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ABSTRACT

Oral herpes is a common, recurrent condition marked by
painful mucosal lesions. Acyclovir is a guanosine antiviral drug
and is one of the antiviral drugs most commonly used for
treatment of herpes simplex virus infection, as well as herpes
zoster and varicella zoster (chickenpox). Conventional topical
treatments suffer from poor mucosal retention, low drug
penetration, and limited patient compliance. Emulgel,
combining the hydrophilic properties of gels with the biphasic
structure of emulsions, offer enhanced solubility, stability,
controlled release, and mucosal penetration. Additionally, Gels
further offer ease of application, high spreadability, and good
patient acceptability. Clove oil, a natural analgesic, anti-
inflammatory, and antimicrobial agent, also improves taste,
promoting better compliance. The main objective of the present
study was to the preformulation studies were performed to
know the development of formulation and evaluation of

Acyclovir Hydrogel and Emulgel NDDS for topical
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application. In the present study that the compatibility was assessed by, FTIR spectroscopy,
and melting point apparatus, preformulation parameters. Results showed that physical
mixtures of Acyclovir and various excipients such as Carbopol 974, Xanthan Gum, and HPC
as gelling agents. Methylparaben and propylparaben served as preservatives, while propylene
glycol, glycerin, Sucralose, Triethanolamine, Strawberry flavor, Clove oil and Tween were
evaluated for preformulation studies parameters. It was concluded that the drug Acyclovir
was found to be compatible with various excipients which were selected for the formulation
development of the Acyclovir Hydrogel and Emulgel NDDS. Formulation scientist from his
experience and knowledge have to significantly in the preformulation study stage and is an
important factor in the ADDS (Advanced Drug Delivery Systems) product development

process.

KEYWORDS: Acyclovir, NDDS, Compatibility, Excipients, Development, Preformulation,
Hydrogel, Emulgel.

INTRODUCTION

Background on Herpes Simplex Virus Infection!*!

Herpesviruses are a family of DNA viruses found commonly in humans and animals. Nearly
100 herpesviruses have been at least partially characterized, and most animal species have
been shown to be infected by at least one member of the family. The name, derived from the
Greek herein, to creep, refers to the characteristic lesions caused by two common human
herpesviruses: fever blisters caused by herpes simplex and varicella and shingles induced by
herpes zoster. The known herpesviruses have a common virion. architecture and four
significant biological properties: They encode a large variety of enzymes involved in nucleic
acid metabolism, DNA synthesis and protein processing, synthesis of viral DNA and
assembly of the capsid occurs in the nucleus of infected cells, the production of infectious
viral progeny is usually accompanied by destruction of the infected cell and herpesviruses

can remain latent and persist for life in their natural hosts.

Latent infection occurs in specific sets of cells that differ from one virus to another. The
latent viral genomes usually take the form of circular episomes, and only a small subset of
viral genes is expressed. Herpes simplex virus causes a wide variety of clinical
manifestations. The clinical manifestation depends on: a) The age of patient b) Immune status
of the host ¢) Previous immunity of the patient to autologous or heterologous viruses, d)

antigenic type of the virus, and e) anatomical site of involvement. Typically, HSV-1 is
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associated with orofacial infections (Cold sores) and encephalitis, while HSV-2
predominantly causes genital and neonatal infections. Primary infection with either virus is
typically associated with systemic signs, prolonged duration, increased severity of illness and

more complications.

Treatment of Herpes Simplex Virus Infectiont%!

Although there is currently no vaccine or permanent cure for herpes simplex virus (HSV)
infections, several pharmacological interventions are available to manage symptoms, reduce
transmission, and suppress recurrence. Daily administration of antiviral medications such as
Acyclovir, valacyclovir, or famciclovir has been shown to lessen the frequency and severity
of symptomatic episodes and reduce viral shedding.

Acyclovir is a guanosine antiviral drug and is one of the antiviral drugs most commonly used
for treatment of herpes simplex virus infection, as well as herpes zoster and varicella zoster

(chickenpox).

Acyclovir: it is a synthetic acyclic purine nucleotide analog, which is most commonly used to
treat HSV infection. Acyclovir is useful: To diminish shedding of viruses, to decrease rate of

clinical recurrences and to suppress recurrent genital infections.

Oral therapy with Acyclovir is usually recommended for primary orolabial and genital HSV
infections, which are non-life-threatening. Intravenous Acyclovir is recommended for life-
threatening and serious HSV infection, such as encephalitis, infections in
immunocompromised patients, and occasional severe orolabial or genital cases. Other
antiviral agents, including famciclovir and valacyclovir, are effective in reducing both the
transmission risk and the intensity of recurrent outbreaks. These medications are essential
components of HSV management, especially in patients with frequent recurrences or severe
disease. Supportive treatments, including analgesics such as paracetamol and topical

anesthetics like lidocaine, can alleviate pain and discomfort associated with active lesions.

Pharmaceutical Research Paths!'®>’]

Pharmaceutical research is characterized by having both a natural source and synthetic source
for primary active raw materials and excipients, each source is mainly prepared to the

effectiveness and safety of the drug.

The Pharmaceutical Research Paths include: Pharmacognosy deals with natural sources of
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drug, Pharmaceutical Chemistry specializes in synthetic sources of drug, Pharmaceutics
specializes in designing of pharmaceutical dosage forms and drug delivery systems from
natural and synthetic sources of active pharmaceutical ingredients and excipients that help in
developing dosage forms and drug delivery systems.

The Pharmaceutical Research Paths link steps are manufacturing and development of drug
according to the standard parameters evaluation such as physiochemical properties,
preformulation, formulation, evaluation, drug stability, Pharmaceutical analysis, pre-clinical,
post-clinical stages, pre-marketing, post-marketing, Pharmacovigilance, Pharmacoeconomics,
Pharmacy Management, Pharmacology, Toxicology, Therapeutics, Pharmaceutical Care,
Health Care, Advanced Industrial Pharmacy, Biopharmaceutics and Pharmacokinetics,
Advanced Clinical Pharmacokinetics, Pharmaceuticals Cosmetics, Pharmaceutical
Biotechnology, Drug Design, Pharmacy Law and Ethics, Pharmacogenomics, Good

Manufacturing Practice, and Good Pharmacy Practice etc.

