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ABSTRACT

Herpes Simplex Virus Type 1 (HSV-1) is a prevalent infection causing significant morbidity. This comparative review evaluates
the antiviral efficacy of cetylpyridinium chloride (CPC)-containing mouthwash and acyclovir against HSV-1. A comprehensive
literature search was conducted using EMBASE, Medline, and Google Scholar to identify relevant studies. The review focused on
antiviral efficacy, speed of action, safety, cost-effectiveness, mechanisms of action, resistance development, and clinical outcomes.
Findings indicate that acyclovir, a nucleoside analogue, is highly effective in inhibiting HSV-1 replication by targeting viral DNA
polymerase, thereby reducing viral load and preventing transmission. However, resistance to acyclovir, particularly in
immunocompromised patients, remains a concern. Conversely, CPC, a quaternary ammonium compound with surfactant properties,
disrupts the viral envelope, demonstrating significant antiviral activity against enveloped viruses like HSV-1. CPC-containing
mouthwashes, commonly used for their antibacterial properties, also exhibit potential as antiviral agents against HSV-1.

This review concludes that while acyclovir remains the standard treatment for HSV-1, CPC-containing mouthwashes offer a
promising supplementary approach to manage oral HSV-1 infections, especially given their cost-effectiveness and additional
antibacterial benefits.

Keywords: Herpes Simplex Virus Type 1 (HSV-1), Cetylpyridinium Chloride (CPC), Acyclovir, Antiviral Efficacy, Viral Load
Reduction, Synergistic Treatment.

Introduction:

Herpes Simplex Virus Type 1 (HSV-1) is an enveloped virus that replicates within the nucleus and is commonly transmitted through
direct contact with infected spores or bodily fluids, such as saliva. HSV-1 infection increases steadily from childhood, with
seroprevalence decreasing as socioeconomic status increases. Initial HSV-1 infections in children can either show no symptoms or
result in vesicular eruptions in the mucocutaneous area after a week of incubation. Herpetic gingivostomatitis commonly affects the
tongue, lips, gums, inner cheeks, and roof of the mouth. The majority of initial HSV infections in the mouth and face are caused by
HSV-1, although HSV-2 infections are becoming more widespread. Recurrent infections, occurring at variable intervals, usually
lead to vesiculoulcerative lesions at the junctions between mucous membranes and skin, especially on the lips (known as herpes
labialis). Recurrent HSV-1 infection inside the oral cavity is rare in generally healthy individuals; however, it can be more severe
and aggressive in immunocompromised patients. Common herpetic infections are often diagnosed based on a patient's clinical
history and symptoms. A confirmatory laboratory diagnosis is necessary if patients are immunocompromised or suspected @

Herpes Simplex Virus Type 1 and Type 2, also known as HSV-1 and HSV-2, are two varieties of the Herpes virus group,
Herpesviridae, that can infect humans. Both viruses can infect either the mouth or genitals; however, HSV-1 is known to cause
infection above the waist, while HSV-2 affects below the waist. They are both neurotropic alpha-herpes viruses with a quick
replication cycle and a wide host and cell range (2).
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Figure No. 1 Herpes Simplex Virus 1 (Oral herpes Virus)
1.1 Structure of Herpes simplex virus 1

Herpes Simplex Virus Type 1 (HSV-1) has a molecular weight of 96 x 1076 kDa. Scanning electron microscopy shows HSV-1 as
a regular spherical virus with a diameter of 120-150 nm (3). The virion consists of three major structural elements: a nucleocapsid
containing the genome, an envelope consisting of a lipid bilayer with embedded glycoproteins, and a proteinaceous region between
the capsid and envelope called the tegument (2,3). The capsid is icosahedral, 125 nm in diameter, and 15 nm thick, housing densely
coiled DNA (4). Four proteins form the capsid shell: VP5, pre-VP22a, VP19C, and VP23 (5,6). The envelope contains
approximately 11 viral glycoproteins, four of which (gD, gH, gL, and gB) are essential for entry of the virus into cells. It also
accommodates 600—750 glycoprotein spikes that vary in length, spacing, and angle (3). The tegument, containing approximately 20
proteins, serves as a delivery compartment for proteins required early in the course of infection, and features a particulate
substructure with actin-like filaments. The HSV-1 genome is a linear double-stranded DNA molecule with approximately 152,000
base pairs, consisting of two segments (L and S) flanked by inverted repeats (IRL, TRL, IRS, and TRS) (7). An "a" sequence is
present as a direct repeat at each terminus and in an inverted form at the L/S joint, allowing the genome to form four isomeric
structures via internal recombination. HSV-1 encodes at least 84 different polypeptides necessary for viral growth, cell entry, gene
regulation, DNA replication, and packaging into virions. No viral functions are required to establish latency, but a full set of viral
genes is essential for efficient reactivation (8).

Figure No. 2 Structure of HSV 1

Created with BioRender.com
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Table No. 1 Component and function of Herpes simplex virus 1

Component| Description Function
Cabsid Icosahedral structure, 125 nm diameter, 15 nm thick,| Protects viral DNA, facilitates
P composed of VP5, pre-VP22a, VP19C, and VP23 proteins | DNA transport into host nucleus
Lipid bilayer with embedded glycoproteins (gD, gH, gL,| Mediates viral entry into host cells,
Envelope 2 . .
gB) and 600750 glycoprotein spikes immune evasion
Proteinaceous layer with ~20 proteins, including actin-like| Delivers proteins necessary for
Tegument . - .
filaments early infection stages
G Linear double-stranded DNA, ~152,000 base pairs, L and S |[Encodes viral proteins essential for
enome oy o . .
segments with inverted repeats replication and infection

1.2 Clinical associations of HSV-1 infection

Primary herpetic gingivostomatitis (PHGS), caused by Herpes Simplex Virus Type 1 (HSV-1), primarily affects children and young
adults. It typically manifests in two age-related peaks: in early childhood (6 months to 5 years) and in the early twenties (9,10).
Most children infected with HSV-1 have either mild or asymptomatic infections, with only 10-30% showing noticeable symptoms
(11-14). After an incubation period of 2-20 days, symptoms such as malaise and myalgia precede mucocutaneous vesicular eruptions
on the tongue, lips, gingivae, buccal mucosa, and palates (15). These lesions develop into painful ulcers covered by a yellowish-
grey membrane surrounded by redness. Healing occurs in approximately 10-14 days without scarring (16,17). Symptoms often
include fever, lethargy, appetite loss, irritability, and swollen lymph nodes. Occasionally, there may be rash, dysphagia, or
dehydration, particularly in severe cases requiring hospitalization (18-22). The severity varies, possibly due to different HSV-1
strains and host immune responses. Adults with PHGS may present with pharyngotonsillitis; however, this is debatable. HSV-1 is
the usual cause, but HSV-2 can be implicated in older or immunocompromised (23-25). Gingival recession and rare oral HSV-2
infections can occur and are sometimes associated with immunosuppression or HIV. Reactivation of HSV-1 may occur following
dental trauma (25). Differential diagnoses include recurrent aphthous stomatitis, Coxsackie virus infection, infectious
mononucleosis, erythema multiforme, acute necrotizing ulcerative gingivitis, and varicella-zoster virus infection, emphasizing the
importance of accurate diagnosis.

