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A reverse phase high performance liquid chromatography method was developed to estimate miconazole 
nitrate and clobetasol propionate simultaneously from a cream formulation. The developed method was 
validated as per International council for harmonisation guidelines. The proposed method was effectively 
applied for the characterization of degradation products formed under hydrolytic stressed conditions. The 
major degradants formed by hydrolysis of both the analytes were separated, identified and characterized. 
Both drugs were found susceptible to acid and base hydrolytic conditions while were stable under neutral 
hydrolysis. The liquid chromatography with tandem mass spectrometry studies were further carried out 
on stressed samples that provided the accurate masses of drug and their degradation products. The mass 
spectral data and fragmentation patterns were further explored to characterize the degradants and assign 
structures to them. Total nine degradants were characterized and the degradation pathways for both the 
drugs were proposed.
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The antifungal agent, Miconazole nitrate (MIC) is 
used to treat topical fungal infection because of its 
effective action against dermatophytes and Candida 
albicans. Clobetasol propionate (CLO), a super potent 
class I corticosteroid with anti-inflammatory, vaso-
constrictive and anti-pruritic activity is a drug of choice 
to treat skin disorders like dermatoses, psoriasis and 
seborrhoea. The combination of CLO and MIC is 
used in various skin diseases like inflammatory skin 
conditions, itching, yeast infection of vagina and vulva 
and other conditions due to their synergistic effect[1].

An extensive literature indicates, High Performance 
Liquid Chromatography (HPLC) is widely used for 
estimation of MIC and CLO either alone[2-6] or in 
combination with another drugs[7-11] from formulation 
or biological fluid[12]. CLO is estimated using certain 
Ultraviolet (UV) spectrometry methods[13,14]. Few 

chromatographic methods based research articles on 
stability studies for the estimation of MIC alone[15,16] 
and in combination of MIC or CLO with another 
drug[17-20] have been reported. There also exist reports 
on simultaneous estimation of titled analytes in bulk  
sample and formulation by HPLC[21,22], High 
Performance Thin Layer Chromatography (HPTLC)[23] 
and UV spectrophotometry[24]. Thus, numerous methods 
have been published in the literature to estimate MIC 
and CLO in bulk, drug product as well as in bio samples. 
But, so far, there exists no report on the development 

*Address for correspondence
E-mail: archanacontact@yahoo.co.in

Accepted 04 March 2022
Revised 07 August 2021

Received 01 April 2021
Indian J Pharm Sci 2022;84(2):268-280

This is an open access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which  
allows others to remix, tweak, and build upon the work non-commercially,  
as long as the author is credited and the new creations are licensed under 
the identical terms

mailto:Dr.m.abdulaal84@gmail.com


March-April 2022Indian Journal of Pharmaceutical Sciences269

www.ijpsonline.com

and validation of suitable chromatographic method 
along with systematic identification of hydrolytic  
Degradation Products (DPs) of MIC and CLO produced 
under various pH conditions, as per International Council 
for Harmonisation (ICH) Q1A (R2) guidelines[25] which 
recommend these investigations to be carried on drug 
molecules. Hence, there was a need to develop HPLC 
method which is suitable for mass spectrometric studies 
for further characterization of major DPs. 

MATERIALS AND METHODS

Reagents and chemicals:

Pure MIC and CLO were provided as gratis samples 
by Leben laboratories Pvt. Ltd., Akola. HPLC grade 
solvents namely methanol, ammonium acetate and 
acetonitrile were procured from E. Merck (India) Ltd, 
Mumbai. Double distilled water, filtered through 0.2 μm 
filter was used throughout the experiment. Hydrochloric 
Acid (HCl) and Sodium Hydroxide (NaOH) (Analytical 
Reagent (AR) grade) were acquired from Research Lab 
Fine Chem. Ind., Mumbai. Tenovate-M cream (Glaxo 
SmithKline Pharmaceuticals Ltd.) containing MIC 2.0 
%, CLO 0.05 % and chlorocresol 0.1 % (preservative) 
was obtained from the market and used for analysis.