All of these Pharmaceutical Research Paths are interconnected, and whenever the link
between them is made in a scientific relationship and the goal of pharmaceutical care is
achieved gradually according to plan of a scientific pharmaceutical research path.

Pharmaceutical Research Paths are the scientific methods through which the scientific
relationship between the pharmaceutical team, research, supervisor or specialist researcher,
the scientific research materials, equipment's, scientific institution, pharmaceutical
companies, reference standards, and the goals of pharmaceutical research improve and

development of community services of pharmaceutical care and health care.

Pharmaceutical Scientists are considering natural sources and medicinal herbs in the
pharmaceutical industry an important part of drug development because natural sources of
drugs have properties that are greater than industrial sources of drugs in NDDS. And the
pharmaceutical industry strategies depend on the development of different pharmaceutical
dosage forms and recent novel drug delivery systems. Using medicinal herbs and natural
sources as important goals of drug development. It is part of the art of innovation in drug
development with different of novel drug delivery systems and pharmaceutical care for
patients and society, it's the basic of development of the new pharmaceutical industry by

developing different novel drug delivery systems from different sources.
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Compatibility Studies®***"!

Preformulation is essentials of pharmaceutical science that utilizes biopharmaceutical
principles in the determination of physicochemical properties of the drug substance. Prior to
the development of any dosage form new drug, it is essential that certain fundamental
physical and chemical properties of drug powder are determined. This information may
dictate many of subsequent event and approaches in formulation development. The safety,
efficacy, quality and stability of a formulation are major concepts of any API development
process. In APl development process, a detailed characterization of the APl and other
formulation components is usually carried out during the preformulation stage. Formulation
scientist from his experience and knowledge have to significantly in the preformulation study
stage and is an important factor in the ADDS (Advanced Drug Delivery Systems) product
development process.

One of the objectives of this study is to development of drug delivery systems by building
scientific pharmaceutical research information depend on formulation scientists to join the
knowledge and experience as well as experimental and practical results of this study with
regard to information in previous studies, and approved references. It was found to be that the
most important concepts and basics of preformulation studies such as definitions, methods,
conclusion, idea, and types of pharmaceutical analysis techniques using in evaluation of
preformulation studies parameters, in this study that we focused on developing drug delivery
systems and linking the formulation development to establish the basics of pharmaceutical
research in studying the drug-excipient compatibility, dug with various excipients, which is
important for the safety, effectiveness, quality, formulation, stability, bioavailability, and

pharmacokinetics of the drug etc.

Determination of physical chemical properties of API substance with the goal of developing a
new drug which is safe stable and efficacious, each API, has intrinsic chemical and physical
properties that were considered prior to the development of pharmaceutical formulation, the
purpose of preformulation study is to generate useful information for the formulator in the
development of stable and bioavailable dosage form, inappropriate preformulation study
results in poor stability of active ingredients increase the overall cost of development and
increased development time, preformulation studies help to fortify the pharmaceutical
scientific foundation of the guidance, provide regulatory relief and conserve resources in the

drug development and evaluation process, enhance public safety standards, improve product
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quality, promote the implementation of new technologies, aids policy development and
regulatory decision making and after compiling all data it is transferred to the development

pharmacist and for the day work on formulation of dosage form.

Preformulation Study Objectives: To establish the Physico-chemical parameters of a new API
entity, determine its kinetics and stability, establish its compatibility with common excipients,
it provides insights into how drug products should be processed and stored to ensure their
quality, estimate problem may arise during formulation that is stability problem poor in-vivo
dissolution, poor bioavailability, to interpret BCS classification of drugs and its significance

and develop optimal drug delivery system.

Drug-Excipient Compatibility Study: The primary objective of this investigation was to
identify a stable storage condition for API in solid state and identification of compatible
excipients for its formulation. Incompatibilities are major concerns in formulation
development. Selection of the proper excipient during preformulation studies is of prime

importance.

Dosage Forms: DF contain APl and pharmaceutical excipients, which are intended to
generate an ideal formulation and manufacturability of pharmaceutical products, thereby
enabling a much safer and more effective administration. Pharmaceutical excipients are
ideally inactive and have no impact on the stability or therapeutic effect of the active
ingredient. On the other hand, there are studies that have presented that some pharmaceutical
excipients are just allegedly described as inactive ingredient. Some pharmaceutical excipients
have the capacity to affect API, efficacy by affecting its pharmacokinetics. Excipients can
affect the physical and chemical form of pharmaceuticals by several factors such as hydrogen
bond interaction, polymorphic conversion, and others. Accordingly, drug-excipient
compatibility should be conducted so as to determine any drug-excipient interactions that
may obstruct the stability, bioavailability, and manufacturability of pharmaceutical dosage

forms.

Importance of Drug-Excipient Compatibility

Studies of active pharmaceutical ingredient (API)-excipient compatibility represent an
important study in the preformulation stage of the development of new dosage forms,
stability of the dosage form can be maximized, any physical or chemical interaction between

API, and excipient can affect bioavailability and stability of drug, it helps to avoid the
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surprise problem, by performing drug excipient compatibility studies (DECS) we can know
the possible reaction before formulating final dosage form, DECS data is essential for IND
(investigational new drug) submission, and now, USFDA has made it compulsory to submit
DECS data for any new coming formulation before its approval.

The potential physical and chemical interactions between an API, and the excipients can
affect the chemical nature, the stability and bioavailability of the former and, consequently,
its therapeutic efficacy and safety, solid dosage forms are generally less stable than their API
components and despite the importance of API-excipient compatibility testing, there is no

universally accepted protocol to assess such interactions.

