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Abstract 

Background. The combination of azole antifungals and topical corticosteroids is widely used in treating inflamed superficial 

mycoses infections. These combinations provide both antifungal activity and anti-inflammatory effects, making them effective 

for managing various dermatological conditions. Objective. This review explores various quantitative analytical methods used 

for assessing azole antifungal and corticosteroid combinations in topical formulations. It evaluates techniques employed in 

studies published between 1999 and 2024, highlighting their advantages and limitations. Main ideas and results. The review 

examines various analytical techniques, including ultraviolet (UV) spectroscopy, high-performance liquid chromatography 

(HPLC), capillary zone electrophoresis (CZE), and high-performance thin-layer chromatography (HPTLC). Among these 

methods, HPLC was the most frequently employed, accounting for approximately 60% of published studies. While HPLC offers 

high sensitivity and reliability, its dependence on organic solvents and costly instrumentation presents limitations. Alternative 

methods such as thin-layer chromatography (TLC) and UV spectrophotometry were also widely utilized. TLC, representing 

about 14% of studies, was preferred for its simplicity and cost-effectiveness, while UV spectrophotometry, making up 24.5% of 

reported methods, was favored for its accessibility and ease of optimization. In contrast, capillary zone electrophoresis (CZE) 

was the least commonly used, appearing in only one study (less than 2%), despite its eco-friendly nature and procedural 

simplicity. Conclusion. Among the various analytical techniques reviewed, HPLC remained the most preferred method due to its 

accuracy and sensitivity. However, the continued use of UV spectrophotometry and TLC highlights the importance of 

cost-effective and accessible methods. The minimal adoption of CZE suggests an opportunity for further exploration into 

eco-friendly analytical alternatives. 
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1. Introduction 

Following a superficial fungal infection or dermatomycosis, 

the breakdown of the keratin layer often leads to inflammation, 

resulting in symptoms such as itching, redness, swelling, and a 

burning sensation at the affected site. These symptoms can 
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cause significant discomfort, leading to scratching and, in 

some cases, pain. Such irritation may reduce patient compli-

ance with treatment, leaving the skin vulnerable to further 

complications, including secondary fungal or bacterial infec-

tions. To counteract the inflammation associated with super-

ficial mycoses, topical corticosteroids are commonly incor-

porated into treatment regimens. [1-4] 

Azole antifungals are classified into two main groups: im-

idazoles (e.g., miconazole and ketoconazole) and triazoles 

(e.g., itraconazole, fluconazole, and voriconazole). The key 

structural difference between them lies in the number of ni-

trogen atoms in the azole ring—imidazoles contain two, while 

triazoles contain three. These antifungals function by inhibit-

ing ergosterol biosynthesis, a vital component of fungal cell 

membranes. They achieve this by targeting lanosterol 

14-alpha-demethylase, a cytochrome P450-dependent enzyme. 

Disrupting this pathway leads to ergosterol depletion and the 

accumulation of methylated sterol precursors, which alters 

membrane integrity and impairs the activity of mem-

brane-associated enzymes such as chitin synthase. These ef-

fects inhibit fungal proliferation and prevent replication. Ad-

ditionally, azoles interfere with yeast-to-mycelial transfor-

mation, reduce fungal adhesion, and exert toxic effects on 

membrane phospholipids. [5] 

Mineralocorticoids primarily regulate the hydroelectrolytic 

balance by retaining sodium and depleting potassium, with 

aldosterone being the most significant endocrine mineralo-

corticoid. Glucocorticoids play a crucial role in the metabo-

lism of carbohydrates, proteins, and calcium, and possess 

strong anti-inflammatory and immunosuppressive properties. 

Due to their potent immunomodulatory and anti-inflammatory 

effects, glucocorticoids are used to treat a variety of inflam-

matory, malignant, and allergic conditions, including rhinitis, 

asthma, dermatological, rheumatic, ophthalmic, and neuro-

logical diseases, as well as following organ transplants. They 

are among the most widely prescribed drugs globally; how-

ever, their therapeutic use is limited by significant side effects, 

particularly when administered in high doses or over extended 

periods. [6] 

When two or more drugs are combined in specific propor-

tions to create a single product, they are referred to as 

fixed-dose combinations (FDCs) or combined products in 

general. [7] FDCs offer several benefits, including enhanced 

therapeutic efficacy, improved patient compliance due to a 

reduced number of administrations [8], lower individual drug 

doses, and fewer side effects [9]. They also exhibit better 

pharmacokinetic profiles and minimize the risk of developing 

resistance. [7, 10] Additionally, the production cost of an FDC 

product is generally lower than the total cost of producing the 

individual drugs separately, thanks to streamlined manufac-

turing processes and reduced packaging and distribution needs. 

[11] 

FDC products are typically more complex than formula-

tions containing a single active pharmaceutical ingredient 

(API). The quality control (QC) requirements for FDCs, such 

as active pharmaceutical ingredient assays and related sub-

stance tests, are more extensive compared to single-ingredient 

products. This complexity increases the QC burden on man-

ufacturers, necessitating a higher number of tests. However, 

developing selective, sensitive, reliable, and robust analytical 

methods for estimating impurities, degradation products, ex-

cipients, and individual active pharmaceutical ingredients 

(APIs) in combined drug products presents significant chal-

lenges. Typically, the API assay, determination of the degra-

dation products and related substances (RS) tests are con-

ducted using separation techniques such as high-performance 

liquid chromatography (HPLC), thin-layer chromatography 

(TLC), and capillary electrophoresis (CE). 

This literature review presents a detailed analysis of the 

advancements in analytical methodologies for evaluating 

topical formulations containing azole antifungals and corti-

costeroids from 1999 to the present. The research was con-

ducted using leading scientific databases, including Science 

Direct, Taylor & Francis, Springer Link, PubMed, Scopus, 

Google Scholar, and Wiley. The search strategy incorporated 

the keywords: "determination azole antifungals AND corti-

costeroids dosage form combination." 

To enhance clarity and accessibility, the collected data is 

systematically categorized based on the analytical techniques 

employed, offering a structured comparison of various ap-

proaches used to assess these pharmaceutical combinations. 

By compiling insights from numerous published studies, this 

review serves as a valuable resource for pharmaceutical re-

searchers and professionals, enabling them to quickly identify 

relevant analytical methods applicable to their work. 

2. Analytical Methods 

2.1. Official Analytical Methods 

The British Pharmacopoeia outlines two high-performance 

liquid chromatography (HPLC) methods for analyzing various 

pharmaceutical formulations containing clotrimazole (CLT), 

miconazole (MCN), and hydrocortisone acetate (HCA) [12]. 

These methods utilize different chromatographic columns and 

mobile phase compositions to achieve effective separation of 

the active ingredients. 

The first method is designed for the analysis of clotrimazole 

and hydrocortisone acetate in creams, as well as miconazole 

and hydrocortisone acetate in both creams and ointments. It 

employs a base-deactivated, endcapped octadecylsilane (C18) 

column (10 cm × 4.6 mm, 3 µm) and a binary gradient elution. 

The mobile phase consists of 0.01 M ammonium dihydrogen 

orthophosphate (adjusted to pH 6.0 with dilute ammonia) as 

phase A, and a mixture of 10% tetrahydrofuran and 90% ac-

etonitrile as phase B. Initially, the gradient starts with 80% 

phase A, decreasing to 20% over 20 minutes, followed by a 

5-minute hold. The composition then reverts to 80% phase A 

and is re-equilibrated for 5 minutes before the next injection. 

The system operates at a flow rate of 1.5 mL/min, with de-
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tection at 235 nm. 

The second method focuses on the determination of clot-

rimazole and hydrocortisone acetate in cream formulations. 

This approach utilizes an octadecylsilane column (25 cm × 4.6 

mm, 5 µm) maintained at 40°C, with a ternary gradient elution 

program. The mobile phases include (A) 1.5 g/L potassium 

dihydrogen orthophosphate in water (adjusted to pH 3.0 with 

10% v/v orthophosphoric acid), (B) acetonitrile, and (C) 

methanol. The initial conditions consist of 90% phase A and 

10% phase B, held for 2 minutes. The gradient then transitions 

to 25% phase A and 75% phase B over 35 minutes, followed 

by a 5-minute hold. Next, the composition shifts to an equal 

mixture of phases B and C, before reverting to the initial 

conditions over 5 minutes and maintaining equilibrium for 10 

minutes before the subsequent injection. This method also 

uses a flow rate of 1.5 mL/min, with detection at 235 nm. 

In addition, the United States Pharmacopoeia (USP) pro-

vides an HPLC method for the simultaneous quantification of 

clotrimazole and betamethasone dipropionate (BMD) in 

cream formulations [13]. The separation is carried out using a 

C18 column (4.6 mm × 25 cm, 10 µm) and a mobile phase 

composed of methanol and 0.05 M dibasic ammonium phos-

phate (7:3 ratio), adjusted to pH 7.0. The chromatographic 

system operates at a flow rate of 1.7 mL/min, with analyte 

detection performed at 254 nm. 

2.2. Separation Methods 

2.2.1. Thin-layer Chromatography (TLC) 

Over the past two decades, thin-layer chromatography 

(TLC) has gained recognition as a valuable tool, particularly 

for qualitative analysis and preparative separations. Tradi-

tionally, its use for quantitative analysis was limited compared 

to gas chromatography and high-performance liquid chroma-

tography due to difficulties in sample application, chromato-

graphic development, and result evaluation. However, recent 

technological advancements in TLC instrumentation have 

significantly improved its precision and accuracy. As a result, 

TLC is now increasingly utilized for the quantitative analysis 

of pharmaceuticals in various dosage forms, including tablets, 

capsules, solutions, and ointments. [14] 

Various thin-layer chromatography (TLC) methods have 

been documented for the simultaneous determination of azole 

antifungals and corticosteroids in combination [15-22]. 