Instruments:

Waters HPLC system consisting of autosampler 
(717 plus), column oven, a binary pump (515) and 
PDA detector were used for method development 
and validation. Data was integrated using Empower 
version 2 software. The peak purity was assessed 
by PDA detector. Quadrupole-Time of Flight-Mass 
Spectrometry (Q-TOF-MS) experiment was performed 
on Agilent 6540 QTOF and Agilent Binary LC 1260 
to acquire fragmentation pattern of drugs and their 
DPs. Masshunter workstation software VB.05.01 was  
used for data processing and acquisition. Other 
instruments used during method development were 
Varian Cary-100 UV spectrophotometer, Shimadzu 
balance (AUW220D), pH Meter (Equip-Tronics-
EQ-621), ultrasonicator (5.5L-150H), hot air oven and 
micropipette. 

Optimization of chromatographic conditions:

The standard stock solutions of both the analytes were 
scanned from 200-400 nm and the overlain spectra was 
gained to select the appropriate analytical wavelength. 
The present method was intended to resolve degradants 
generated through hydrolytic forced degradation from 

MIC and CLO using mobile phase that would be 
suitable for further identification of degradants by LC-
MS/MS. 

Consequently, the mobile phase composition, its pH 
and flow rate were worked out along with suitable 
organic modifiers. Further, the column temperature 
was optimised. Numerous mobile phase modifications 
were tried to get optimally resolved analytes and DPs 
peaks. The separation was achieved using Cosmocil C18 
column (4.6 mm×150 mm, 5.0 µ) with a mobile phase 
comprising of 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. while the column 
temperature was maintained at 40°.  The detection 
wavelength 240 nm was selected.

This research work was further extended to characterize 
the DPs and to predict the degradation pathway. The 
optimization of Electrospray Ionization (ESI) source 
conditions was also performed to achieve optimum 
intensity signal and greater sensitivity to depict the 
DPs. The various ESI source parameters were improved 
like its temperature, drying gas flow, nebulizing gas 
flow and collision ionization dissociation voltage. The 
ionization of both drugs and their DPs was carried out 
on positive mode due to the presence of basic amino 
group and electronegative chloride to form positive 
ions rapidly.

The fragmentation pattern of both the drugs as well 
as their DPs was established using LC-Q-TOF-MS by 
positive ESI. The structures were assigned based on 
MS/MS data. 

Standard stock solution:

Precisely about 100 mg of each of MIC and CLO 
was weighed and 100 ml standard stock solutions 
were prepared in methanol separately containing  
1000 µg/ml of each analyte (Solution A). Further, 
dilution of 5 ml of solution A of each analyte up to 
100 ml resulted in 50 µg/ml of standard stock solution 
(Solution B). Further series standard solutions in the 
concentration range of 100-600 µg/ml and 5-30 µg/
ml of MIC and CLO respectively were prepared by 
transferring aliquots of standard stock solution A and 
B respectively and diluting to volume with methanol. 

Formulation assay and System Suitability Test 
(SST):

An aliquot of 2 g of cream containing 40 mg MIC  
(1 mg CLO) was sonicated for 30 min at 40° with  
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50 ml methanol in a volumetric flask (100 ml) until 
all cream components were melted. The resultant 
solution was diluted up to 100 ml, stirred vigorously for  
10 min at 100 rpm with magnetic stirrer and was kept in 
refrigerator until the matrix component were solidified. 
The subsequent mixture was filtered through Whatmann 
filter paper no. 42 to give final solution of 400 μg/ml of 
MIC and 10 μg/ml of CLO concentration. The resulting 
solution was passed through syringe filter (0.45 μm Pall 
Life Sciences) and introduced into HPLC system.  The 
chromatogram was noted and concentration of drugs in 
the cream was calculated by means of a standard curve. 
The estimation of formulation containing 400 μg/ml 
of MIC and 10 μg/ml of CLO under the optimized 
chromatographic conditions was executed six times. 
Five replicate analysis of standard solution under the 
optimized chromatographic conditions was considered 
to establish system suitability of the proposed method. 
The parameters measured were number of theoretical 
plates, area under curve, retention time, retention factor 
and resolution and peak purity.

Method validation:

Specificity: Specificity is the capability of the method to 
quantify the analyte response in presence of additional 
analytes and DPs. Peak purity profile was used to prove 
the chromatographic peak is formed by only single 
component. Empower software displays peak purity by 
comparison of peak spectra at the start at maxima and 
at the end of sample and standard peak. 

