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Diabetic foot ulcers and gangrene, often infected with multidrug-resistant pathogens and resilient bacterial spores, re-
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sporicidal activity against diabetic foot pathogens, which makes it an effective yet safe clinical-grade wound disinfectant.
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Introduction

Diabetic foot ulcers and gangrene remain serious sequelae of dia-
betes mellitus, usually due to chronic infections from polymicrobial
guilds (Sadeghpour Heravi et al., 2019). Typical pathogens are Staph-
ylococcus aureus, Pseudomonas aeruginosa, Acinetobacter bauman-
nii and spore-forming anaerobes as Clostridium perfringens. Rapid
wound disinfection is essential to minimize the microbial load and in-
hibit systemic infection, as well as induce healing.

HOCI, a natural oxidant generated by neutrophils, is commonly
used as a topical disinfectant on account of its broad-spectrum antimi-
crobial activity, minimal cytotoxicity and rapid killing action (Ed-
wards-Jones, 2025). It is most effective at mild acidity where non-io-
nized HOCI species dominates and readily penetrates the cell wall of
microorganisms (Aherne et al., 2022). Its high oxidative capacity re-
sults in a swift membrane translocation and cell inactivation of mic-
roorganisms, rendering it very appealing for chronic wound irrigation
(Boecker et al., 2023). At low to moderate concentrations (typically
20-200 ppm), HOCl is considered non-toxic, non-irritating, and safe for
skin and mucosal contact. It does not produce harmful residues and
rapidly degrades into chloride ions and water (Vargova et al., 2020).

Sodium hypochlorite (NaOCI) is a popular chlorine disinfectant.
It has an antimicrobial effect by denaturing proteins and destabilizing
cell membranes. It is considered effective for vegetative bacteria and
some spores (Fukuzaki, 2006), however, high concentration or pro-
longed exposure can lead to tissue irritation and cytotoxicity (Seve-
ring et al., 2019; Chung et al., 2022).

A historical wound disinfectant is Eusol which is a combination
of boric acid and chlorinated lime (calcium hypochlorite and with bo-
ric acid). It has been applied for discharge washout, slough clearance,
and infection control. Its action is based on the liberation of oxidative
chlorine and the mild antiseptic action that boric acid possesses
(Mung’ong’o & Mugoyela, 2007; Shah et al., 2017).

Hydrogen peroxide (H202) is an oxidative disinfectant that un-
dergoes ROS formation, which leads to membrane damage and oxi-
dative nucleobase damage (Linley et al., 2012). It is a popular topical

wound-cleansing agent, but the rapid breakdown and associated cyto-
toxicity of the form in which it is most widely available renders it
inappropriate for use in chronic wound applications (Zhu et al., 2017;
Rai et al., 2023).

In spite of their extensive application, studies that comparatively
assess the concentration- and time-dependent bactericidal and sporici-
dal activity of these disinfectants against potential pathogens isolated
from diabetic foot gangrene are limited. Hence, this study investigated
time-kill kinetics with logao reduction and kill rates of selected clini-
cally-relevant bacteria and spores to compare the efficacy of HOCI,
NaOCl, H-02and Eusol.

Material and methods

The study was ethically approved by the Human Ethics Commit-
tee of the Al-Habbobi Teaching Hospital based on the Declaration of
Helsinki under approval number 558, which was dated January 1,
2025. All the subjects received detailed instructions on the procedures
of the study and signed informed consent. All patient data was kept
confidential in the course of the research.

Isolation of bacteria was performed in the timeframe spanning
from October 2025 to December 2025, in which a total of 45 swabs
were collected from Baghdad Teaching Hospital. The sample collec-
tion adhered to the protocol outlined (MacFaddin, 2000). All samples
were transported to the laboratory without delay. The samples were
inoculated on Mannitol salt agar, MacConkey agar, blood agar under
aerobic conditions and cooked meat agar under anaerobic condition
for 24-48 hrs at 37 °C.

The identification of bacterial isolates involved a comprehensive
approach involving microscopic, macroscopic examination and bio-
chemical tests. Then the type of isolate was confirmed by the Vitek 2
compact system (Brooks et al., 2010).

Clostridium perfringens isolated from foot gangrene patients were
used as the spore forming bacteria in this study. Spore suspensions
were prepared by inoculating 0.1 mL of C. perfringens culture into
20 mL of cooked meat medium (Oxoid, England). The inoculated
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medium was subjected to heat shock at 90 degrees C for 10 minutes
to activate spore germination, followed by overnight incubation at
35°C under anaerobic conditions using an anaerobic incubator
(Memmert, Germany) (Byun et al., 2011).

The cooked meat medium culture was then transferred into
200 mL of sporulation medium (Himedia, India) to promote sporula-
tion and incubated under anaerobic conditions at 30 °C for 8 hours.
Subsequently, the culture was inoculated into 1.8 liters of sporulation
medium and further incubated at 30 degrees Celsius for 4 days under
anaerobic conditions until approximately 90% sporulation was achie-
ved. The transition from vegetative cells to spores was monitored
using a light microscope (Zeiss, Germany).

