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Abstract

The objective of the current study was to establish a validated stability-
indicating, high-performance liquid chromatographic method to determine the
purity of benzoyl peroxide (BPO) and adapalene (ADP) in the presence of its
impurities, forced degradation products, and placebo in pharmaceutical dosage
forms. The desired chromatographic separation was achieved on the Kinetex™
C18 (250 x 4.6 mm, 5 um) column using gradient elution at 272 nm detection
wavelength. The optimized mobile phase consisted of solvent A (mixture of
0.1% v/v glacial acetic acid in water and acetonitrile in the ratio of 80:20 vl/v,
respectively) and solvent B (mixture of acetonitrile: tetrahydrofuran: methanol in
the ratio of 50:30:20 v/v/v, respectively). The stability-indicating capability of the
developed method was established by analysing forced degradation samples in
which the spectral purity of BPO and ADP along with separation of all
degradation products from the analyte peaks was achieved. The developed
method was validated as per ICH guidelines with respect to specificity, linearity,
limit of detection, limit of quantification, accuracy, precision, and robustness.
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Introduction

Benzoyl peroxide (BPO), or benzoic peroxyanhydride (Fig. 1), is organic peroxide; it has
two benzoyl groups bridged by a peroxide link. Its formula is [CsHsC(O)].0,. Benzoyl
peroxide is used as an acne treatment, for improving flour, for bleaching hair and teeth, for
polymerising polyester, and many other uses. Benzoyl peroxide works as a peeling agent.
It increases skin turnover, clearing pores, and reducing the bacterial count as well as
acting directly as an antimicrobial [1, 2].

Adapalene (ADP) is a third-generation synthetic topical retinoid (Fig.1) used in the
treatment of mild-moderate acne. It is effective against acne conditions where comedones
are predominant. It is a highly lipophilic compound, derived from napthoic acid, has both
exfoliating and anti-inflammatory effects, and is chemically designated as 6-[3-(1-
adamantyl)-4-methoxyphenyl]-2-napthoic acid. Topical retinoids are a group of medicines
derived from vitamin A. These compounds result in the proliferation and reduced
keratinisation of skin cells independent of their functions as a vitamin [3—6].

Combination therapy with a topical retinoid and an antimicrobial agent, which addresses
the majority of the causative factors of acne, is considered a first-line treatment option for
almost all patients. Adapalene has also been shown to retain its efficacy when applied at
the same time as benzoyl peroxide due to its more stable chemical structure [7-11].

A detailed literature survey for BPO and ADP revealed that the determination of an
individual compound or in combination with other drugs has been reported using HPLC
[12-17], LC-MS [18], and spectrophotometric techniques [19].

The combination of BPO and ADP is not official in any pharmacopoeia. So far, no
reversedphase liquid chromatography (RPLC) stability-indicating method has been
reported for the estimation of BPO and its related impurities: benzoic acid (BA), ethyl
benzoate (EB), benzaldehyde (BZ), ADP, and its related impurities (Imp-A, Imp-C, and
Imp-D) in topical pharmaceutical formulation. Therefore, attempts were made to develop a
stability-indicating RP-HPLC method for the related substance determination of BPO and
ADP in topical pharmaceutical formulation. This paper deals with the validation of the
developed method as per ICH guidelines [20, 21] for the accurate quantification of BPO
and its three impurities and also adapalene and its three impurities in gel formulation.
Chemical structures of BPO and its three impurities and also adapalene and its three
impurities are presented in Figure 1.

Results and Discussion
Method Development and Optimization

The primary target of the developed HPLC method is to achieve the separation of all
known impurities of BPO (BA, EB, BZ) along with BPO and all known impurities of ADP
(Imp-A, Imp-C, Imp-D), along with ADP in topical formulations under common
chromatographic conditions.

Mixed standard spiked with impurity solution containing 6,250 pg/mL of BPO and 5 pg/mL
of each of its three impurities (BA, EB, BZ), 62.5 ug/mL of ADP, and 5 pg/mL of each of
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the three impurities (Imp-A, Imp-C, and Imp-D), were prepared in a mixture of
tetrahydrofuran: acetonitrile: water in a 70:20:10, for separation.
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Fig. 1. Chemical name and structure of benzoyl peroxide (a) and its impurities (b, c, d)
and of adapalene (e) and its impurities (f, g, h)
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Initially, the separation of all the peaks was studied by using a reversed-phase
Phenomenex Kinetex C18, 250 mm x 4.6 mm, 5 pm column with gradient elution which
was used in the HPLC, equipped with a photodiode array detector. The mobile phase
consisted of 0.1% glacial acetic acid (acidic water) as solvent A and acetonitrile:
tetrahydrofuran in a 70:30 ratio as solvent B. The flow rate 1.0 mL/min was selected to
achieve the separation of all the peaks and the column oven temperature was maintained
at 30°C. Coelution of adapalene impurity D and the blank peak was observed at the
retention time of about 80.0 minutes and adapalene peak tailing was observed. Good
chromatography was achieved using the mixture of acidic water and acetonitrile (80:20,
vlv) as solvent A, and a mixture of acetonitrile, methanol, and tetrahydrofuran (50:20:30,
v/vlv) was used as solvent B in gradient mode.

The final chromatographic conditions are described under the “Chromatographic
Conditions” section. Using the optimized conditions, all impurities and degradation
products were well-separated from each other and BPO and the typical relative retention
times for benzoic acid, benzaldehyde, ethyl benzoate, ADP Imp-A, Imp-C, Imp-D with
respect to BPO were about 0.24, 0.33, 0.70, 0.90, 1.37, and 1.93, respectively. The
relative response factors were established with a series of the mixture of impurities and
actives standard solutions. The typical relative response factors for benzoic acid (BA),
benzaldehyde (BZ), and ethyl benzoate (EB) with respect to BPO were about 0.77, 1.83,
0.59 and for Imp-A, Imp-C, and Imp-D with respect to ADP were about 1.29, 0.12, and
0.65, respectively The developed method was found to be specific for the determination for
all three impurities of BPO and all three impurities of ADP.