Hydrolytic degradation of the analytes was executed 
to degrade drug substances preferably up to 10 % 
-20 %. For acid/base/neutral stress, solutions 
comprising of 1000 µg/ml of each drug were made 
in 1 N HCl/1 N NaOH/distilled water respectively. 
The hydrolysis was carried out in dark, to exclude 
interference by light. Further the 1000 μg/ml of analyte 
solutions were subjected to hydrolysis at two different 
temperature conditions; i.e. at room temperature for 4 h 
and at 80° for 1 h reflux. The solutions were neutralised 
suitably.  Each sample hydrolysis was repeated thrice 
along with blank solutions. The nominal amount of  
400 μg/ml of MIC and 20 μg/ml of CLO in degradation 
sample was achieved by suitable dilution with mobile 
phase. An aliquot of 10 μl of this sample was analysed 
using proposed method. To find out the origin of DPs, 
the individual degraded analyte after hydrolysis was 
introduced into the column. The stress degradation 
studies were then performed in combination. 

Linearity and range: A series of standard solutions in 
the concentration range of 100-600 µg/ml and 5-30 µg/
ml of MIC and CLO respectively were prepared. The 
analytes were resolved and the standard curve of peak 
area vs. concentration was obtained. The linearity was 
assessed by linear regression, the slope and intercept 
were considered. The F test was executed where 
experimental and tabulated Fisher variance ratios were 
compared. The pattern of the residual plot was also 
evaluated to further validate the linearity.

Method sensitivity:

The subsequent equations were used to assess LOD and 
LOQ of the proposed method. 

LOD=3.3×σ/S

LOQ=10×σ/S

Where, σ is the standard deviation of the response

S is the slope of the calibration curve.

Accuracy (Recovery studies):

The accuracy of the method was demonstrated by the 
standard addition method at the concentration level 
of 80 %, 100 % and 120 %. For this, the amount of  
160 mg, 200 mg and 240 mg of standard MIC and  
4 mg, 5 mg and 6 mg of standard CLO was spiked to 
cream blend containing 200 mg and 5 mg of MIC and 
CLO respectively. The extraction was executed and 
assay was performed. The mean percentage recovery 
and percentage Relative Standard Deviation (% RSD) 
were calculated.

Precision:

The repeatability and intermediate precision studies  
were carried out by analysing sample solutions 
containing 400 μg/ml of MIC and 10 μg/ml of CLO. 
Repeatability studies done on sample by carrying out 
assay six times. For intermediate precision studies, 
the analysis was executed thrice within a day and 
on consecutive days by various analysts. The mean 
recovery and % RSD obtained was considered to 
demonstrate precision. 

Robustness and solution stability studies:

The deliberate varied chromatographic conditions 
include small changes in wavelength of detection, 
flow rate, column temperature and column make; to 
demonstrate robustness. Sample solution with 400 μg/
ml of MIC and 10 μg/ml of CLO was stored in tightly 



March-April 2022Indian Journal of Pharmaceutical Sciences271

www.ijpsonline.com

closed amber colour volumetric flask till 8 h. The effect 
on percentage average assay and % RSD was observed.

RESULTS AND DISCUSSION

From the overlain spectra, 240 nm was selected as 
wavelength of detection. This is λmax of CLO at which 
MIC showed optimum absorbance. This leads to 
better sensitivity for CLO which is present in minute 
quantity in the combined formulation. To begin with, 
methanol and water in several proportions were tried 
as mobile phase. The considerable increase in column 
back pressure and baseline drift were observed.  The 
appearance of multiple peaks for analytes might be due 
to the poor buffering capacity of water. Also, tR was 
observed to increase as the water proportion in mobile 
phase was enhanced. This may be owing to nonpolar 
steroidal ring present in the CLO which intensified its 
affinity for the nonpolar stationary phase. The mixture 
of methanol and water in different pH also resulted 
in poor peak shape and prolonged retention time 
therefore methanol was replaced with acetonitrile. The 
composition of ammonium acetate and acetonitrile 
provided sharp peaks; hence it was decided to optimize 
this composition for further experimentations. 
Acetonitrile and 10 mm ammonium acetate were tried 
on HPLC system in several proportions along with 
acetic acid at different column temperature. Finally, the 
resolution between drug and degradation products and 
between degradants was achieved using the ammonium 
acetate buffer (10 mm, pH 4.2 adjusted with acetic 
acid) and acetonitrile in the 43:57 v/v proportion. It also 
showed sharp peaks at the retention time of 5.59 min 
and 9.44 min for MIC and CLO respectively. 

The LC-MS analysis was performed using ESI in 
positive mode. Nitrogen was the sheath/nebulising gas 
with a flow rate of 8 l/min. The source temperature 
was 350° with capillary voltage of 3500 V. Mass range 
selected was 40-600 amu. Masshunter workstation 
software VB.05.01 was used for data processing and 
acquisition. Collision Induced Dissociation (CID) 
was carried out to generate daughter ions and the 
fragmentations were observed to deduce DPs.