When sporulation reached approximately 90%, the suspension
was stirred, and spores were harvested by centrifugation using a refri-
gerated centrifuge (ESCO, Singapore). The initial centrifugation was
performed at 1700 ppm for 10 minutes, followed by three washing
steps with sterile distilled water at 4 degrees Celsius using centrifuga-
tion at 1200 ppm for 10 minutes. After washing, the spore pellet was
resuspended in 5 mL of sterile distilled water.

Aliquots of 100 pL of the C. perfringens spore suspension were
transferred into sterile microcentrifuge tubes and stored in a deep
freeze at —80 °C to maintain spore integrity until use. The concentra-
tion of the spore suspension was determined by dilution method on
modified tryptone egg yolk extract yeast extract medium (Himedia,
India) supplemented with 5% egg yolk and 0.5% yeast extract.

The disinfectants evaluated in this study included hypochlorous
acid (HOCI), sodium hypochlorite (NaOCI), hydrogen peroxide
(H20z), and Eusol. Test concentrations were prepared according to
the experimental design as summarized in Table 1.

Table 1
Disinfectant type and concentration

Disinfectant Concentrations tested

Hypochlorous acid (HOCI)
Sodium hypochlorite (NaOCI) 0.01%, 0.025%, 0.05%
Hydrogen peroxide (H,0,) 1%, 3%, 6%

Eusol 25%, 50%, 100% (V/v)

20,50, 100, 200 ppm

The sporicidal activity of disinfecting agents was evaluated using
a dilution-neutralization method according to the preliminary Europe-
an Standard prEN 1276:2019. Disinfection testing was performed by
thoroughly mixing 1 mL of the Clostridium sporogenes spore or bac-
terial suspension at concentraction 1x108 with 8 mL of the disinfec-
tant agent at different concentrations (Table 1) for bactericidal activity
and the highest concentration for sporicidal activity mixed previously
with 1 mL of turbidity agent (peptone).

Samples of 1 mL were taken from the reaction mixture at 1, 5, 10
and 20 minutes for bactericidal activity and 1, 5, 10, 20 and 30 minu-
tes for sporicidal activity and immediately added to 9 milliliters of
neutralizing solution. A neutralizing solution was prepared by dissolv-
ing 3 g of lecithin, 30 g of polysorbate 80 (Tween 80), 5 g of sodium
thiosulfate, 1 g of L-histidine, and 1 g of glycine in 800 mL of buff-
ered peptone water (20 g/L). The mixture was stirred until complete
dissolution of all components was achieved, after which the volume
was adjusted to 1 L with Buffered Peptone Water. The solution was
aseptically dispensed into autoclavable tubes in 9 mL aliquots and
sterilized by autoclaving at 121 °C for 15 minutes. The tubes were
allowed to cool to room temperature prior to use.

1 mL of the final neutralized mixture and ten-fold serial dilutions
were then spread on trypticase soy agar and incubated under anaero-
bic conditions for sporicidal activity of Clostridium perfringens spo-
res and under aerobic conditions for other pathogenic bacteria at
35 °C for 48 hours. Colonies arising from germinated spores were co-
unted and expressed as colony-forming units per milliliter. Then cal-
culate log reduction as equation below.

Loguoreduction was calculated as:

Log reduction = log; o (Ny) — log;o(N;)
where N, = 1 x 108and N, is the surviving count after treatment.

All quantitative data are expressed as mean + standard deviation
(SD) from three independent replicates. To evaluate the effect of dis-
infectant type and exposure time on the log reduction of microbes, a
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Two-Way Analysis of Variance (ANOVA) was performed. Follo-
wing the ANOVA, Fisher’s Least Significant Difference (LSD) post-
hoc test was used to determine significant differences between speci-
fic pairs of means (interaction effects). A probability value of P <0.05
was considered statistically significant. In the results, means that share
a common superscript letter are not significantly different from each
other.

Results

Forty-five bacterial isolates were isolated from the foot diabetic
ulcers. Staphylococcus aureus was the predominant species, account-
ing for 40.8% (n = 20) of the total isolates. The next most frequent
species were Gram-negative non-fermenting bacteria, P. aeruginosa
(24.5%, n = 12) and A. baumannii (20.4%, n = 10). These species
comprised the majority of the isolates and accounted for 85.7% of the
total bacterial burden. All other bacterial species were isolated at
lower rates. Clostridium perfringens as an anaerobic spore-forming
bacterium represented 8.2% (n = 4) of the isolates. Members of the
Enterobacteriaceae family had the lowest frequency of detection,
represented by E. coli (4.1% (n = 2) and Serratia spp., which related
to only 2.0% (n = 1) of the total isolates. Statistical analysis confirmed
that there was a highly significant difference in the frequency of all
bacterial species (y2 = 32.34, P < 0.001) and the observed distributions
of S. aureus, P. aeruginosa, and A. baumannii was not attributable to
random variation.