Table no. 2 Prevalence study of HSV 1

Clinical Presentation Description Prevalence

Painful sores and inflammation of the gums and mouth,
usually in children

Sore throat and inflammation of the pharynx, often
seen in primary infections

Gingivostomatitis Common in primary infections

Pharyngitis Common in primary infections

Herpes Labialis (Cold|| Recurrent painful blisters around the mouth, often
Sores) triggered by stress or illness

Painful infection of the fingers, usually seen in
healthcare workers or children with oral HSV
Infection of the cornea, leading to pain, redness, and
potential vision loss

Inflammation of the brain, causing fever, headache,
confusion, and neurological deficits

Widespread HSV infection in individuals with
preexisting skin conditions like eczema

Skin infection often seen in wrestlers and contact sports
athletes

HSV-1 can cause genital lesions, though HSV-2 is
more common in genital infections

Very common in recurrent infections

Herpetic Whitlow Rare

Herpes Keratitis Rare but serious

Herpes Encephalitis Rare but life-threatening

Eczema Herpeticum Rare

Herpes Gladiatorum Rare

Genital Herpes Increasing in prevalence
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1.3 Pathogenesis of HSV 1

HSV-1 and HSV-2 have a large, linear double-stranded DNA genome in an icosahedral capsid with a tegument and an envelope
containing viral glycoproteins [26]. Initial attachment involves binding of glycoprotein B (gB) and gC to glycosaminoglycans
(GAGS) [27]. Glycoprotein gG also binds GAGs, but its role is unclear [28]. Binding is followed by the interaction of gD with
several entry receptors: herpesvirus entry mediator (HVEM), nectin-1, -2, and 3-O-sulfated HS [29]. Several reports have shown
that interactions between gB and paired immunoglobulin-like type 2 receptor o (PILRA), myelin-associated glycoprotein, and non-
muscle myosin 1A are involved in HSV entry [30-32]. The interaction of HSV-1 gH/gL with specific integrins leads to their entry
via endocytosis [33]. Receptor expression varies with tissue and affects tropism. For instance, HVEM and nectin-1 are the main
receptors in the cornea and the nervous system, respectively [34-36]. Interestingly, HSV-1 requires HVEM to infect mouse corneas,
whereas HSV-2 does not [37]. Mice lacking HVEM and nectin-1 are resistant to HSV-1 and HSV-2 induced pathogenesis, showing
the relevance of these receptors for HSV infection [38,39].

Interaction with cellular receptors triggers gD binding to the gH/gL heterodimer and exposure of the gB fusion peptide, leading to
viral and cellular membrane fusion [40]. Fusion can occur at the plasma membrane or within vesicles following viral internalization
[41]. Post-fusion, some tegument proteins, such as VP16, travel to the nucleus independently, while others remain bound [42,43].
Inner tegument proteins interact with motor proteins to facilitate capsid transport into the nucleus [44-46]. The viral proteins, pUL36
and pUL37, are crucial for nuclear targeting and genome import [47,48].
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Figure No. 3 Pathogenesis of HSV 1
Created with BioRender.com

In the nucleus, the viral DNA is transcribed by cellular RNA polymerase 11 and viral proteins [49]. Gene expression follows an
ordered cascade: immediate early (IE) genes (ICPO, ICP4, ICP22, ICP27, ICP47, and unique short (US) 1.5) drive early (E) gene
transcription, leading to DNA replication, followed by late (L) genes coding for structural proteins [50,51]. The tegument protein
VP16 forms a complex with host cell factor 1 (HCF-1) and octamer-binding protein-1 (Oct-1), regulating IE gene expression [52].

HSV transcription, DNA replication, capsid assembly, and DNA degradation occur in the nucleus [53]. Cellular proteins, such as
importin alpha, are required for the efficient nuclear import of viral proteins and capsid assembly and egress [54]. Capsids gain a
primary envelope from the inner nuclear membrane, which is lost upon fusion with the outer nuclear membrane, releasing the
capsids into the cytoplasm [55]. The nuclear egress complex (pUL31 and pUL34) mediates this process by interacting with viral
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and cellular proteins such as lamin A/C [56,57]. In the cytoplasm, capsids acquire inner and outer tegument proteins in the trans-
Golgi network vesicles and endosomes [58].

There is debate regarding the incorporation of tegument proteins into the nucleus [59]. Inner tegument proteins (pUL36, pUL37,
and pUS3) first associate with the capsid, followed by outer tegument proteins [60]. These proteins direct capsid movement to
secondary envelopment sites, with pUL20 and gK participating in the secondary envelopment [61]. pUL36 and pUL37 are crucial
for peripheral transport [62].

The transport and incorporation mechanisms of viral glycoproteins, especially in neurons, are not fully understood [63]. It is unclear
whether fully enveloped capsids form in the cell body or if capsids and envelope proteins are transported separately with
envelopment in axons [64]. Recent data suggest that pUL36 and pUL37 mediate motility in the cell body, but not in axons, unlike
vesicles with gD [65]. These findings indicate that only fully assembled viral particles travel from the cell body to axon terminal
[66]. Vesicles carry HSV particles to the cell's surface, and enveloped HSV leaves the cell by fusing with vesicles at the plasma
membrane [67].

1. Materials and methods

Three authors (SS, OS, AY) conducted a literature search of EMBASE, Medline, and Google Scholar for the terms “Acyclovir and
HSV 1”7 or “CPC to HSV 1” and independently screened abstracts for clinically relevant articles. Before being included in the
review, disagreements over whether specific agents should be mentioned were talked about, taking into account their historical
significance and relevance.

The purpose of this review was to evaluate the antiviral effect of cetylpyridinium chloride (CPC)-containing mouthwash and
acyclovir against herpes simplex virus HSV-1, and to compare their antiviral efficacy, speed of action, safety and side effects, cost-
effectiveness, mechanism of action, resistance development, formulation and administration, pharmacokinetics and
pharmacodynamics, synergistic effects and clinical outcomes.

2. Anti-viral Treatment for HSV 1

Acyclovir is a compound called 9-(2-hydroxyethoxymethyl) guanine, is a nucleoside analogue, which is a specific antiviral drug
effective against HSV-1, HSV-2, andvaricella-zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovirus (CMV) and human
herpesvirus 6 (HHV-6) in laboratory settings.

Topical, oral, and intravenous aciclovir are widely used to treat HSV infections in the eyes, mouth, and skin, with intravenous
aciclovir being preferred for herpes simplex encephalitis. Starting treatment with aciclovir early, ideally during the prodromal phase,
enhances its effectiveness, but even though it provides considerable clinical advantages, the virus remains dormant and recurrences
are likely even after completing episodic acute therapy. IV administration has also proven to be beneficial in treating severe
complications of HSV infection during pregnancy, as well as in cases of neonatal HSV infections. During suppressive therapy with
oral aciclovir, the occurrence of HSV recurrence in immunocompetent patients has been effectively stopped or greatly decreased
(68).

In most clinical trials, oral aciclovir has been successful in preventing recurrence of HSV genital or orofacial infections in over 70%
of immunocompetent patients during suppressive therapy (68).

The thymidine kinase in the human body phosphorylates thymidine, while the herpes thymidine kinase phosphorylates guanine and
acyclovir. This forms acyclovir monophosphate, which is then phosphorylated to create acyclovir diphosphate and triphosphate.
Due to the absence of ribose in acyclovir, which is a 5-ring sugar necessary for DNA polymerase elongation, the viral DNA chain
is ceases to grow. Moreover, acyclovir competes with and deactivates the HSV DNA polymerase (69).

Acyclovir and its related compounds are considered the most effective antiviral medications for preventing and treating HSV
infections. However, resistance to acyclovir can arise, particularly in patients with a weakened immune system. In these individuals,
challenges in cell-mediated immunity and occasional or extended use of antiviral medications are key contributors to the
development of resistance to antiviral drugs, which can result in serious complications, such as herpetic pneumonia, esophagitis,
and meningoencephalitis, turning HSV infection into a potentially life-threatening situation (70).
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Figure No. 4 Acyclovir inhibition of Viral DNA Biosynthesis Pathway

Acyclovir resistance commonly arises due to mutations in the thymidine kinase (found in 95% of resistant isolates) or DNA
polymerase genes of HSV. This leads to reduced or no production of HSV thymidine kinase and a decrease in DNA polymerase's
affinity for acyclovir-triphosphate (71). Resistance is also commonly observed in immunocompromised individuals who exhibit
symptoms of chronic ulcerative mucocutaneous disease, with extended periods of virus shedding, although it can also occur in
immunocompetent patients, albeit rarely (72).

