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Introduction
Hypochlorous acid (HOCl) is a weak acid that is produced natu-

rally by our white blood cells as part of the immune response. It has 
been widely studied and used in wound care due to its antimicro-
bial properties and ability to promote wound healing while being 
safe on wounds. When applied to a wound, hypochlorous acid has 
antimicrobial effects against a wide spectrum of pathogens, includ-
ing bacteria, fungi, and viruses without causing adverse reaction 
towards normal cells. It effectively kills a broad spectrum of mi-
croorganisms, including antibiotic-resistant strains such as meth-
icillin-resistant Staphylococcus aureus (MRSA). Hypochlorous acid 
is generated by neutrophils, a type of white blood cell, through a 
process called the respiratory burst. Neutrophils release an enzyme 
called myeloperoxidase (MPO) into the surrounding environment, 
which converts chloride ions (Cl-) and hydrogen peroxide (H2O2) 
into hypochlorous acid (HOCl) and water (H2O): 

MPO + H2O2 + Cl- → HOCl + H2O

Hypochlorous acid is highly reactive and acts as a potent oxidiz-
ing agent. It exerts its antimicrobial effects by disrupting the cellu-
lar structures and processes of pathogens [1]. 

The antimicrobial efficacy of hypochlorous acid is primarily at-
tributed to its oxidative properties. It can penetrate the cell walls of  

 

microorganisms, disrupting essential enzymes and structures, and 
leading to cell death in a process known as osmotic shock. Osmotic 
shock is a phenomenon that occurs when a cell is exposed to a sud-
den change in osmotic pressure, leading to the rupture or damage 
of the cell membrane. When a cell is exposed to hypochlorous acid, 
the HOCl can penetrate the cell membrane and disrupt the balance 
of solutes inside the cell. This sudden change in osmotic pressure 
can cause water to rush into the cell or exit the cell rapidly, leading 
to cell swelling or shrinkage respectively. If the change in osmotic 
pressure is severe enough, it can result in the rupture of the cell 
membrane and the destruction of the cell, i.e., osmotic shock [2]. 

Prevalence Of Microbes On Chronic Wounds
Diabetic foot ulcers (DFUs), pressure ulcers (PU), venous leg 

ulcers (VLU), and surgical site infections (SSIs) are all general 
classes of chronic wounds. Utilization of HOCl in wound therapy as 
a cleansing agent can decrease the rate of bacterial accumulation 
and hence biofilm formation by killing off microorganisms that are 
frequently seen in in these polymicrobial wounds. After being cul-
tured, studies [1] have shown that pathogens identified from these 
chronic wounds include gram-positive cocci, Staphylococcus au-
reus being the most common (Figure 1).
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Figure 1:

Antimicrobial Studies 
Time Kill Study (ASTM E2315) 

Efficacy of hypochlorous acid can be evaluated in several ways. 
One of the method the ASTM time kill study, also known as an ASTM 
E2315 time kill study, which is a standardized test method devel-
oped by ASTM International (formerly known as the American 
Society for Testing and Materials) to evaluate the effectiveness of 
antimicrobial agents against microorganisms. In an ASTM time kill 
study, a specific concentration of the antimicrobial agent is applied 
to a suspension of microorganisms. Samples are taken at predeter-
mined time intervals and plated onto growth media to determine 
the number of viable microorganisms remaining. The objective of 
the study is to determine the time required for the antimicrobial 
agent to kill or reduce the population of the microorganisms under 

test conditions [3].

The test method provides a quantitative measure of the antimi-
crobial activity and can be used to compare the efficacy of different 
antimicrobial agents or formulations. It is commonly used in the 
development and evaluation of disinfectants, antiseptics, and oth-
er antimicrobial products. A time-kill study data was evaluated on 
a commercially available hypochlorous acid wound care solution, 
ELECTROCYN soma. (Manufactured by V3bio Sdn. Bhd, Malaysia) 
to determine the time kill profile of various type of microbes. ELEC-
TROCYN soma contains stabilized hypochlorous acid as the active 
ingredient that prevents proliferation of microbes. The results of 
bacteria up to 99.99% within 1 minute. Yeast/fungi such as Candida 
albicans and Aspergillus niger shows the 99% reduction is achieved 
at a slightly longer exposure duration at 3 minutes (Table 1). 