The bactericidal efficacy of four disinfectants against the predo-
minant pathogens at different concentrations (Table 2). Hypochlo-
rous acid showed reduction at various concentrations. Reductions for
S. aureus at 20 and 200 ppm were 2.02 + 0.13 and 5.83 + 0.38 loguo,
respectively. Reductions against P. aeruginosa and A. baumannii
were 1.77 = 0.20 to 5.65 * 0.66 logwo and 1.41 + 0.08 to 5.43 + 0.20
loguo, respectively. These findings suggest that hypochlorous acid po-
ssesses a potent antimicrobial activity at relatively low concentrations.
The bactericidal action of NaOCI showed low reductions at 0.01%
(1.98 £ 0.12 loguo for S. aureus) and high reductions with increased
concentration at 0.05% (4.35 + 0.39 logwo for S. aureus). H202 was
moderately active, with the maximum logo reduction of 4.57 + 0.17
against P. aeruginosa at 3.0%. Eusol had the least antibacterial action
even at high concentration (100%).

Table 2
Frequency of bacterial isolates
from diabetic foot ulcer and gangrene samples

Bacterial Species Number of isolates Percentage
Staphylococcus aureus 20 40.8
Pseudomonas aeruginosa 12 245
Acinetobacter baumannii 10 204
Escherichia coli 2 41
Serratia sp. 1 20
Clostridium perfringens 4 8.2

Total 49 100.0

Note: 2 =32.34, P <0.001.

The disinfectant efficacy test was assessed by time-dependent
tests for bactericidal effects at the highest concentrations as shown in
Table 4. HOCI (200 ppm) had an almost broad spectrum effect on
bacterial loads, showing 6.94 + 0.71 loguo reduction of S. aureus at
1 min and over 8.26 + 0.49 loguo reduction at 20 min. Complete mi-
crobial eradication for both P. aeruginosa and A. baumannii was
achieved within 20 min. Sodium hypochlorite (0.05%) also showed
bacteria reductions at a slightly slower rate. Initial logio reductions
ranged from 3.82 + 0.28 to 4.67 + 0.30, reaching maximal reductions
of 7.60 = 1.19 only at 20 min. In contrast, H2O2 (3.0%) displayed
slower bactericidal activity, with reductions reach to 6.46 + 0.18 with
S. aureus at 20 min. Eusol (100%) exhibited the slowest kinetics, ac-
hieving maximum reductions of 5.92 + 0.19 loguwofor P. aeruginosa in
20 minutes, indicating that limited rapid bactericidal efficacy requires
prolonged contact time.

The disinfectants were tested at maximum concentrations (Table 5)
for the ability to inactivate spores. HOCI (200 ppm) showed an im-
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mediate sporicidal effect with a 3.96 + 0.12 logiw and a 7.87 £ 0.76
logio reduction at 1 to 20 min respectively. The efficiency of NaOCI
(0.05%) for spore inactivation was slightly lower (7.13 + 1.35 logiwo
reduction) but required a longer contact time (30 min). In contrast,
H202 (3.0%) and Eusol (100%) showed a gradual and less pronoun-
ced effect with maximum logo reductions of 5.3 + 0.68 and 3.42 +
0.07 at 30 min, respectively, confirming the potency of HOCI against
resistant spores.

Table 3
Bactericidal activity (Loguo reduction)
at different concentrations (mean + SD)

Disin-  Concen-

bacterial isolates (y*> = 32.34, P < 0.001). The predominance of S. au-
reus (40.8%) is consistent with numerous studies that identify this
organism as the most common pathogen in diabetic foot infections
followed by P. aeruginosa and A. baumannii with 24.5% and 20.4%,
respectively. The study results are in agreement with other studies
which indicate the S. aureus most predominant pathogen in diabetic
foot ulcers (British Standards Institution, 2019; Stankowska et al.,
2022). Astudy conducted by Son et al. (2017) reported that, among
745 isolates, MRSA was the most frequently identified organism
(13.7%), followed by Enterococcus faecalis (12.6%) and methicillin-
sensitive Staphylococcus aureus (MSSA) (12.5%).