Among these, mometasone (MOM) and miconazole (MCN) of 

NAD [15, 16] or mupirocin (MUP) have been successfully 

separated on a normal phase thin-layer chromatographic sys-

tem applying densitometric scanning in the ultraviolet region. 

The method developed by Patel et al. [15] stands out as the 

most sensitive, with limits of detection (LOD) of 44.77 µg/mL 

for MCN and 7.03 µg/mL for MOM. Additionally, this method 

benefits from being systematically developed and optimized 

using a fractional factorial experimental design. Meanwhile, 

the method reported by Zanwar et al. [17] is noted for its 

eco-friendly approach. The determination of other combina-

tions has also been performed using TLC. However, since 

these combinations contain dissimilar active ingredients, di-

rect comparison is not feasible. A detailed description of the 

reported TLC methods is provided in Table 1. 

2.2.2. Capillary Zone Electrophoresis (CZE) 

A capillary zone electrophoresis (CZE) method has been 

developed and validated for determining a mixture of MCN 

and HCA in a cream formulation. The optimal conditions 

included a sodium dihydrogen phosphate buffer (50 mM, pH 4) 

and an applied voltage of 30 kV in an 85 cm × 75 µm ID 

capillary. Direct UV detection was performed at 230 nm, 

where both MCN and HCA exhibit maximum absorbance. The 

effects of pH, phosphate buffer concentration, voltage, tem-

perature, sample injection pressure, and time on peak elution 

time and symmetry were studied and optimized. The validated 

method complies with ICH guidelines. [23] 

2.2.3. High-performance Liquid Chromatography 

(HPLC) 

High-performance liquid chromatography (HPLC) is an 

essential technique for analyzing the purity and composition 

of pharmaceutical formulations, particularly in cases where 

gas-liquid chromatography (GLC) is unsuitable due to the 

instability or low volatility of certain compounds. As a result, 

HPLC has become the preferred method for quality control in 

pharmaceutical production and is extensively referenced in 

international pharmacopeias. The continuous development of 

highly selective adsorbents and enhancements in the sensitiv-

ity of spectrophotometric, fluorometric, and electrochemical 

detectors have further broadened its applications in pharma-

ceutical analysis. 

Reversed-phase high-performance liquid chromatography 

(RP-HPLC) is widely utilized for determining azole antifun-

gals in combination with corticosteroids in pharmaceutical 

products. Most analytical methods employ isocratic elution 

with reversed-phase columns, such as C8 or C18, using mobile 

phases consisting of organic solvent-buffer mixtures that are 

pH-adjusted to optimize separation efficiency. 

Numerous HPLC techniques have been developed for the 

simultaneous quantification of azole antifungals and cortico-

steroids in combination formulations [17, 18, 22, 24-57]. 

Reversed-phase HPLC (RP-HPLC) has proven effective for 

separating mometasone (MOM) and miconazole (MCN) in 

topical products, with several studies reporting successful 

applications [17, 24-30]. Among these, Shah et al. [28] pre-

sented the most sensitive approach, achieving detection limits 

of 0.048 µg/mL for MOM and 1.31 µg/mL for MCN. Despite 

validation, concerns persist regarding the reliability of these 

methods due to a lack of systematic optimization. Notably, 

Fahmy et al. introduced the only environmentally friendly 

method for this combination. [25] 

The RP-HPLC analysis of beclomethasone (BEC) and 

clotrimazole (CLT) in semisolid formulations has been ex-
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plored in multiple studies [31-36], with Dhudashia et al. [31] 

offering a method characterized by superior sensitivity and an 

extensive linear range. This approach achieved limits of de-

tection of 1.24 µg/mL for CLT and 0.039 µg/mL for BEC, 

making it applicable across a broad spectrum of formulations. 

However, only Bhaskararao et al. have confirmed the stabil-

ity-indicating capability of their method through forced deg-

radation testing. [34] 

For betamethasone (BMD) and clotrimazole (CLT), 

RP-HPLC methods exhibit variability in sensitivity, and some 

studies do not report detection limits, complicating direct 

comparisons. Lin et al. [39] demonstrated the stabil-

ity-indicating nature of their method by profiling impurities 

and conducting forced degradation experiments. 

The determination of isoconazole (ISO) and diflucortolone 

(DIF) in cream formulations has been carried out using 

RP-HPLC and ultra-performance liquid chromatography 

(UPLC). [18, 40-42] Ozen et al. [41] developed a highly sen-

sitive UPLC method with detection limits of 0.11 µg/mL for 

ISO and 0.35 µg/mL for DIF, while Gundogdu et al. [42] 

validated their RP-HPLC method as stability-indicating. 

Simultaneous quantification of ketoconazole (KET) and 

beclomethasone dipropionate (BMD) has been primarily as-

sessed based on linearity, as some studies lack detection limit 

data. The method proposed by Kannaiah et al., [43] which 

incorporates a central composite design for optimization, 

stands out for its improved reliability and eco-friendliness. 

In the case of miconazole (MCN) and hydrocortisone (HCA) 

in creams, three HPLC methods have been documented, with 

the approach by Manikanta et al. [45] being particularly no-

table for its broad linear range and high sensitivity, achieving 

detection limits of 0.56 µg/mL for HCA and 0.57 µg/mL for 

MCN. 

Table 1. Thin-layer chromatographic methods used for the analysis of azole antifungals combinations with corticosteroids. 

No. Analytes Plate Mobile Phase 
Detection 

λ (nm) 

Working range 

(ng/spot) 

LOD 

(ng/spot) 
Ref. 

1 
mometasone and 

miconazole in cream 

Silica gel 

60F254 

methanol, ethyl acetate, 

toluene, acetonitrile, and 3 M 

ammonium formate in water 

(1:2.5:6.0:0.3:0.2 v/v/v/v/v) 

224 

400-2400 NAD 

and MCN 

100-600 MOM 

44.77 MCN 

7.03 MOM 
[15] 

2 
mometasone and 

miconazole in cream 

Silica gel 

60F254 

toluene, ethyl acetate, ethanol, 

and formic acid (10:3:2:0.5 

v/v/v/v) 

235 

60-220 MOM 

1,200-4,400 

MCN 600-2,200 

NAD 

14.07 MOM 

326.94 MCN 
[16] 

3 
mometasone and 

miconazole in cream 

Silica gel 

60F254 

toluene, ethylacetate, and 

ethanol (10:3:2; v/v/v) 
240 

1200–5200 

MCN and MUP 

60–260 MOM 

19.04 MOM 

296.23 MCN 
[17] 

4 

isoconazole nitrate and 

diflucortolone valerate in 

cream 

Silica gel 

60F254 

ethyl acetate, chloroform, and 

toluene (60:10:10 v/v/v) 
215 

0.1-4 ISO and 

0.1-1.4 DIF 
NA [18] 

5 
miconazole and clobet-

asol in cream 

Silica gel 

60F254 

toluene, Chloroform, Metha-

nol, and Ammonia (5:4:1:0.1 

v/v/v/v) 

235 
20-100 MCN 

800-4000 CLB 

1.21 CLB 

63.88 MCN 
[19] 

6 
betamethasone and 

miconazole in cream 

Silica gel 

60F254 

chloroform, acetone, and gla-

cial acetic acid (34:4:3 v/v/v) 
233 

300-1200 BET 

5-20 MCN 

50.9 BET 

0.68 MCN 
[20] 

7 
fluocinolone and 

miconazole in ointment 

Silica gel 

60F254 

n-hexane: ethyl acetate (1:9, 

v/v) 
254 

200-700 FLC 

40,000-140,000 

MCN 

11.54 FLU 

2887.5 MCN 
[21] 

8 

Triamcinolone and 

econazole in the pres-

ence of its impurities and 

degradation products in 

cream 

Silica gel 

60F254 

ethylacetate-tetrahydrofuran-a

mmonia (10.0:7.0:0.1, v/v/v) 
225 

0.20-28.00 TRI 

0.50-55.00 ECO 

0.056 TRI 

0.16 ECO 
[22] 

 

Econazole (ECO) and triamcinolone (TRI) have been ana- lyzed using both isocratic and gradient elution HPLC methods. 
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The gradient elution technique effectively separates ECO and 

TRI from excipients and degradation products within a rea-

sonable timeframe. Meanwhile, Abbas et al. [22] developed a 

method demonstrating high selectivity and sensitivity in re-

solving TRI impurities and degradation products, making it 

well-suited for routine quality control applications. 

For ketoconazole (KET) and clobetasol (CLB) combina-

tions in creams, both isocratic and gradient elution methods 

have been explored. The gradient elution approach ensures 

better separation of analytes from related substances [50], 

while the isocratic method offers practical advantages for 

routine analysis, achieving detection limits of 0.7 µg/mL for 

KET and 2.0 µg/mL for CLB [49]. 

Despite the abundance of reported HPLC methods, only one 

has been optimized using an experimental design approach 

[43]. Many methods proceed directly to validation without 

proper optimization or inaccurately equate preliminary ad-

justments with true optimization. Ideally, optimization should 

be a distinct step following method development, integrated 

into the broader analytical lifecycle. While these methods 

comply with international validation guidelines such as ICH 

Q2 (R1) [58], they often lack robustness in real-world quality 

control settings and may not be suitable for their intended 

purpose [59]. Given the increasing regulatory emphasis on 

analytical quality by design (AQbD), there is a growing need 

for stricter publication standards to ensure the development of 

reliable and high-quality analytical methods. 