Table 1 : Time kill study results of hypochlorous acid wound care solution.

List of Organism
Percentage of Reduction (%)

1 min 2 mins 3 mins

Enterococcus faecalis ATCC 29212 99.99 99.99 99.99

Escherichia coli ATCC 8739 99.99 99.99 99.99

Klebsiella pneumoniae ATCC 700603 99.99 99.99 99.99

Pseudomonas aeruginosa ATCC 9027 99.99 99.99 99.99

Methicillin resistant Staphylococcus aureus ATCC 33592 99.99 99.99 99.99

Staphylococcus aureus ATCC 6538 99.99 99.99 99.99

Bacillus subtilis ATCC 6633 99.99 99.99 99.99

Salmonella typhimurium ATCC 14028 99.99 99.99 99.99

Candida albicans ATCC 10231 84.15 94.99 99.00

Aspergillus niger ATCC 16404 80.05 93.69 99.00

Candida auris CDC B11903 99.99 99.99 99.99
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The test results above indicate that hypochlorous acid can re-
duce microbial load (wound bioburden) that will help support 
wound healing and minimize risk of infection on wound [4]. 

Antimicrobial effectiveness testing (USP 51) 

The objective of the USP 51 test is to evaluate the effectiveness 
of antimicrobial preservatives in pharmaceutical products, such as 
injectable drugs, oral solutions, and ophthalmic preparations, in 
preventing the growth of microorganisms. It assesses the ability of 
the preservative system to inhibit the growth of specified micro-
organisms that may be introduced into the product during its use 
or storage. The test involves challenging a commercially available 
hypochlorous acid containing wound care solution (ELECTROCYN 
soma) with microorganisms, including bacteria, yeast, and mold, 

which are known to be difficult to control. The microorganisms 
used in the test typically include Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus, Candida albicans, and Aspergil-
lus niger. The USP 51 test evaluates the ability of the preservative 
system to reduce the microbial count over a specified period, up to 
28 days. The number of surviving microorganisms is measured at 0, 
14 and 28-days intervals during the test period. The acceptance cri-
teria for passing the test are not less than 2.0 log reduction from the 
initial count at 14 days, and no increase from the 14 days’ count at

Test results show that all microorganisms have demonstrated 
log reduction of more than 5.5 log reduction that meets the require-
ments of USP 51 (more than 2.0 log reduction required as mini-
mum)  [12] (Table 2). 

Table 2: Results of USP 51 test on hypochlorous acid wound care solution.

Test Organism
Inoculum spiked

in (cfu/ml)

Day 0 Day 14 Day 14

Count Log reduction Count Log reduction Count Log reduction

Escherichia coli 9.6 x 10^5 5.2 x 10^5 0.3 No growth > 6.0 No growth >6.0

Pseudomonas aeruginosa 6.7 x 10^5 3.6 x 10^5 0.3 No growth >5.8 No growth >5.8

Staphylococcus aureus 6.1 x 10^5 3.1 x 10^5 0.3 No growth >5.8 No growth >5.8

Candida albicans 4.8 x 10^5 3.2 x 10^5 0.2 No growth >5.7 No growth >5.7

Aspergillus niger 3.2 x 10^5 2.1 x 10^5 0.2 No growth >5.5 No growth >5.5

In another study done at outpatient plastic and vascular sur-
gery clinic at Assiut university Hospital, Egypt [2], a comparative 
study was done using HOCl versus iodine and hydrogen peroxide 
on infected diabetic foot ulcer patients.  Microbiological measure-
ment was assessed by using a sterile swab that was pressed on the 
wound to express underlying fluid and exudates. It was taken for 

determining types of bacteria and for microorganism count at the 
start, and every 5 days until the end of the study [6].

In the study group, the results show a significant reduction in 
bacterial count over period of follow up of 30 days with intervals of 
5 days evaluation of microbial presence on wound (Figure 2) (Table 
3). 