Table 4

fectant  tration S.aureus P.aeruginosa A baumannii Time-kill assay data table (at highest concentrations) (mean + SD)
HOCI 20 ppm 202+013 1.77+0.20 141+008 = ;
Soppm  369:012 3821023 2792008 o Concen- T s aureus  P.aeruginosa A baumanni
100ppm  5.09+060 481+058 468 +0.04
200ppm 5834038 565+ 0,66 5434020 HOCI  200ppm 1 6.94+071 6.03+040 549+066
5 703+040 649+033  644+049
NaOCl  0.01% 1.98+0.12 1.97+0.22 159+013
0025% 3554042  343+020  271+019 10 7.76£099  7.12+067  7.09+065
005%  435+030  482+033  355+035 20 826+049 765:038 759:042
H,0, 0.5% 111+003 193+003 1.60+003 NaOCl  0.05% 1 4,67 £0.30 413+0.21 3.82+0.28
1.0% 2.82+008 258+0.13 2.38+0.16 5 557042 512+037  493+042
3.0% 340+0.19 3.17+005 457017 10 640+£072 606+041  556+032
Eusol 25% 1.01£0.09 091+012 0.85+0.12 20 760+119 6554068 6154041
50% 150 +£0.12 1.38+003 1.13+008 H,0,  3.0% 1 2.72+022 208+020  194+0.18
100% 4.06+0.19 4.86+0.14 458+0.27 5 358+047 3124031  2.87+029
10 547+027 463+026  532%021
) ] 20 646+018 6.07+023  585+022
Discussion Eusol  100% 1 216+006 1.95+008  159+0.11
5 249+014 336+012  208+0.14
The bacteriological profile observed in this study confirms that 10 369+018 461+009  435+011
diabetic foot ulcer and gangrene infections are predominantly poly- 20 570+026 508+015  592+0.19
microbial, with a statistically significant variation in the distribution of
Table 5
Sporocidal activity of disinfectants against Clostridium perfringens spores
Disinfectant 1 min 5 min 10 min 20 min 30 min
HOCI (200 ppm) 3.96 +0.12¢% 5.01 £023« 6.01 £0.66° 7.87+0.76° 7.55 096
NaOClI (0.05%) 0.87 +0.05k 2.71 £0.36h 4.02 043 5.85+0.85% 7.13£135
H,0, (3.0%) 0.30=£0.01k 1.99 £041i 3.44£0.17% 4.43 £0.09% 5.39£0.68%
Eusol (100%) 0.20=0.01* 0.64 £ 0.06* 1.09 £0.20i 3.13£0.23¢ 342+0.07%

Another study in Iraq indicates that the three most common pa-
thogens isolated from patients with diabetic foot were S. aureus
(30.1%) Acinetobacter spp. (19.1%) and Pseudomonas aeruginosa
(15%) (Habeeb et al., 2021). Another study found that the the most
frequently isolated bacteria were 27 (38.0%) for P. aeruginosa (Matar
& Saleh, 2024).

At the General University Hospital José Maria Morales Mesegu-
er, Spain, 55% of the isolated microorganisms were Gram-positive.
Among these, Staphylococcus aureus was the most common (33%),
followed by Pseudomonas aeruginosa (12%) (Mercado et al., 2007).

The current study provides a detailed comparison of the bacteri-
cidal and sporicidal efficacy of HOCI, NaOCl, H20. and Eusol.
The study results demonstrate that HOCI exhibits the most potent
antimicrobial and sporicidal activity, achieving rapid and high reduc-
tions in bacterial counts and spores. This finding is consistent with
previous studies reporting that HOCI effectively disrupts microbial
membranes and penetrates biofilms, leading to rapid bacterial death
(Romanowski et al., 2018; da Cruz Nizer et al., 2020).

In another study significant antimicrobial activity was demonstra-
ted, with key pathogens including MRSA, MSSA, Pseudomonas ae-
ruginosa, and Candida albicans exhibiting >6 logio reductions for
bacteria and >3 loguo reductions for yeast within less than one minute
of exposure (Anagnostopoulos et al., 2018). Standard hypochlorous
acid typically achieve a more than 5.0 loguo reduction of Clostridium
spores only after 15 to 30 minutes of contact time (Goda et al., 2017).

Similarly, NaOCI showed strong bactericidal activity, although
its killing kinetics were slightly slower than HOCI, which aligns with
reports that NaOCl is effective against both Gram-positive and Gram-

negative bacteria but requires slightly longer exposure times (Fabrizio
etal., 2024).

H202 exhibited moderate activity in our study, with slower reduc-
tions and lower maximum logao reductions. This is in agreement with
previous findings that H202’s antimicrobial effect can be limited by
the presence of catalase-producing bacteria, which degrade H20 and
reduce its effectiveness (Bezsenyi et al., 2021; Anwar et al., 2024).
However, some studies have reported the hydrogen peroxide achie-
ved reductions > 4 logl0 CFU/mL) against Escherichia coli, Staphy-
lococcus aureus, Enterococcus hirae, and Pseudomonas aeruginosa
(Rios-Castillo et al., 2017).

Eusol showed the weakest activity, consistent with historical data
indicating its limited rapid antimicrobial action. The slow kinetics and
low maximum reductions suggest that Eusol may be insufficient for
situations requiring fast disinfection, although it may still have a role
in low-risk applications or for extended exposure (Newsom & Ridg-
way, 2014).

When comparing the time-kill results of the current study with
other studies, the rapid bactericidal effect of HOCI supports its practi-
cal application in clinical and laboratory disinfection, particularly in
environments with high contamination risks as well as usage of hypo-
chlorous acid for wound management due to safety characteristic
(Ulfig & Leichert, 2021).

HOCI is an endogenous molecule, naturally synthesized by the
human immune system; during phagocytosis, neutrophils produce
HOCI via the myeloperoxidase enzyme to destroy invading patho-
gens. Because it mirrors this natural physiological process, topically
applied HOCI-even at the highly effective concentration of 200 ppm
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utilized in our study — is non-cytotoxic to human cells (Lewandowski
etal., 2024).