2.3. Spectrophotometric Methods 

UV-Vis spectroscopy is a widely used analytical technique 

for both qualitative and quantitative analysis of compounds 

that contain chromophores capable of absorbing light in the 

ultraviolet (UV) or visible spectrum. The Beer–Lambert law 

establishes a direct relationship between light absorption and 

the concentration of the analyte. This method is valued for its 

ease of use, minimal sample preparation, affordability, and 

rapid analysis time. 

However, the application of direct spectrophotometry in the 

analysis and quality control of complex mixtures presents 

significant challenges, particularly when spectral overlap 

occurs between components. To address this issue, various 

mathematical approaches have been developed to process 

spectral data, enhancing resolution and improving accuracy. 

The effectiveness of these computational techniques largely 

depends on the degree of spectral interference and the number 

of substances present in the mixture. 

Different methods have been reported by Abbas et al. [60] 

and Abou-elkheir et al. [61] for determining miconazole 

(MCN) and hydrocortisone (HCA) in topical dosage forms. 

Both researchers have utilized the absorption correction 

method, with no significant distinction between the two. 

However, when comparing these methods, the bivariate 

method reported by Abou-elkheir et al. [61] is the most sensi-

tive for MCN, with LOD values of 0.3 µg/mL for MCN and 

0.81 µg/mL for HCA. These methods cover a wide concen-

tration range, from as low as 1 µg/mL up to 40 µg/mL, de-

pending on the method and analyte. Notably, the first deriva-

tive of the ratio spectra method and the bivariate method offer 

broader ranges, making them versatile for various sample 

types. [61] These methods are applicable to a variety of forms, 

including pharmaceutical dosage forms, bulk powders, and 

topical creams. The choice of method should be guided by 

specific application needs, such as the required sensitivity or 

the analyte concentration range. 

Ramzia et al. [24] have reported derivative and derivative of 

the ratio spectrophotometric methods, while Merey et al. [62] 

have introduced three spectrophotometric and two chemo-

metric methods for the determination of miconazole and 

mometasone in cream preparations. The linear ranges of all 

these methods are comparable and fall within the typical 

ranges encountered in spectrophotometric analysis. Direct 

comparison of the methods' sensitivity is not feasible since 

Merey et al. [62] did not report LOD values., however among 

the methods reported by Ramzia et al. [24], the ratio derivative 

method was more sensitive than the first derivative method, 

with LOD values of 1.44 µg/mL for MCN and 1.78 µg/mL for 

MOM. It is worthmentionening that none of these methods has 

undergone any validation step. 

Chemometric methods (PCR, PLS, and ANN) [63] and 

spectrophotometric methods (Q-absorption ratio, dual wave-

length, and first-order derivative) [64] have been described for 

determining betamethasone (BMD) and clotrimazole (CLT) in 

creams. A direct comparison of the methods' sensitivity is 

challenging because Darwish et al. [63] did not report LOD 

values. However, among the methods reported by Dhudashia 

et al. [64], the first derivative method proved to be the most 

sensitive, with LOD values of 0.22 µg/mL for BMD and 0.58 

µg/mL for CLT, surpassing the sensitivity of the other two 

methods. 

Fares et al. [68] have reported five spectrophotometric 

methods for the determination of clotrimazole and hydrocor-

tisone in topical creams. These methods share the same linear 

range and exhibit nearly identical sensitivity values. 

Several researchers have utilized advanced chemometric 

techniques and mathematical processing of spectrophoto-

metric data to address challenges posed by overlapping 

spectral bands [66-69]. Although these approaches signifi-

cantly enhance spectral resolution and accuracy, their im-

plementation requires in-depth mathematical knowledge, 

access to high-performance spectrophotometers, and spe-

cialized software for data analysis. Consequently, their 

widespread adoption in routine quality control remains lim-

ited. A summary of the reported spectrophotometric methods 

is provided in Table 3. 
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Table 2. HPLC methods for azole antifungals combinations with corticosteroids. 

No. Drug 
Column/Stationary 

phase 
Mobile phase 

Working 

range 

(μg/mL) 

Detection 

(nm) 

Detection 

limit 

(μg/mL) 

Ref. 

1 

Mometasone furoate 

and miconazole 

nitrate in cream 

C18 3.9 × 300 mm, 

10 µm 

A 1.5% w/v aqueous 

ammonium acetate buffer (pH 

7.6) and acetonitrile were 

used as the mobile phase, 

with a flow rate of 2 mL/min. 

5-320 

MOM 

25-800 

MCN 

240 MOM 

230 MCN 

1.61 MCN 

3.5 MOM 
[24] 

2 

Hydrocortisone, 

mometasone, beta-

methasone, clotri-

mazole and micon-

azole in creams 

C18 150 × 4.6 mm, 5 

μm 

methanol–water (80: 20%, 

v/v), at a flow rate of 1 

mL/min. 

0.05–9.00 

HCA, 0.1–

9.0 MOM, 

0.2–9.0 

BET, 

0.6–9.0 CLT 

photo-diode 

array de-

tector 

NA [25] 

3 

Mometasone furoate, 

nadifloxacin and 

miconazole nitrate in 

their combined dos-

age form 

C18 2.1 × 100 mm, 

2.2 μm 30°C 

methanol, acetonitrile and 

water with ratio (50:20:30; 

v/v/v) and 0.1 g ammonium 

acetate, then pH was adjusted 

to (7.00) using acetic acid, at a 

flow rate of 0.6 mL/min. 

5-400 MCN 

20 - 500 

MOM 

220 
5.0 MOM 

1.0 MCN 
[26] 

4 

Mometasone furoate 

and miconazole 

nitrate in semisolid 

dosage form 

C18 4.6 × 100 mm, 5 

μm 

0.1% v/v triethylamine: 

methanol: acetonitrile 

(40:30:30 V/V/V; pH 3.5). 

The flow rate was 0.6 mL/min 

200-600 

MCN 

10‐30 

MOM 

235 
1.48 MOM 

1.20 MCN 
[27] 

5 
Mometasone and 

miconazole cream 

C18 250 × 4.6 mm, 5 

μm 

0.02% triethylamine: metha-

nol (15:85;% v/v), at a flow 

rate of 0.9 mL/min 

20–180 

MCN 

1–9 MOM 

240  [17] 

6 

Mometasone furoate 

and miconazole 

nitrate in cream 

formulation 

C18 150 mm x 4.6 

mm, 5 µm 

acetonitrile: water (80:20 v/v) 

as mobile phase, having flow 

rate 0.6 mL/min 

2-7 MOM 

40-140 

MCN 

229 

0.048 

MOM 

1.31 MCN 

[28] 

7 

Mometasone furoate, 

nadifloxacin and 

miconazole nitrate in 

semisolid dosage 

form 

C18 4.6 × 250 mm, 5 

μm 

methanol and 0.02% tri-

ethylamine in an 80:20 (v/v) 

ratio was used, with the pH 

adjusted to 4.2 using ortho-

phosphoric acid and a flow 

rate set at 0.7 mL/min. 

1-9 MOM 

20-180 

MCN 

225 NA [29] 

8 

Miconazole and 

Hydrocortisone 

cream 

Miconazole and 

mometasone cream 

C18 4.6 × 250 mm, 5 

μm 

2.22 mM NaH2PO4 (Tri-

ethylamine 0.2%): acetonitrile 

(45:55, v/v) at a flow rate of 

0.9 mL/min 

acetonitrile: water (Tri 

300‐800 

MCN 

40‐800 

HCA 

215 MCN 

245 HCA 

3.18 MCN 

1.55 MOM 

[30] 

ethylamine 0.2%) (70:30, v: 

v) at a flow rate of 0.9 mL/min 

100‐2000 

MIC 

20‐600 

MOM 

215 MCN 

250 MOM 

2.15 MCN 

1.30 MOM 

9 

Clotrimazole and 

beclomethasone 

dipropionate in lo-

tion and cream 

C18 150 mm × 4.6 

mm, 5 μm 

acetonitrile–water (70:30, 

v/v) was used as the mobile 

phase, at a flow rate of 1.0 

mL/min 

2-16 BEC 

80-640 CLT 
254 

1.24 CLT 

0.039 BEC 
[31] 

10 Beclomethasone C18 150 mm × 4.6 acetonitrile and buffer (30:70) 0.05-0.38 239 NA [32] 
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No. Drug 
Column/Stationary 

phase 
Mobile phase 

Working 

range 

(μg/mL) 

Detection 

(nm) 

Detection 

limit 

(μg/mL) 

Ref. 

dipropionate, clot-

rimazole and neo-

mycin sulphate in 

bulk and pharma-

ceutical dosage 

forms 

mm, 5 μm v/v; at a flow rate of 1.0 

mL/min. 

BEC 

0.200-1.506 

CLT 

11 

Beclomethasone 

Dipropionate and 

clotrimazole from 

dosage form 

C18 250 × 4.6 mm, 3 

μm 40°C 

methanol: buffer, 60:40, v/v 

(20 mM potassium dihydro-

gen orthophosphate at pH 6.8 

maintained with diluteortho-

phosphoric) at flow rate of 1.0 

mL/min 

100- 300 for 

both 
254 

10.0 CLT 

10.0 BMD 
[33] 

12 

Beclomethasone, 

neomycin, ligno-

caine and clotrima-

zole dosage ear 

drops formulation 

C18 150 × 4.6 mm, 3 

μm 

of 0.01 M KH2PO4 (pH 3.5) 

and acetonitrile in the ratio of 

50: 50 v/v as mobile phase, 

with flow rate of 0.7 ml/min. 