The output of the MS was confirmed by injecting 
standard solution of MIC and CLO. The exact mass 
of MIC; as a nitrate salt is 476.98 while [M+H]+ value 
observed in positive ionization mode was 414.99 as the 
nitrate group was knocked out during ionization. The 
observed [M]+ value for CLO; 467.19 was matched with 
exact mass of CLO(467.19). The MS/MS fragmentation 

pattern of miconazole showed major fragments at m/z 
values of 158.97 and 69.04, while major fragments 
produced by CLO were with m/z of 279.10, 263.14, 
147.07.

Table 1 represents the average results of SST  
parameters and assay values. Resolution as well as other 
SST parameters was found acceptable. Assay value was 
99.86 % w/w with % RSD 0.87 for MIC while it was 
100.36 % w/w with 1.21 % RSD for CLO.

Characterization of forced DPs: 

The chromatograms acquired under hydrolytic stress 
conditions showed well resolved peaks. The DPs of 
MIC and CLO were separately monitored under positive 
ionization mode LC–MS and were further fragmented 
and identified by CID in Q–TOF–MS.

Acid assisted degradation studies:

The comparative assessment of acid degraded 
chromatogram with pure samples revealed the presence 

Parameter↓/Analytes → MIC CLO

System suitability test (n=5)

Peak area (±SD) 450330 (4040) 87240 (813)

No. of theoretical plates 
(±SD)

2969 (89.45) 3395 (72.23)

Tailing factor (±SD) 1.31 (0.077) 1.24 (0.075)

Retention time (tR) (±SD) 5.49 (0.068) 9.48 (0.081)

Resolution (R) (±SD) -- 6.39 (0.21)

Capacity factor (k) (±SD) 5.68 (0.611) 10.42 (0.116)

Typical peak purity data

Peak angle 0.134 0.169

Peak threshold 0.171 0.205

Formulation assay (n=6)

Assay (% w/w) 99.86 100.36

% RSD 0.87 1.21

TABLE 1: SST PARAMETER AND 
FORMULATION ASSAY DATA

Note: SD is average of three independent procedures

Fig. 1: Chromatogram of MIC and CLO under acidic stress
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of additional peaks in the degraded samples. MIC 
showed two degradation peaks with tR 1.51 and tR 
2.22 depicted as A and B respectively while, CLO 
showed additional peaks of DPs at tR 8.01 and tR 10.25 
represented as C and D respectively in fig. 1. The 
probable reaction mechanism is suggested in fig. 2 and 
fig. 3 for MIC and CLO respectively. All four DPs were 
found and identified by Q-TOF-MS. The degradant A 
with mass 193.97 was obtained as [M+H]+ molecular 
ion with m/z 158.97 in MS studies as the -Cl group was 
knocked out during ionization and hence [M-Cl] + (m/

z=158.97) molecular ion peak was produced (fig. 4a). 
Protonated molecular ion of DP B was found at m/z 
value of 257.02 (fig. 4b). The fragmentation patterns of 
the MIC DPs were established for their characterisation 
(fig. 5). CLO was found to produce two DPs with m/z 
value; 411.21 (C) and 393.20 (D). The Q-TOF-MS 
spectra is represented in fig. 6. The loss of mass 18 is 
owing to the removal of water to produce degradant 
with m/z 393.20 (D). The fragmentation pattern of 
CLO DPs C and D is depicted in fig. 7. Thus, LC-
MS/MS was used to characterize DPs from MIC and 

Fig. 2: Schematic of acid catalysed hydrolysis of MIC

Fig. 3: Schematic of acid catalysed hydrolysis of CLO
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Fig. 4: ESI-MS/MS spectrum of MIC acid hydrolysis, (a) DP A of m/z 158.97 and (b) DP B of m/z 257.00

Fig. 5: Proposed fragmentation pattern of MIC DPs A and B under acid hydrolysis
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Fig. 6: ESI-MS/MS spectrum of CLO acid hydrolysis, (a) DP C with m/z 411.21 and (b) DP D with m/z 393.20

Fig. 7: Proposed fragmentation pattern of CLO DPs C and D under acid hydrolysis
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CLO acid hydrolysis and the most likely degradation 
and fragmentation pathways for analytes and their DPs 
were proposed. 