Pharmaceutical Excipients: Excipients are additive substances used to improve the bulkiness,
disintegration, dissolution rate, and bioavailability of a formulation etc. Different dosage
forms like powders, granules, capsules, tablets, oral liquids, injectable products, implants, eye
products, nasal products, inhalers, topical creams, ointments, gels, transdermal patches and
suppositories etc, contains different types of excipients. To make it acceptable and
compatible various pharmaceutical excipients are added in pharmaceutical dosage form for
their direct therapeutic action, manufacturing process, to protect, support or enhance stability,
for bioavailability or patient compliance. These must be physiologically and chemically
stable, must not have any incompatibility with the API, and must meet the standards of

regulatory requirements.

Evaluation of Drug-Excipient Compatibility

The compatibility study of API and excipients is important to predict the stability of the API,
in the final pharmaceutical product. It's the first time that APl was compatible with excipients
promoted physical and chemical compatibility studies was achieved by thermal and non-
thermal methods. As a part of preformulation study, a compatibility study of API with the
other excipients was carried out using physical blends in analytical techniques for the
evaluation of drug-excipient interactions. The most commonly used pharmaceutical analytical
techniques include, thermal techniques such as Differential Scanning Calorimetry (DSC),
Thermogravimetric Analysis (TGA), Isothermal Microcalorimetry (IMC) and Hot stage
microscopy (HSM) etc, and non-thermal techniques such as UV-Visible Spectrophotometric
(UV), Infrared, Near-Infrared and Raman Spectroscopy (FT-IR), (NIR), Powder X-Ray
Diffraction (PXRD), Solid-State Nuclear Magnetic Resonance Spectroscopy (sSNMR),

Microscopic techniques: Scanning Electron Microscopy (SEM), Chromatographic
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techniques: Thin Layer Chromatography (TLC), and High-Performance Liquid
Chromatography (HPLC) etc.

Preformulation Parameters: According to dosage form of API, mainly solid state, particle
size, shape, pKa, pH determination, common ion effect, temperature, partition coefficient,
solubility studies, dissolution rate, melting point, powder flow properties, crystallinity,
polymorphism, hygroscopicity, stability study and drug-excipient compatibility etc. While
other dosage forms according to important of preformulation parameters used in study before

start in development of formulation.

Drug-excipient compatibility and formulation stability is not depended on API only but also
its affected by excipient. Excipient play important role in dosage form but side by side it also
increases compatibility problem so proper selection of excipient is very important in
development of formulation. Incompatibility can be result mainly in any of following
changes: Changes in organoleptic properties, changes in dissolution performance, decrease in

potency, and increase in degradation rate etc.

Drug excipient physicochemical characterization is a systematic approach towards design of
therapeutically active and stable dosage forms. The rapid advancements in novel drug
delivery systems development have led to an interest by formulation scientists in the role and

functionality of the excipients.

In the present study, it was proposed to Acyclovir -excipient compatibility studies of the
safety, efficacy, quality and stability of a formulation are major concepts of any API
development process. In APl development process, a detailed characterization of the API and
other formulation components is usually carried out during the preformulation stage, with
commonly different excipients using for formulation development of Acyclovir Hydrogel and
Emulgel NDDS for topical application.

MATERIALS AND METHODS
Acyclovir and all raw materials used in the preformulation and formulation including active
pharmaceutical ingredients (APIs), excipients, and analytical reagents were obtained as a gift

sample from (Global Pharma Pharmaceutical Industry Company - Yemen).

As shown in Table 1.
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Table 1: List of Materials Used.

NO | Name of Materials

1 | Acyclovir

2 | Clove Qil

3 | Carbopol

4 | Xanthan Gum

5 | Methylparaben

6 | Propylparaben

7 | Glycerin

8 | Propylene Glycol

9 | Tween 80

10 | Sodium Lauryl Sulfate
11 | Ethanol

12 | Polyethylene Glycol 400
13 | Polyethylene Glycol 6000
14 | Sucralose

15 | Flavor — Strawberry

16 | Triethanolamine

Equipment
All equipment used are listed in

Table Error! No text of specified style in document.

Table Error! No text of specified style in document.: List of Instruments.

e
O

Instruments

Melting Point Apparatus
Chamber 40 °C

FTIR Spectrophotometer
UV-VIS Spectrophotometer
Sc Chemtech Ultrasonic Bath
pH Meter

Brookfield Viscometer
Magnetic Stirrer

Electronic Balance

Digital Thermostatic Water Bath

OO N0 |WIN -

=
o
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Evaluation of Drug-Excipient Compatibility Studies Methods.[**%°!

Table 3: Acyclovir Data.

Characterization of Acyclovir

OH

H

Acyclovir Structure and 3D Conformer

2-amino-9-[(2-hydroxyethoxy) methyl]-6,9-dihydro-3H-

Chemical Structure purin-6-one

Appearance

White to off-white crystalline
powder.

Chemical Formula CsH11N503

Drug Solubility

Solubility: White, crystalline
powder Slightly soluble in water
(1.3 mg/ml at 25°C); very slightly
soluble in ethanol (0.2 mg/ml);
soluble in dilute aqueous solutions
of alkali hydroxides and mineral
acids; freely soluble in dimethyl
sulfoxide.

Melting Point:

256-257 °C.

Molecular Weight 225.20 g\mol

BCS

Class-111 Drug

Drug Action and Use

Acyclovir is a guanosine antiviral drug and is one of the antiviral drugs most commonly used for treatment of herpes
simplex virus infection, as well as herpes zoster and varicella zoster (chickenpox).
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The ultimate effect of Acyclovir is the inhibition of viral DNA synthesis. Once transport into the cell, mono-
phosphorylation is accomplished by a thymidine kinase that is encoded by the virus itself. The affinity of acyclovir for
the viral thymidine kinase is about 200 times that of the corresponding mammalian enzyme. Hence, some selectivity is
attained. Acyclovir monophosphate is converted to the diphosphate form by guanylate kinase. Acyclovir diphosphate is
converted to Acyclovir triphosphate by nucleoside diphosphate kinase, pyruvate kinase, creatine kinase,
phosphoglycerate kinase, succinyl-CoA synthetase, phosphoenolpyruvate carboxykinase and adenylosuccinate
synthetase. Acyclovir triphosphate which is present in 40 to 100 times greater concentrations in HSV-infected than
uninfected cells. Acyclovir triphosphate competes for endogenous deoxy guanosine triphosphate (dGTP); hence,
Acyclovir triphosphate competitively inhibits viral DNA polymerases. The tri-phosphorylated drug is also incorporated
into viral DNA, where it acts as a chain terminator. Because it has no 3 -hydroxyl group, no 3,5-phosphodiester bond can
form. This mechanism is essentially a suicide inhibition because the terminated DNA template containing Acyclovir as a
ligand binds to, and irreversibly inactivates DNA polymerase.