The localized safety profile suggests that HOCI is an ideal candi-
date for the extensive and repeated irrigation needed for chronic dia-
betic wound care, providing a therapeutic superiority to traditional
antiseptic agents (Irawan et al., 2024). On the other hand, sodium
hypochlorite (NaOCI) showed significant antibacterial activity in this
study, but the clinical use of NaOCI is limited because of the small
margin of safety. The pH and strong oxidative action when NaOClI is
used at concentrations needed for adequate reduction of microbes,
such as the 0.05% concentration we tested, can rapidly injure host
tissues (Slaughter et al., 2019). In addition to this, NaOClI is a potent
cytotoxic agent that has the potential to inhibit cellular proliferation in
a concentration-dependent manner that could potentially disrupt the
normal wound healing process (Hidalgo & Dominguez, 2000).

Contemporary clinical guidelines also discourage use of hydro-
gen peroxide (H203) for chronic wound care. H20: releases non-spe-
cific reactive oxygen species that in various studies have been demon-
strated to be cytotoxic to fibroblasts and endothelial cells involved in
tissue healing (Yung et al., 2006; Ricci et al., 2025).

Eusol is safer and also more suitable by modern standards.
The chlorinated lime component causes less tissue damage than sodi-
um hypochlorite (Coaguila-Llerena et al., 2026), whereas boric acid
may have a part in wound healing via an increase in extracellular
matrix formation and angiogenesis (Kaymaz et al., 2016). Despite
these theoretical advantages, the current findings provide clear evi-
dence of the dramatic inferiority of Eusol in comparison to modern
HOCI formulations in the effective and rapid killing of polymicrobial
flora and hardy spores, the key pathogens associated with diabetic
foot gangrene.

Conclusion

Diabetic foot gangrene presents a unique clinical conundrum re-
quiring simultaneous control of a heavy burden of polymicrobial,
spore-forming pathogens whilst preserving the cell matrix which is
critical to wound healing. We present quantitative evidence for the
accelerated kinetics of hypochlorous acid (HOCI at high concentra-
tion of 200 ppm), which makes it significantly superior as a disinfect-
ant over conventional disinfectants like sodium hypochlorite
(NaOCl), hydrogen peroxide (H202 or Eusol, through the various
time-kill studies undertaken in this research.

References

Aherne, O,, Ortiz, R., Fazli, M. M., & Davies, J. R. (2022). Effects of stabilized
hypochlorous acid on oral biofilm bacteria. BMC Oral Health, 22, 415.

Anagnostopoulos, A. G., Rong, A., Miller, D., Tran, A. Q., Head, T., Lee,
M.C., & Lee, W. W. (2018). 0.01% hypochlorous acid as an alternative
skin antiseptic: An in vitro comparison. Dermatologic Surgery, 44(12),
1489-1493.

Anwar, S., Alrumaihi, F., Sarwar, T., Babiker, A. Y., Khan, A. A, Prabhu,
S. V., & Rahmani, A. H. (2024). Exploring therapeutic potential of cata-
lase: Strategies in disease prevention and management. Biomolecules,
14(6), 697.

Bezsenyi, A., Sagi, G., Mako, M., Wojnarovits, L., & Takécs, E. (2021). The
effect of hydrogen peroxide on the biochemical oxygen demand (BOD)
values measured during ionizing radiation treatment of wastewater. Radia-
tion Physics and Chemistry, 189, 109773.

Boecker, D., Zhang, Z., Breves, R., Herth, F., Kramer, A., & Bulitta, C. (2023).
Antimicrobial efficacy, mode of action and in vivo use of hypochlorous
acid (HOCI) for prevention or therapeutic support of infections. GMS Hy-
giene and Infection Control, 18, Doc07.

British Standards Institution (2019). BS EN 1276:2019. Chemical disinfectants
and antiseptics. Quantitative suspension test for the evaluation of basic
bactericidal activity of chemical disinfectants and antiseptics. Test method
and requirements (Phase 1).

Brooks, G. F., Carroll, K. C., Butel, J. S., Morse, S. A, & Mietzner, T. A.
(2010). Jawetz, Melnick & Adelberg’s Medical Microbiology. McGraw-
Hill, New York.

Byun, B. Y., Cho, H.-Y., Hwang, H.-J., Mah, J.-H., Liu, Y., Tang, J., & Kang,
D.-H. (2011). Optimization and evaluation of heat-shock condition for
spore enumeration being used in thermal-process verification: Differential

responses of spores and vegetative cells of Clostridium sporogenes to heat
shock. Food Science and Biotechnology, 20(3), 751-757.

Chung, I., Ryu, H., Yoon, S.-Y., & Ha, J. C. (2022). Health effects of sodium
hypochlorite: Review of published case reports. Environmental Analysis
Health and Toxicology, 37(1), €2022006.

Coaguila-Llerena, H., Ferraz, E. R., Mendes, B. R, da Silva, L. R., Rossa Jr.,
C., Cerri, P. S., & Faria, G. (2025). Biological advantages of calcium hy-
pochlorite solution over sodium hypochlorite for regenerative endodontic
procedures: An ex vivo and in vitro study on human apical papilla. Interna-
tional Endodontic Journal, 59(1), 153-162.

da Cruz Nizer, W. S., Inkovskiy, V., & Overhage, J. (2020). Surviving reactive
chlorine stress: Responses of gram-negative bacteria to hypochlorous acid.
Microorganisms, 8(8), 1220.