50-300 LIG 

25-150 CLT, 

12.5-75 

NEO 

0.625-3.75 

BEC 

215 NA [34] 

13 

Beclomethasone 

dipropionate) and 

clotrimazole in bulk 

and cream 

C18 4.6 × 250 mm, 5 

μm 

1 mM ammonium acetate 

buffer and acetonitritle (10:90 

v/v) as mobile phase at flow 

rate of 1.0 mL/min 

10-60 BEC 

5-30 CLT 
223 

0.773 BEC 

0.121 CLT 
[35] 

14 

Beclomethasone 

dipropionate, clot-

rimazole, chloram-

phenicol and lido-

caine in ear drops 

C18 4.6 × 250 mm, 

5 μm 

Solution A (1.6 gm 

CH3COONH2 in 1 L water, 

add 1o ml trimethylamine and 

adjust the to the pH to 6.4± 0.1 

with diluted acetic acid) and 

Solution B: acetonitrile, at a 

flow rate of 1.0 mL / min 

1-6 BMD 

37.5-225.0 

CLT 

254 NA [36] 

15 

Betamethasone di-

propionate (BTD) 

and clotrimazole 

with benzyl alcohol 

as preservative 

C18 250 × 4.6 mm, 5 

μm 

water: acetonitrile (35:65, v/v) 

as mobile phase at flow rate of 

1 mL/min 

0.5-20 

BMD 

2-300 CLT 

230 

0.065 

BMD 

0.503 CLT 

[37] 

16 

Betamethasone and 

clotrimazole in 

cream formulations 

C18 4.6 × 250 mm, 5 

μm 

methanol-acetate buff-

er-acetonitrile (33:27:40, v/v) 

25-75 for 

both 
254 NA [38] 

17 

Betamethasone 

Dipropionate, Clot-

rimazole and their 

related substances 

C8 3.9×150 mm, 5 

μm 

1.8 volume of methanol and 

1.0 volume of 25 mM 

K2HPO4 adjusted with phos-

phoric acid to an apparent pH 

of 7.0. The flow rate 1.2 

mL/min 

400–2000 

MCN 

40-200 

BMD 

254 
0.13 CLT 

0.34 BMD 
[39] 

18 

Diflucortolone val-

erate and isocona-

zole nitrate in creams 

C18 250 × 4.6 mm, 5 

μm 
methanol–water (95: 5, v/v) 

4.00–48.0 

DIF 

50.0–400.0 

ISO 

280 
0.76 DIF 

0.22 ISO 
[40] 

19 
Isoconazole nitrate 

and diflucortolone 

valerate in pharma-

C18 250 × 4.6 mm, 5 

μm 

methanol: water (80:20, v/v) 

The flow rate 1.0 mL/min 

15-240 ISO 

6-60 DIF 
220 

0.25 ISO 

0.45 DIF [41] 

C18 (UPLC) 50 x methanol: water (61:39, v/v)   0.11 ISO 
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No. Drug 
Column/Stationary 

phase 
Mobile phase 

Working 

range 

(μg/mL) 

Detection 

(nm) 

Detection 

limit 

(μg/mL) 

Ref. 

ceutical creams 2.1 mm, 1.8 µm 

40°C 

The flow rate 0.5 mL/min 0.35 DIF 

20 

Isoconazole nitrate 

and diflucortolone 

valerate cream 

C18 150 × 4.6 mm, 5 

μm at 40°C 

0.03 M NaH2PO4 buffer and 

methanol mixture in the ratio 

of 27: 73, v/v. The flow rate 

was 1.5 mL/min 

2-12 DIF 

20-123 ISO 
240 

0.2 DIF 

1.0 ISO 
[42] 

21 

Isoconazole nitrate 

and diflucortolone 

valerate cream 

C18 250 × 4.6 mm, 5 

μm 

acetonitrile: methanol 

80:20%v/v. The flow rate 1 

mL/min 

10–90 ISO 

2–18 DIF 
230 NA [18] 

22 

Ketoconazole and 

beclomethasone in 

bulk and cream 

C18 250 × 4.6 mm, 5 

μm 

ethanol: 0.1 M KH2PO4 buffer 

(pH 2.5) 33: 67 v/v. The flow 

rate was 1.0 mL/min 

140–260 

KET 

1.75–3.75 

BMT 

 
 

NA 

 

[43] 

23 

Beclomethasone 

dipropionate and 

ketoconazole in 

combined dosage 

form 

C18 250 × 4.6 mm, 5 

μm 

acetonitrile: acidic water (pH 

is adjusted 6.0 with acetic 

acid) 

(57: 43, v/v) at flow rate of 0.8 

mL/min. 

0.5-50 for 

both 
254 

0.108 BEC 

0.161 KET 
[44] 

24 

Hydrocortisone and 

miconazole in topi-

cal dosage forms 

C18 250 × 4.6 mm, 5 

μm 

Methanol: Buffer (KH2PO4 

0.1 M) 80:20 v/v, at a flow 

rate of 1.0 mL/min. 

20-80 for 

both 
239 

0.56 HCA 

0.57 MCN 
[45] 

25 

Hydrocortisone 

acetate and micona-

zole nitrate in cream 

C18 4.6 × 250 mm, 5 

μm 

0.1 M 

ammonium acetate (80:20, 

v/v) at a flow rate of 1.0 

ml/min 

10-60 MCN 

20-60 HCA 
225 

0.87 HCA 

2.03 MCN 
[46] 

26 

Econazole nitrate, 

triamcinolone ace-

tonide and benzoic 

acid in ternary mix-

ture 

C18 4.6 × 150 mm, 5 

μm 

methanol: 50 mM potassium 

dihydrogen phosphate buffer 

(pH 2.60±1), (70:30, v/v) 

Isocratic flow rate at 1.0 

mL/min 

10-200 ECO 

1-20 TRI 
230 NA [47] 

27 

Econazole nitrate, 

triamcinolone ace-

tonide, benzoic acid 

and butylate hy-

droxyanisole 

C8 4.6 × 150 mm, 5 

μm 

Gradient elution of the mobile 

phase composed of 0.2% w/v 

phosphoric acid (adjusted to 

pH 3.0 using ammonia solu-

tion) and methanol. 0 min; 

75% A at 8 min; 40% A, at 10 

min; 40% A at 11-15 min; 

35% A. The flow rate was 2.0 

mL/min. At 19-20 min; 30% 

A. The flow rate was 2.0 

mL/min. 

1.5–300 

ECO 

1–200 TRI 

0.6–100 BA 

1–100 BHA 

225 ECO 

242 TRI 

290 BHA 

0.15 ECO 

0.14 TRI 
[48] 

28 

Triamcinolone and 

econazole in the 

presence of impuri-

ties and degradation 

products 

C18 4.6 × 250 mm, 5 

μm 

acetonitrile–methanol–0.05 M 

potassium 

dihydrogen phosphate mobile 

phase, pH 3.0 

(25.0 + 15.0 + 60.0, v/v/v) 

0.05–30.00 

TRI 

1.00–40.00 

ECO 

225 
0.015 TRI 

0.317 ECO 
[22] 

29 
Clobetasol and ke-

toconazole in cream 

C18 4.6 × 250 mm, 5 

μm 

methanol: acetonitrile: phos-

phate buffer (50:20:30 v/v/v) 

as mobile phase 

composition. The flow rate 

6-14 CLB 

120-280 

KET 

254 
0.7 CLB 

2.0 KET 
[49] 
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No. Drug 
Column/Stationary 

phase 
Mobile phase 

Working 

range 

(μg/mL) 

Detection 

(nm) 

Detection 

limit 

(μg/mL) 

Ref. 

was adjusted to 1.5 mL/min 

30 

Ketoconazole and 

clobetasol propio-

nate cream 

C8 4.6 mm x 100 

mm, 2.7 μm 

A gradient elution was per-

formed using acetonitrile (A) 

and 0.01 M ammonium ace-

tate (pH 7.5) in purified water 

(B), following the specified 

gradient program. 

0-7 min→ 25%-30% A 

7-8 min →30-34% A 

8-25 min→34-40%A 

25-35 min→40-48%A 

35-42 min→48–55% A 

42-47 min→55% A. The flow 

rate was 1.0 mL/min. 

 MS 
0.06 for 

both 
[50] 

31 

Miconazole and 

Clobetasol and 

Characterization of 

Hydrolytic 

Degradation Prod-

ucts 

C18 150 × 4.6 mm, 5 

μm Column tem-

perature 40°C 

ammonium acetate buffer (10 

mm, pH 4.2 adjusted with 

acetic acid) and acetonitrile 

(43:57 v/v). The flow rate was 

0.75 ml/min. 

100-600 

MCN 

5-30 CLB 

240 MS 
3.85 MCN 

0.29 CLB 
[51] 

32 

Hydrocortisone and 

clotrimazole in top-

ical dosage 

C18 250 × 4.6 mm, 5 

μm 

acetonitrile: buffer (dissolve 

4.35 g of dibasic potassium 

phosphate in 

water to make 1000 mL of 

solution) 75:25%, v/v 

The flow rate was kept at 1.0 

mL/minute. 