Acyclovir Pharmacokinetics

Volume of Distribution:
The apparent volume of distribution

The oral bioavailability of Acyclovir is 10 - 30% but of Acyclovir is reported to be 32.4 -
decreases with increasing doses. dose-dependent due to 61.8 liter/1.73 sq m in adults and
saturable absorption mechanism, and the bioavailability of 28.8, 31.6, 42, or 51.2-53.6
acyclovir is not affected by food. liter/1.73 sg m in neonates up to 3

Topical Absorption: Minimal systemic absorption from months of age, children 1-2 years;

Drug Absorption skin/mucosal surfaces. Acyclovir ointment is < 0.02-9.4% Drug Distribution 2-7 years; or 7-12 years of age,
absorbed. Acyclovir buccal tablets and ophthalmic respectively.
ointment are minimally absorbed. Acyclovir has a mean The volume of distribution of
Tmax of 1.1 + 0.4 hours, mean Cmax of 593.7 - Acyclovir is 0.69 £ 0.19 L/kg.
656.5ng/ml, and mean AUC of 2956.6 - 3102.5h/ng/ml. Protein binding:
Acyclovir is 9-33% protein bound
in plasma.

Drug Metabolism

Route of Elimination:

The majority of Acyclovir (90-
Drug Excretion 92%) is excreted through
glomerular filtration and tubular
secretion.is excreted in the urine as

Acyclovir is <15% oxidized to 9-
carboxymethoxymethylguanine by alcohol dehydrogenase
and aldehyde dehydrogenase and 1% 8-hydroxylated to 8-
hydroxy-Acyclovir by aldehyde oxidase.
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unchanged drug. < 2% of the drug
is recovered in feces and < 0.1% is
expired as CO,.

Clearance:

The renal clearance of Acyclovir is
248ml/min/1.73m. The total
clearance in neonates if 105-
122ml/min/1.73m.

Life (TL/2)

The Elimination Half- | prolonged in renal impairment). The plasma half-life of

Plasma elimination half-life varies from 2.5 - 3 hours
depending on the creatinine clearance of the patient,

Acyclovir during hemodialysis is approximately 5 hours.
The mean half-life in patients from 7 months to 7 years
old is 2.6 hours.

Availability Injection: 50 mg/ml. Powder for

Capsules: 200 mg. Tablets: 400 and
800 mg. Suspension: 200 mg/5 ml.

injection: 500 and 1000 mg.
Ointment: 5%. Cream :5%.

Table 4: Pharmaceutical Excipients Data.

Nonproprietary
Name

Synonyms Functional Category

Incompatibilities

Bioadhesive material;

Carbomers are discolored by resorcinol and are
incompatible with phenol, cationic polymers, strong
acids, and high levels of electrolytes.

Trace levels of iron and other transition metals can

Acrypol; Acritamer; acrylic acid polymer; controlled-release agent; catalytically degrade carbomer dispersions. Certain
Carbomers carbomer(:a; qubopol; carb_oxy polymethylene; emu_lgifying agent; emul§i9n amino-functional a_ctives form complexes W_ith _
polyacrylic acid; carboxyvinyl polymer; stabilizer; rheology modifier; carbomer; often this can be prevented by adjusting the
Pemulen; Tego Carbomer. stabilizing agent; suspending pH of the dispersion and/or the solubility parameter by
agent; tablet binder. using appropriate alcohols and polyols. Carbomers
also form pH-dependent complexes with certain
polymeric excipients. Adjustment of pH and/or
solubility parameter can also work in this situation.
Clove Qil Clove bud oil. Eugenia aromatica bud oil Analgesic & Anesthetic: Strong Oxidizing Agents: Can react violently.
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.Eugenia caryophyllata bud oil; Caryophylii
floris aetheroleum; Clove volatile oil

Relieves toothaches (eugenol
as a local anesthetic). Soothes
muscle and joint pain.
Antimicrobial: Combats
bacteria, viruses, and fungi.
Used in oral hygiene products.
Anti-inflammatory: Reduces
inflammation and swelling.
Treats skin irritations.
Antioxidant: Protects cells
from free radical damage.
Antiseptic: Disinfects minor
wounds.

Dental Applications: Alleviates
dental pain, treats gingivitis,
and disinfects cavities.
Skincare: Addresses acne and
purifies skin.

Aromatherapy: Provides
stimulating and invigorating
effects.

iron: May cause discoloration.

Zinc Oxide: Potential for chemical interaction.
Certain Plastics/Rubber: Can degrade these materials.
Highly Acidic/Basic Substances: May alter its
composition

Xanthan Gum

Corn sugar gum; E415; Grindsted; Keldent;
Keltrol; polysaccharide B-1459; Rhodicare S;
Rhodigel; Vanzan NF; xanthani gummi;
Xantural.

Gelling agent; stabilizing
agent; suspending agent;
sustained-release agent;
viscosity-increasing agent.

Incompatible with cationic surfactants, polymers, and
preservatives, often leading to precipitation, and at
concentrations exceeding 15% wi/v, anionic and
amphoteric surfactants can also precipitate xanthan
gum from solution.

It is incompatible with oxidizing agents, some tablet
film coatings, carboxymethylcellulose sodium, dried
aluminum hydroxide gel, and certain active
pharmaceutical ingredients.

