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ABSTRACT: Polyhexamethylene biguanide hydrochloride (PHMB) is a chemical biocide
which is a polymer utilized in a wide variety of antimicrobial applications. This review provides
a comprehensive literature of PHMB features from synthesis methods,mode of action,
antimicrobial effects and safety considerations to both humans and environments.
Effectiveness against cellular organisms is due to the basic biguanide group attached to a
flexible spacer, a hexamethylene group. PHMB is a disinfectant with a broad spectrum of
inducing cell death by disrupting cell membrane integrity. It is an environmentally friendly
product noncorrosive and nontoxic to both humans and animals. It is used as a preservative in
cosmetics, personal care products, fabric softeners, contact lens solutions, hand washes, and
more. In cosmetics, the preservation of fruit and vegetables. It is also used to preserve wet
wipes; to control odor in textiles; to prevent microbial contamination in wound irrigation and
sterile dressings; to disinfect medical/dental utensil and trays, farm equipment, animal
drinking water, and hard surfaces for food handling institutions and hospitals; and to
deodorize vacuums and toilets. This agent can work at low concentrations with very fast action
with a broad spectrum of action in addition of its wide acceptance and exploitation for potential
multi-purpose functional use. It will be promising for advanced environmental treatments
including food disinfection, water disinfection, surface disinfection, and meet the criteria for
an ideal antimicrobial agent.
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INTRODUCTION

Disinfecting agent is a substances used to control, prevent, or destroy harmful microorganisms
(i.e., bacteria, viruses, or fungi) on inanimate objects and surfaces. It destroys or irreversibly
inactivates most pathogenic microorganisms (Ewart,2001; EPA, 2004; Quinn and Markey,
2001; Kennedy et al., 2000). Chemical disinfectants were used scientifically around 150 years
ago, but empiric practices can be found in ancient times . Since then several new biocides have
been introduced and a significant amount of research on their activity against microorganisms
has been performed. Biguanidines are an interesting class of compounds with many known or
potential applications. It is bacteriostatic at lower concentrations, inhibiting membrane
enzymes and promoting leakage of cellular constituents. Polyhexamethylene biguanide
hydrochloride (Polyhexanide, PHMB) is a chemical biocide and a member of the polymeric
guanidine family is used as a disinfectant and antiseptic and general disinfecting agents in the
food industry and, very successfully, for the disinfection of swimming pools. This widely used
biocide has been reviewed by US Environmental Protection Agency (EPA) and noted, with the
exception of occupational users, as having very low aggregate risk of adverse health effects to
the public or environment(EPA, 2005). PHMB binds to the negatively charged phosphate head
groups of phospholipids at bacteria cell wall, causing increased rigidity, sinking nonpolar
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segments into hydrophobic domains, disrupting the membrane with subsequent cytoplas- mic
shedding culminating in cell death (Kaehn, 2010). There have been no reported instances of
bacteria acquiring resistance to PHMB. PHMB is well tolerated when used topically on skin,
eyes, the ciliated epithelium of the nose, and wounds (Kaehn, 2010; Kramer et al., 2004;
Dissemond et al., 2009; Kramer et al., 2008). The market for PHMB-containing products,
which now includes liquids, gels and antimicrobial dressings, is expanding rapidly. This article
outlines the evidence on the antimicrobial properties of PHMB.

Synthesis and Preparation

PHMB was firstly synthesized by Rose and Swain (1954). It is a cationic biguanide polymer
which is utilized in a wide variety of antibacterial applications (O’Malley et al., 2007). Several
methods have been devised in order to prepare PHMB. For instance, one of the current methods
is to obtain PHMB by polycondensation of sodium dicyanamide and hexamethylenediamine in
two steps (de Paula et al., 2011). Preparations of PHMB are polydisperse mixtures of
polymeric biguanides, with a weighted average number (n) of 12 repeating hexamethylene
biguanide units. The heterogeneity of the molecule is increased further by the presence of either
amine, or cyanoguanidine or guanidine end-groups in any combination at the terminal positions
of each chain. Equal amounts (in molar) of hexamethylenediamine and guanidine
hydrochloride to be mixed in a round-bottomed three-necked flask, which is equipped with a
mechanical stirrer and vacuum system. The mixture reacts at 100 °C for 60 min, and then at
170 °C for a certain time. During the reaction, by-product ammonia is neutralized by bubbling
through aqueous HCI. At the end of reaction, the slightly yellow, viscous liquid solidifies upon
cooling giving PHMG samples (Wei et al., 2009).

