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ABSTRACT

Cetylpyridinium chloride (CPC) is a quaternary
ammonium surfactant having broad spectrum
antimicrobial activity. The hexadecane chain of
the CPC disorganizes lipid membrane and
produces a complete rupture of the bacterial cell
membrane. At low concentration of CPC, it
leads to activation of intracellular latent
ribonucleases of microbes to promote cell
autolysis. At high concentration, CPC forms a
vesicle-like structure in the bacterial cell surface
and leads to leakage of cytoplasmic content.
CPC can be estimated using several methods
like HPLC, ion-pair extraction TLC,
spectrophotometry, chemiluminescence, and
spectrometry. It is a strong antimicrobial, anti
plaque, deodorizer and bleeding control agent
and is widely used in mouthwashes, tooth paste,
sanitizers and disinfecting liquids.

Keywords- Cetylpyridinium chloride,
antimicrobial agent, deodorizer, anti plaque
agent.

INTRODUCTION

Cetylpyridinium Chloride (CPC) is
an amphiphilic quaternary ammonium
surfactant with N- hexadecyl pyridinium as
cation and chloride ion as an anion (Figure
1). Due to the presence of a positive charge,
it can easily bind to the negative cell
membrane of microbes and destroy the cell
integrity causing leakage of cellular
components. This mechanism of action
proves a broad-spectrum antimicrobial
activity of CPC and is widely used as an
antiseptic or disinfectant in different

tablets, and also a cleaning solution for
eatables.

Chemical and physical properties
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Figure 1: chemical structure of 1-hexadecylpyridin-1-ium
chloride.

CPC is a chloride salt of
cetylpyridinium ion. It has a molecular
formula of C,, HyzCIN with a molecular
weight of 340g/mol. The IUPAC name is 1-
hexadecylpyridin-1-ium chloride and is
available as a white, non-hygroscopic, dry
powder with a melting point of 80°c. It has
an extensive solubility characteristics in
water and other organic solvents like
alcohol and chloroform (log P=1.71). CPC
decomposes to produce toxic fumes of
nitrogen oxides and hydrogen chloride. The
pH of 1% aqueous solution of CPC is found
to be neutral (6.0-7.0). Since it is a
surfactant, it shows a surface tension value
43 dyne/cm (0.1% aqueous solution), 41
dyne/cm (1.0% aqueous solution), 38
dyne/cm (10% aqueous solution) for
CetyIpP/ridinium chloride monohydrate at
25°C.

Mechanism of action of Cetylpyridinium
Chloride as an antimicrobial agent

formulations like mouthwashes, lozenges, CPC is a highly effective
antimicrobial agent and it is effective
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against Gram-positive, Gram-negative and
even viruses. The cell wall of Gram-positive
and Gram-negative bacteria is made up of
lipoteichoic acid and lipopolysaccharides
respectively along with  phospholipid
bilayer. All these elements contribute a
negative charge to the bacterial membrane
and this charge is stabilized by some
positive counter ions like magnesium and
calcium ions (Figure 2). The positive
pyridine ion from CPC displaces these
counter ions and produce interaction with
the cell membrane (Figure 3&4). Also, the
hexadecane chain of the same disorganizes
lipid membrane and produce a complete
rupture of the bacterial cell membrane
(Figure 5).
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Figure 2: Stabilized biological membrane having negative
phospholipids and positive counter ions

mwf&x{}x%uxx
¥¥¥ %%!M!%%[X

Figure 3: cationic surfactant approaches stabilized cell
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Figure 4: cationic surfactant replaces calcium ions from the
stabilized cell membrane.

Figure 5: destruction of cell membrane.

The cell wall lysis mechanism in
Gram-positive bacteria is quite
understandable and convenient since it has a
simple cell composition and comparatively
less thickness with Gram-negative bacteria.
The cell wall of Gram-negative bacteria is
only permeable to molecules of weight less
than 600 Da. Since CPC has a molecular
weight of 339 Da, it is easily permeable and
causes cell disruption in Gram-negative
bacteria also.