Glycerin

Croderol; E422; glycerine; Glycon G-100;
Kemstrene; Optim Pricerine; 1,2,3-propanetriol,;

Antimicrobial preservative;
emollient; humectant;

Glycerin may explode if mixed with strong oxidizing
agents such as chromium trioxide, potassium chlorate,

www.wipr.net |

Vol 15, Issue 6, 2026. |

ISO 9001: 2015 Certified Journal |

1259




trihydroxypropane glycerol

plasticizer; solvent; sweetening
agent; tonicity agent

or potassium permanganate.

Black discoloration of glycerin occurs in the presence
of light« or on contact with zinc oxide or basic bismuth
nitrate. An iron contaminant in glycerin is responsible
for the darkening in color of mixtures containing
phenols, salicylates< and tannin.

Glycerin forms a boric acid complex, glyceroboric
acid, that is a stronger acid than boric acid.

Ethanol

Ethanolum (96 per cent), ethyl alcohol, ethyl
hydroxide, grain alcohol, methyl carbinol.

Antimicrobial preservative,
disinfectant, skin penetrant
solvent.

In acidic conditions, ethanol solutions may react
vigorously with oxidizing materials- alkali- aldehyde.
Organic salts or acacia — Ethanol- aluminum.

Sodium Lauryl
Sulfate (SLS)

Dodecyl sodium sulfate; Elfan 240; sodium
dodecyl sulfate; sodium laurilsulfate; sodium
monododecyl sulfate; sodium monolauryl
sulfate; Texapon K12P

Anionic surfactant; detergent;
emulsifying agent; skin
penetration; tablet and capsule
lubricant; wetting agent.

Reacts with cationic surfactants.

Solutions of sodium lauryl sulfate (pH 9.5-10.0) are
mildly corrosive to mild steel, copper, brass, bronze,
and aluminum.

Incompatible with some alkaloidal salts and
precipitates with lead and potassium salts.

Splenda; sucralosa; sucralosum; SucraPlus;
TGS; 10,40,60-trichlorogalactosucrose;

Sucralose 4,10,60-trichloro-4,10,60-trideoxy-galacto- Sweetening agent
sucrose
Antimicrobial, preservative,
12-dihydroxypropane, E1520, 2- ﬂ&::‘gggﬁ?t’ Propylene glycol is incompatible with oxidizing
Propylene glycol | hydroxypropanol;methylethyleneglycol, methyl plasticizer’ solvent reagents such as potassium permanganate
glycol, propane-1,2diol, propylaglycolum. stabilizing agent,
water miscible cosolvent.
. Emulsn‘ylng agent for the Incompatible with alkalis, heavy metal salts, phenols,
Monolaurates, polyoxyethylene sorbitan, preparation P
Tween 80 - tannic acid.
polysorbate of stable oil-in-water
emulsions.
Saccharin 1,2-Benzisothiazolin-3-one 1,1-dioxide, sodium | Sweetening agent. Saccharin can react with large molecules. Saccharin
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Sodium

salt, Crystallose, E954, gendorf 450, sucaryl
sodium

Saccharin can be used to mask
some unpleasant taste
characteristics or to enhance
flavor systems. Its sweetening
power is approximately 300—
600 times that of sucrose.

sodium does not undergo Maillard browning

Triethanolamine

Tea, Tealan, triethylolamine,
trihydroxytriethylamine, tris
(hydroxyethyl)amine , trolaminum.

Alkalizing agent, emulsifying
agent, pH adjuster.

Triethanolamine will react with mineral acids to form
crystalline salts and esters. With the higher fatty acids-
copper to form complex salts- with reagents such as
thionyl chloride.

Methylparaben

Methyl ester of p-hydroxybenzoic acid, Methyl
4-hydroxybenzoate, Nipagin M., Methyl
parahydroxybenzoate, Methyl
parahydroxybenzoic acid, Methyl chemosept,
MPB, Metoxyguard, Tegosept M, Methyl-p-
hydroxybenzoate.

Preservative.

Methyl paraben can undergo hydrolysis under acidic
conditions, resulting in the formation of p-
hydroxybenzoic acid.

Methyl paraben may react with oxidizing agents, such
as hydrogen peroxide, and lose its effectiveness as a
preservative.

Methyl paraben can form complexes with certain meta
ions, such as aluminum and iron.

Propyl Paraben

Propyl p-hydroxybenzoate, Propylparaben,
E216 (E-number used in food additives), Propyl
ester of p-hydroxybenzoic acid

preservatives.

Magnesium aluminum silicate, magnesium trisilicate,
yellow iron oxide, and ultra- marine blue have also
been reported to absorb propylparaben.

Purified water

Filtered water, Distilled water, Deionized water,
Purified H20, Clear water, Pure water, clean
water, Pristine water, Crystal-clear water,
Treated water

solvent

In pharmaceutical formulations, water can react with
drugs and other excipients that are susceptible to
hydrolysis (decomposition in the presence of water or
moisture) at ambient and elevated temperatures. Water
can react violently with alkali metals and rapidly with
alkaline metals and their oxides, such as calcium oxide
and magnesium oxide. Water also reacts with
anhydrous salts to form hydrates of various
compositions, and with certain organic materials and
calcium carbide.
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According to Acyclovir and excipients data as shown in Tables 3 and 4, it was selected that

the different excipients to preformulation study with Acyclovir in the present study,

Drug Identification Tests

Melting Point

Melting point of the Acyclovir was determined by capillary method, one sided closed
capillary filled with drug and put into the Melting Point Apparatus. Temperature was noted at

which solid drug changed into liquid.

UV-Vis Spectrophotometer Analysis of Acyclovir
A standard solution of Acyclovir was prepared by diluting the stock in purified water to a

final concentration of 15 pug/ml. Spectra were acquired on a double-beam UV-Vis

spectrophotometer using 1 cm path-length quartz cuvettes, scanning from 200 to 800 nm.
Baseline correction was performed with purified water to eliminate solvent absorbance. The

result was then compared to the reported Amax range of 252-254 nm in aqueous media.