Edwards-Jones, V. (2025). Hypochlorous acid in healthcare: A comprehensive
review of applications, production and safety. International Journal of Bio-
medical and Clinical Analysis, 5(2), 61-70.

Fabrizio, G., Sivori, F., Cavallo, 1., Truglio, M., Toma, L., Sperati, F., Franca-
lancia, M., Obregon, F., Pamparau, L., Kovacs, D., Pimpinelli, F., & Di
Domenico, E. G. (2024). Efficacy of sodium hypochlorite in overcoming
antimicrobial resistance and eradicating biofilms in clinical pathogens
from pressure ulcers. Frontiers in Microbiology, 15, 1432883.

Fukuzaki, S. (2006). Mechanisms of actions of sodium hypochlorite in cleaning
and disinfection processes. Biocontrol Science, 11(4), 147-157.

Goda, H., Yamaoka, H., Nakayama-lmaohiji, H., Kawata, H., Horiuchi, 1., Fuji-
ta, Y., Nagao, T., Tada, A, Terada, A., & Kuwahara, T. (2017). Microbi-
cidal effects of weakly acidified chlorous acid water against feline calicivi-
rus and Clostridium difficile spores under protein-rich conditions. PLoS
Oneg, 12(5), e0176718.

Habeeb, T. A, Shaebth, L. J., & Abdulameer, N. A. (2021). Isolation of bacte-
ria from diabetic foot patients in Hospital of Al-Dewaniyah City, Irag. An-
nals of the Romanian Society for Cell Biology, 25(5), 187-192.

Hidalgo, E., & Dominguez, C. (2000). Growth-altering effects of sodium hypo-
chlorite in cultured human dermal fibroblasts. Life Sciences, 67(11),
1331-1344.

Irawan, D., Lesmana, R., & Sahiratmadja, E. (2024). Hypochlorous acid for
wound healing in diabetic rats: Effect on MMP-9 and histology. Clinical,
Cosmetic and Investigational Dermatology, 17, 1853-1861.

Kaymaz, B., Golge, U. H., Ozyalvacli, G., Kémiircii, E., Goksel, F., Mermer-
kaya, M. U., & Doral, M. N. (2015). Effects of boric acid on the healing of
Achilles tendons of rats. Knee Surgery, Sports Traumatology, Arthrosco-
py, 24(12), 3738-3744.

Lewandowski, R. B., Stgpinska, M., Osuchowski, L., Kasprzycka, W., Dobr-
zynska, M., Mierczyk, Z., & Trafny, E. A. (2024). The HOCI dry fog — is
it safe for human cells? PLoS One, 19(5), €0304602.

Linley, E., Denyer, S. P., McDonnell, G., Simons, C., & Maillard, J.-Y. (2012).
Use of hydrogen peroxide as a biocide: new consideration of its mecha-
nisms of biocidal action. Journal of Antimicrobial Chemotherapy, 67(7),
1589-1596.

MacFaddin, J. F. (2000). Biochemical tests for identification of medical bacte-
ria. Williams & Wilkins, Baltimore.

Matar, T. A, & Saleh, N. I. (2024). Detection of multidrug resistant bacterial
infections isolated from patients with diabetic foot ulcers in Irag. Central
Asian Journal of Medical and Natural Sciences, 5(4), 410-418.

Mercado, H. R, Sosa, S. A. M., Higuera, J. A. G., & Gonzélez, F. J. O. (2007).
Microorganismos bacteriolégicos més frecuentes y resistencia en las infecci-
ones de pie del diabético. Revista Mexicana de Angiologia, 35(4), 177-184.

Mung’ong’o, S. G., & Mugoyela, V. (2007). Quality of chlorine-based antisep-
tics and disinfectants circulating in Dar es Salaam, Tanzania. Tanzania
Medical Journal, 22(1), 17-19.

Newsom, S. W. B., & Ridgway, G. L. (2014). The history of decontamination
in hospitals. In: Walker, J. T. (Ed.). Decontamination in hospitals and
healthcare. Elsevier, Amsterdam. Pp. 20-41.

Rai, S., Gupta, T. P., Shaki, O., & Kale, A. (2021). Hydrogen peroxide: Its use
in an extensive acute wound to promote wound granulation and infection
control — is it better than normal saline? The International Journal of Lo-
wer Extremity Wounds, 22(3), 563-577.

Ricci, A, Zara, S., di Giacomo, V., Gallorini, M., Rapino, M., Di Pietro, N., Ci-
pollina, A., Piattelli, A., & Cataldi, A. (2025). SOD-1/2 involvement in the
antioxidant molecular events occurring upon complex magnetic fields ap-
plication in an in vitro H,O, oxidative stress-induced endothelial cell mo-
del. International Journal of Molecular Sciences, 26(17), 8600.