At low concentration of CPC, it
leads to activation of intracellular latent
ribonucleases of bacteria to promote leakage
of potassium ions and pentose. These
intracellular changes lose osmoregulation
and homeostasis of the cell and finally
autolysis. At high concentration, CPC forms
a vesicle-like structure in the bacterial cell
surface and leads to a series of
consequences like membrane rupture,
leakage of cytoplasmic content, protein and
nucleic acid damage etc. Due to the
surfactant property of CPC, it gets evenly
distributed in the irregular surfaces to
provide an extra contribution to the
antimicrobial activity. )

ESTIMATION OF CPC IN
PHARMACEUTICALS AND
COSMACEUTICALS

CPC IS widely  used in
pharmaceuticals and cosmaceuticals. It may
causes some kinds of toxicity, eye irritation
etc while taken in excess amount. Therefore
its content estimation in pharmaceuticals
and cosmaceuticals is important. CPC can
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be determined using several methods like
HPLC, ion-pair extraction TLC,
spectrophotometry, chemiluminescence, and
spectrometry.®

2.1 Floatation Spectrophotometric
Method:

It is used for the quantitative
determination of CPC in pharmaceuticals
than cosmaceuticals. The principle behind
this method of determination is the
formation of ion associate with OR and then
extraction CPC+_OR- ion pair to the
interface between aqueous and n-hexane
phase by methods like floatation. ¥

2.2 Spectrophotometric Determination of
Cetylpyridinium Chloride with Titan
Yellow:

It is a new spectrophotometric
method used for the determination of CPC
without extraction of ion pair. Here a
colored compound is formed by reacting
titan yellow and CPC (Figure 6). This
compound can be directly estimated
quantitatively to determine the
concentration of CPC using UV Visible
spectrophotometer in aqueous solution.

Figure 6: Colored compound produced by CPC and titan
yellow

2.3 High Performance Liquid
Chromatography (HPLC):

It is also used for the quantitative
determination of CPC. HPLC is considered

as the most sensitive method for the
determination of residual concentration of
CPC on poultries or vegetables after surface
cleaning with CPC. © A hydrophilic
interaction chromatography column is
introduced in HPLC to facilitate the simple,
rapid, stable and accurate method. ")

PROPERTIES OF CPC
3.1 Antimicrobial Property

CPC is a potent antimicrobial agent
against Gram-positive and Gram-negative
bacteria, enveloped viruses, fungi and algae.
Its effective concentration against microbes
is in a range of 0.05% to 0.1%. Above this
concentration, it becomes toxic to human
beings and cannot be used as a therapeutic
agent. Below this concentration, it is less
effective as an antimicrobial agent. The best
concentration at which rapid but short
antimicrobial action provided is 0.07%.
Majority of over the counter antimicrobial
products of CPC is available in this
concentration. ©

Due to this wide antimicrobial
activity, it has been used as an important
ingredient in mouth rinses to control the oral
pathogens. As we know the oral cavity is
highly prominent to infections with many
Gram-positive  negative  bacteria. The
biofilms formed by these bacteria are
difficult to remove by using simple
surfactant-containing normal kinds of
toothpaste and mouthwashes. © So to
disrupt and to prevent the further
development of microbial biofilms, it is
important to increase the usage of mouth
rinses containing CPC. Since CPC offers
antimicrobial action along with surfactant
property, it is convenient and affordable as a
complete solution for oral pathogens. ® On
comparing with gold standard
chlorhexidine, CPC can diffuse into the
extracellular  components of biofilms
irrespective of the thickness to irreversibly
bind with biofilms and prevents the
formation of insoluble glucans. “® As we
have already mentioned, CPC has a wide
range of solubility and compatibility. These
properties of CPC offer flexibility in the
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design of various dosage forms according to
the need of patients and occasions. CPC has
proven efficacy against oropharyngeal
candidiasis and infections caused by herpes
simplex viruses (HSV). HSV is a large
enveloped virus, upon applying CPC on
herpetic lesions caused by HSV produce
dramatic changes as compared to acyclovir.
Because acyclovir cannot offer a complete
recovery from HSV infection, only reduces
the duration of ulcers for one or few days.
But CPC is efficient in treating the herpetic
lesions by simple topical application. It is
because of the ability of CPC to block the
replication of HSV by interfering with the
signaling pathway, NF Kb for the
expression of the viral gene. ™