Base assisted degradation studies: 

The chromatogram of the base degraded sample of MIC 
exhibited degraded peaks at same tR values as that seen 
in acid degradation while CLO showed degradant C of 
acid hydrolysis along with two additional degradation 
peaks; E and F (fig. 8). The probable reaction pathway is 

depicted in fig. 9. The retention time of DPs formed under 
alkaline condition were similar to the DPs generated 
under acid hydrolysis i.e. degradant depicted as A, B 
of MIC and degradant C of CLO. The fragmentation 
pattern of these DPs gained with LC-MS/MS studies; 
were comparable with that of acid hydrolysis products 
and hence it was concluded that these generated DPs 
were identical to that of degradants formed under acid 
hydrolysis. The additional CLO DPs with m/z 373.15 
(tR 7.491) and 449.18 (tR 8.701) depicted as E and F 

Fig. 8: Chromatogram of MIC and CLO under basic stress

Fig. 9: Schematic of base catalysed hydrolysis of CLO
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Fig. 10: EESI-MS/MS spectrum of CLO base catalysed, (a) DP E of m/z 373.15 and (b) DP F of m/z 449.18

Fig. 11: Proposed fragmentation pattern of CLO, (a) DP E and (b) DP F under base hydrolysis
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Analyte→
Stress condition ↓

MIC CLO

tR of degraded 
Product % Assay Peak angle, 

threshold
tR of degraded 

product % Assay Peak angle, 
threshold

Acid (1 N HCl, 1 h, 80°)
1.51

87.10
0.183, 0.221 8.01

87.22
0.138, 0.185

2.22 0.154,0.189 10.25 0.241,0.289

Base (1 N NaOH, 1 h, 80°)

1.49

83.97

0.161, 0.184 7.49

77.03

0.221, 0.245

2.18 0.207,0.248
7.98 0.175,0.216

8.70 0.193,0.252

TABLE 2: SUMMARY OF HYDROLYTIC DEGRADATION STUDY OF MIC AND CLO

Molecular formula TM (EM) Stress condition IUPAC name
C7H5Cl3

. +

DP A
193.97

(193.94)
Acid, Base 

Hydrolysis:MIC 2,4-dichloro-1-(chloromethyl) benzene

C11H10Cl2N2O
+DP B

257.00
(257.00:
Acid and

257.02:Base)

Acid, Base 
Hydrolysis:MIC

1-[2-(3,5-Dichloro-phenyl)-ethyl]-1
H-imidazole

C22H29ClF2O4
+

DP C
411.17

(411.21)
Acid, Base 

Hydrolysis:CLO

17-(2-Chloro-acetyl)-9-fluoro-11,17
-dihydroxy-10,13.16-trimethyl-6,7,8
9,10,11,12,13,14,15,16,17-dodecahy
dro-cyclopenta[a]phenanthren-3-one

C22H27ClFO3
+

DP D
393.16

(393.20)
Acid, Base 

Hydrolysis:CLO

17-(2-Chloro-acetyl)-9-fluoro-11-hy
droxy-10,13.16-trimethyl-6,7,8.9.10
11,12,13,14,15-decahydro-cyclopent

a[a]phenanthren-3-one

C22H29O5
+

DP E
373.19

(373.15)
Base Hydrolysis: 

CLO

11,17-dihydroxy-17-(2-hydroxyacetyl)-10,13,16-trimethyl-
6,7,10,11,12,13,14,15,16,17-decahydro-3H-cyclopenta[a]

phenanthren-3-one

C25H34FO6
+

DP F
448.23

(449.18)
Base Hydrolysis: 

CLO

9-Fluoro-11.17-dihvdroxv-17-(2-hydroxy-acetyl)-10.13.16-
trimethyl-6.7,8,9.10.11.12.13.14,15.16.17-dodecahydro-

cyclopenta [a]phenant- hren-3-one;compound with butan-2-one

TABLE 3: SUMMARY OF DPs OF MIC AND CLO 

Note: TM is theoretical mass, EM is experimental mass

in chromatogram have been characterised and the MS/
MS spectrum is shown in fig. 10. Their fragmentation 
pattern has been predicted in fig. 11. The degradant F 
with m/z 449.18 undergo fragmentation and produce 
411.16 fragment which follows fragmentation pattern as 
per degradation product of m/z 411 of acid hydrolysis. 

The summary of results of stress degradation studies 
are given in Table 2. The DPs along with the probable 
structures is summarised in Table 3.