100–300 for 

both 
254 

14.39 HCA 

11.23 CLT 
[52] 

33 

Halobetasol propio-

nate and miconazole 

nitrate in marketed 

formulation 

C18 250 × 4.6 mm, 5 

μm 

A mixture of 0.2% ortho-

phosphoric acid in water and 

acetonitrile (40:60 v/v) was 

used as the mobile phase, with 

a flow rate of 1.0 mL/min. 

8-12 HAL 

320-480 

MCN 

291 
0.87 HAL 

14.7 MCN 
[53] 

34 

Methylparaben, 

ketoconazole, and 

mometasone furoate 

in topical pharma-

ceutical dosage for-

mulation 

C18 4.6 × 250 mm, 5 

μm 

0.2% v/v triethyl amine in 

water, pH adjusted to 6.5 with 

glacial acetic acid): acetoni-

trile (40:60, v/v). The flow 

rate was adjusted to 1.5 

mL/minute 

0.67–149.4 

KET 

0.42–7.6 

MOM 

250 
0.204 KET 

0.12 MOM 
[54] 

35 

Luliconazole and 

clobetasol propio-

nate in synthetic 

mixture 

C18 50 × 4.6 mm, 5 

μm 

Acetonitrile: Water pH ad-

justed with H3PO4 (60: 40) 

10-200 LUL 

5-100 CLB 
264 

0.032 LUL 

0.02 CLB 
[55] 

36 

Miconazole, tri-

amcinolone, 

methylparaben and 

propylparaben in 

cream 

C8 (150 x 4.6 mm, 5 

μm) Finasteride 

internal standard 

5 mM trichloroacetic acid in 

0.05% phosphoric acid and 

acetonitrile (52: 48% v/v) at a 

flow rate of 0.9 mL/min 

50-500 

MCN 

5-50 TRI 

264 NA [56] 

37 

Marbofloxacin, 

dexamethasone and 

clotrimazole in a 

liquid pharmaceuti-

C18 75 × 4.6 mm, 4 

µm 35°C 

(A) buffer solution (acetic 

acid/ ammonium acetate, pH 

4)/(B) acetonitrile, delivered 

by gradient elution, as fol-

60-140 

DEX 

600-1400 

260 NA [57] 
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No. Drug 
Column/Stationary 

phase 
Mobile phase 

Working 

range 

(μg/mL) 

Detection 

(nm) 

Detection 

limit 

(μg/mL) 

Ref. 

cal dosage form lows: (B) 0–3 min 17%, 4 min 

50%, 4–9 min 50%, 10 min 

70%, 11 min 70%, 12 min 

95%, 14 min 95%, 15 min 

17%, 20 min 17%. 

The flow rate was 1.7 mL/ 

min 

CLT 

Table 3. Methods for spectrophotometric methods analysis of azole antifungals combinations with corticosteroids. 

No. Analytes/Dosage form Method λ (nm) 
Working range 

(µg/mL) 
LOD (µg/mL) Ref. 

1 

miconazole nitrate and 

hydrocortisone acetate in 

pharmaceutical dosage form 

Absorbance correction 
205 MCN 

249 HCA 

1-12 MCN 

1-40 HCA 

0.4944 MCN 

1.5081 HCA 
[60] 

2 

miconazole nitrate and hy-

drocortisone in bulk powder 

and in topical cream 

First derivative of the 

ratios spectra 

233, 285 MCN 

240, 256 HCA 

5-30 MCN 

5-30 HCA 

0.5 MCN 

1.2 HCA 

[61] 

Absorbance correction 
231.5 total 

241.5 HCA 

5-30 

5-30 

1.3 MCN 

0.81 HCA 

Factorized absorptivity 

Method 

217.5, 224 nm (two 

isosbestic points) 

241.5 HCA 

3-25 

3-15 

0.81 MCN 

0.79 HCA 

Bivariate method 223 and 237 
10-30 

10-35 

0.3 MCN 

0.81 HCA 

3 
mometasone furoate and 

miconazole nitrate in cream 

First derivative 
270.5 MCN 

282.1 MOM 

5-80 MCN 

50-500 MOM 

0.93 MCN 

8.25 MOM 
[24] 

Derivative ratio 
267.1 MCN 

281.2 HCA 

5-50 MCN 

30-600 MOM 

1.44 MCN 

1.78 MOM 

4 

mometasone furoate and 

miconazole nitrate in topical 

pharmaceuticals 

Derivative ratio spectra 

(DD) 

265.5 MOM 

284.2 MCN 

6-33 MOM 

180-840 MCN 

NA [62] 

Derivative of double 

divisor of ratio spectra 

(DD-RS) 

251.5 MOM 

262.3 MCN 

3-33 MOM 

60-840 MCN 

Mean centering 
249 MOM 

279 MCN 

6-33 MOM 

60-480 MVN 

Partial Least Squares 

(PLS) method 
200-400 

6-33 MOM 

60-840 MCN 

Principal component 

regression (PCR) method 
 

6-33 MOM 

60-480 MVN 

5 

betamethasone dipropionate, 

clotrimazole and benzyl 

alcohol in cream 

Principal component 

regression (PCR) 

Partial Least Squares 

(PLS) 

Artificial Neural Net-

235 – 275 

8-16 BMD 

120-200 MCN 

200-400 BA 

NA [63] 
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No. Analytes/Dosage form Method λ (nm) 
Working range 

(µg/mL) 
LOD (µg/mL) Ref. 

works (ANN) 

6 

clotrimazole and beclome-

thasone dipropionate in their 

combined dosage forms 

Q-absorption ratio 

260.6 (λmax of CLT) 

250.8 (Isoabsorptive 

point) 

100-450 CLT 

6-34 BMD 

1.65 CLT 

0.32 BMD 

[64] 
Dual Wavelength 

237, 241 BMD 

259, 264 CLT 

1.7 CLT 

0.41 BMD 

First Order Derivative 
260.8 CLT 

239 BMD 

0.58 CLT 

0.22 BMD 

7 

betamethasone, clotrimazole 

and neomycin in topical 

cream 

Simultaneous equation 240 and 300 
10-50 CLT 

2 – 10 BMD 

1.25 CLT 

0. 99 BMD 
[65] 

8 
clotrimazole and dexame-

thasone in cream 

Mean centering 

CLT: 205–240 

measuring amplitude 

234 

DEX: 205–240 

dividing by ampli-

tude 234 

1-12 CLT 

2-20 DEX 

NA [66] 

Partial Least Squares 

(PLS) method 
233–278 

1-12 CLT 

2-20 DEX 

Principal component 

regression (PCR) method 
  

9 
clotrimazole with dexame-

thasone in cream 

Constant center 
260 CLT 

239 DEX 

75–550 CLT 

2–20 DEX 
NA [67] 

Constant value via am-

plitude difference 

247 CLT 

266.6 DEX 

Ratio difference 

247 and 266.6 CLT 

270 nm and 247 

DEX 

Derivative ratio 
272 CLT 

P242–252 DEX 

10 
clotrimazole and hydrocor-

tisone in a topical cream 

First derivative 
247.4 CLT 236.2 

HCA 

5‐40 CLT 

5‐45 HCA 

1.21 CLT 

1.26 HCA 

[68] 

Second derivative of 

ratio 
225.4 CLT 269 HCA 

1.13 CLT 

1.38 HCA 

Dual wavelength 
225.4 and 264 CLT 

228 and 247 HCA 

1.56 CLT 

1.14 HCA 

Advanced absorbance 

subtraction 
225.4 and 264 

1.39 CLT 

1.44 HCA 

Mean centering of ratio 

spectra 
232-265 

1.43 CLT 1.18 

HCA 

11 
diflucortolone valerate and 

isoconazole nitrate in cream 

Constant center 
238 DIF 

272.2 ISO 5-60 DIF 

65-850 ISO 
NA [69] 

Ratio difference 
245.5 and 255 DIF 

260 and 270 ISO 
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No. Analytes/Dosage form Method λ (nm) 
Working range 

(µg/mL) 
LOD (µg/mL) Ref. 

First derivative ratio 

spectra 

241.1 DIF 

279.8 ISO 

Mean centering of ratio 

spectra 

245.6 DIF 

282 nm ISO 

12 

isoconazole nitrate and 

diflucortolone valerate in 

creams 

Second derivative 
289.2 ISO 

262 DIF 

100-500 ISO 

5-25 DIF 

2.63 ISO 

0.54 DIF 
[41] 

13 

betamethasone and lu-

liconazole in synthetic mix-

ture 

Simultaneous equations 
243.20 LUL 225.00 

BET 

10-50 LUL 

20-100 BET 

0.083 LUL 

0.249 BET 
[70] 

 

3. Conclusion 

This review provides an in-depth analysis of the progres-

sion of analytical methods used for quantifying azole anti-

fungal agents combined with corticosteroids in topical phar-

maceutical formulations from 1999 to 2024. 

High-performance liquid chromatography (HPLC) has 

emerged as the most widely utilized technique, featuring in 

nearly 60% of the reported studies. Its popularity is largely due 

to its exceptional sensitivity, reliability, and capability to ef-

fectively separate complex mixtures, although it requires 

organic solvents and involves high operational costs. Other 

commonly employed methods include UV-visible spectro-

photometry (24.5%) and thin-layer chromatography (≈14%), 

both valued for their simplicity, affordability, and ease of 

method optimization. These attributes make them particularly 

attractive for routine quality control applications in pharma-

ceutical laboratories where resources or access to advanced 

instrumentation may be limited. Capillary zone electrophore-

sis (CZE), recognized for its environmentally friendly nature 

and minimal solvent consumption, remains the least utilized 

technique, with only a single study (<2%) documented over 

the 25-year review period. This limited adoption may be due 

to challenges related to reproducibility, method development 

complexity, and a lack of widespread availability in pharma-

ceutical laboratories. 