Figure 2:
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Table 3 : Microbial presence on wound over period of 30 days

Microbes
Bacterial presence

Reduction % within 15 days
Day 0 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30

C. albicans 30 15 9 3 0 0 0 90%

P.mirabilis 18 13 7 3 0 0 0 83%

K.pneumoniae 13 9 5 0 0 0 0 100%

P.aeruginosa 19 15 9 3 0 0 0 84%

MRSA 22 19 15 10 5 0 0 55%

Antibiofilm performance of hypochlorous acid

The biofilm is formed when a group of microorganisms stick 
to each other and become embedded within a self-produced ma-
trix of extracellular polymeric substance composed of extracellular 
DNA, polysaccharides, and proteins. Among the most common bio-
film-forming bacteria are Staphylococcus aureus and Pseudomonas 
aeruginosa. To disrupt biofilm within a wound, an agent must kill 
the bacteria and decrease the polysaccharides and proteins in the 
extracellular matrix of the biofilm. Following studies demonstrate 
that hypochlorous acid solution is effective in reducing biofilm [7]. 

Test Procedure 
A sample of a commercially available hypochlorous acid wound 

care solution (ELECTROCYN soma) was tested against a Pseudomo-
nas aeruginosa biofilm. The biofilm was established on pegs in a 96 
well plate using the MBEC assay. The biofilm was exposed to the 
product at one contact time and at room temperature, and the num-
ber of surviving cells in the biofilm were quantified by cultivation 
and OD measurements.  The number of surviving microorganisms 
were compared with a control sample in which the product was re-
placed with buffered water [8]. 

a.	 Test organisms: Pseudomonas aeruginosa ATCC 15442 

b.	 Contact times: 15 min. 

c.	 Test temperature: Room temperature (20-25°C) 

d.	 Incubation: (35 ±2) °C for 18-24 hours 

e.	 Product concentrations: 100% (undiluted)

Results show that the hypochlorous acid solution can achieve 
log reduction of 2.3 within 15 minutes of exposure time. The ob-
tained log reduction corresponds to a reduction of 99.4 %. This 
further confirms the capability of HOCl is eradicating biofilm [12]. 

In another study3 of a similar hypochlorous acid solution shows 
that Staphylococcus aureus bacterial numbers were reduced by > 
log 5 CFU/cm following a 1-minute exposure to hypochlorous acid. 
A reduction of > log 6 CFU/cm was observed after 3, 5, 7, and 10 
minutes exposure to hypochlorous acid [3].

This log reduction represented complete removal of the Staph-
ylococcus aureus biofilm. Furthermore, approximately 70% of bio-
film polysaccharide and > 90% of biofilm protein was removed af-
ter 5, 7, and 10 minutes of contact time [10]. 

Safety Of Hypochlorous Acid – Antimicrobial 
Resistance (AMR) Perspective

Studies4 have shown that there is no risk of hypochlorous acid 
causing antimicrobial resistance. This HOCl molecule, being a sim-
ilar substance found in human neutrophils, has no risk of creating 
any resistant microbes as compared to other chemical based sub-
stances or antibiotics [4]. The study further reveals following out-
come.

Based on the evaluation of 7 types of active substances in 
wound care solution, silver and chlorohexidine are known to create 
risk of antimicrobial resistance, while solution that contains hypo-
chlorous acid has no such risk. This further supports the safe use 
of hypochlorous acid in chronic wounds that usually require long 
term care (Table 4) [4].  

Table 4: Risk of antimicrobial resistance  development among various types of wound care solution.

Wound care solution Development of resistance

Silver Yes

Chlorohexidine Yes

Acetic acid No

Hypochlorous acid No

OCT No

PHMB No

PVP-iodine No
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Conclusion
Based on the Time-Kill study and biofilm reduction studies, 

HOCl is found to be effective against wide range of microbes includ-
ing commonly found microbes on wound. The advantages of HOCl 
as a wound cleansing solution not only lies on its efficacy, but also 
the safety nature of the HOCl:  

A.	 Antimicrobial activity: Hypochlorous acid acts as a potent 
antimicrobial agent, helping to reduce the risk of infection in 
wounds. 

B.	 Non-toxic and tissue-friendly: Hypochlorous acid is safe to 
use on the skin and does not cause tissue damage or irritation. 
It is non-cytotoxic and does not interfere with the wound heal-
ing process.

C.	 Promotes wound healing: Hypochlorous acid has been 
shown to accelerate wound healing by reducing inflammation 
and promoting angiogenesis (formation of new blood vessels). 
It also helps in the removal of necrotic tissue and promotes the 
growth of healthy granulation tissue.

D.    Development of resistance to hypochlorous acid is minimal. 
This makes it a valuable option in combating antibiotic-
resistant bacteria.
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