Method validation:

The ICH guidelines were followed for validation 
studies[26]. 

Specificity: 

Chromatograms acquired with mobile phase, mixed 
standard and sample solution do not show any 
interference at retention time of both the analyte 

peaks. The resolution was greater than 2. In peak 
purity analysis with PDA detector, peak angle values 
were lesser than peak threshold for both the analytes; 
indicative of a homogeneous peak during formulation 
analysis and stress studies.

Linearity and range: 

The regression analysis, residual plots and F-test 
demonstrated the linearity and range. The correlation 
coefficient was found greater than 0.99 revealed optimal 
correlation between AUC and drug concentration 
within range. The regression characteristics of proposed 
method are summarized in Table 4. At 95 % confidence 
level, the calculated experimental F value (Fisher 
variance ratio) was smaller than critical tabulated F 
value. The residuals plot showed no pattern/trend for 
both the analytes as shown in fig. 12. All these results, 
demonstrate the linearity of both analytes in the chosen 
range.
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Parameter↓/Analytes→ MIC CLO
Concentration range (μg/ml) 100–600 5-30
Retention time (tR) (min) (±SD) 5.448 (0.072) 9.43 (0.090)
Regression equation ( Y=b×Concentration±a)
Intercept, a (±SD) 1189 (±181) 811.4 (±102)
Slope, b (±SD) 1121 (±2.44) 8551 (±38)
Correlation coefficient (r2) 0.999 0.999
F test (12 and 4 degrees of freedom)
Experimental F ratio 2.5244 1.5643
Tabulated F ratio 3.259 3.259
Method sensitivity (μg/ml)
Limit of detection 3.85 0.29
Limit of quantitation 11.68 0.88

TABLE 4: REGRESSION CHARACTERISTICS OF PROPOSED RP-HPLC METHOD

Fig. 12: Residual plot of MIC and CLO

Sample spiked
Recovery level (MIC) Recovery level (CLO)

80 % 100 % 120 % 80 % 100 % 120 %
Mean % recovery 100.28 99.43 100.47 99.95 100.36 99.89
% RSD 0.78 0.48 0.43 1.07 0.68 0.76
Intermediate precision 
Intra-day: % assay (±SD) 100.22 (0.79) 99.67 (0.85)
Inter-day: % assay (±SD) 101.15 (1.32) 100.04 (1.34)

TABLE 5: RESULT OF ACCURACY AND PRECISION STUDIES

Method sensitivity:

The low value of LOD and LOQ confirms sensitivity 
of the developed method to analyse diluted sample 
solutions (Table 4). Thus, establishes suitability of the 
method to be used as stability indicating assay method.

Accuracy (Recovery studies):

Results of recovery studies are summarized in  
Table 5. During independent analysis; the % mean 
recovery values were found in the acceptable range (100 
%±2.0 % and % RSD less than 2.0) which demonstrate 
the proposed method is accurate.

Precision:

In repeatability studies, the percentage average 
recovery was 99.86 % for MIC and 100.36 % for 
CLO with % RSD below 2.0. Results of intermediate 
precision showed percentage mean recovery within the 
acceptable limit (100±2.0 % with % RSD less than 2.0). 
The results are summarised in Table 5 which proves 
precision of the proposed method.

Robustness:

The developed HPLC-UV method parameters were 
deliberately altered and results are represented in  
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Table 6. There was no significant impact of these 
alterations on the percentage assay and resolution. 
There was no significant variation in the tailing 
factor, retention time and theoretical plates. There was 
insignificant difference in the area of peaks of standard 
solutions of analytes for 8 h which reflects their stability.

Thus, in the proposed research, Reverse Phase HPLC 
(RP-HPLC) method for simultaneous estimation of 
MIC and CLO was developed and validated as per ICH 
guideline. The developed method was successfully 
applied for characterization of DPs formed under 
hydrolytic stress condition. The method was validated 
for linearity, accuracy, precision, robustness and 
specificity. Both drugs were found to degrade under 
acid and base stress conditions while showed resistant 
towards neutral hydrolysis. Total nine DPs; (four of 
MIC and five of CLO) were characterized and their 
degradation pathways were proposed. Satisfactory 
mean percentage recovery in the range of 100 % 
±2 % with % RSD not greater than 2 was observed. The 
developed method showed no interference from the 
formulation excipients and was employed successfully 
for simultaneous determination of MIC and CLO in 
pharmaceutical cream formulation. 
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