Rios-Castillo, A. G., Gonzalez-Rivas, F., & Rodriguez-Jerez, J. J. (2017). Bac-
tericidal efficacy of hydrogen peroxide-based disinfectants against Gram-
positive and Gram-negative bacteria on stainless steel surfaces. Journal of
Food Science, 82(10), 2351-2356.

Romanowski, E. G., Stella, N. A,, Yates, K. A, Brothers, K. M., Kowalski,
R.P., & Shanks, R. M. Q. (2018). In vitro evaluation of a hypochlorous
acid hygiene solution on established biofilms. Eye and Contact Lens: Sci-
ence and Clinical Practice, 44(2), S187-S191.

Regulatory Mechanisms in Biosystems, 2026, 17(3), 26068


https://doi.org/10.1186/s12903-022-02453-2
https://doi.org/10.1186/s12903-022-02453-2
https://doi.org/10.1097/dss.0000000000001594
https://doi.org/10.1097/dss.0000000000001594
https://doi.org/10.1097/dss.0000000000001594
https://doi.org/10.1097/dss.0000000000001594
https://doi.org/10.3390/biom14060697
https://doi.org/10.3390/biom14060697
https://doi.org/10.3390/biom14060697
https://doi.org/10.3390/biom14060697
https://doi.org/10.1016/j.radphyschem.2021.109773
https://doi.org/10.1016/j.radphyschem.2021.109773
https://doi.org/10.1016/j.radphyschem.2021.109773
https://doi.org/10.1016/j.radphyschem.2021.109773
https://doi.org/10.3205/dgkh000433
https://doi.org/10.3205/dgkh000433
https://doi.org/10.3205/dgkh000433
https://doi.org/10.3205/dgkh000433
https://doi.org/10.3403/30129220
https://doi.org/10.3403/30129220
https://doi.org/10.3403/30129220
https://doi.org/10.3403/30129220
https://doi.org/10.1007/s10068-011-0105-7
https://doi.org/10.1007/s10068-011-0105-7
https://doi.org/10.1007/s10068-011-0105-7
https://doi.org/10.1007/s10068-011-0105-7
https://doi.org/10.1007/s10068-011-0105-7
https://doi.org/10.5620/eaht.2022006
https://doi.org/10.5620/eaht.2022006
https://doi.org/10.5620/eaht.2022006
https://doi.org/10.1111/iej.70038
https://doi.org/10.1111/iej.70038
https://doi.org/10.1111/iej.70038
https://doi.org/10.1111/iej.70038
https://doi.org/10.1111/iej.70038
https://doi.org/10.3390/microorganisms8081220
https://doi.org/10.3390/microorganisms8081220
https://doi.org/10.3390/microorganisms8081220
https://doi.org/10.61797/ijbca.v5i2.603
https://doi.org/10.61797/ijbca.v5i2.603
https://doi.org/10.61797/ijbca.v5i2.603
https://doi.org/10.3389/fmicb.2024.1432883
https://doi.org/10.3389/fmicb.2024.1432883
https://doi.org/10.3389/fmicb.2024.1432883
https://doi.org/10.3389/fmicb.2024.1432883
https://doi.org/10.3389/fmicb.2024.1432883
https://doi.org/10.4265/bio.11.147
https://doi.org/10.4265/bio.11.147
https://doi.org/10.1371/journal.pone.0176718
https://doi.org/10.1371/journal.pone.0176718
https://doi.org/10.1371/journal.pone.0176718
https://doi.org/10.1371/journal.pone.0176718
https://doi.org/10.1371/journal.pone.0176718
https://doi.org/10.1016/s0024-3205(00)00727-x
https://doi.org/10.1016/s0024-3205(00)00727-x
https://doi.org/10.1016/s0024-3205(00)00727-x
https://doi.org/10.2147/ccid.s468494
https://doi.org/10.2147/ccid.s468494
https://doi.org/10.2147/ccid.s468494
https://doi.org/10.1007/s00167-015-3617-5
https://doi.org/10.1007/s00167-015-3617-5
https://doi.org/10.1007/s00167-015-3617-5
https://doi.org/10.1007/s00167-015-3617-5
https://doi.org/10.1371/journal.pone.0304602
https://doi.org/10.1371/journal.pone.0304602
https://doi.org/10.1371/journal.pone.0304602
https://doi.org/10.1093/jac/dks129
https://doi.org/10.1093/jac/dks129
https://doi.org/10.1093/jac/dks129
https://doi.org/10.1093/jac/dks129
https://doi.org/10.4314/tmj.v22i1.39213
https://doi.org/10.4314/tmj.v22i1.39213
https://doi.org/10.4314/tmj.v22i1.39213
https://doi.org/10.1533/9780857096692.1.20
https://doi.org/10.1533/9780857096692.1.20
https://doi.org/10.1533/9780857096692.1.20
https://doi.org/10.1177/15347346211032555
https://doi.org/10.1177/15347346211032555
https://doi.org/10.1177/15347346211032555
https://doi.org/10.1177/15347346211032555
https://doi.org/10.3390/ijms26178600
https://doi.org/10.3390/ijms26178600
https://doi.org/10.3390/ijms26178600
https://doi.org/10.3390/ijms26178600
https://doi.org/10.3390/ijms26178600
https://doi.org/10.1111/1750-3841.13790
https://doi.org/10.1111/1750-3841.13790
https://doi.org/10.1111/1750-3841.13790
https://doi.org/10.1111/1750-3841.13790
https://doi.org/10.1097/icl.0000000000000456
https://doi.org/10.1097/icl.0000000000000456
https://doi.org/10.1097/icl.0000000000000456
https://doi.org/10.1097/icl.0000000000000456