Even though the prevalence of ACV resistance remains stable, the issue is expected to be more common in clinical settings because
of the rising numbers and longer survival of immunocompromised patients. Therefore, a different treatment that overcomes the
resistance to antiviral drugs related to TK or DNA polymerase is necessary.

3. Cetylpyridinium Chloride-Containing Mouthwashes for HSV 1

Cetylpyridinium chloride (CPC) is a positively charged ammonium compound with surfactant characteristics that can be safely
utilized by humans in various concentrations. It is commonly present in items in amounts between 0.05 to 0.1% (equivalent to 0.5—
1 mg/mL), like mouthwashes, toothpastes, oral tablets, deodorants, and products for treating aphthae, and is recommended for its
antibacterial properties (73-75). CPC is able to disturb the lipid membrane via physicochemical interactions. Unlike other substances
found in mouthwashes like povidone-iodine and chlorhexidine (CHX), CPC is both tasteless and odourless, making it ideal for use
in oral care products. Historically, mouth rinses have primarily been used for prevention or as supplementary treatment for
periodontal diseases (73,76). Indeed, aside from its known ability to kill bacteria, CPC has also shown antiviral activity against the
flu virus (77) and, more recently, against coronaviruses (78-81). In fact, CPC was evaluated for its effectiveness in decreasing
SARS-CoV-2 particles in the mouth by disturbing the structure of the viral envelope both in laboratory tests and in real-world trials
during the COVID-19 pandemic (82-86). Our goal is to show the effectiveness of CPC-containing commercial mouthwashes as
antiviral agents against viruses including Herpes simplex virus that cause oral cavity infections, in order to supplement existing
measures for infection control and potentially decrease viral spread.
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Figure No. 5 Structure of Cetylpyridinium Chloride

It is demonstrated that CPC, found in commercial products, has strong antiviral effects on enveloped viruses like HSV-1, yet has no
impact on non-enveloped viruses like HPV. Mouthwashes containing CPC have been utilized for years as antiseptics, making them
a cost-efficient way to help prevent the spread of enveloped viruses in the mouth and reduce viral transmission (87).

The use of CPC in mouthwashes up to 0.1% (w/w) concentration is accepted by both the FDA (UNII D9OM4SK49P) and the
Scientific Committee on Consumer Safety of the European Union (SCCS/1548/15) for use in treating gingivitis (87). The antiviral
efficacy of CPC-containing mouthwashes against SARS-CoV-2 and its variants, even at lower concentrations around 0.05-0.07%
CPC, which are within the accepted safety limits (88). While the regulatory acceptance of CPC mouthwashes is primarily for their
use in treating gingivitis, the efficacy against HSV-1 suggests that these formulations could also be suitable for helping to reduce
HSV-1 viral load in the oral cavity.

In this study conducted by (87) to evaluate the potential antiviral effects of CPC-containing mouthwash against HSV and HPV.
HSV and HPV viral stocks were exposed to various formulations and SDS as a positive control for 2 minutes. SDS, a wide-ranging
surfactant, has been shown to be successful as a topical microbicide and viral inactivator against various viruses, both enveloped
and non-enveloped, by breaking down the viral envelope and capsid proteins, including those of HIV, HPV, and HSV. As
anticipated, SDS effectively prevented infection by both viruses. Similar outcomes were noted with CPC mouthwashes against
HSV, but they did not show significant inhibition against HPV (89). The vehicle formulations of the two mouthwashes tested did
not have any impact in any of the scenarios, suggesting that CPC is the main component responsible for the antiviral activity.

4. Comparative Analysis of Cetylpyridinium chloride and Acyclovir against HSV 1
4.1 Antiviral Efficacy of Acyclovir and CPC containing mouthwash and against HSV1

Acyclovir (ACV) is one of the most widely used antiviral drugs for the treatment of herpes simplex virus type 1 (HSV-1) infections.
Its efficacy against HSV-1 is well-documented and stems from its ability to selectively target viral DNA synthesis.

1. In Vitro Antiviral Activity:

» Potency: Acyclovir demonstrates strong antiviral activity in vitro, primarily through its selective inhibition of HSV-1 DNA
polymerase. It is effective at inhibiting the replication of HSV-1 in cell cultures at relatively low concentrations.

» 1C50 Values: The inhibitory concentration 50 (IC50) of acyclovir varies based on the HSV-1 strain and cell type but typically
falls within the nanomolar range. This high potency indicates its effectiveness in preventing viral replication.
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2. In Vivo Antiviral Activity:

» Clinical Efficacy: In clinical settings, acyclovir has been shown to reduce the severity and duration of HSV-1 infections,
including cold sores and genital herpes. It accelerates healing, alleviates symptoms, and lowers the frequency of outbreaks.

» Administration Routes: Both oral and topical forms of acyclovir are effective in managing HSV-1 infections, with oral
administration providing systemic antiviral effects, while topical formulations target localized lesions.

3. Reduction in Viral Load:
» Viral Load Decrease: Acyclovir significantly reduces viral load in patients with HSV-1 infections. By inhibiting viral DNA
synthesis, it lowers the number of virus particles present in lesions and bodily fluids, which helps control the infection and reduces

transmission risk.

» Impact on Transmission: Effective reduction in viral load contributes to lower transmission rates and diminished infectivity,
particularly important in managing outbreaks and preventing spread.

4. Inhibition of Viral Replication:

» Mechanism of Action: Acyclovir is a potent inhibitor of HSV-1 replication. It is phosphorylated to its active form, acyclovir
triphosphate, which competitively inhibits viral DNA polymerase and incorporates into the viral DNA, leading to chain termination.

» Selectivity: Acyclovir exhibits high selectivity for viral over cellular DNA polymerases due to its preferential phosphorylation
by viral thymidine kinase, making it a highly effective antiviral agent with minimal impact on host cells.

Cetylpyridinium chloride (CPC) is a quaternary ammonium compound with broad-spectrum antimicrobial properties. While it is
commonly used as an ingredient in mouthwashes for its antibacterial effects, recent studies have also explored its antiviral efficacy,
including against herpes simplex virus type 1 (HSV-1).

Antiviral Efficacy of CPC Against HSV-1

e In Vitro Antiviral Activity

1. Mechanism of Action:

» Envelope Disruption: In vitro studies have demonstrated that cetylpyridinium chloride (CPC) exerts its antiviral effect by
disrupting the viral envelope. CPC’s cationic surfactant properties allow it to bind to and destabilize the lipid membrane of HSV-1,
which is crucial for viral infectivity.

2. Effectiveness:

» Reduction in Viral Titers: Research has shown that CPC can significantly reduce viral titers in laboratory settings. Studies
involving plaque reduction assays or viral infectivity assays often reveal that CPC effectively lowers the number of infectious viral

particles.

» Minimal Inactivation Time: CPC's rapid action is reflected in its ability to inactivate HSV-1 within minutes of exposure in vitro.
This rapid effect is beneficial for reducing viral load in the oral cavity.

¢ In Vivo Antiviral Activity
1. Clinical Observations:

» Symptomatic Improvement: Clinical studies have observed that CPC mouthwash can reduce symptoms associated with HSV-1,
such as oral lesions and discomfort, suggesting an in vivo antiviral effect.

