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DESCRIPTION
Polyhexamethylene biguanide hydrochloride, often abbreviated 
as PHMB, is a polymer that has gained significant attention in 
various fields, particularly in healthcare and consumer products. 
Known for its broad-spectrum antimicrobial properties and 
biocompatibility, PHMB has found applications ranging from 
medical disinfection to personal care products. This article aims 
to provide a thorough scientific overview of PHMB, covering its 
chemical structure, mechanisms of action, applications, safety 
considerations, and current research trends.

Chemical structure and composition

PHMB belongs to the family of polymeric biguanides, 
characterized by repeating units of biguanide groups linked 
together. The chemical structure of PHMB consists of 
alternating hexamethylene and biguanide groups, typically in a 
linear polymer form. The molecular formula of PHMB can be 
represented as (C8H17N5) n·HCl, where n denotes the number 
of repeating units in the polymer chain.

Mechanisms of action

PHMB exhibits its antimicrobial activity through several 
mechanisms:

Cell membrane disruption: PHMB interacts with microbial cell 
membranes, leading to disruption of membrane integrity. This 
disruption results in leakage of cellular contents and eventual 
cell death.

Binding to nucleic acids: PHMB can also bind to microbial 
nucleic acids like Deoxyribonucleic Acid (DNA) Ribonucleic 
Acid and (RNA), interfering with their replication and 
transcription processes, thereby inhibiting microbial growth.

Biofilm disruption: PHMB has been shown to disrupt biofilms  

formed by bacteria, fungi, and other microorganisms. Biofilms 
are communities of microorganisms embedded within a 
protective matrix, and their disruption is critical in medical and 
industrial settings.

Applications of PHMB

In healthcare settings, PHMB has proven effective in:

Wound care: Used in wound dressings and solutions for its 
antimicrobial properties and ability to promote wound healing.

Medical equipment: Disinfection and sterilization of medical 
instruments and devices to prevent healthcare-associated 
infections.

Contact lenses: Incorporated into contact lens solutions for its 
antimicrobial effects against pathogens that can cause eye 
infections.

Consumer Products

PHMB is widely used in personal care and household products:

Skin care: Found in antibacterial soaps, hand sanitizers, and 
body washes for its ability to kill bacteria and fungi without 
causing skin irritation.

Cosmetics: Used as a preservative in cosmetics and skincare 
products to prevent microbial contamination and extend 
product shelf life.

Industrial and environmental applications

Water treatment: Employed in water purification systems to 
control microbial growth and maintain water quality.

Textiles: Incorporated into fabrics and textiles to impart 
antimicrobial properties, reducing odor-causing bacteria and 
fungi.
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Biomedical applications: Exploring new medical applications, 
such as drug delivery systems and tissue engineering scaffolds.

Environmental impact: Assessing the environmental fate of 
PHMB and developing eco-friendly alternatives or mitigation 
strategies.

CONCLUSION

Polyhexamethylene Biguanide Hydrochloride (PHMB) is a 
versatile polymer with potent antimicrobial properties, making it 
invaluable in healthcare, consumer products, and industrial 
applications. Its ability to disrupt microbial membranes and 
biofilms while maintaining biocompatibility has established 
PHMB as a key ingredient in wound care, personal care 
products, and beyond. As research continues to explore its 
efficacy, safety profile, and environmental impact, PHMB 
remains a potential drug for addressing current and future 
challenges in antimicrobial control and public health.
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Safety considerations

While PHMB is generally considered safe for its intended uses, 
several factors warrant consideration:

Skin sensitization: Some individuals may experience skin 
irritation or allergic reactions, although PHMB is less sensitizing 
compared to other antimicrobial agents.

Environmental impact: Concerns exist regarding the 
environmental persistence of PHMB and its potential effects on 
aquatic ecosystems. Regulations and guidelines are in place to 
manage its use and disposal.

Resistance development: Like other antimicrobial agents, there 
is a potential for microorganisms to develop resistance to PHMB 
over time. Proper use and management strategies are essential to 
mitigate this risk.

Current research and future directions

Ongoing research on PHMB focuses on:

Enhancing efficacy: Developing novel formulations and delivery 
systems to improve antimicrobial efficacy and stability.
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