Figure 1 presents the distribution of analytical techniques 

employed for the determination of azole-corticosteroid com-

binations throughout the study period. Moving forward, re-

search efforts should prioritize the refinement of analytical 

methodologies by integrating the quality-by-design (QbD) 

approach to improve method reliability and efficiency. Fur-

thermore, a stronger focus on green analytical chemistry is 

essential, promoting the adoption of environmentally friendly 

solvents and miniaturized techniques to minimize ecological 

impact while preserving analytical accuracy. Advancing these 

aspects will support the development of more sustainable and 

effective quality control strategies for azole antifun-

gal-corticosteroid formulations. 

 
Figure 1. Reported analytical techniques for the quantification of 

azole antifungal and corticosteroid combinations: percentage dis-

tribution of from 1999 to 2024. 

Abbreviations 

FDC Fixed-dose Combination 

QC Quality Control 

RPHPLC Reverse-phase High-performance Liquid 

Chromatography 

HPLC High-performance Liquid Chromatography 

TLC Thin-layer Chromatography 

HPTLC High-performance Thin-layer 

Chromatographic 

CZE Capillary Zone Electrophoresis 

Rf Retardation Factor 

BP British Pharmacopoeia 

USP United States Pharmacopoeia 

ICH International Conference on Harmonization 

AQbD Analytical Quality by Design 

PCR Principal Component Regression 

PLS Partial Least Squares 

ANN Artificial Neural Networks 

CLT Clotrimazole 
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HCA Hydrocortisone Acetate 

MCN Miconazole 

FLC Fluocinolone Acetonide 

MOM Mometasone Furoate 

NAD Nadifloxacin 

ISO Isoconazole 

DIF Diflucortolone 

CLB Clobetasol Propionate 

BET Betamethasone Valerate 

ECO Econazole Nitrate 

TRI Triamcinolone Acetonide 

MUP Mupirocin 

BMD Betamethasone Dipropionate 

BA Benzyl Alcohol 

DEX Dexamethasone Acetate 

LUL Luliconazole 

HAL Halobetasol Propionate 

LID Lidocaine 

CHL Chloramphenicol 

LIG Lignocaine 

KET Ketoconazole 

BEC Beclomethasone Dipropionate 

BAA Benzoic Acid 

BHA Butylate Hydroxyanisole 

Author Contributions 

Imad Osman Abu Reid: Conceptualization, Supervision, 

Writing – review & editing 

Sayda Mohamed Osman: Data curation, Formal analysis 

Somia Mohammed Bakheet: Methodology, Writing – 

original draft 

Funding 

This work is not supported by any external funding. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Schaller, M., Friedrich, M., Papini, M., Pujol, R. M., & Veraldi, 

S. (2016). Topical antifungal-corticosteroid combination ther-

apy for the treatment of superficial mycoses: Conclusions of an 

expert panel meeting. Mycoses, 59(6), 365–373.  

https://doi.org/10.1111/myc.12483 

[2] Verma, S., & Madhu, R. (2017). The great Indian epidemic of 

superficial dermatophytosis: An appraisal. Indian Journal of Der-

matology, 62(3), 227–236. https://doi.org/10.4103/ijd.IJD_206_17 

[3] Rana, P., Ghadlinge, M., and Roy, V. (2021). Topical antifun-

gal-corticosteroid fixed-drug combinations: Need for urgent 

action. Indian Journal of Pharmacology, 53(2), 82–84. 

https://doi.org/10.4103/ijp.IJP_179_21 

[4] El-Gohary, M., van Zuuren, E. J., Fedorowicz, Z., Burgess, H., 

Doney, L., Stuart, B., Moore, M., and Little, P. (2014). Topical 

antifungal treatments for Tinea cruris and Tinea corporis. 

Cochrane Database of Systematic Reviews, 2014(8). 

https://doi.org/10.1002/14651858.CD009992.pub2 

[5] Como, J. A., & Dismukes, W. E. (1994). Oral azole drugs as 

systemic antifungal therapy. New England Journal of Medicine, 

330(4), 263–271.  

https://doi.org/10.1056/NEJM199401273300407 

[6] Esposito, M. C., Santos, A. L. A., Bonfilio, R., and de Araujo, 

M. B. (2020). A critical review of analytical methods in phar-

maceutical matrices for determination of corticosteroid. Criti-

cal Reviews in Analytical Chemistry, 50(2), 111–124. 

https://doi.org/10.1080/10408347.2019.1579938 

[7] Gupta, Y. K., & Ramachandran, S. S. (2016). Fixed-dose drug 

combinations: Issues and challenges in India. Indian Journal of 

Pharmacology, 48(4), 347.  

https://doi.org/10.4103/0253-7613.186200 

[8] Garber, A. J., Donovan, D. S., Dandona, P., Bruce, S., and Park, 

J. S. (2003). Efficacy of glyburide/metformin tablets compared 

with initial monotherapy in type 2 diabetes. Journal of Clinical 

Endocrinology & Metabolism, 88(8), 3598–3604.  

https://doi.org/10.1210/jc.2002-021829 

[9] Goldstein, B. J., Pans, M., & Rubin, C. J. (2003). Multicenter, 

randomized, double-masked, parallel-group assessment of 

simultaneous glipizide/metformin as second-line pharmaco-

logic treatment for patients with type 2 diabetes mellitus that is 

inadequately controlled by a sulfonylurea. Clinical Therapeu-

tics, 25(3), 890–903.  

https://doi.org/10.1016/S0149-2918(03)80090-5 

[10] Katzung, B. G. (2018). Basic and clinical pharmacology (14th 

ed.). Lange Medical Books. 

[11] Desai, D., Wang, J., Wen, H., Li, X., and Timmins, P. (2013). 

Formulation design, challenges, and development considera-

tions for fixed-dose combination (FDC) of oral solid dosage 

forms. Pharmaceutical Development and Technology, 18(6), 

1265–1276. https://doi.org/10.3109/10837450.2012.762095 

[12] The British Pharmacopoeia. (2024). HM Stationery Office, 

London. I-739, II-143, III-918, 1238. 

[13] The United States Pharmacopeia. (2024). The National For-

mulary. U.S. Pharmacopeial Convention, Washington, DC. 

[14] Cimpoiu, C., & Hodisan, S. (2002). Quantitative thin-layer 

chromatography analysis by photodensitometry. Reviews in 

Analytical Chemistry, 21(1), 55–75.  

https://doi.org/10.1515/REVAC.2002.21.1.55 

[15] Patel, K. G., Shah, P. M., Shah, P. A., & Gandhi, T. R. (2016). 

Validated high-performance thin-layer chromatographic 

(HPTLC) method for simultaneous determination of nadiflox-

acin, mometasone furoate, and miconazole nitrate cream using 

fractional factorial design. Journal of Food and Drug Analysis, 

24(3), 610–619. https://doi.org/10.1016/j.jfda.2016.02.005 

http://www.sciencepg.com/journal/ijpc


International Journal of Pharmacy and Chemistry http://www.sciencepg.com/journal/ijpc 

 

44 

[16] Zanwar, A. S., Sen, D. B., Maheshwari, R. A., Chandrakar, V. 

R., Seth, A. K., & Sen, A. K. (2020). Simultaneous analysis of 

mometasone furoate, miconazole nitrate, and nadifloxacin in 

cream formulation by HPTLC. Journal of Applied Pharmaceu-

tical Science, 10(7), 108–115.  

https://doi.org/10.7324/JAPS.2020.10714 

[17] Zanwar, A. S., Nahata, A. N., Sen, A. K., Sen, D. B., Zanwar, S., 

& Patel, M. (2024). Comprehensive quantification of micona-

zole nitrate, mupirocin, and mometasone furoate: A dual anal-

ysis via HPLC and HPTLC with comparative evaluation 

against greenness parameters. Chromatographia, 18(1–2).  

https://doi.org/10.1007/s10337-024-04338-8 

[18] El-Ghobashy, M. R., Fayez, Y. M., Goda, Z. M., and Shehata, 

M. A. (2016). HPLC and TLC chromatographic methods for 

simultaneous determination of binary mixture of isoconazole 

nitrate and diflucortolone valerate. Bulletin of Faculty of 

Pharmacy, Cairo University, 54(1), 33–37.  

https://doi.org/10.1016/j.bfopcu.2015.12.001 

[19] Malani, P. S., Raj, H. A., and Jain, V. C. (2014). Development 

and validation of analytical method for simultaneous estimation 

of miconazole nitrate and clobetasol propionate in cream by 

HPTLC method. Pharma Science Monitor, 5(1). 

https://doi.org/10.19225/26407 

[20] Indrayanto, G., Widjaja, S., and Sutiono, S. (1999). Simulta-

neous densitometric determination of betamethasone valerate 

and miconazole nitrate in cream, and its validation. Journal of 

Liquid Chromatography & Related Technologies, 22(1), 143–

152. https://doi.org/10.1080/10826079908048896 

[21] Patel, A. J., Joshi, D. M., Choyal, M. S., and Patel, B. D. (2015). 

