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Abstract

Hypochlorous acid (HOCI) is a potent antimicrobial agent that has recently gained attention
as a potential alternative to conventional antibiotics. HOCI is produced by the human immune
system in response to infection and is known for its broad-spectrum antimicrobial activity. It is
effective against a wide range of microorganisms, including bacteria, viruses, and fungi, and has
been shown to be more effective than many conventional antibiotics. One of the key advantages
of HOCl is its ability to kill bacteria without promoting the development of antibiotic resistance.
Unlike conventional antibiotics, which target specific bacterial structures or processes, HOCI acts
by disrupting multiple cellular components, making it much more difficult for bacteria to develop
resistance. Another advantage of HOCI is its safety profile. Unlike many conventional antibiotics,
HOCI is not toxic to human cells and does not cause side effects such as gastrointestinal upset
or allergic reactions. Overall, HOCI shows great promise as a potential alternative to conventional
antibiotics, particularly in the face of rising antibiotic resistance. With further research, it may
become an important tool in the fight against infectious diseases. Herein, we discuss the
mechanisms of HOCI antimicrobial action, its potential clinical applications, and future directions
for research. This review aims to provide an overview of the use of hypochlorous acid (HOCI) as
an antibiotic agent.
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during the inflammatory response and exhibits a broad-
spectrum biocidal activity against a variety of microorganisms
[6-8].

Introduction

Antibiotic resistance has become a major public health
concern, and the need for new antibiotics has become urgent.
Traditional antibiotics work by targeting specific bacterial
components, such as the cell wall, ribosomes, or DNA.

Hypochlorous acid as an antimicrobial agent

Hypochlorous acid (HOCI) is a weak acid that is produced

However, bacteria can develop resistance to these antibiotics
through various mechanisms, such as mutation or acquisition
of resistance genes [1,2]. Moreover, conventional antibiotics
also have the potential to harm the host by disrupting the
normal microbiota and causing side effects. Therefore, it is
essential to explore new antimicrobial agents with different
mechanisms of action and lower toxicity. Inflammatory
infections caused by organic agents including bacteria, fungi,
and viruses are a significant health burden worldwide [3].
Despite the availability of a wide range of antibiotics and
antifungal agents, the emergence of drug-resistant strains has
led to a pressing need for developing novel therapies [4,5].
Hypochlorous acid (HOCI) is a potent antimicrobial agent
that has been recently investigated as a potential therapy for
inflammatory infections. HOCl is produced by neutrophils

https://doi.org/10.29328/journal.ijcmbt.1001026

by the reaction of chlorine with water. In the human body,
HOCI is generated by neutrophils during the oxidative burst
process of phagocytosis. HOCI acts as a potent oxidizing agent
and is able to penetrate bacterial cell membranes, leading to
intracellular damage and cell death. HOCI has been shown
to have broad-spectrum antimicrobial activity against both
Gram-positive and Gram-negative bacteria, as well as fungi
and viruses. HOCI has also been found to be effective at low
concentrations and has a short contact time. Hypochlorous
acid (HOCI) is a powerful oxidizing agent that is produced by
the immune system to combat microbial infection. It has been
shown to have broad-spectrum antimicrobial activity against
a variety of bacteria, viruses, fungi, and spores, making it
a promising candidate for use as an antibiotic. Studies have
demonstrated that HOCl is effective against a range of bacterial
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pathogens, including resistant strains such as methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-
resistant Enterococcus faecalis (VRE). In addition, HOCI
has been shown to effectively inactivate viruses, including
influenza virus and norovirus, as well as fungal pathogens
such as Candida albicans [9,10].

One of the advantages of HOCI as an antibiotic is that it
is non-toxic, non-irritating, and non-allergenic, making it a
safe and well-tolerated alternative to traditional antibiotics.
Furthermore, HOCl has been shown to have rapid killing
kinetics, with complete bacterial eradication occurring within
minutes of exposure. HOCI has already been used successfully
in various clinical applications, including wound healing,
ophthalmology, and dermatology. It is available commercially
in various forms, including as a topical solution for wound
care and as a disinfectant for surfaces and medical equipment.

Overall, the use of HOCl as an antibiotic shows great
promise in both clinical and non-clinical settings. Its broad-
spectrum activity, low toxicity, and fast-acting nature make it
a valuable alternative to traditional antibiotics for combating
microbial infection [11,12].