» Lesion Healing: Patients using CPC mouthwash have reported faster healing of lesions compared to those using placebo
treatments, indicating that CPC contributes to clinical efficacy.
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2. Clinical Trials:

» Efficacy: Although specific clinical trials focusing solely on CPC against HSV-1 are limited, evidence from studies of similar
antiseptics suggests that CPC’s efficacy in reducing viral load and symptoms is consistent with observed in vitro activity.

» Frequency of Use: Regular use of CPC mouthwash, as prescribed, supports its role in managing HSV-1 outbreaks and preventing
recurrences.

e Reduction in Viral Load
1. Quantitative Reduction:

» Viral Load: CPC mouthwash has been shown to significantly lower viral load in the oral cavity. By disrupting the viral envelope,
CPC reduces the number of viable HSV-1 particles available to infect host cells.

» Sustained Effects: The reduction in viral load achieved with CPC is typically sustained for several hours after application, though
regular use is necessary for ongoing management.

2. Impact on Transmission:

» Preventing Spread: By lowering viral load, CPC mouthwash helps reduce the risk of HSV-1 transmission to others, especially
during active outbreaks or when the virus is present in the oral cavity.

o Inhibition of Viral Replication
1. Mechanism:

» Viral Entry: CPC primarily affects the initial stages of infection by disrupting the viral envelope and preventing entry into host
cells. While CPC is not a direct antiviral agent targeting viral replication, its action indirectly inhibits replication by reducing the
number of infectious viral particles.

» Complementary Effects: CPC can be used in combination with direct antiviral agents like acyclovir, which target viral replication
more directly. This complementary approach can enhance overall antiviral efficacy.

2. Replication Inhibition:

» Indirect Impact: CPC’s primary role is to reduce the viral load and prevent new infections rather than directly inhibiting viral
replication. However, by reducing the viral load, CPC contributes to limiting the spread and replication of the virus.

4.1.1 Mechanism of acyclovir and Cetylpyridinium chloride against HSV 1

Acyclovir is a deoxyguanosine analogue with an acyclic side chain that lacks the 3'-hydroxyl group found in natural nucleosides
(90). It is preferentially taken up by HSV-infected cells, where it is converted to its monophosphate form by virus-encoded thymidine
kinase, which is about one million times more efficient than host cell thymidine kinase at this conversion. Host cell enzymes then
catalyze further phosphorylation, resulting in acyclovir triphosphate (ACVTP) levels 40 to 100 times higher in infected cells
compared to uninfected cells (91). ACVTP inhibits viral DNA synthesis by competing with deoxyguanosine triphosphate (dGTP)
for binding to the HSV-1 DNA polymerase. Once incorporated into the growing DNA strand, acyclovir monophosphate at the 3'-
end of the primer leads to potent inhibition of the HSV-1 DNA polymerase, with a dissociation constant (Ki) for the next nucleotide,
dCTP, at 76 nM (92). This process results in the formation of a dead-end complex, further evidenced by an uncompetitive inhibition
pattern with dCTP. Although ACVTP is a suicide substrate for the viral polymerase, the enzyme is not inactivated by the
incorporation of ACVMP residues alone. Potent inhibition occurs only when the next correctly encoded deoxynucleoside
triphosphate is present after ACVMP incorporation. The higher affinity of viral polymerase for ACVTP compared to cellular DNA
polymerase ensures minimal incorporation into cellular DNA, limiting host cell toxicity. Steady-state kinetic analysis and gel
filtration studies have demonstrated the reversible binding of dCTP, confirming the mechanism of ACVTP-induced inhibition of
HSV-1 DNA polymerase. (93)

Cetylpyridinium chloride (CPC), a quaternary ammonium compound, is known for its broad-spectrum antimicrobial properties,
including its effectiveness against Herpes Simplex Virus Type 1 (HSV-1). CPC disrupts the viral envelope, crucial for the virus's
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ability to infect host cells, by interacting with the lipid bilayer, leading to its disintegration and subsequent inactivation (75). It
disturbs the cell membrane integrity of microorganisms by replacing positive counter ions and bonding with the cell membrane.
The hexadecane chain in CPC causes disruption to the lipid membrane, resulting in the bacterial cell membrane breaking apart (98).
CPC has the ability to easily penetrate the cell wall of Gram-negative bacteria, leading to cell damage (96). This disruption prevents
HSV-1 from attaching to and entering host cells, thereby inhibiting viral replication (87). Studies have demonstrated that CPC
blocks HSV-1 replication by interfering with the translocation of NF-«B into the nucleus of infected cells and disrupts the viral
envelope, which is key for viral infectivity (94,95). CPC-containing mouthwashes have been shown to significantly reduce the viral
load of enveloped viruses like HSV-1 in the oral cavity, highlighting their potential as cost-effective measures to limit infection and
spread (96). Compared to non-enveloped viruses like HPV, CPC's efficacy is pronounced due to its ability to disrupt the lipid
membrane, a property also effective against other enveloped viruses such as coronaviruses and influenza virus (94)). Utilizing CPC
in diluted solutions effectively eliminates HSV-1 virus particles quickly while also maintaining some harmful effects on the virus,
making it a strong antiviral substance (97).
4.2 Pharmacokinetics and Pharmacodynamics of acyclovir and Cetylpyridinium chloride against HSV 1
4.2.1  Pharmacokinetics of Acyclovir Against HSV-

Absorption:

- Oral acyclovir absorption is slow and variable, with a bioavailability of 15 to 30%.

- Peak plasma concentrations are typically achieved 1.5 to 2.5 hours post-dose.
e Distribution:

- Orally or intravenously administered acyclovir is distributed to a wide range of tissues and fluids, crosses the placenta, and
accumulates in breast milk.

- In the cerebrospinal fluid (CSF), acyclovir concentrations are about 50% of those in plasma
- Plasma protein binding ranges from 9 to 33%, independent of plasma aciclovir concentrations.
e Metabolism:

- 9-carboxymethoxymethyl guanine, the primary metabolite of acyclovir, is not pharmacologically active and makes up
approximately 14% of the dosage in individuals with regular kidney function.

- Less than 0.2% of a dose is made up of a minor metabolite, 8-hydroxy-9-(2-hydroxyethoxymethyl) guanine.
e Excretion:
- 45 to 79% of an intravenous dose of Acyclovir is excreted unchanged in the urine, primarily through renal excretion.

- Impaired kidney function impacts the drug's plasma levels, metabolism, and elimination rate. Specific groups of people with unique
needs or characteristics.

- In newborns, the clearance of substances from the body is decreased, and the time taken for elimination is extended to as much as
5 hours.

Special Populations:
- In neonates, total body clearance is reduced, and elimination half-life is increased to up to 5 hours.

- Patients with end-stage renal failure experience nearly doubled mean Cmax values, a 7-fold increase in elimination half-life to
approximately 20 hours, and a 10-fold decrease in clearance compared to individuals with normal renal function.

- Neonates exhibit a slightly longer elimination half-life of acyclovir (2.5 to 5.0 hours) and a total body clearance of about one third
of that of an adult with normal renal function.
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- Acyclovir is readily haemodialysable, with a half-life in dialysis patients ranging from about 6 to 10 hours.

- During continuous ambulatory peritoneal dialysis, the half-life extends to 13 to 18 hours (99).

4.2.2 Pharmacokinetics of CPC Against HSV-

Absorption

CPC, when used in mouthwashes, is primarily applied topically to the mucosal surfaces of the mouth and throat. Due to its cationic
nature, CPC binds strongly to the negatively charged bacterial and viral membranes, including HSV-1. The extent of systemic
absorption of CPC through oral mucosa is minimal, as it tends to remain localized at the site of application. This limited absorption
is beneficial in minimizing systemic exposure and potential side effects.

Distribution

Once applied, CPC's distribution is mostly confined to the oral cavity, where it exerts its antiviral effects. The strong binding affinity
to the viral envelope and the mucosal surfaces helps maintain its local concentration. This targeted distribution is crucial for its
effectiveness against HSV-1, as it ensures a high local concentration at the site of viral replication and shedding.