Calibration Curve of Acyclovir

15 mg of Acyclovir was weighed accurately and dissolved in 100 ml of purified water in a
100 ml volumetric flask to obtain a stock solution (150 pg/ml). Aliquots of 10 ml were taken
from the stock solution and transferred to a 50 ml volumetric flask, then the volume was
made up to 50 ml with purified water to obtain a concentration of 30 pg/ml. From this
solution, 25 ml aliquots were successively transferred to 50 ml volumetric flasks and diluted
to volume with purified water to prepare a series of standard solutions with concentrations of
15 pg/ml, 7.5 pg/mL, 3.75 pg/ml, and 1.875 pg/ml. The absorbance of these solutions was
measured at 252nm against a blank of purified water. The calibration curve was plotted

between concentration and absorbance.

Pre-Formulation Study

A stage of development during which the physicochemical properties of the drug substance
are characterized and established. A complete knowledge of the relevant therapeutic and
physicochemical properties of the drug enables determination of its proper formulation and
delivery method. Preformulation study is to develop the elegant (stable, effective, and safe)
dosage form by establishing kinetic rate profile, compatibility with the other ingredients and

establish physico-chemical parameter of new drug substance.
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Organoleptic Properties

The organoleptic properties of the active pharmaceutical ingredient (API) were evaluated by
assessing color, odor, and using standardized sensory methods: Color: A small quantity of
Acyclovir was placed on butter paper and examined under well-illuminated conditions to
determine its color characteristics. Odor: A minimal amount of the sample was used to assess

its odor through direct sensory evaluation.

Solubility Study

Solubility is a critical physicochemical parameter that directly influences drug absorption,
bioavailability, and therapeutic efficacy. Poor aqueous solubility can significantly hinder
formulation development, leading to suboptimal drug delivery and potential clinical failure.

An initial solubility screening of Acyclovir was carried out at room temperature (25°C) using
various aqueous and non-aqueous solvent systems. This essential preformulation analysis

provides critical data for optimal solvent and excipient selection in formulation development.

The aqueous solubility evaluation involved dispersing 100 mg of Acyclovir in 1 ml aliquots
of different media: Purified water, 0.1 N hydrochloric acid (pH 1.2), Acetate buffer solution
(pH 4.5) and Phosphate buffer (pH 6.8). All buffer solutions were prepared in compliance
with USP standards. The mixtures were gently agitated for one minute followed by 10
minutes of sonication. For samples where complete dissolution was not achieved, additional
solvent was added in increments to reach final volumes of 5ml, 10 ml, 20 ml, 30 ml, 40ml, 50
mL, and up to 100ml. The solubility profile was categorized according to the minimum

solvent volume needed for complete visual dissolution.

For organic solvent systems, 100 mg of Acyclovir was dispersed in: glycerin, propylene
glycol (PG), 1% wi/v tween 80 solution, 1% w/v sodium lauryl sulfate (SLS) solution,
PG/tween 80 binary mixture (1:1 ratio) and PG/SLS combination (1:1 ratio). All non-aqueous
samples were brought to a final volume of 10 ml. Following manual stirring and 15 minutes
of sonication, each preparation was visually inspected for uniformity of dispersion, phase
stability, and foaming characteristics. This comprehensive solubility assessment establishes

fundamental data for subsequent formulation optimization work as shown in Table 5.
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Table 5: Solubility Specification of Drugs.

Descriptive Term Parts of Solvent Required for 1 Part of Solute:
Very Soluble Less than 1

Freely Soluble From 1to 10

Soluble From 10 to 30

Sparingly Soluble From 30 to 100

Slightly Soluble From 100 to 1000

Very Slightly Soluble From 1000 to 10000

Practically Insoluble, or Insoluble Greater than or equal to 10,000.

Drug and Excipients Compatibility Study

FTIR Spectroscopy Study

IR study was aimed to study the compatibility of excipients with Acyclovir in room
condition. Each excipient was mixed with Acyclovir in equal amounts, then from each
sample a small amount was taken (approx 1:1 %) and mixed with about 100 mg of potassium
bromide. The KBr- sample mixtures were grinded separately for each sample using agate
mortar and pestle. The grinded powders were compressed into discs under pressure of about
10000 pounds per square inch. The tablets were mounted in IR compartment and analyzed.
The infrared spectra of the drug - excipient mixtures were recorded over a wave number of
4000 cm™ to 500 cm™. On analysis of the IR spectra of the reference spectra given in British
Pharmacopoeia and pure drug, no major differences were observed in the characteristic

absorption peak pattern as shown in Table 6.

Table 6: The Drug and Excipients Compatibility Studies.

Sample Code | Drug with Excipients Ratio (Drug: Excipient)
1 Acyclovir 1
2 Acyclovir+ Clove oil 1:1
3 Acyclovir + HPC 1:1
4 Acyclovir + PEG 1:1
5 Acyclovir + Tween 80 1:1
6 Acyclovir + NaOH 1:1
7 Acyclovir + Ethanol 1:1
8 Acyclovir + Triethanolamine 1:1
9 Acyclovir + SLS 1:1
10 Acyclovir + Sucralose 1:1
11 Acyclovir + Sodium Saccharin 1:1
12 Acyclovir + Glycerin 1:1
13 Acyclovir + Xanthan Gum 1:1
14 Acyclovir + Carbopol 1:1
15 Acyclovir + Sodium Methyl Parapan 1:1
16 Acyclovir + Propylene Glycol 1:1
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RESULTS AND DISCUSSION

Drug Identification Tests

Organoleptic properties

The organoleptic properties of the active pharmaceutical ingredient (API) were evaluated by
assessing color, odor, and using standardized sensory methods. Results are presented for

Acyclovir in the Table 7.

Table 7: Organoleptic Properties of Acyclovir.

Observations | Specifications Tests
White powder | White to off -white powder | Appearance
Odorless Odorless Odor

Characterization of Acyclovir by UV Spectroscopy

UV Scanning of Acyclovir in Purified Water

The identity of Acyclovir was confirmed by recording their UV-Vis absorption spectra in
purified water. A 15 pg/mL Acyclovir solution was scanned over a wavelength range of 200—
800 nm using a double-beam spectrophotometer with 1 cm quartz cuvettes as shown in Figure
1. Acyclovir exhibited a distinct absorption maximum (Amax) at 252.6 nm, which is

consistent with the reported Amax range of 252-254 nm for Acyclovir in aqueous media.