Mechanisms of HOCI antimicrobial action

HOCI can enter bacterial cells by passive diffusion or active
transport through porins. Once inside the cell, HOCI reacts
with various cellular components, including proteins, lipids,
and nucleic acids. HOCI can oxidize and cross-link proteins,
leading to denaturation and inactivation. HOCl can also disrupt
lipid membranes, causing leakage and cell lysis. Moreover,
HOCI can damage DNA and RNA, leading to mutations and
interference with replication and transcription [13,14].

The mechanism of antibacterial agent

One of the primary ways in which HOCI kills bacteria
is through the oxidation of cellular components. HOCI can
oxidize proteins, lipids, and nucleic acids, leading to the
disruption of cellular function and ultimately cell death.
HOCI can also disrupt the cell membrane of bacteria, causing
leakage of cellular contents and leading to cell death.
Another mechanism by which HOCI kills bacteria is through
the inhibition of bacterial enzymes involved in metabolic
processes. HOCI can inhibit enzymes such as ATP synthase
and pyruvate dehydrogenase, leading to a reduction in
bacterial energy production and ultimately cell death. HOCI
can also disrupt bacterial biofilms, which are communities
of bacteria that are highly resistant to antibiotics. HOCI can
penetrate the extracellular matrix of biofilms and kill bacteria
by the same mechanisms as it does for planktonic bacteria.
Overall, the mechanism of action of HOCI as an antibacterial
agent is complex and involves multiple pathways. HOCI acts by
disrupting cellular components, inhibiting bacterial enzymes
and disrupting biofilms. The broad-spectrum activity of HOCI
against bacteria, viruses, and fungi makes it a promising
therapeutic agent for the treatment of infectious diseases
[15-17].
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The optimal form and conditions for delivering HOCI as
an antimicrobial agent

Hypochlorous acid (HOCI) has emerged as a potential
alternative to conventional antibiotics due to its broad-
spectrum antimicrobial activity and low toxicity to human
cells. However, the optimal form and conditions for delivering
HOCI as an antimicrobial agent are still under investigation.
HOCI can be generated through a variety of methods,
including electrolysis, chemical synthesis, and enzymatic
reactions. Electrolysis is the most commonly used method
for producing HOC], as it is simple, cost-effective, and allows
for the production of high-purity HOCI. Once generated, HOCI
can be delivered in a variety of forms, including as a liquid,
a mist, or a gel. The form of HOCI used for antimicrobial
purposes will depend on the intended application. For
example, a liquid formulation may be more appropriate for
surface disinfection, while a mist or gel formulation may
be more effective for treating wounds or infections. Oral
or parenteral administration of hypochlorous acid (HOCI)
has shown potential as a treatment for various infectious
diseases. However, the safety and efficacy of these routes of
administration are still being studied. Animal studies have
shown that oral administration of HOCl can be effective against
bacterial infections in the gut, while parenteral administration
has shown promise in the treatment of sepsis. Safety studies
have shown that HOCI has a low toxicity profile in animal
models and human clinical trials. However, further research
is needed to fully understand the safety and efficacy of oral or
parenteral administration of HOCI in humans, and to develop
safe and effective treatment strategies for infectious diseases.
The conditions under which HOCI is delivered can also affect
its antimicrobial activity. Factors such as pH, temperature,
and exposure time can all influence the effectiveness of HOCI
as an antimicrobial agent. For example, HOCI is most effective
ataneutral pH and at temperatures between 4 and 25 degrees
Celsius. In conclusion, the form and conditions for delivering
HOCI as an antimicrobial agent are important considerations
that can affect its effectiveness. Further research is needed
to determine the optimal form and conditions for delivering
HOCI for specific applications, but the potential of HOCI as a
broad-spectrum antimicrobial agent is promising [18-20].

Hypochlorous acid as a potential repressive drug

Hypochlorous acid (HOCI) is a potent antimicrobial agent
that has recently gained attention as a potential repressive
drug. HOCI can suppress the production of pro-inflammatory
cytokines, chemokines and reactive oxygen species, which are
involved in the pathogenesis of many inflammatory diseases.