Development and validation of stability-indicating HPTLC 

method for simultaneous estimation of fluocinolone acetonide 

and miconazole nitrate in ointment. Asian Journal of Pharma-

ceutical Analysis, 5(2), 49–60.  

https://doi.org/10.1016/j.ajpha.2015.04.004 

[22] Abbas, S. S., Hegazy, M. A., Hendawy, H. A., Weshahy, S. A., 

and Abdelwahab, M. H. (2018). Resolution and quantitation of 

triamcinolone acetonide and its co-formulated drug in the 

presence of its impurities and degradation products by HPTLC 

and HPLC. Journal of AOAC International, 101(4), 981–991. 

https://doi.org/10.5740/jaoacint.18-0192 

[23] Korany, M. A., Maher, H. M., Galal, S. M., and Ragab, M. A. 

(2013). Development and optimization of a capillary zone 

electrophoresis technique for simultaneous determination of 

miconazole nitrate and hydrocortisone acetate in a cream 

pharmaceutical formulation. Journal of AOAC International, 

96(6), 1295–1301. https://doi.org/10.5740/jaoacint.13-139 

[24] Ramzia, I., Marwa, A. F., Manal, A. E., and Enas, H. T. (2013). 

Derivative, derivative of the ratio spectrophotometric and sta-

bility-indicating RP–HPLC methods for the determination of 

mometasone furoate and miconazole nitrate in cream. Journal 

of Chemical and Pharmaceutical Research, 5(11), 368–378. 

https://doi.org/10.13140/2.1.2270.9447 

[25] Fahmy, N. M., and Farouk, F. (2024). An eco-friendly 

HPLC-DAD determination of corticosteroids combined with 

other therapeutic compounds in bulk and topical formulations: 

Greenness and whiteness assessment. Journal of Analytical 

Chemistry, 79(3), 318–329.  

https://doi.org/10.1134/S1061934824030165 

[26] Tarek, M., Wagdy, H. A., Elzanfaly, E. S., and Amer, S. M. 

(2019). A validated ultra-performance liquid chromatographic 

method for the simultaneous determination of nadifloxacin, 

mometasone furoate, and miconazole nitrate in their combined 

dosage form and spiked human plasma samples. Journal of 

Chromatographic Science, 57(10), 867–873.  

https://doi.org/10.1093/chromsci/bmz076 

[27] Devaraj, S., Sivaperuman, A., Nagarajan, N. (2020). 

NCRP-UPLC method development and validation for simul-

taneous estimation of mometasone furoate and miconazole ni-

trate in semisolid dosage form. ACTA Pharmaceutica Sciencia, 

58(3), 335–348.  

https://doi.org/10.18311/acta-pharmaceutica-scientia-2020-59

83684 

[28] Shah, K. A., Dave, J. B. (2015). Development and validation of 

RP-HPLC and HPTLC methods for simultaneous estimation of 

mometasone furoate and miconazole nitrate in cream formula-

tion. World Journal of Pharmacy and Pharmaceutical Sciences, 

4(6), 1156–1172. https://doi.org/10.1016/j.wjps.2015.05.020 

[29] Zanwar, A. S., Sen, A. K., Maheshwari, R. A., Chandrakar, V., 

Seth, A. K., and Sen, D. B. (2020). A new analytical HPLC 

method for quantification of mometasone furoate, nadifloxacin, 

and miconazole nitrate in semisolid dosage form. International 

Journal of Pharmaceutical Research, 2020(09752366).  

https://doi.org/10.31838/ijpr/2020.12.01.143 

[30] El-Bagary, R. I., Elkady, E. F., Tammam, M. H., & Elmaaty, A. 

A. (2012). Simultaneous determination of miconazole and hy-

drocortisone or mometasone using reversed-phase liquid 

chromatography. European Journal of Chemistry, 3(4), 421–

425. https://doi.org/10.1002/ejic.201200217 

[31] Dhudashia, K., Patel, A., Patel, C. (2013). Development and 

validation of a reversed-phase HPLC method for simultaneous 

estimation of clotrimazole and beclomethasone dipropionate in 

lotion and cream dosage form. Chronicles of Young Scientists, 

4(2), 102–107. https://doi.org/10.4103/2229-5186.115548 

[32] Sathwik, M., Raghav, P. V., Kumari, A. S., and Rahaman, S. A. 

(2018). Development and validation of new analytical method 

for the estimation of beclomethasone dipropionate, clotrima-

zole and neomycin sulphate in bulk and pharmaceutical dosage 

forms. Indo Global Journal of Pharmaceutical Sciences, 8(3), 

88–91. https://doi.org/10.35652/igjps.2018.8891 

[33] Havaldar, F., Aggarwal, A., Rege, P. (2017). Stabil-

ity-indicating RP-HPLC method for simultaneous determina-

tion of beclomethasone dipropionate and clotrimazole from 

dosage form. International Journal of ChemTech Research, 

10(9), 437–442. https://doi.org/10.20902/IJCTR.2017.100946 

[34] Bhaskararao, P., Dannana, G. S. (2019). Development of sta-

bility-indicating RP-HPLC method for the estimation of be-

clomethasone, neomycin, lignocaine, and clotrimazole in ear 

drops. International Journal of Pharmaceutical Research, 11(1), 

275. https://doi.org/10.31838/ijpr/2019.11.01.048 

http://www.sciencepg.com/journal/ijpc


International Journal of Pharmacy and Chemistry http://www.sciencepg.com/journal/ijpc 

 

45 

[35] Gandhi, S. V., Ogale, A. D. (2017). Development and valida-

tion of stability-indicating RP-HPLC method for simultaneous 

estimation of beclomethasone dipropionate and clotrimazole. 

Eurasian Journal of Analytical Chemistry, 12(4), 395–404. 

https://doi.org/10.12973/ejac.2017.00169a 

[36] Reddy, U. K., Reddy, H., Bobbarala, V., and Penumajji, S. 

(2018). Determination of beclomethasone dipropionate, clot-

rimazole, chloramphenicol, and lidocaine in pharmaceutical 

formulations using a novel RP-HPLC method. International 

Journal of Pharmacy and Bio Sciences, 2, 453–462. 

https://doi.org/10.22376/ijpbs.2018.9.2.p453-462 

[37] Hassib, S. T., Mahrouse, M. A., Elkady, E. F., and Sayed, R. M. 

(2018). Simultaneous HPLC determination of betamethasone 

esters-containing mixtures: Analysis of their topical prepara-

tions. Journal of Chromatographic Science, 56(8), 716–723. 

https://doi.org/10.1093/chromsci/bmy052 

[38] Manassra, A., Khamis, M., El-Dakiky, M., Abdel-Qader, Z., 

and Al-Rimawi, F. (2010). Simultaneous HPLC analysis of 

betamethasone and clotrimazole in cream formulations. Phar-

maceutical Analysis Acta, 1(2), 1–3.  

https://doi.org/10.4172/2153-2435.1000102 

[39] Lin, M., Wu, N. (1999). Comparison between micellar elec-

trokinetic chromatography and HPLC for the determination of 

betamethasone dipropionate, clotrimazole, and their related 

substances. Journal of Pharmaceutical and Biomedical Analy-

sis, 19(6), 945–954.  

https://doi.org/10.1016/S0731-7085(98)00233-7 

[40] Karacan, E., Çağlayan, M. G., Palabıyik, İ. M., and Onur, F. 

(2011). Liquid chromatographic and spectrophotometric de-

termination of diflucortolone valerate and isoconazole nitrate in 

creams. Journal of AOAC International, 94(1), 128–135. 

https://doi.org/10.1093/jaoac/94.1.128 

[41] Özen, G., Gümüştaş, M., Satankara, H. E., Günden Göger, N., 

Uslu, B., and Özkan, S. A. (2015). Quantitative determination 

of isoconazole nitrate and diflucortolone valerate in pharma-

ceutical creams by UPLC, HPLC, and improved derivative UV 

spectrophotometry. Revue Roumaine de Chimie, 60(5–6), 527–

535.  

https://doi.org/10.33224/rrch.2015.60.5-6.11 

[42] Gündoğdu, S., Şimşek, F., Doğanay, A., and Çapan, Y. İ. (2019). 

Development and validation of stability-indicating HPLC 

method for diflucortolone valerate and isoconazole nitrate 

combination. Acta Poloniae Pharmaceutica, 76(1), 49–58. 

https://doi.org/10.32383/appdr/92935 

[43] Kannaiah, K. P., Sugumaran, A. (2022). Environmental benign 

AQbD-based estimation of ketoconazole and beclomethasone 

by RP-HPLC and multi-analytical UV spectrophotometric 

method. Microchemical Journal, 172, 106968.  

https://doi.org/10.1016/j.microc.2021.106968 

[44] Paresh, P. (2014). Development and validation of RP-HPLC 

method for estimation of beclomethasone dipropionate and 

ketoconazole in combined dosage form. International Journal 

of Pharmaceutics and Drug Analysis, 15, 334–340.  

https://doi.org/10.13140/2.1.1068.5769 

[45] Manikanta, A. Y. (2015). Analytical method development and 

validation of hydrocortisone and miconazole simultaneous in 

topical dosage form by RP-HPLC. World Journal of Pharma-

ceutical Research, 4(8), 2063–2080.  

https://doi.org/10.20959/wjpr20158-4420 

[46] Bhosale, S., Rajput, S. J. (2014). RP-HPLC method for simul-

taneous estimation of hydrocortisone acetate and miconazole 

nitrate in a cream formulation. Inventi Rapid: Pharmaceutical 

Analysis & Quality Assurance, 2014(3), 1–4. 

[47] El-Zaher, A. A., Elkady, E. F., and Al-Tahami, A. A. (2019). 