1.0

2526, 0.7441
0.8

0.6

Acyclovir scannin
in water as 15 micro/m|

Abs

0.4

0.2~

0.0

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 1: Wavelength of Acyclovir in UV Spectrophotometer.

Calibration curve of Acyclovir in Purified Water
Acyclovir exhibited a distinct absorption maximum (Amax) at 252.6 nm, which is consistent
with the reported Amax range of 252-254 nm for Acyclovir in aqueous media. The calibration

curve was plotted between concentration and absorbance as shown in Table 8, and Figure 2.
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Table 8: Calibration Curve Results of Acyclovir in Purified Water.

NO | Concentration | Absorbance | SD
1 1.875 0.1173 0.0001
2 3.75 0.237 0.0002
3 75 0.4463 0.0002
4 15 0.8895 0.0006
5 30 1.7891 0.0013

Calibration Curve of Acyclovir

23 y = 0.0594x + 0.0044
R? = 0.9999 L7801

Absorbance

-0.2 0 5 10 15 20 25 30 35

Concentration

Fig. 2: Calibration Curve of Acyclovir in Purified Water.

Solubility Study

The dissolution characteristics of Acyclovir were systematically investigated in multiple
solvent systems at ambient temperature (25+1°C). The study employed a dropwise addition
method with continuous agitation to determine saturation points, with solubility
categorization according to USP standards, as shown in Error! Reference source not

found..

Table 9: Solubility Study Determination of Acyclovir.

NO | Solubility Media Results
1 | Purified Water Sparingly Soluble
2 | Dilute hydrochloric acid (HCI) pH 1.2 | Soluble
3 | Buffer solution pH 4.5 Slightly Soluble
4 | Buffer solution pH 6.8 Soluble
5 | Non-aqueous media Insoluble

Melting Point Determination of Acyclovir

Melting point of pure Acyclovir was determined by open capillary method. The capillary tube
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was closed at one end by fusion and was filled with Acyclovir by repeated tapings. The
capillary tube was placed in a digital melting point apparatus. The instrument was set to
automatically increase the temperature of the heating bath. The rise in temperature was
viewed through screen. The temperature at which the drug started d melting was recorded.
The melting point range of Acyclovir was identical to reference melting point stated in MP
(256.5-257.5°C). The sample started to melt at 256°C, and turned into liquid at 257°C,
indicating that the sample used is pure. That reading has stated in melting point tester.as
shown in Table 10.

Table 10: Results of Melting Point of Acyclovir.

Test Temp Rang Analyzed (Melting ) | Results
Test | Acyclovir (256.5-257.5°C) 257°C
Test 11 Acyclovir (256.5-257.5°C) 257°C

Excipient and Drug Compatibility Study

Characterization of Acyclovir by FTIR

FTIR spectrum studies indicated that major functional groups present in Acyclovir show
characteristic peaks in IR spectrum. Figures (3) to (18) show peaks observed at different
wave numbers and the functional group associated with these peaks for drug and drug with
different excipients. The major peaks are identical to functional group of Acyclovir. Hence, it
was confirmed that there was compatibility between drug and various excipients, thus
conforming that no interaction of drug occurred with the components of the formulation

excipients.
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Fig. 3: FTIR Spectra of Pure Acyclovir STD Fresh and Stored.
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Fig. 4: FTIR Spectra of Acyclovir with Clove Oil.
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Fig. 5: FTIR Spectra of Acyclovir with Polyethylene Glycol (PEG).
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Fig. 6: FTIR Spectra of Acyclovir with Propylene Glycol (PG).
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Fig. 7: FTIR Spectra of Acyclovir with Ethanol.
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Fig. 8: FTIR Spectra of Acyclovir with Glycerin.
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Fig. 9: FTIR Spectra of Acyclovir with HPC.
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Fig. 10: FTIR Spectra of Acyclovir with Carbomer.
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Fig. 11: FTIR Spectra of Acyclovir with Xanthan Gum.
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Fig. 12: FTIR Spectra of Acyclovir with Tween 80.

Varian Rs;olurlons
|
Acyclovir+ SLS stored at 40C for 2 weeks

40~

%Transmittance

D R e - o T < e R e e T ey e
3500 2500 2000 1500 1000 S00
Wavenumber

Fig. 13: FTIR Spectra of Acyclovir with Sodium Lauryl Sulfate.
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Fig. 14: FTIR Spectra of Acyclovir with Sodium Methylparaben.

Variarn Rre_‘solutions
Acyclovir+Na saccharin stored at 40C for 2 weeg,

%Transmittance

S e T v
S00

=S B e e e T S e e
3500 2500 2000 1500 1000
Wavenumber

Fig. 15: FTIR Spectra of Acyclovir with Sodium Saccharin.
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Varian Resolutions
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Fig. 16: FTIR Spectra of Acyclovir with Sucralose.
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Fig. 17: FTIR Spectra of Acyclovir with Triethanolamine.
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Fig. 18: FTIR Spectra of Acyclovir with Sodium Hydroxide.

DISCUSSION
The FTIR spectrum of pure Acyclovir was obtained to establish characteristic absorption

regions for subsequent drug—excipient compatibility assessments (Figure 3). Spectra of both
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freshly prepared Acyclovir and the sample subjected to accelerated storage conditions
(40+£2°C, 75 % RH for 14 days) were recorded and found to be superimposable, confirming
chemical stability under the applied stress conditions. The absorption regions exhibited in the
spectrum of fresh Acyclovir as shown in Figure 3, are presented in

Table 1.

Table 11: Characteristic FTIR Absorption Regions of Pure Acyclovir.

Wavenumber (cm™) | Assignment

A prominent, broad absorption band due to the overlapping O-H
3500-3100 (broad) ang N—H stretching vibratri)ons from the side chain andpgur?ne ring.
Attributed to aliphatic C—H stretching vibrations from the ethyl
group (—CH,CH?3) within the side chain.
This range contains the sharp, intense C=0 (carbonyl) stretching
1800 — 1650 (intense) | vibration, the most specific reporter peak for the Acyclovir

3000 - 2800

molecule.