In preclinical studies, the administration of HOCI has been
shown to be effective in reducing inflammation in animal
models of inflammatory bowel disease, asthma, and arthritis.
HOCI can also reduce the severity of sepsis, a life-threatening
condition caused by an overactive immune response.
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The mechanism of action of HOCI as a repressive drug is
not fully understood, but it is thought to involve the inhibition
of nuclear factor-kappa B (NF-kB) signaling. NF-xB is a
transcription factor that regulates the expression of genes
involved in inflammation and immune response. Inhibition
of NF-xB signaling by HOCI can lead to the suppression of
pro-inflammatory cytokine production and the promotion of
anti-inflammatory cytokine production. The administration
of HOCI as a repressive drug holds great promise for the
treatment of inflammatory diseases [21,22].

Clinical applications of HOCI

HOCI has been used in various clinical settings, such
as wound care, infection control, and oral hygiene. HOCI
has been found to be effective against common bacterial
pathogens, such as Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli. HOCI has also been shown
to accelerate wound healing by reducing inflammation and
promoting angiogenesis. Moreover, HOCI has been used as a
disinfectant in hospitals, food processing plants, and water
treatment facilities. In addition, HOCI-based products have
been developed for oral hygiene, such as mouthwash and
toothpaste, and have been found to be effective against oral
pathogens [23,24].

Side effects and challenges of hypochlorous acid

Hypochlorous acid (HOCI) has emerged as a promising
alternative to conventional antimicrobial agents due to its
broad-spectrum activity and low potential for the development
of antibiotic resistance. However, like all therapeutic agents,
HOCI has potential side effects and challenges that must
be considered. One of the main challenges with HOCI is its
potential toxicity. While HOCI is generally considered safe
for use in humans, there is a risk of skin and eye irritation
if it comes into contact with these tissues. Additionally, high
concentrations of HOCI can be toxic to cells and tissues,
leading to tissue damage and cell death. Another challenge
with HOClI is its instability. HOCI has a short half-life and can
rapidly degrade in the presence of organic matter, such as
blood, mucus, or pus. This can limit its effectiveness in certain
clinical settings, such as wound care or infection control.
To address these challenges, researchers are exploring new
formulations and delivery methods for HOCI [25,26].

For example, encapsulating HOCl in a liposomal
formulation can increase its stability and prolong its half-
life, while reducing its potential toxicity, while HOCI shows
great promise as a broad-spectrum antimicrobial agent, there
are still challenges and potential side effects that must be
considered [27].

Future directions

While HOCl has shown promise as an alternative to
conventional antibiotics, further research is needed to fully
understand its mechanisms of action, pharmacokinetics,
and potential side effects. Moreover, the development of
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standardized protocols for the production, storage, and
delivery of HOCl is essential for its clinical application. Finally,
the effectiveness of HOCI in treating complex infections, such
as biofilm-associated infections, needs to be investigated.

Conclusion

Hypochlorous acid (HOCI) has emerged as a promising
broad-spectrum antimicrobial agent that has the potential
to revolutionize the treatment of infectious diseases. HOCI
is a natural component of the immune system and has been
shown to be effective against a wide range of pathogens,
including bacteria, viruses, and fungi. Numerous studies have
demonstrated the safety and efficacy of HOCl in various clinical
settings. HOCI has been shown to be effective in wound care,
infection control, and oral hygiene, among other applications.
In addition, HOCI has been shown to have a low toxicity profile
and a low potential for inducing resistance, making it an
attractive alternative to traditional antimicrobial agents. One
of the key advantages of HOCI is its broad-spectrum activity.
HOCI is effective against both Gram-positive and Gram-
negative bacteria, as well as antibiotic-resistant strains such
as methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant enterococci (VRE). HOCI has also been
shown to be effective against viruses such as influenza and
norovirus, as well as fungi such as Candida albicans. Another
advantage of HOCI is its non-toxicity. Unlike traditional
antimicrobial agents, HOCI has a low potential for inducing
resistanceand doesnotharmhuman cells or tissues. Thismakes
it an attractive alternative for use in wound care and other
clinical settings where traditional antimicrobial agents may
be toxic or ineffective. In conclusion, HOCl is a safe, promising,
and effective broad-spectrum antimicrobial agent that has
the potential to revolutionize the treatment of infectious
diseases. Further research is needed to fully understand the
mechanisms by which HOCI acts as an antimicrobial agent and
to develop safe and effective treatment strategies for specific
applications. However, the potential of HOCI as a non-toxic,
non-resistance antimicrobial agent is promising and warrants
further investigation [28-31].
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