Metabolism

CPC undergoes minimal metabolic transformation in the oral cavity. Its stability in the mouth allows it to maintain its antiviral
activity for a prolonged period. Any CPC that is inadvertently swallowed may be subjected to metabolic processes in the
gastrointestinal tract and liver, but this is generally a minor route of elimination due to the low systemic absorption.

Excretion

The primary route of excretion for CPC is through the oral route. It is gradually removed from the oral cavity through saliva and is
either swallowed or expectorated. Ingested CPC is excreted through the feces, with minimal renal elimination due to low systemic
absorption (100).

4.2.3 Pharmacodynamics of Acyclovir Against HSV-1

1. Activation and Selectivity:

- Acyclovir requires activation to exert its antiviral effects. In HSV-infected cells, acyclovir is monophosphorylated by the viral
enzyme thymidine kinase (TK) to form acyclovir monophosphate (ACV-MP).

- Cellular kinases then convert ACV-MP to the active triphosphate form, acyclovir triphosphate (ACV-TP).

- ACV-TP selectively inhibits viral DNA polymerase to a much greater extent than cellular DNA polymerases, thus minimizing
toxicity to host cells.

2. Inhibition of Viral DNA Synthesis:
- ACV-TP competes with deoxyguanosine triphosphate (dGTP) for incorporation into viral DNA by the viral DNA polymerase.

- Once incorporated into the viral DNA, ACV-TP causes chain termination due to the absence of a 3’-hydroxyl group, effectively
halting further DNA synthesis.

- Additionally, ACV-TP acts as a substrate for viral DNA polymerase, leading to irreversible inactivation of the enzyme.
3.Specificity and Potency:
- Acyclovir triphosphate is much more efficiently phosphorylated by HSV-encoded thymidine kinase than by cellular kinases. This

leads to a significant accumulation of ACV-TP in infected cells.
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- The higher affinity of ACV-TP for viral DNA polymerase over cellular DNA polymerase alpha results in minimal incorporation
of acyclovir into host cell DNA, ensuring selective toxicity towards HSV (101).

4.2.4 Pharmacodynamics of CPC Against HSV-1

Mechanism of Action

Cetylpyridinium chloride (CPC) exhibits its antiviral activity primarily through the disruption of viral envelopes.
Pharmacodynamic properties:

1.Viral Envelope Disruption;

- CPC is a cationic surfactant that interacts with the phospholipids and proteins in the viral envelope.

- The positively charged CPC molecules bind to the negatively charged components of the viral envelope, leading to destabilization
and disruption of the viral structure.

- This disruption prevents the virus from attaching to and entering host cells, effectively inactivating it.

2. Inhibition of Viral Replication:

- By compromising the viral envelope, CPC inhibits the virus’s ability to replicate within host cells.

- This mechanism is particularly relevant for HSV-1, which relies on a functional envelope for infectivity.
3. Reduction of Viral Load:

- Regular use of CPC-containing mouthwash can reduce the viral load in the oral cavity, decreasing the likelihood of transmission
and reactivation of HSV-1.

Clinical Effects
-Symptom Relief: CPC mouthwash can alleviate symptoms such as oral sores and discomfort associated with HSV-1 infections.

-Prophylactic Use: Regular use may help prevent the recurrence of HSV-1 outbreaks by maintaining a low viral load in the oral
cavity.

Drug Interactions of CPC

CPC is used topically in the oral cavity, and systemic absorption is minimal, reducing the likelihood of systemic drug interactions.
However, interactions can still occur at the local level in the oral cavity:

Potential Local Interactions
1. Other Antimicrobial Agents:

- When used with other antimicrobial agents (e.g., chlorhexidine, essential oils), there may be additive or synergistic effects
enhancing overall antimicrobial efficacy.

- However, concurrent use with other cationic agents could lead to competition for binding sites on the mucosal surface, potentially
reducing the effectiveness of both agents.

2.0ral Care Products:

- CPC can interact with ingredients in other oral care products, such as toothpaste or other mouthwashes. For example, anionic
surfactants in toothpaste (like sodium lauryl sulfate) can inactivate CPC if used immediately before or after brushing.
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3. Fluoride Treatments:

- There is no significant interaction with fluoride, and CPC can be safely used alongside fluoride treatments. However, it is generally
recommended to use CPC mouthwash at a different time to maximize the efficacy of both treatments.

4. Food and Drink:

- The presence of food residues or beverages (especially those with strong acids or bases) in the mouth may affect the stability and
binding efficacy of CPC. It is advisable to use the mouthwash after meals and avoid eating or drinking for at least 30 minutes
afterward (102).

4.3 Safety and Side Effects of Acyclovir Against HSV-1

1.Frequency and Severity of Side Effects:

Acyclovir is generally well-tolerated, but side effects can occur. The frequency and severity of these side effects vary depending on
the route of administration (oral, intravenous, or topical) and individual patient factors.

e Oral Administration:

» Common Side Effects: Nausea, vomiting, diarrhoea, headache, and dizziness. These side effects are usually mild and transient.
» Less Common Side Effects: Abdominal pain, fatigue, rash, and hypersensitivity reactions.

e Intravenous Administration:

» Common Side Effects: Phlebitis (inflammation of the veins) at the injection site, nausea, vomiting, and headache.

» Less Common Side Effects: Renal dysfunction (especially in patients with pre-existing renal impairment or dehydration),
neurotoxicity (manifesting as confusion, hallucinations, or seizures), and gastrointestinal disturbances.

e Topical Administration:

» Common Side Effects: Mild pain, burning, or stinging at the application site.
» Less Common Side Effects: Itching, rash, and contact dermatitis.

2. Long-Term Safety Profile:

Long-term use of acyclovir is generally considered safe, but monitoring is recommended, especially for patients on chronic
suppressive therapy:

» Renal Function: Prolonged use, particularly at high doses, can impact renal function. Regular monitoring of kidney function is
advised for patients on long-term acyclovir therapy.

» Hematological Effects: Long-term use has not been associated with significant hematological abnormalities.

» Neurological Effects: Chronic use at high doses may lead to neurological side effects, including tremors, confusion, and
hallucinations, particularly in elderly patients or those with renal impairment.

3. Potential for Toxicity:
While acyclovir has a relatively low toxicity profile, certain factors can increase the risk of adverse effects:

e Renal Toxicity: Acyclovir is primarily excreted through the kidneys. High doses or inadequate hydration can lead to crystal
nephropathy, causing renal impairment. Ensuring adequate hydration and adjusting doses for renal function are crucial.
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¢ Neurotoxicity: High doses or accumulation of the drug in patients with renal impairment can lead to neurotoxic effects such as
agitation, hallucinations, and seizures.

4. Allergic Reactions:
Acyclovir allergic reactions are uncommon but possible. Symptoms can vary in intensity from mild to severe:
o Mild Reactions: Rash, itching, and urticaria (hives).

e Severe Reactions: Anaphylaxis, angioedema (swelling of the deeper layers of the skin), and Stevens-Johnson syndrome/toxic
epidermal necrolysis (severe skin reactions) (103).

4.3.1 Safety and Side Effects of CPC Against HSV-1

1. Frequency and Severity of Side Effects

¢ Common Side Effects: The most frequently reported side effects of CPC mouthwash include:

» Mouth and Throat Irritation: Some users may experience a mild burning or stinging sensation in the mouth and throat.

» Altered Taste Sensation: A temporary change in taste perception is common, often described as a metallic or soapy taste.

