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ABSTRACT

Cetylpyridinium chloride is a quaternary ammonium compound with a broad antimicrobial spectrum
commonly used as an active ingredient in mouthwashes and toothpastes. This compound gains it
antimicrobial strength by the presence of pyridine cation in its structure that serves as a remarkable
competitor for binding to bacterial cell wall that has a negative surface charge. The widespread use of
antibiotics has resulted in development of resistance in microbes towards their antimicrobials that is no
different for cetylpyridinium chloride. A statement by the W.H.O claims that today’s common infections
could one day turn lethal to the mankind’s a result of the microbes developing drug resistance. Several
studies have been done for gauging the antimicrobial efficacy of CPC that have been done on oral microbial
samples , the results showed phenomenal efficacy in destroying biofilms and antimicrobial strength.
Development of antimicrobial property in dental materials for long term retainer wearers is a boon for the
patients oral health and structural integrity of their enamel. CPC has proved to be useful in decreasing
salivary viral count of SARS-CoV-2.
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INTRODUCTION

Cetylpyridinium  chloride is a quaternary
amphiphilic ammonium compound. It consists of
N-hexadecyl pyridinium as cation and chloride
ion as anion.** It is a low molecular weight
compound weighing 339 Da making it easily
permeable through the gram-negative cell wall as
well. The pyridine ion inhibits binding of other
cations like magnesium and calcium to the
bacterial cell wall and this accounts for the wide
spectrum of antimicrobial activity.*®

The cell wall of gram-positive and gram-negative
bacteria consists of lipoteichoic acid and
lipopolysaccharides as a structural element
respectively along with phospholipid bilayer all of
which result in the negative charge on the
bacterial cell wall. This negative charge attracts
the cations like magnesium and calcium which are
expelled by the pyridine cation .The hexadecane
chain from the CPC develops an interaction with
the lipid membrane resulting in its breakdown
further contributing to destruction of the bacterial
cell membrane.®

When studying the efficacy of CPC on oral
biofilms , the studies done on plaque biofilms are
of prime importance as plaque itself is a biome
containing  multiple  species  relevant to
development of caries, ginigivitis, periodontitis
and halitosis. Species-specific or strain-specific
studies are handful when it comes to the efficacy
of CPC towards them. Initially a panel of 25
micro-organisms responsible for development of
dental caries, gingivitis and periodontitis present
in the supra gingival plaque of a group of
volunteers were subjected to tests using CPC
mouthrinses with or without alcohol , a
chlorhexidine rinse and a fluoride mouth rinse
without CPC as control. The CPC mouthiness
with and without alcohol both demonstrated
superior antimicrobial activity in comparison to
the control mouth rinse. The bacterial species
inhibited were gram-negative including majority
of those involved in periodontal disease and
halitosis such as Aggregatibacter
actinomycetemcomitans, Campylobacter rectus,
Eikenella corrodens, Porphyromonas gingivalis,
Prevotella intermedia and Solobacterium moorei.®

Orthodontic appliances are to used for long hours
throughout the day and hence they can be a field
of sprouting for the oral microbial species due to
the microbial interaction with the material. The
orthodontic brackets acts as retentive surfaces for
the bacteria causing development of enamel caries

on the bonded surfaces and irritation on the
elSSN1303-5150

palatal surface etc in case of orthodontic retainers.
This is a matter of concern for the orthodontist as
this development of bacterial colonies in the
appliance can cause infections to the patient
during use over time. This is due to the increased
counts of mutant streptococci and lactobacilli in
the oral cavity following orthodontic treatment.
Development of antimicrobial dental materials to
be used in intraoral appliances is a matter of
concern 3789

Cetylpyridinium  chloride has demonstrated
antiviral efficacy against the dreaded SARS-CoV-
2 virus by reducing the viral counts in saliva
below detection limits after a 30 second
exposure.*

MECHANISM OF ACTION

Cetylpyridinium chloride's primary efficacy is due
to the presence of positively charged groups, such
as the pyridinium ion. Lipopolysaccharides and
lipoteichoic acid make up the cell wall of gram-
negative bacteria, respectively. The negative
charge of these components, coupled with the
phospholipid bilayer that forms the cell wall, is
essential for the proper functioning of the
bacterial cell. The incorporation of the
hexadecane chain into the lipid membrane causes
cetylpyridinium chloride to break it down * 1,
Saccharomyces cerevisiae has shown that modest
concentrations of CPC can upset bacterial
homeostasis through potassium and pentose leaks,
and further stimulate autolysis by activating latent
intracellular ribonuclease enzymes %12 When
present at sufficient amounts, it disrupts cell
membranes, allowing cytoplasmic contents to
seep out of cells. Additionally, it has the potential
to harm DNA and proteins and trigger autolytic
enzymes that break down cell walls.
Microscopical analysis of polymicrobial biofilms
containing Streptococcus mutant, Actinomyces
naeslundii, and Actinomyces odontolyticus
revealed the presence of vesicle-like structures on
the bacterial cell walls following CPC treatment,
suggesting membrane damage?.

