelial-derived 
HaCaT cells promote colony formation while 
inhibiting migration (16,17). In their study, Jiang 
and colleagues observed that fibroblast-derived 
L929 cells exhibited minimal tendency for colony 
formation and high migration activity on the 
extracellular matrix (ECM) (18). Studies using 
sodium hypochlorite (NaOCl) have demonstrated 
that the application facilitates colony formation in 
HaCaT cells and simultaneously causes migration 
loss. This is likely attributable to oxidative damage 
and its disruptive effects on the cytoskeleton, 
focal adhesions, and protease signalling (16-20)  
Another potential explanation pertains to the 
impact of the doses and application times of the 
solutions employed on the cells. A study by Jiang 
et al. reported that sublethal doses of these agents 
may facilitate colonisation, depending on the 
concentration and exposure time. However, they 
may also disrupt the actin remodelling and cellular 
energy mechanisms necessary for migration. It has 
been hypothesised, in particular, that NaOCl may 
alter the activities of MMP-2 and MMP-9, which 
are necessary for extracellular matrix (ECM) 
degradation. This alteration could result in the 
formation of a microarchitecture that hinders cell 
migration (18). Another study indicates that 
applying NaOCl (sodium hypochlorite) and zinc 
(Zn/ZnO or Zn salts) to L929 cells may promote 
short-term cell survival and motility; however, 
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long-term proliferation (colony formation) may be 
inhibited (21). In our study, no colonisation was 
observed in L929 cells at any of the application 
times. In some cases, it has been observed that 
cellular stress increases migration while 
simultaneously inhibiting proliferation (19). 
However, it is important to note that in some 
cases, a lack of proliferation may be observed due 
to the dominance of migration. In this particular 
case, it has been documented that cells can 
migrate to the wound but cannot proliferate, 
thereby preventing colony formation. As noted in 
most research findings, sodium hypochlorite 
(NaOCl) exhibits significant toxicity on fibroblast 
cells (22,23).  Despite the paucity of direct studies 
analysing colony formation in L929 cells with the 
specific compound ZnOCl, it has been reported 
that ZnO nanoparticles may exhibit dose-
dependent toxicity in L929 cells (24,25). We found 
that apoptosis was lower in both solutions and cell 
lines than in the control group. This led us to 
conclude that neither NaOCl nor ZnOCl has a 
toxic effect on cells. The passage number is a 
critical factor in both proliferation and migration. 
Research has indicated that L929 cells which have 
undergone extensive passage may retain their 
migratory capacity for a certain period, whilst 
concomitantly losing their proliferation capacity 
(21). The L929 cells used in this study were at 
passage 26, which may have inhibited colony 
formation. It has also been shown by research that 
the passage number is an important factor in 
HaCaT cells. For example, a 2021 study on HaCaT 
cells concluded that changes in passage number 
could affect morphology, thereby influencing cell 
proliferation and wound healing experiment (26). 
The HaCaT cell passage used in this study was 15, 
and this could affect the efficacy of NaOCI and 
ZNOCI. Another factor that affects cell behaviour 
is microRNAs (miRNAs). Studies conducted to 
date suggest that miRNAs have the potential to 
modulate cellular behaviour. For instance, a 2021 
study found that microRNA-185 (miRNA-185) 
reduced the proliferation and migration of HaCaT 
cells, while also altering their oxidative stress 
conditions (27). More recently, Chang et al. 
reported that increased expression of microRNA-
126 promoted migration and colonisation in 
HaCaT cells. While there has been no direct study 
investigating the relationship between ZnOCI and 
miRNAs, it has been hypothesised that the 
combination of Zn and hypochlorite may 
modulate cellular behaviour via ROS and miRNAs 
(28). Wound healing is an important and complex 
process in both humans and animals. It involves 
several phases, including 

haemostasis/inflammation, proliferation, and 
remodelling (29). In their 2007 study, Werner et 
al. examined keratinocyte-fibroblast interactions in 
vitro using HaCaT and fibroblast cultures. They 
demonstrated that, in the early stages after injury, 
proinflammatory mediators such as IL-1, which 
are derived from keratinocytes, regulate 
interactions between keratinocytes and fibroblasts. 
They also showed that TGF-β activity is strongly 
up-regulated in co-cultures of keratinocytes and 
fibroblasts. They also found that IL-1-responsive 
genes such as keratinocyte growth factor (KGF), 
IL-6, endothelin-1 (ET-1), heparin-binding EGF 
and GM-CSF were up-regulated in fibroblasts, and 
that these factors could stimulate keratinocyte 
proliferation and differentiation. The researchers 
also observed that components of the epidermal 
basement membrane are expressed by both 
keratinocytes and, to a lesser extent, fibroblasts. 
They noted that, in the middle stage of 
keratinocyte-fibroblast interactions, the balance of 
the effects of keratinocyte-derived IL-1 and TGF-
β begins to shift, prompting fibroblasts to increase 
their synthesis of basement membrane 
components. It has been demonstrated that basal 
membrane components are strongly expressed in 
fibroblasts during the final stage of wound healing 
(30). In the present study, HaCaT and L929 cells 
were not co-cultured; therefore, it is possible that 
keratinocytes and fibroblasts did not interact, 
which would explain the absence of colony 
formation and cell migration. 

Study Limitations: The present study has several 
limitations. Not being able to determine the effects of 
NaOCI and ZnOCI on cells at the molecular level 
and not being able to perform co-cultures of the 
HaCaT keratinocyte cell line and the L929 fibroblast 
cell line are significant limitations of our research. 

Conclusion  

NaOCI and ZnOCL were found to enhance 
colony formation in Hacat cells. In contrast, 
NaOCI and ZnOCL did not induce cell migration 
in Hacat cells NaOCI and ZnOCL were found to 
be ineffective in inducing colony formation in 
L929 cells .Whereas  NaOCI and ZnOCL were 
found to enhance cell migration in L929 cells. The 
underlying reasons for these outcomes may be 
attributable to the varying doses of the solutions 
employed, which exhibited cell-specific disparities.  
A further rationale pertains to the passage 
numbers of the cells utilised, which have the 
capacity to influence colony formation and cell 
migration. Alternatively, the absence of interaction 
between keratinocytes and fibroblasts is a 
possibility. Nonetheless, a comparative analysis of 
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NaOCI and ZnOCI has demonstrated that ZnOCI 
is more effective in promoting colonisation and 
enhancing cell growth. The present study also 
demonstrated that both NaOCI and ZnOCL 
reduced apoptosis in both Hacat and L929 cell 
lines. In contrast, the results of our study 
indicated that NaOCI reduced apoptosis in 
HaCaT cells to a greater extent than ZnOCI.  
Considering the effect of hypochlorous acid on 
microorganisms, the results of our research will be 
beneficial for developing new treatment methods 
through research on skin and connective tissue 
cells. We believe that developing these results for 
use in biomedical engineering and product design 
will lead to the introduction of new, effective 
medical products. HOCl is at the forefront of the 
search for environmentally friendly products that 
leave little residue, act quickly and are easily 
obtainable for use in treating injuries. It is evident 
that further research is required to 
comprehensively understand the molecular effects 
of these solutions. 
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European Collection of Authenticated Cell 
Cultures  (ECACC) Cat. No.≠85011425 
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