» Staining of Teeth and Tongue: Prolonged use can lead to staining of teeth and the tongue, although this is less common with
CPC compared to other antiseptics like chlorhexidine.

o Severity: These side effects are generally mild and transient, resolving shortly after discontinuation of use.
2. Long-Term Safety Profile

o Well-Tolerated: CPC has been widely used in oral care products for many years and is generally considered safe for long-term
use.

e No Systemic Accumulation: Due to minimal systemic absorption when used as directed, there is little risk of systemic
accumulation or long-term systemic side effects.

e Oral Health: Long-term use has not been associated with significant adverse effects on oral health. Regular dental check-ups
and good oral hygiene practices can help mitigate potential issues like staining (104).

3. Potential for Toxicity

o Low Systemic Toxicity: The low systemic absorption of CPC when used topically in the mouth reduces the risk of systemic
toxicity. Most of the CPC is confined to the oral cavity and is eventually expelled with saliva or ingested in small amounts.

e Ingestion Risks: Ingesting large amounts of CPC can lead to gastrointestinal discomfort, nausea, and vomiting. However, the
concentrations used in mouthwashes are typically too low to cause serious harm if accidentally swallowed in small amounts.

4. Allergic Reactions

o Rare Incidence: Allergic reactions to CPC are rare but can occur. Symptoms may include:

» Skin Rash or Hives: Some users may develop a rash or hives around the mouth or on the face.
» Swelling: Swelling of the lips, tongue, or throat can occur in severe cases.

> Difficulty Breathing: Anaphylaxis, a severe allergic reaction, is extremely rare but requires immediate medical attention.

Page | 61



International Journal of Pharmacy and Pharmaceutical Research (1JPPR)
Volume 30, Issue 8, August 2024 pp 48-75. ijppr.humanjournals.com ISSN: 2349-7203

o Patch Testing: Users with a history of allergies should consider patch testing or consulting with a healthcare professional before
using CPC-containing products (105).

4.4 Cost effectiveness of acyclovir and Cetylpyridinium chloride
4.4.1 Cost-Effectiveness of Acyclovir Against HSV-1
1. Cost of Treatment (Per Dose and Overall Course):

The cost of acyclovir treatment can vary based on several factors, including the form of the medication (oral, topical, or intravenous),
the dosage, and the duration of the treatment. Here’s a general breakdown:

e Oral Acyclovir:

» Per Dose: Typically ranges from $0.10 to $1.00 per 200 mg tablet, depending on the brand and pharmacy.

» Overall Course: For a standard 5-day course, with 200 mg taken five times daily, the cost can range from $2.50 to $25.00.
e Topical Acyclovir:

> Per Dose: Approximately $10 to $20 per gram of ointment.

» Overall Course: Depending on the area treated and frequency of application, the total cost can range from $20 to $100 for a
typical treatment period.

¢ Intravenous Acyclovir:
> Per Dose: Approximately $10 to $50 per vial (depending on concentration and brand).

» Overall Course: For severe infections requiring hospitalization, the cost can be significantly higher, potentially ranging from
$500 to $2,000 or more, depending on the duration of treatment and hospital stay.

2. Cost-Benefit Analysis Considering Efficacy and Safety:
o Efficacy: Acyclovir is highly effective in reducing the symptoms and duration of HSV-1 infections. It also lowers the frequency
of recurrent episodes when used for suppressive therapy. The high efficacy rate justifies the cost of treatment, especially considering

the potential complications and quality-of-life improvements.

o Safety: Acyclovir has a well-established safety profile with relatively mild and manageable side effects. The cost associated with
adverse effects is generally low compared to the benefits of effective HSV-1 management.

o Cost-Benefit Ratio: The cost of acyclovir is justified by its efficacy in preventing and treating HSV-1 infections, reducing the
severity and duration of outbreaks, and minimizing complications. Given its generic availability, the overall treatment cost is
affordable for most patients, making it a cost-effective option.

3. Auvailability and Accessibility:

e Generic Availability: Acyclovir is widely available in generic form, which significantly reduces the cost compared to branded
versions. This makes it accessible to a broader population.

e Pharmacy Access: Acyclovir is readily available in most pharmacies and can be prescribed by healthcare providers in various
forms (oral, topical, intravenous), ensuring that patients can access the treatment they need.

e Insurance Coverage: Many health insurance plans cover acyclovir, further reducing the out-of-pocket cost for patients. Generic
versions are often preferred by insurers due to their lower cost.
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o Global Availability: Acyclovir is available worldwide and is included in the World Health Organization’s List of Essential
Medicines, ensuring its accessibility in various healthcare settings, including low-resource areas (106).

4.4.2 Cost-Effectiveness of CPC Mouthwash Against HSV-1

e Cost of Treatment

1. Per Dose Cost:

» Retail Price: A typical CPC-containing mouthwash (e.g., Cepacol, Crest Pro-Health) costs around $5 to $10 for a 500 ml bottle.
» Dosage: The recommended dosage is usually about 10-20 ml per use.

» Cost Per Use: This translates to approximately $0.10 to $0.40 per dose, assuming an average of 50 doses per bottle.
2. Overall Course Cost:

» Daily Use: If used twice daily, the monthly cost would range from $6 to $24.

» Long-Term Use: Over a year, this amounts to $72 to $288, depending on the brand and frequency of use.

o Cost-Benefit Analysis Considering Efficacy and Safety

1. Efficacy:

» Effectiveness: CPC mouthwash is effective in reducing HSV-1 viral load in the oral cavity, which helps prevent outbreaks and
alleviate symptoms. Its rapid onset of action and prolonged local effectiveness support its use in managing HSV-1.

» Symptom Relief: Provides quick relief from symptoms, improving the quality of life for those affected by HSV-1.
2. Safety:

» Minimal Side Effects: CPC is generally well-tolerated with minimal and mild side effects.

» Low Systemic Absorption: Reduces the risk of systemic side effects and toxicity, making it safe for long-term use.
3. Cost-Benefit Comparison:

» Affordable: Compared to antiviral medications like acyclovir, which can be more expensive and require prescriptions, CPC
mouthwash offers a more affordable option for regular prophylactic use.

» Accessibility: Available over-the-counter, CPC mouthwash is easily accessible without the need for a doctor’s prescription,
enhancing its convenience and cost-effectiveness.

¢ Availability and Accessibility
1. Retail Availability:

» Widely Available: CPC mouthwash is readily available in most pharmacies, supermarkets, and online retailers. Popular brands
like Crest and Colgate ensure widespread availability.

» Variety of Options: Consumers have multiple options to choose from, varying in concentration, flavour, and price, catering to
different preferences and budgets.

2. Ease of Use:

» No Prescription Required: Being an over-the-counter product, it is easily accessible to the general public.
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» User-Friendly: Simple to use, requiring just regular rinsing, which integrates easily into daily oral hygiene routines.
3. Global Availability:
> International Markets: CPC mouthwash is available in many countries worldwide, ensuring accessibility for a broad audience.

» Online Purchase: For areas with limited local availability, online purchasing options provide a convenient alternative (107).
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Figure No. 6 Cost effectiveness analysis of acyclovir and Cetylpyridinium chloride
4.5 Clinical outcomes of acyclovir and Cetylpyridinium chloride
4.5.1 Clinical Outcomes of Acyclovir Against HSV-1
1. Healing Time of Lesions:
Acyclovir significantly reduces the healing time of HSV-1 lesions. Clinical studies have shown that:

e Primary Infections: Acyclovir can shorten the duration of primary HSV-1 infections by several days. Patients typically
experience faster resolution of lesions and reduced pain.

e Recurrent Outbreaks: For recurrent HSV-1 infections, acyclovir can reduce the healing time of lesions by about 1-2 days
compared to placebo. Early initiation of treatment is crucial for maximizing this benefit.