ANTIMICROBIAL EFFICACY

Two CPC mouthwashes, one with 0.075% CPC
and the other with 0.10% CPC, were compared to
a placebo control in a 6-month trial by Stookey et
al. The basis of assessment of efficacy was the
clinical efficacy of the mouthwash in decreasing
gingivitis and plaque. After six months of usage,
those who wused either of the two CPC
mouthwashes (0.075 or 0.10% concentration) had
far less plaque, gingivitis, and bleeding gums than
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those who used the placebo. Subsequently , after
the six month 0.075% and 0.10% CPC
mouthwash use the decreases in gingivitis,
gingival bleeding and plaque compared to the
placebo users were 23%, 30%, and 17% ; and
20%, 27% and 19% respectively.?

Rao and co-workers in a laboratory investigation ,
report the antibacterial efficiency of the 0.075%
CPC mouthwash in contrast to a control
mouthwash without CPC in two multi species
biofilm systems. The models utilized were a 24-
well glass bottom microplane and a chamber slide
mechanism. Confocal Laser Scanning
Microscopy(CLSM) and fluorometric analysis
were employed to analyze the biofilms. It was
obvious from CLSM that the 0.075% CPC
mouthwash treatment had disrupted both the
biofilms and fluorometric analysis was utilized to
demonstrate the destruction of biofilm formed
utilizing the glass-bottom microplate. These
models support the 0.075% alcohol-free CPC
mouthwash as an efficient antibacterial aid.?

In a research by He and coworkers , two 0.075%
CPC mouthwashes one being alcohol-free and the
other having 6% alcohol were compared to a
control mouthwash without CPC for effect on
supra gingival plague 12 hours after the first
usage and 12 hours after 14 days of use. The CPC
containing mouthwashes had considerable plaque
reduction seen after each post-treatment analysis
compared to the control mouthwash. The alcohol-
free CPC mouthwash decreased germs by 35.3%
and 70.9% 12 hours after single use and after 14
days of usage compared to the control mouthwash
correspondingly . The CPC mouthwash in a 6%
alcohol base decreased germs by 35.3% and
73.8% 12 hours after single usage and 14 days of
use respectively compared to the control
mouthwash.

It is obvious from a research by Lotufo et al that a
mouthwash containing 0.05% CPC is better in
reducing the production of dental plaque in
contrast to a control mouthwash without 0.05%
CPC . The lowered plaque levels 12 hours after
rinsing were 46.1% of the preprophylaxis level for
CPC mouthwash and that for the control
mouthwash was 75.5% of the preprophylaxis
level. The plaque reduction for the CPC
mouthwash was 29.3% more than the control
mouthwash group which suggests the better
efficacy of the CPC mouthwash against plaque
build-up 12 hours after usage .25

A research by Irizarry et al. done in 1996
investigated the effectiveness utilizing the MICs

of CPC for 120 Staphylococcus aureus isolates
elSSN1303-5150

using agar dilution method. Concentrations of 1,
2, 2.5, 5, and 10pg/ml were employed in the
investigation .The MICs for CPC were 2ug/ml for
MSSA and 10upg/ml for methicillin-resistant S.
aureus strains.*’

MICROBIAL RESISTANCE TOWARDS
CPC

A research by Luppens et al. indicated the reduced
in sensitivity of biofilms towards CPC when two
species were grown together than single species
colonies. The species employed were S. Mutans
and Veillonella parvula , cultivated in a 96-well
polystyrene microtiter plates for 48-hour both as
single species biofilms and as dual-species
biofilms. The cultures were treated with 0.2
mmol/liter CPC for 5 minutes resulting in CPC
obtaining better killing efficiency against S.
mutans in single-species biofilm than dual-species
biofilm. This led in a conclusion that S. mutans
acquired resistance towards CPC when growing in
a biofilm with V. Parvula.®®