CPC is also used as an antimicrobial
cleaning agent for eatables including
poultries. As poultry washing agent it offers
complete eradication of microbes including
Salmonella typhimurium and e coli up to 2.5
logs. CPC prevents cross-contamination
also. But the effective concentration range
as a poultry washing antimicrobial is
somewhat increased to the range of 0.5% to
1%. Even though CPC is used as a
disinfectant here, proper rinsing after
applying the CPC is necessary to reduce the
risk associated with CPC while consuming
these eatables as food. Treatment with 0.5
% CPC is somehow safe rather than using
1%. That is upon treatment with 1% CPC,
the residual level is excess for human
consumption.  Additionally, like other
cleaning agents of eatables, it does not react
with the meat components like proteins and
fatty acids and also there is no change in
color, odor and texture of eatables after
applying CPC on surfaces. Therefore it is
widely used in poultry washing purposes for
beef trimmings before grinding. It remains
active and keeps the poultries free from
microbes during storage “? CPC has been
used in combination with acidified sodium
chloride for reducing the microbial content
other than salmonellae like E Coli, L.
Monocytogenes and staphylococcus aureus.
(2 CPC can be applied as a spray solution
to the poultries or the poultries can readily

soak in CPC solution. Whatever be the
treatment an  effective rapid and
spontaneous reduction of the count is
observed for aerobic bacteria, coliform,
salmonella and E Coli. CPC is an approved
poultry washing agent in the US and EU (21
CFR 173.375: FDA 2003) and is marketed
as Cecure by safe foods corporation in the
us.

3.2 Antiplague And Bleeding Control
Effects Of CPC

CPC has antiplaque activity in
addition to antimicrobial action. “* This
antiplaque activity is contributed by the
cationic component of CPC. That is the
cationic component can easily bind with
negatively charged intraoral proteins that
attribute plaque in the oral tissues. Upon the
proliferation of these dental plaque causes
chronic inflammatory and periodontal
disease. "> Mechanical method to overcome
the removal of dental plaque is tooth
brushing. But it is difficult to execute in
patients suffering from periodontal disease.
So the use of mouthwashes along with tooth
brushing promotes complete oral hygiene.
Mouthwashes have the ability to penetrate
intraoral tissues effectively. “® The widely
used antiplague agent is commonly
available mouthwashes is chlorhexidine and
is of the gold standard. " But the long term
use of chlorhexidine containing
mouthwashes discolors the teeth, tongue,
and parageusia and also causes irritation and
hypersensitivity reactions in the oral
mucosa. *® CPC is a better and effective
alternative for chlorhexidine. *® Since CPC
is comparatively less effective in controlling
dental plaque with chlorhexidine, it
produces fewer side effects and therefore
more convenient for long term use. CPC
reduces the bacterial count that causing
plague and periodontal disease and
eliminates the occurrence of gingivitis and
halitosis. *”
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3.3 DEODOURIZATION ABILITY OF
CPC

The foul smell of the oral cavity is
also due to the accumulation and
proliferation of some kinds of bacteria. The
production of bad breath from the oral
cavity is known as halitosis. This situation is
embarrassing and leads to serious anxiety
disorders if not treated  properly.
Microscopically tongue has an uneven
surface and can easily trap the bacteria for a
long time in the oral cavity. Upon sustained
duration, they produce bad smell producing
volatile sulfur compounds. CPC is known to
reduce the concentration of volatile sulfur
compounds by preventing the accumulation
and proliferation of foul smell producing
bacteria in the oral cavity. *?