Physical and chemical properties

Polyhexamethylene biguanide hydrochloride is the chemical name with INCI Name:
Polyaminopropyl Biguanide AND IUPAC Name: Homopolymer of N-(3-Aminopropyl)-
Imidodicarbonimidic Diamide. PHMB is a polymer which in is neat form represents a
solid/powder of > 94.2 % purity, colourless, odourless, non-corrosive and non-irritating
antimicrobial biocide. It has a good water solubility of around 40 %. It is also soluble in alcohol
and being used as common solvents for paints and lacquers (ECA, 2010). Average molecular
weights in the range between 2670 and 4216 Da (SCCS, 2015). PHMB is a positively charged
polymer having polymeric biguanide units in the backbone of its structure
[-(CH2)6.NH.C(=NH). NH.C(=NH).NH-]n, (Figurel) where n ranges from 2 to 40 having an
average value of 11 [Dugard and Mawdsley, 1982]. These properties make it as an interesting
molecule to technological applications: It is as good a metal chelator as its parent molecule,
biguanide (de Paula, 2011); the five conjugated amines when binding to neighboring molecules
with multiple hydrogen bonds, will be attractive for supra molecular chemistry (Lebel et al.,
2006). Films of PHMB are transparent and very adherent to metal, plastics and glass. It is a
proton conductor, potentially applicable to proton exchange membrane fuel cells (Britz et al.,
2010). Infrared absorption spectrum of PHMB showed that the most important are those
located at 2,000-2,400 nm range, corresponding to nitrogen-related vibrations, including
combination bands due to nitrogen-carbon bonds in the biguanide pseudo-aromatic ring. other
bonds are due to methylene groups and residual hydration water (SCCS, 2015).
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Figure. 1. Chemical structure of PHMB and its terminal groups.
Mode of Action

PHMB is a cationic biocide marketed worldwide, due to its excellent antimicrobial activity,
chemical stability, low toxicity and reasonable cost (Vantocil, 2005; Roth and Brill, 2010). The
mode of action of PHMB family, has been described by many researchers (Maris, 1995). When
elucidated by transmission electron microscopy, the mode of action of PHMGH antimicrobial
biocide demonstrated that the cell envelope was broken, resulting in cell content leakage into
the medium (Oulé et al., 2008). The primary site of action is the cytoplasmic membrane, with
resulting modification of membrane permeability. PHMB binds to the negatively charged
phosphate head groups of phospholipids at bacteria cell wall, causing increased rigidity,
sinking non-polar segments into hydrophobic domains, disrupting the membrane with
subsequent cytoplasmic shedding culminating in cell death. This effect was observed to be due
to electrostatic interaction of the PHMB with the acid phospholipids in the cytoplasmic
membrane. Effectiveness against cellular organisms is due to the very basic biguanide group
attached to a flexible spacer, a hexamethylene group. Maximal biocidal efficiency is obtained
when six methylene groups are used as spacer between biguanide groups (Kaehn, 2010). Unlike
certain antibiotics (penicillins, bacitracin and novobiocin), there is no accumulation of bacterial
wall precursors; destruction is caused by rupture of the membrane and loss of permeability
without lysis of the cell wall. Release of the cell constituents occurs at very low concentrations.
PHMB has an effect on both planktonic bacteria and those in biofilms (Butcher, 2012). At the
high concentrations used under antiseptic conditions, the bactericidal effect is very rapid, due
to coagulation of the cytoplasm. Therefore, bacterial death is not due to leakage of the cell
constituents at all concentrations of PHMB. (Maris, 1995). However, PHMB does not interfere
with the proteins that make up animal cell membranes. It, therefore, has a specific antimicrobial
action that does not affect animal cell integrity. Once inside the cell, there is evidence that
PHMB binds to DNA and other nucleic acids, suggesting it may also damage or inactivate
bacterial DNA (Allen et al, 2004). It was also showed that PHMG derivatives strongly affected
bacterial enzymes activity in S. aureus than in E. coli (Walezak et al., 2014).