A study by Smith et al. utilized 28 Methicillin-
resistant Staphylococcus aureus (MRSA) isolates,
10 oral and 18 bloodstream isolates cultivated on
96-peg plates for 48 hours. These isolates were
subsequently studied for antibacterial activity of
over-the-counter mouthwashes by treatment for
0.5, 1, or 2 min using a 2,3-bis-(2-methoxy-4-
nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide salt (XTT) test. The outcome of this
study was that CPC contaning mouthwashes did
not significantly diminish the bacterial viability
obtaining a less than 60% reduction in viability ,
thereby demonstrating ineffectual at eliminating
MRSA biofilms.*

A research by lzano et al. indicated the presence
of extracellular polymeric compounds like poly-
N-acetylglucosamine (PNAG) in enhancing the
tolerance towards biocides like CPC. They
cultivated Aggregatibacter
actinomycetemcomitans biofilms in polystyrene
tubes for 24 hours and further treated them with
0.02% CPC for 5 min together with or without a
30-min pretreatment with 20ug/ml dispersin
B(DspB). The biofilms treated with CPC or DspB
alone exhibited no reduction in colony forming
units(CFU) , however those pretreated with DspB
showed 3-log10 step reduction in CFU compared
to those treated with CPC or DspB alone. Finally
it was stated by the authors noting that the
degradation of PNAG by DspB made the A.
Actinomycetemcomitans vulnerable to CPC.

A similar study by Ganeshnarayan et al. showed
the interaction between CPC and the PNAG in the

www.neuroquantology.com

®



NEUROQUANTOLOGY | Jan 2025 | VOLUME 23 | ISSUE 1 | PAGE 49-55 | DOI:10.48047/nq.2025.23.1.nq25006
Dr Rohit KumarSingh et al/ “Cetylpyridinium Chloride: A Versatile Agent in Biomedical Innovation”

bacterial cell walls of Staphylococcus epidermidis
and Actinobacillus pleuropneumoniae bioflims
that they cultured and observed the followthrough
volume of CPC in biofilms cultured with DspB
and compared with those not treated with DspB.
Biofilm perfusion with 0.03% CPC yielded no
observable flowthrough volume of CPC . When
formed in the presence of 20pug/ml DspB or when
the biofilm was perfused with the same amount of
DspB before CPC perfusion , CPC could be
identified in the flowthrough volume suggesting
the capacity of PNAG to hinder CPC penetration
through biofilms.

In the year 1998, Heir et al. identified a QAC
resistant ST2H6 bacterium from a chicken
processing facility in Norway which was
examined utilizing comparative 16S-rRNA gene
sequencing identifying  the  strain  as
Staphylococcus saprophyticus. Later the study
indicated that excessive usage of QACs causes
selection pressure producing evolution of QAC -
resistant microbial strains.*8

A laboratory investigation by Tattasawart et al.
revealed the adaptability of Pseudomonas stutzeri
and Pseudomonas aeruginosa towards CPC owing
to sequential repetitive exposure to the antibiotic
for 6 weeks length. The rise in MICs of CPC for
P. stutzeri strains was a 24 to 60 times increase to
final values of 150 to 400ug/ml. The MICs of
CPC for P. Aeruginosa rose 8-fold from 250 to
2000ug/ml. These MICs are in the range or
greater than that of the in-use concentrations of
CPC l.e., approximately 0.05%(500ug/ml) . The
resistance to CPC was sustained in P. stutzeri after
10 passage cultures without CPC biocide but lost
substantially after 15 passage cultures in biocide-
free media. The CPC adapted isolates of P. stutzeri
also demonstrated 2 to 10 times rise in MIC to
triclosan and CHX diacetate.™®

Leelaporn et al. in 1994 tested 164 clinical
isolates of coagulase-negative staphylococci for
antiseptic resistance. They discovered resistance
to QACs in 64 isolates conducting isolation of
plasmid -DNA , digestion with restriction
endonucleases, agarose gel elctrophoresis, and
DNA-DNA hybridisation analysis. Finally the
resistance reported was said to originate from the
same MDR plasmids that caused resistance to
aminoglycosides and penicillins.?