Sadeghpour Heravi, F., Zakrzewski, M., Vickery, K., G. Armstrong, D., & Hu,
H. (2019). Bacterial diversity of diabetic foot ulcers: Current status and fu-
ture prospectives. Journal of Clinical Medicine, 8(11), 1935.

Severing, A.-L., Rembe, J.-D., Koester, V., & Stuermer, E. K. (2018). Safety
and efficacy profiles of different commercial sodium hypochlorite / hypo-
chlorous acid solutions (NaCIO/HCIO): Antimicrobial efficacy, cytotoxic
impact and physicochemical parameters in vitro. Journal of Antimicrobial
Chemotherapy, 74(2), 365-372.

Shah, A. B., Maharjan, R., Shrestha, B. P., & Chaudhary, P. (2017). A rando-
mized controlled trial comparing EUSOL versus antibiotic loaded colla-
gen granules as dressing agents in the management of traumatic infected
wounds. International Journal of Orthopaedics Sciences, 3(2c), 157-162.

Slaughter, R. J., Watts, M., Vale, J. A, Grieve, J. R., & Schep, L. J. (2019). The
clinical toxicology of sodium hypochlorite. Clinical Toxicology, 57(5),
303-311.

Son, S. T., Han, S.-K,, Lee, T. Y., Namgoong, S., & Dhong, E.-S. (2017). The
microbiology of diabetic foot infections in Korea. Journal of Wound Ma-
nagement and Research, 13(1), 8-12.

Stankowska, M., Garbacz, K., Korzon-Burakowska, A., Bronk, M., Skotar-
czak, M., & Szymanska-Dubowik, A. (2022). Microbiological, clinical
and radiological aspects of diabetic foot ulcers infected with methicillin-
resistant and -sensitive Staphylococcus aureus. Pathogens, 11(6), 701.

Ulfig, A, & Leichert, L. I. (2020). The effects of neutrophil-generated hypo-
chlorous acid and other hypohalous acids on host and pathogens. Cellular
and Molecular Life Sciences, 78(2), 385-414.

Vargova, M., Veszelits Lakticova, K., Hromada, R., Cimbolakova, L., Uher, 1.,
Papajova, |., & Peter, K. (2020). Sanitation and the environment. In: Uher, 1.
(Ed.). Environmental factors affecting human health. IntechOpen, London.

Yung, L., Leung, F,, Yao, X., Chen, Z.-Y., & Huang, Y. (2006). Reactive oxy-
gen species in vascular wall. Cardiovascular and Hematological Disorders-
Drug Targets, 6(1), 1-19.

Zhu, G., Wang, Q., Lu, S., & Niu, Y. (2017). Hydrogen peroxide: A potential
wound therapeutic target. Medical Principles and Practice, 26(4), 301-308.

Regulatory Mechanisms in Biosystems, 2026, 17(3), 26068


https://doi.org/10.3390/jcm8111935
https://doi.org/10.3390/jcm8111935
https://doi.org/10.3390/jcm8111935
https://doi.org/10.1093/jac/dky432
https://doi.org/10.1093/jac/dky432
https://doi.org/10.1093/jac/dky432
https://doi.org/10.1093/jac/dky432
https://doi.org/10.1093/jac/dky432
https://doi.org/10.22271/ortho.2017.v3.i2c.24
https://doi.org/10.22271/ortho.2017.v3.i2c.24
https://doi.org/10.22271/ortho.2017.v3.i2c.24
https://doi.org/10.22271/ortho.2017.v3.i2c.24
https://doi.org/10.1080/15563650.2018.1543889
https://doi.org/10.1080/15563650.2018.1543889
https://doi.org/10.1080/15563650.2018.1543889
https://doi.org/10.22467/jwmr.2017.00108
https://doi.org/10.22467/jwmr.2017.00108
https://doi.org/10.22467/jwmr.2017.00108
https://doi.org/10.3390/pathogens11060701
https://doi.org/10.3390/pathogens11060701
https://doi.org/10.3390/pathogens11060701
https://doi.org/10.3390/pathogens11060701
https://doi.org/10.1007/s00018-020-03591-y
https://doi.org/10.1007/s00018-020-03591-y
https://doi.org/10.1007/s00018-020-03591-y
https://doi.org/10.5772/intechopen.93106
https://doi.org/10.5772/intechopen.93106
https://doi.org/10.5772/intechopen.93106
https://doi.org/10.2174/187152906776092659
https://doi.org/10.2174/187152906776092659
https://doi.org/10.2174/187152906776092659
https://doi.org/10.1159/000475501
https://doi.org/10.1159/000475501