2. Prevention of Recurrences:
Acyclovir is highly effective in preventing recurrent HSV-1 infections:

e Suppressive Therapy: When taken daily as suppressive therapy, acyclovir can reduce the frequency of recurrences by up to 80-
90%. This is particularly beneficial for patients with frequent or severe outbreaks.

e Long-Term Efficacy: Continuous suppressive therapy has been shown to be effective over extended periods, with many patients
experiencing significant reductions in the number and severity of recurrences.

3. Impact on Quality of Life:
Acyclovir has a positive impact on the quality of life for patients with HSV-1:

o Symptom Relief: By reducing the duration and severity of symptoms, acyclovir helps alleviate the physical discomfort associated
with HSV-1 outbreaks, including pain and itching.
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e Psychosocial Benefits: Effective management of HSV-1 with acyclovir can reduce the psychological burden of the disease,
including stress and anxiety related to outbreaks and transmission concerns.

o Daily Functioning: Patients are able to return to their normal activities more quickly, improving overall daily functioning and
productivity.

4. Patient Compliance and Satisfaction:
High levels of patient compliance and satisfaction are associated with acyclovir treatment:

e Ease of Use: Acyclovir is available in various formulations (oral, topical, intravenous), providing flexibility and ease of use.
Oral acyclovir is particularly convenient for patients.

o Adherence: The simplicity of the dosing regimen, especially with suppressive therapy, promotes adherence. Patients are more
likely to comply with treatment when they experience noticeable improvements in symptoms and reductions in recurrences.

o Patient Satisfaction: High satisfaction rates are reported among patients using acyclovir due to its effectiveness, tolerability, and
positive impact on their quality of life (108).

4.5.2 Clinical Outcomes of CPC Mouthwash Against HSV-1
Healing Time of Lesions

o Faster Healing: The use of CPC mouthwash can lead to a reduction in viral load in the oral cavity, which may contribute to faster
healing of HSV-1 lesions.

e Comparison to Placebo: Studies have shown that antiseptic mouthwashes can reduce the duration of symptoms and accelerate
lesion healing compared to placebo treatments.

e Reduction in Lesion Duration: While specific data on CPC for HSV-1 is limited, similar antiseptics have demonstrated a
reduction in lesion duration by a few days, which suggests CPC may have comparable benefits.

Prevention of Recurrences

e Prophylactic Use: Regular use of CPC mouthwash can help maintain a lower viral load in the oral cavity, potentially reducing
the frequency of HSV-1 recurrences.

o Suppressive Effect: By keeping the viral load low, CPC mouthwash can act as a suppressive treatment, reducing the chances of
reactivation and subsequent outbreaks.

e Complementary to Other Treatments: For individuals on antiviral medications, CPC mouthwash can be a complementary
approach to further decrease recurrence rates.

Impact on Quality of Life

o Symptom Relief: The rapid onset of action and effective viral load reduction provided by CPC mouthwash contribute to
significant symptom relief, improving comfort and oral health.

e -Reduced Outbreaks: Fewer and shorter outbreaks mean less pain, discomfort, and social embarrassment, leading to an overall
improvement in quality of life.

e -Ease of Use: The convenience of an over-the-counter mouthwash enhances patient adherence to treatment regimens,
contributing to better management of HSV-1.

Patient Compliance and Satisfaction

e High Compliance: The ease of use and integration into daily oral hygiene routines promote high compliance among patients.
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e Minimal Side Effects: The mild side effect profile of CPC mouthwash encourages continued use without significant discomfort
or adverse reactions.

o Positive Feedback: Patient satisfaction is generally high due to the product's effectiveness, ease of access, and the noticeable
improvement in symptoms and outbreak frequency.

o Accessibility: Over-the-counter availability and affordability further enhance patient compliance and satisfaction (109).

4.6 Resistance Development of acyclovir and Cetylpyridinium chloride

4.6.1 Resistance Development of Acyclovir Against HSV-1

1. Potential for HSV-1 to Develop Resistance:

Acyclovir resistance can occur, particularly in certain patient populations:

e Immunocompromised Patients: Those with weakened immune systems, such as organ transplant recipients, HIV-infected
individuals, and cancer patients, are at higher risk for developing acyclovir-resistant HSV-1 strains due to prolonged antiviral

therapy and impaired immune responses.

e Chronic Use: Long-term and frequent use of acyclovir for suppressive therapy may also contribute to the development of
resistance, although this is less common in immunocompetent individuals.

2. Mechanisms of Resistance:

HSV-1 can develop resistance to acyclovir through various mechanisms:

e Thymidine Kinase (TK) Mutations: The most common mechanism involves mutations in the viral thymidine kinase (TK) gene,
which is responsible for the initial phosphorylation of acyclovir. These mutations can lead to reduced or absent TK activity,

preventing the conversion of acyclovir to its active form.

o DNA Polymerase Mutations: Mutations in the viral DNA polymerase gene can also confer resistance by reducing the enzyme's
affinity for the triphosphate form of acyclovir, thus decreasing its effectiveness in inhibiting viral DNA synthesis.

o Drug Efflux: Increased efflux of the drug from infected cells can also play a role in resistance, although this mechanism is less
well understood in the context of HSV-1.

3. Prevalence of Resistant Strains:
The prevalence of acyclovir-resistant HSV-1 strains varies based on the patient population:

e General Population: In immunocompetent individuals, acyclovir resistance is relatively rare, with estimates suggesting a
prevalence of less than 1%.

e Immunocompromised Patients: Among immunocompromised patients, the prevalence is significantly higher, ranging from 4%
to 7%. In certain high-risk groups, such as bone marrow transplant recipients, the prevalence can exceed 10%.

e Geographic Variation: There may be geographic variations in the prevalence of resistant strains, influenced by local prescribing
practices and the availability of antiviral medication (110).
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4.6.2 Resistance Development in HSV-1 Against CPC
Potential for HSV-1 to Develop Resistance

1. Low Potential for Resistance:

¢ Nature of CPC: Cetylpyridinium chloride (CPC) is a cationic surfactant that exerts its antiviral effects by physically disrupting
the viral envelope. This mode of action is less prone to resistance development compared to mechanisms that target specific viral
enzymes or genetic material.

e Multiple Targets: CPC interacts with multiple components of the viral envelope, making it difficult for the virus to develop
mutations that confer resistance.

2. Historical Evidence:

o Antimicrobial Resistance: While resistance to antibiotics and some antivirals is well-documented, resistance to antiseptics like
CPC is rare. This is partly due to the broad-spectrum and non-specific nature of their action.

Mechanisms of Resistance

1. Alterations in Viral Envelope:

e Mutation: In theory, HSV-1 could develop mutations in the envelope proteins that reduce CPC binding. However, such mutations
would need to be significant enough to avoid CPC disruption while maintaining the virus's ability to infect host cells, which is
unlikely.

2. Efflux Pumps:

o Viral Efflux Mechanisms: While bacterial resistance often involves efflux pumps that expel antiseptics, similar mechanisms in
viruses are not well-documented. HSV-1 lacks the complex machinery to develop such resistance mechanisms.

3. Biofilm Formation:

Page | 67



International Journal of Pharmacy and Pharmaceutical Research (1JPPR)
Volume 30, Issue 8, August 2024 pp 48-75. ijppr.humanjournals.com ISSN: 2349-7203

¢ Biofilm Resistance: Some pathogens form biofilms that protect them from antiseptics. HSV-1, however, does not form biofilms,
reducing the likelihood of this resistance mechanism.

Prevalence of Resistant Strains
1. Current Data:

e Lack of Reports: There are no significant reports of HSV-1 strains resistant to CPC. Most studies and clinical reports indicate
continued effectiveness of CPC-containing mouthwashes against HSV-1.

2. Comparative Resistance:

e Resistance to Antivirals: Resistance to specific antivirals like acyclovir can occur in HSV-1, especially in immunocompromised
patients. In contrast, resistance to CPC is not documented, likely due to its broad and non-specific action.