PHARMACEUTICAL APPLICATIONS OF
CPC

Mouthwashes:

elSSN1303-5150

CPC containing mouthwashes are widely sold as
over the counter drugs used for its anti plaque,
anti gingivitis , anti bleeding and deodorising
properties 2. The concentration range of effective
CPC use is 0.05-0.1% but the most widely used
concrentration is 0.07% , which is proven to be
the most effective concentration by many studies
done on CPC efficacy as shown above. The
efficacy of CPC towards the Covid-19 pandemic
virus was also done proving it to have 99.9% viral
reduction along with zinc and stannous.?”?

Toothpastes:
CPC when used in toothpaste does a dual job ,

providing antimicrobial activity along with
foaming property as a detergent . As compared to
a floured toothpaste , CPC toothpaste provides
antiplaque and anti gingivitis effect for upto a
period of 12 days with least side effects. The
formulation of the CPC has a consideration to be
kept in mind during its formulation that the
cationic property employed for antimicrobial
action in CPC can be hampered by presence of
anionic components in the toothpaste that may

react with it thereby reducing the overall efficacy.
29

Buccal tablets:

Mucoadhesive patches or tablets of CPC are
designed in a way that provides sustained release
of the drug and intimate contact with the intraoral
herpetic and bacterial lesions for prolonged effect
on the lesion 3031

Hand sanitizer:

Hand sanitisers are of prime importance today for
healthcare workers and even for the common man
due the prevalence of a large number of infections
like the widespread Covid-19 . The evident wide
antimicrobial spectrum of CPC makes it an
important constituent of hand sanitisers also being
easily soluble in wide range of organic as well as
inorganic solvents.

Disinfecting liquids:
The Covid-19 pandemic has taught us the
importance of disinfectant to clean our daily use
things and surfaces like floor, tables, and chairs .
CPC as a disinfectant an be used in concentrations
from 0.5% to 1% .8

Cleaning agent for eatables:

CPC is an approved poultry washing agent in the

US and EU (21 CFR 175.375: FDA 2003),

marketed as Cecure by safe foods corporation in
www.neuroquantology.com
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the US.3* It is also an approved antimicrobial for
cleaning surfaces of eatables like fruits,
vegetables, poultries without altering their taste ,
texture or colour for long term storage. The
concentration of CPC used here is 0.5% to 1%.%

CPC USE IN PRODUCTION OF
ANTIMICROBIAL DENTAL MATERIALS
A study by Al-Musallam et al. evaluated the
antimicrobial efficacy of modified orthodontic
adhesive resin against the growth of S. Mutans .
They used concentrations of 2.5%, 5% and 10%
CPC in developing the suitable antimicrobial
material. It was evident that the antimicrobial
property increased along with the increase in
concentration of CPC.The diametral tensile
strength of the acrylic discs was observed to
decrease after water aging the modified acrylic
discs.The CPC when added to the acrylic discs
decreased the DTS of the acrylic discs but didn’t
affect the curing of the material.® Hence from this
study it is evident that CPC can be used as an
antimicrobial adjunct to conventional materials
like acrylics for fabrication of devices like
orthodontic retainers in order to prevent the
biofilm development in the devices and in the
adjacent mucosa.Such modification would help in
controlled and prolonged release of antimicrobial
in the desired location thus reducing risks of
infections.

ANTIVIRAL PROPERTY: PROPHYLACTIC
USE OF CPC AGAINST SARS-CoV-2 IN
ORAL CAVITY

A study has proved the antiviral efficacy of CPC
containing mouthwashes against SARS-CoV-2
viral strains B.1.1.7, B.1.351, P1 which were
significantly reduced below detection limits by
the CPC mouthwash. Plaque assay findings have
proven CPC mouthwashes to be efficient in
reducing the viral titres by 99.9% after a 30
seconds exposure to the mouthwash .Employing
such mouthwashes as a regular oral hygiene aid
can prevent the infection from SARS-CoV-2 as
well as transmission from the respiratory tract of
infected person to others.*

CONCLUSION

CPC mouthwashes have been tested for
antimicrobial efficacy in several studies proving it
to be a important part in oral hygiene practice.
This mouthwash has the best antimicrobial effects
encompassing nearly all aspects of oral health like
anti plaque effect , anti gingivitis being some of
them. A regular use of this has proven to improve
elSSN1303-5150

the oral conditions by reducing bacterial counts
especially the dreaded periodontal pathogens like
A Actinomyecetemcomitans, ultimately
improving the oral health and saving one from
gingivitis and periodontitis. The incorporation of
CPC into acrylics for fabrication of intramural
devices can be a breakthrough in preventing
infections in retainer and denture patients.
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