RP-HPLC-UV detection method for the simultaneous deter-

mination of econazole nitrate, triamcinolone acetonide, and 

benzoic acid in ternary mixture. Current Pharmaceutical 

Analysis, 15(7), 738–744.  

https://doi.org/10.2174/1573412915666190219153448 

[48] Baker, M. M., Belal, T. S., Mahrous, M. S., Ahmed, H. M., and 

Daabees, H. G. A. (2016). Validated stability-indicating 

HPLC-DAD method for simultaneous determination of econ-

azole nitrate, triamcinolone acetonide, benzoic acid, and bu-

tylated hydroxyanisole in cream dosage form. Analytical 

Methods, 8(10), 2185–2200.  

https://doi.org/10.1039/C5AY02746B 

[49] Barange, H., Asghar, S., and Gour, P. (2017). Development of 

analytical method and validation for simultaneous estimation of 

clobetasol propionate and ketoconazole in pharmaceutical 

cream formulation by RP-HPLC method. International Ar-

chives of Pharmaceutical Sciences, 4(10), 3779–3786. 

[50] Yang, W., Yang, X., Shi, F., Liao, Z., Liang, Y., Yu, L., Wang, 

R., Li, Q., and Bi, K. (2019). Qualitative and quantitative as-

sessment of related substances in the compound ketoconazole 

and clobetasol propionate cream by HPLC-TOF-MS and HPLC. 

Journal of Pharmaceutical Analysis, 9(3), 156–162.  

https://doi.org/10.1016/j.jpha.2018.08.006 

[51] Karnik, A., Tambe, V., Kuchekar, B. S. (2022). Development 

and validation of liquid chromatography method for simulta-

neous estimation of miconazole and clobetasol and character-

ization of hydrolytic degradation products using liquid chro-

matography with tandem mass spectrometry. Indian Journal of 

Pharmaceutical Sciences, 84(2), 268–280.  

https://doi.org/10.36468/pharmaceutical-sciences.920 

[52] Iqbal, D. N., Ashraf, A., Iqbal, M., and Nazir, A. (2020). Ana-

lytical method development and validation of hydrocortisone 

and clotrimazole in topical dosage form using RP-HPLC. Fu-

ture Journal of Pharmaceutical Sciences, 6, 1–7.  

https://doi.org/10.1186/s43094-020-00065-7 

[53] Patel, K., Rohit, M., Patel, S. (2017). Development and vali-

dation of assay methods for the estimation of halobetasol pro-

pionate and miconazole nitrate in marketed formulation. World 

Journal of Pharmaceutical Research, 6(3), 1215–1237. 

[54] Roy, C., Chakrabarty, J. (2013). Stability-indicating validated 

novel RP-HPLC method for simultaneous estimation of 

methylparaben, ketoconazole, and mometasone furoate in 

topical pharmaceutical dosage formulation. International 

Scholarly Research Notices, 2013, 342794.  

https://doi.org/10.1155/2013/342794 

http://www.sciencepg.com/journal/ijpc


International Journal of Pharmacy and Chemistry http://www.sciencepg.com/journal/ijpc 

 

46 

[55] Solanki, B., Joshi, H. (2021). Development and validation of a 

new RP-HPLC analytical method for the simultaneous deter-

mination of luliconazole and clobetasol propionate in synthetic 

mixture. Journal of Pharmaceutical Research International, 33, 

53–60. https://doi.org/10.9734/jpri/2021/v33i32b31742 

[56] Ei, Z. Z., Pimthon, J., Vajragupta, O., Leanpolchareanchai, J., 

and Phechkrajang, C. (2016). Development and validation of 

high-performance liquid chromatography method for deter-

mination of miconazole, triamcinolone, methylparaben, and 

propylparaben in cream. Mahidol University Journal of Phar-

maceutical Sciences, 43(5), 211–221. 

[57] De Robertis, S., Elviri, L., Bianchera, A., and Bettini, R. (2015). 

Stability-indicating liquid chromatography–

spectrophotometric UV method for the simultaneous determi-

nation of marbofloxacin, dexamethasone, and clotrimazole in a 

liquid pharmaceutical dosage form. Chromatographia, 78, 

1299–1304. https://doi.org/10.1007/s10337-015-2942-7 

[58] International Council for Harmonisation of Technical Re-

quirements for Pharmaceuticals for Human Use (ICH) Expert 

Working Group. (2005). Validation of analytical procedures: 

Text and methodology, Q2 (R1). Proceedings of the Interna-

tional Conference on Harmonization of Technical Require-

ments for Registration of Pharmaceuticals for Human Use, 

Chicago, IL, USA: ICH. 

[59] Scypinski, S., Roberts, D., Oates, M., and Etse, J. (2002). An-

alytical method transfer. Pharmaceutical Technology, 84(3), 

84–88. 

[60] Abbas, N., Arshad, M. S., Hussain, A., Irfan, M., Ahsan, M., 

Rasool, M. F., and ur Rehman, M. H. (2017). Development and 

validation of a spectroscopic method for the simultaneous 

analysis of miconazole nitrate and hydrocortisone acetate in 

pharmaceutical dosage form. Tropical Journal of Pharmaceu-

tical Research, 16(2), 413–420.  

https://doi.org/10.4314/tjpr.v16i2.21 

[61] Abou-Elkheir, A., Saleh, H., El-Henawee, M. M., and Ghareeb, 

B. E. (2015). Simultaneous determination of miconazole nitrate 

and hydrocortisone in bulk powder and in topical cream using 

four chemometric methods. International Journal of Pharma-

ceutical, Chemical & Biological Sciences, 5(1), 8–18. 

[62] Merey, H. A., El-Mosallamy, S. S., Hassan, N. Y., and El-Zeany, 

B. A. (2016). Spectrophotometric and chemometric study for 

the simultaneous determination of mometasone furoate and 

miconazole nitrate in the presence of pharmaceutical dosage 

form additive. Analytical Chemistry Letters, 6(1), 70–85. 

https://doi.org/10.1080/22297928.2016.1153980 

[63] Darwish, H. W., Elzanfaly, E. S., Saad, A. S., and Abdelaleem, 

A. E. B. (2016). Full spectrum and selected spectrum-based 

multivariate calibration methods for simultaneous determina-

tion of betamethasone dipropionate, clotrimazole, and benzyl 

alcohol: Development, validation, and application on com-

mercial dosage form. Spectrochimica Acta Part A: Molecular 

and Biomolecular Spectroscopy, 169, 50–57.  

https://doi.org/10.1016/j.saa.2016.06.001 

[64] Dhudashia, K. R., Patel, A. V., and Patel, C. N. (2012). Simul-

taneous UV spectrophotometric estimation of clotrimazole and 

beclomethasone dipropionate in their combined dosage forms 

by Q-absorption ratio, dual wavelength, and first-order deriva-

tive method. Inventi Journals: Pharmaceutical Analysis & 

Quality Assurance, 1(2), 94–97. 

[65] Vaikosen, E. N., Worlu, R. C., Bunu, S. J., Dode, E., and Doctor, 

M. (2023). Liquid separation and determination of betame-

thasone, clotrimazole, and neomycin in topical cream by 

UV-visible spectrophotometry. International Journal of Phar-

maceutical Sciences, 1(4), 170–179.  

https://doi.org/10.5281/zenodo.8114461 

[66] Fayez, Y. M., Tawakkol, S. M., Fahmy, N. M., Lotfy, H. M., 

and Shehata, M. A. A. (2018). Comparative study of the effi-

ciency of computed univariate and multivariate methods for the 

estimation of the binary mixture of clotrimazole and dexame-

thasone using two different spectral regions. Spectrochimica 

Acta Part A: Molecular and Biomolecular Spectroscopy, 194, 

126–135. https://doi.org/10.1016/j.saa.2018.01.009 

[67] Lotfy, H. M., Fayez, Y. M., Tawakkol, S. M., Fahmy, N. M., 

and Shehata, M. A. (2018). Spectrophotometric resolution of 

the severely overlapped spectra of clotrimazole with dexame-

thasone in cream dosage form by mathematical manipulation 

steps. Spectrochimica Acta Part A: Molecular and Biomolecu-

lar Spectroscopy, 202, 115–122.  

https://doi.org/10.1016/j.saa.2018.04.072 

[68] Fares, M. Y., Abdelrahman, M. M., Abdel-Rahman, H. M., & 

Abdelwahab, N. S. (2017). Development and validation of 

different spectrophotometric and chromatographic methods for 

determination of clotrimazole and hydrocortisone in a topical 

cream. European Journal of Chemistry, 8(4), 371–377. 

https://doi.org/10.5155/eurjchem.8.4.371-377.1646 

[69] Fayez, Y. M., Elghobashy, M. R., Goda, Z. M., and Shehata, M. 

A. (2016). Comparative study on four spectrophotometric 

methods manipulating ratio spectra for the simultaneous de-

termination of binary mixture of diflucortolone valerate and 

isoconazole nitrate. Bulletin of Faculty of Pharmacy, Cairo 

University, 54(1), 39–47.  

https://doi.org/10.1016/j.bfopcu.2015.12.003 

[70] Patel, R. C., Jain, V. C., Dedania, Z., Saiyed, N. R., and Patel, H. 

K. (2023). Development and validation of spectroscopic sim-

ultaneous equation method for simultaneous estimation of be-

tamethasone and luliconazole in synthetic mixture. World 

Journal of Biology, Pharmacy, and Health Sciences, 13(2), 

256–265. https://doi.org/10.30574/wjbphs.2023.13.2.0063 

 

 

http://www.sciencepg.com/journal/ijpc