A diagnostic region containing multiple sharp peaks from the C=N
1650 — 1500 and C=C skeletal stretching of purine ring, and the N-H bending

vibration.

This part of the fingerprint region is dominated by C—N and C-O
1300-1000 single bond stretching from both the purine ring and the acyclic

chain.

No new absorption bands, significant shifts in wavenumber (exceeding +3 cm™), or notable
changes in peak intensity were observed in the spectrum of the stored sample (Error!
Reference source not found.), confirming the chemical integrity of Acyclovir under the
applied accelerated storage conditions. These results validate the stability of Acyclovir and its

suitability for use in subsequent drug—excipient interaction studies.

The Acyclovir—clove oil mixture (Error! Reference source not found.) exhibited a
pronounced broadening and deepening of the 3500-3100 cm™ envelope, with a concomitant
loss of sharpness in all characteristic drug peaks. Despite this physical masking, no new
absorption bands appeared, nor did any diagnostic peaks shift by more than 5 cm™. The C=0
stretch at 1709 cm™ and the C=N/C=C vibrations at 1631-1484 cm™ remained intact,
confirming that the interaction is purely physical and that clove oil is fully compatible with

Acyclovir.

In the polyol group and ethanol, each of polyethylene glycol (PEG; Error! Reference source
not found.), propylene glycol (Error! Reference source not found.), ethanol (Error!

Reference source not found.), and glycerin (Error! Reference source not found.)
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produced a broad O—H absorption envelope in the 3500-3100 cm™ region that overlapped
Acyclovir’s N-H, O-H stretches. Despite this high-wavenumber masking, the diagnostic
C=0 band at 1800-1650 cm™ and the C=N/C=C skeletal vibrations at 1650-1500 cm™)
remained completely unshifted and unchanged in intensity in all four mixtures, confirming

that only peaks overlap occurred and that each polyol is fully compatible with Acyclovir.

Similarly, the polymeric and gelling agents-hydroxypropyl cellulose (HPC; Error!
Reference source not found.), Carbomer (Error! Reference source not found.), and
xanthan gum (Error! Reference source not found.) -each showed only a broadening of the
3500-3100 cm™ band due to overlapping —OH and N-H vibrations. In every case, the
carbonyl stretches and the C=N/C=C skeletal bands retained their original sharpness and
positions, demonstrating no evidence of chemical interaction and indicating full

compatibility.

In the surfactant category, both the Acyclovir—polysorbate 80 (Tween 80; Error! Reference
source not found.) and Acyclovir-sodium lauryl sulfate (SLS; Error! Reference source not
found.) mixtures. The core diagnostic peaks of Acyclovir-the C=0 stretch and the C=N/C=C
skeletal vibrations between remained entirely unchanged in position and intensity in both
mixtures. In SLS-ACV mixture notable increase in the intensity of the aliphatic C-H
stretching peaks (2950-2850 cm™) was observed, an additive effect from the SLS alkyl
chain. Additionally, a subtle alteration in the shape and relative intensities of Acyclovir's N-H
stretching peaks (3500-3100 cm™) was noted, suggesting a minor physical interaction
through hydrogen bonding between the drug's N-H groups and the electronegative oxygen
atoms of the SLS sulfate group. No new absorption bands or significant spectral shifts were
observed, confirming that Tween 80 is compatible and SLS interact only physically with

Acyclovir, indicating full compatibility under the conditions tested.

Among the small-molecule additives, sodium methylparaben (Error! Reference source not
found.), sodium saccharin (Error! Reference source not found.), sucralose (Error!
Reference source not found.), and triethanolamine (TEA,

) each produced simple additive spectra. None of these mixtures generated new absorption
bands nor shifted the characteristic C=0 and C=N/C=C vibrations, corroborating their

physicochemical compatibility with Acyclovir.

By contrast, the Acyclovir-sodium hydroxide (NaOH; Error! Reference source not found.)
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mixture underwent profound spectral changes: the 1800-1650 cm™ C=0 band completely
disappeared, crystalline fingerprint peaks were altered, with the loss of many sharp crystalline
peaks and the appearance of new bands. and the N-H envelope was replaced by a broad
undefined band. These alterations are hallmarks of deprotonation and sodium-salt formation,
confirming a true chemical reaction and indicating that NaOH is incompatible with Acyclovir

in solid formulations.

The pre-formulation studies confirmed the identity and purity of the active drugs. The
measured melting point of Acyclovir (256-257 °C) matched the USP reference range, and
UV-Vis spectra showed characteristic A-max values for Acyclovir. Importantly, FTIR
analysis showed that Acyclovir retained its diagnostic bands under stress and in mixtures
with formulation excipients. For example, Acyclovir blended with clove oil or polyols
produced only broadening of O-H bands, with the C=0 and C=N stretches unshifted.
Likewise, gelling polymers (HPC, carbomer, xanthan) and surfactants (Tween 80, SLS)
exhibited only overlapping peaks and no new absorption bands. These findings demonstrate
full physicochemical compatibility of acyclovir with all gel and emulsion components. In
other words, none of the excipients caused chemical degradation or new interactions with the

drug.

CONCLUSION

The compatibility studies of physical mixtures of Acyclovir with different used excipients
such as Carbopol 974, Xanthan Gum, and HPC as gelling agents. Methylparaben and
propylparaben served as preservatives, while propylene glycol, glycerin, Sucralose,
Triethanolamine, Strawberry flavor, Clove oil and Tween were evaluated for preformulation
studies parameters were investigated by FTIR it was detected that there was no variation or
minor deviation in the characteristic peaks in FTIR spectroscopy. It was concluded that the
drug Acyclovir was found to be compatible with various excipients which were selected for
the formulation development of the Acyclovir Hydrogel and Emulgel NDDS. Formulation
scientist from his experience and knowledge have to significantly in the preformulation study
stage and is an important factor in the ADDS (Advanced Drug Delivery Systems) product

development process.
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