Safety

PHMB as a disinfectant, has been proved and tested to be a powerful bactericide. It has been
reviewed by US Environmental Protection Agency (EPA) and noted as having very low
aggregate risk of adverse health effects to the public or environment [EPA, 2005]. It has been
proclaimed a safe product for the various application areas mainly human hygiene, public and
private health areas, veterinary hygiene, food and feed areas, canned preservatives, film
preservatives and drinking water. Koburger et al., (2010) concluded that PHMB was the most
widely used antiseptic when prolonged use is needed and when prolonged contact is feasible.
Its ability to give long-lasting protection puts it in the top position as a unique disinfectant in
providing long-lasting, total bio safety to the user. PHMB is free of heavy metal and phenol
compounds and also it is noncorrosive and nontoxic to both humans and animals because it is
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an environmentally friendly product (Vantocil 2005; Roth and Brill, 2010). Its performance
and extremely low toxicity make it the best option in Bio Safety for slaughterhouses, livestock
farming, chicken houses, feed stocks, food and feed storage facilities, transport vehicles, food
processing units, kitchens and so on. In addition it can work at low concentrations very fast
with a broad spectrum of action because of its relatively safe status, its wide acceptance and its
exploitation for potential multi-purpose functional use (Krebs et al., 2005; Mller and Kramer,
2005; Oulé et al., 2008). PHMB is safe in clinical use and well tolerated when used topically
on skin, eyes, the ciliated epithelium of the nose, and wounds (Kramer et al., 2004; Dissemond
et al., 2009; Kramer et al., 2008; Schnuch et al (2000; 2007).

Applications

PHMG is a new generation of disinfectant with a wide scope of applications in agriculture and
food processing plants, logistics, kitchens, transport vehicles. PHMB is a disinfectant with a
broad spectrum of activity against bacteria, viruses and fungi, inducing cell death by disrupting
cell membrane integrity (Ikeda et al, 1983; lkeda et al, 1984; Moore and Gray, 2007;). and it
is used as a preservative in cosmetics, personal care products, fabric softeners, contact lens
solutions, hand washes, and more. In cosmetics, the preservation of fruit and vegetables (Koffi-
Nevry etal., 2011; Kabara, 1984; Dugard and Mawdsley, 1982). PHMB is also used to preserve
wet wipes; to control odor in textiles; to prevent microbial contamination in wound irrigation,
sterile dressings; to deodorize vacuums and toilets (SCCS, 2005); to disinfect medical/dental
utensil and trays, farm equipment, animal drinking water and hard surfaces for food handling
institutions and hospitals. PHMB is used in antimicrobial hand washes and rubs and air filter
treatments as an alternative to ozone. PHMB is also used as an active ingredient for recreational
water treatment, as a chlorine free polymeric sanitizer, which is effective against a wide variety
of microorganisms. It has been used in a wide range of applications from swimming pool
sanitisers to preservatives in cosmetics and contact lens solutions (Bucher,2012). Clinical
studies indicate it has a broad spectrum of activity, including against human immunodeficiency
virus (HIV) (Weérthen et al, 2004; Krebs et al, 2005). PHMB appears to be available in
presentations that provide clinicians with effective wound care modalities for most clinical
scenarios and has also been used as a perioperative cleansing agent (Kramer, 1997), in mouth
wash, (Rosin, 2002) in ophthalmology, (Kramer, 1997; Petrou-Binder, 2003). Petrou-Binder40
describes the germicidal effects of PHMB (Lavasept 0.02%) as eye drops prior to cataract
surgery. PHMB can be found in swimming pool sanitizers, cosmetics, leather preservatives,
contact lens disinfectants, cleanser in agriculture and food handling, in treatment of hatching
eggs, fibers and textiles and technical fluids like cutting oils and glues (Kaehn, 2010).

Future prospects

PHMB is an excellent biocide that is an environmentally friendly product and expected to be
used widely in future to provide valuable disinfection, cleaning and hygiene functions in a wide
type of products such as cosmetics, deodorant, contact lenses solutions, fabric softeners, water
treatments, wound care products and antimicrobial foam dressings. It is expected to be; a
component of pool cleaners, skin disinfectants and urinary catheter flush solutions; sanitizers
in different applications; disinfectant in hospitals and food and equipment in contact with food.

52
ISSN 2055-0219(Print), ISSN 2055-0227(online)


http://www.eajournals.org/

British Journal of Environmental Sciences
Vol.4, No.1, pp.49-55, February 2016

Published by European Centre for Research Training and Development UK (www.eajournals.orq)

CONCLUSION

An overview of some current features and applications of PHMB was given and discussed.
PHMB is an environmentally friendly biocides. It is a new generation of disinfectant with a
wide scope of applications in all aspects of life. PHMB is a disinfectant with a broad spectrum
of activity against bacteria, viruses and fungi. This review provides a comprehensive literature
of PHMB from synthesis methods, antimicrobial effects and safety considerations to both
humans and environments. It is believed to continue to be used in wide ranging consumer and
industrial products and by many market leading companies. PHMB as a disinfectant will be
promising for advanced environmental treatments including food disinfection, water
disinfection, surface disinfection, and meet the criteria for an ideal antimicrobial agent.
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