PHARMACEUTICAL APPLICATIONS
OF CPC
4.1 Mouthwashes

CPC is widely used in over the
counter mouthwashes alone or in
combination with others. The antimicrobial,
anti plagque, anti gingivitis, anti bleeding and
deodorizing abilities of CPC is utilized in
mouthwashes. “? The effective concentra-
tion range for CPC in mouthwash is 0.05%
to 0.1%. The commonly used concentration
in  market available CPC containing
mouthwash is 0.07%. Because according to
many studies at this concentration, the
highly accepted minimum inhibitory
concentration is 0.07%. there are many
studies are conducted to detect the efficacy
of CPC containing mouthwashes against the
Covid 19 pandemic viruses and is proven
that CPC can reduce the count of the virus

by 99.9% along with zinc and stannous "
(24

4.2 Toothpaste

In toothpaste, CPC provides multi
actions, which are it can produce foam as a
detergent while providing antimicrobial
activity.  Comparing  with  fluoride-
containing toothpaste, it can reduce plaque
and gingivitis for a long duration up to 12
days with minimal side effects. The

toothpaste formula normally contains an
anionic surfactant and sweetener. While
designing CPC containing mouthwashes It
is important to consider the possible
interaction of CPC with negatively charged
surfactants. Since CPC is positively charges
component, the main mechanism behind its
antiplaque activity is to bind with negatively
charged tooth surfaces. The possible
interaction with anionic surfactant will lead
to reduced antiplaque activity, thereby failed

to meet the requirements of the toothpaste.
(25)

4.3 Buccal Tablets

Mucoadhesive patches or tablets are
designed to produce a complete cure from
oral bacteria causing gingivitis and herpetic
lesions by providing sustained and
prolonged release of CPC for a long
duration to make an intimate and effective
contact of CPC with oral mucosa
contaminated with pathogens. % "

4.4 Hand Sanitizer

The importance of hand sanitizer is
increasing day by day. The development of
alcohol or non-alcohol based sanitizer by
incorporating CPC as an antimicrobial agent
is beneficial to overcome the short term
action of alcohol due to its rapid
evaporation. As discussed earlier CPC has
broad-spectrum antimicrobial activity and is
efficient to prepare sanitizing liquids due to
its wide solubility in water and organic
solvents. ®®

4.5 Disinfecting Liquids

In this Covid scenario, the need for
sanitizing the surfaces of daily utilities
including table, floor, and chair is high.
CPC can be used for these purposes because
of its broad-spectrum antimicrobial activity
and also the cheap and affordable price.
Disinfectant property of CPC is observed in
the concentration range 0.5 to 1%. ¥

4.6 Cleaning Agent for Eatables
As we have discussed, CPC is
approved antimicrobial agent for cleaning
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the surfaces of eatables like vegetables,
fruits and poultries such as beef and chicken
for long term storage without altering their
texture, color and odor. The effective
concentration range is 0.5% to 1%. The
residual CPC on the surfaces is to be

considered while consuming the eatables.
(29)

4.7 CPC in Cosmaceuticals

The deodorizing and anti perspirant
activities of CPC opened a new window to
cosmaceuticals and nowadays CPC is
widely accepted in cosmaceuticals. By
inhibiting the growth of bacteria that causes
foul or bad odor in perspiration, CPC plays
an important role in antiperspirants and
deodorizers.

CONCLUSION

CPC is a quaternary ammonium
surfactant having wide range properties
extending to many pharmaceutical and
cosmaceutical applications. The broad
spectrum antimicrobial activity along with
anti plague and deodorizing ability can be
utilized to produce mouth washes, tooth
pastes, hand sanitizers, cleaning solution for
eatables including meat and fruits. Its
concentration can be estimated using several
spectrophotometric and chromatographic
techniques. CPC opens a new window as a
surfactant in this pandemic scenario.
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