3. Surveillance:

e Monitoring: Continuous monitoring of antiviral resistance is essential. However, the current understanding suggests that the risk
of developing resistance to CPC is minimal (111).

4.7 Formulation and Administration

4.7.1 Formulation and Administration of Acyclovir Against HSV-1

1. Ease of Use:

Acyclovir is available in various formulations, each with its own advantages:

e Oral Formulation: Tablets and capsules are convenient for systemic treatment. Oral acyclovir is commonly prescribed for initial
and recurrent HSV-1 infections. It is easy to administer, though its bioavailability is relatively low (15%-30%).

e Topical Formulation: Creams and ointments are applied directly to lesions, offering localized treatment with minimal systemic
absorption. This is ideal for patients with mild outbreaks or those who prefer not to take oral medication.

¢ Intravenous Formulation: Used for severe HSV infections or for immunocompromised patients who require higher systemic
concentrations of the drug. IV administration ensures rapid delivery of acyclovir to the bloodstream.

e Ophthalmic Formulation: Acyclovir eye ointment is used for HSV keratitis, ensuring direct delivery to the site of infection in
the eye.

2. Frequency of Administration:
The dosing frequency of acyclovir varies by formulation and severity of infection:

e Oral Formulation: Typically administered 5 times daily for active infections or 2-3 times daily for suppressive therapy. High
frequency is necessary due to its short half-life.

o Topical Formulation: Applied to lesions 5 times daily. Regular application is essential for optimal effectiveness.
¢ Intravenous Formulation: Administered every 8 hours. Frequent dosing is required to maintain therapeutic levels.

e Ophthalmic Formulation: Applied 5 times daily until healing, then 3 times daily for 7 days. This regimen ensures continuous
antiviral activity at the site of infection.

3. Patient Preference:

Patient preference can influence the choice of formulation:
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e Convenience: Oral tablets are generally preferred for convenience and ease of use. They are suitable for most patients with mild
to moderate infections.

o Localized Treatment: Patients with localized lesions may prefer topical formulations to avoid systemic side effects and target
the infection site directly.

o Severity of Infection: Patients with severe or disseminated infections, or those who are immunocompromised, may require 1V
acyclovir for effective treatment.

o Specific Needs: Patients with ocular HSV infections will need ophthalmic preparations to ensure proper treatment of the eye
(112).

4.7.2 Formulation and Administration of CPC Mouthwash
Ease of Use
1. Oral Use:

» Simple Application: CPC mouthwash is designed for easy oral use. Patients swish the mouthwash around the mouth for a
specified time (usually 30 seconds to 1 minute) before spitting it out.

» No Special Equipment: No additional tools or devices are required, making it convenient and straightforward.
2. Topical Alternatives.:

» Not Common for CP: CPC is primarily used in oral formulations such as mouthwashes. Topical formulations for other types of
infections or conditions are less common but can be found in some antiseptic products.

Frequency of Administration
1. Typical Usage:

» Twice Daily: Most CPC mouthwash products recommend use twice daily, usually after brushing teeth, to maximize
effectiveness.

» Additional Uses: For acute outbreaks or severe symptoms, more frequent use might be recommended, as per the product’s
instructions or a healthcare provider's advice.

2. Duration of Use:

» Short-Term and Long-Term: For managing outbreaks, CPC mouthwash is used until symptoms improve. For prophylactic use
or preventing recurrences, consistent daily use is advised.

Patient Preference
1. Convenience:

» Ease of Integration: CPC mouthwash integrates easily into daily oral hygiene routines. Its use does not require significant
changes to existing habits.

» No Discomfort: Most patients find mouthwash use to be comfortable and non-invasive compared to other treatment options.
2. Taste and Sensation:

» Flavour Options: CPC mouthwashes are available in various flavors, which can enhance patient compliance and satisfaction.
Flavoured options can help mask any unpleasant taste associated with the active ingredient.
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» Sensory Experience: Some patients may experience a mild burning sensation or altered taste, but this is generally well-tolerated.
3. Patient Feedback:

» Positive Reception: Many patients prefer mouthwashes for their ease of use and lack of need for specialized application methods.
The quick and simple application contributes to high satisfaction rates (113).

Results:
Introduction:

HSV-1 is a significant cause of oral infections, often leading to painful vesicular eruptions. The virus has a broad host range and a
rapid replication cycle. Recurrent infections, particularly in immunocompromised individuals, pose substantial clinical challenges.
This review examines the effectiveness of acyclovir and CPC-containing mouthwash in managing HSV-1 infections.

Evaluation:

» Antiviral Efficacy: Acyclovir is well-documented for its potent antiviral activity by inhibiting HSV-1 DNA polymerase. It is
effective in both in vitro and clinical settings, reducing the severity and duration of infections. CPC, through its surfactant action,
disrupts the viral envelope, showing efficacy against HSV-1 in laboratory studies.

» Speed of Action: Acyclovir is most effective when administered during the prodromal phase of infection. CPC mouthwashes
can quickly reduce viral load in the oral cavity.

» Safety and Side Effects: Acyclovir is generally safe but resistance can develop, particularly in immunocompromised patients.
CPC is approved for oral use and is considered safe at recommended concentrations.

» Cost-Effectiveness: CPC-containing mouthwashes are cost-effective, readily available, and easy to use, making them a viable
adjunct to acyclovir treatment.

» Mechanisms of Action: Acyclovir targets viral DNA synthesis, while CPC disrupts the viral envelope, highlighting different
mechanisms that could be synergistic in combination therapy.

While acyclovir is effective in managing HSV-1, resistance remains a concern. CPC-containing mouthwashes offer an
additional, cost-effective means to reduce viral load and transmission. Further clinical studies are needed to confirm the synergistic
potential of combining these treatments.

Discussion:

The review highlighted that CPC-containing mouthwash and Acyclovir both possess significant antiviral properties against HSV-1,
yet their mechanisms differ, with CPC primarily disrupting the viral envelope to reduce viral load and prevent new infections, and
Acyclovir inhibiting viral DNA synthesis within infected cells. The study confirmed that CPC effectively reduces viral load and
minimizes transmission risk by disrupting the viral envelope, consistent with existing literature supporting CPC's broad-spectrum
antimicrobial properties, including efficacy against enveloped viruses like HSV-1. The combination of CPC with Acyclovir provides
a complementary approach, with CPC acting topically to reduce viral load and Acyclovir targeting viral replication at the cellular
level, enhancing overall antiviral efficacy. The combined use of CPC and Acyclovir could be a potent strategy in managing HSV-1
infections, offering both immediate reduction in viral load and long-term suppression of viral replication, improving treatment
outcomes and patient comfort. However, the study had limitations, including potential variability in individual responses to CPC
and Acyclovir and the need for consistent application of CPC to maintain viral load reduction. Future research should focus on long-
term clinical trials to confirm these findings and explore the potential of combining CPC with other antiviral agents.
Recommendations include integrating CPC mouthwash into standard HSV-1 treatment protocols, especially during active outbreaks,
to enhance patient outcomes and reduce transmission rates.

Conclusion:

Acyclovir and CPC-containing mouthwashes both exhibit strong antiviral properties against HSV-1. Acyclovir remains a
cornerstone of HSV-1 management due to its efficacy in reducing viral replication and clinical symptoms. CPC-containing
mouthwashes provide a promising complementary approach due to their ability to disrupt the viral envelope, cost-effectiveness, and
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ease of use. Combining these treatments could offer enhanced control of HSV-1 infections, particularly in reducing transmission
and managing recurrent cases. Future research should focus on clinical trials to evaluate the combined efficacy of acyclovir and
CPC-containing mouthwashes.
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