Wavelength was selected by injecting a known concentration of each of BPO, ADP, and its
related compounds into HPLC with a PDA detector and evaluated for the UV spectra of
each component. A common wavelength for the simultaneous determination of all the
components was selected as 272 nm by the overlaying spectra and wavelength at which
all components have significant absorbance.

Extraction of active components from the semisolid sample matrix with acceptable
recovery is a very critical aspect for sample preparation and was achieved by selecting the
right diluent in the following manner. Considering the solubility of all the components, a
mixture of tetrahydrofuran, acetonitrile, and water in the ratio of 70:20:10 (v/v) was used as
diluent and satisfactory recovery was achieved.

Analytical Method Validation

After satisfactory development of the method, it was subjected to method validation as per
ICH guidelines [20, 21]. The method was validated to demonstrate that it is suitable for its
intended purpose by the standard procedure to evaluate adequate validation
characteristics (system suitability, accuracy, precision, linearity, limit of detection, limit of
guantification, robustness, solution stability, filter compatibility, and stability-indicating
capability).

System Suitability

System suitability parameters were measured so as to verify the system, method, and
column performance. System suitability was determined before sample analysis from a
single injection of system suitability solution (containing 6,250 ug/mL BPO, 250 ug/mL
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ADP, 625 pg/mL benzoic acid (BA), 62.5 ug/mL each of ethyl benzoate (EB) and
benzaldehyde (BZ), and 2.5 pg/mL each of ADP Imp-A, Imp-C, Imp-D) and duplicate
injections of the standard solution (containing 62.5 pg/mL BPO, 1.25 ug/mL ADP). The
acceptance criteria were the USP tailing factor less than 2.0 and USP plate count not less
than 2,000 for all specified impurities of BPO and ADP in the system suitability solution.
Acceptance criteria of the capacity factor for specified impurities, BPO, and ADP were not
less than or equal to 2.0. The area similarity ratio was between 0.9 to 1.1 for the BPO and
ADP peaks from duplicate injections of the standard, where the resolution should be a
minimum of 3.0 between the benzoic acid and benzaldehyde peak, ADP, and ADP Imp-C
peaks. All critical parameters tested met the acceptance criteria (Table 1).

Method Precision (Repeatability) and Intermediate Precision (Reproducibility)

Repeatability was checked by injecting six individual preparations of BPO and ADP
samples spiked with its six impurities (10% BA, 1.0% BZ, 1.0% EB with respect to 6,250
pg/mL BPO, 0.5% each of Imp-A, Imp-C, Imp-D with respect to 250 pyg/mL ADP). The %
RSD for the area of BA, BZ, EB, Imp-A, Imp-C, Imp-D in the repeatability study was within
15.0%. Results are presented in Table 2a. The intermediate precision was checked by
analyzing the samples by a different analyst using a different chromatographic system
(HPLC) and column on different days (day 2 and day 3). The % RSDs for the area of BA,
BZ, EB, Imp-A, Imp-C, Imp-D in the reproducibility study are presented in Table 2b,c. The
purpose of this study is to demonstrate the reliability of the test results with variations.

Tab. 1. System suitability results for precision and intermediate precision

Parameters

Component USP Tailing USP Plate Capacity Standard Resolution %RSD of
Name factor count factor Arearatio (R=23.0) standard

(T=2.0) (N>2000) (K’22.0) (AR0.9-1.1) solution

Precision
Benzoic Acid 1.0 6301 10.5 - - -
Benzaldehyde 0.9 5876 14.6 - 6.0 -
Ethyl Benzoate 1.0 122821 33.0 - 30.4 -
Impurity-A 1.1 353095 42.5 - 27.4 -
Benzoyl peroxide 1.0 515584 47.3 1.00 14.5 0.4
Impurity-C 0.9 430217 66.5 - 45.5 -
Adapalene 1.0 436693 69.2 1.00 8.4 1.0
Impurity-D 1.0 1399046 92.7 - 58.6 -
Intermediate Precision

Benzoic Acid 1.0 7538 10.7 - - -
Benzaldehyde 0.8 7904 15.1 - 7.0 -
Ethyl Benzoate 1.0 165190 33.6 - 34.5 -
Impurity-A 1.5 404894 43.2 - 30.4 -
Benzoyl peroxide 1.0 776016 48.1 1.00 15.7 0.3
Impurity-C 1.1 596783 66.8 — 53.1 -
Adapalene 1.1 654411 70.8 1.01 10.4 0.8
Impurity-D 1.1 1772168 93.8 - 68.4 -
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Tab. 2a. Method precision results (Day 1)

Sample no. — Prec. Prec. Prec. Prec. Prec. Prec. Mean %RSD
Comp. Name| Set-1 Set-2 Set-3 Set-4 Set-5 Set-6

Benzoic Acid 11.025 11.220 11.411 10.808 10.890 10.725 11.01 2.37

Benzaldehyde 1.042 1.066 1.053 1.023 0.990 0.990 1.03 3.13

Ethyl Benzoate  1.045 1.077 1.048 1.018 0.997 0.995 1.03 3.14

Impurity-A 0.472 0.486 0.490 0.475 0.413 0.398 0.46 8.72

Impurity-C 0.467 0.494 0.502 0.501 0.440 0.483 0.48 5.00

Impurity-D 0.437 0.519 0.490 0.445 0.364 0.362 0.44 14.70
Total Impurity 14.49 14.86 14.99 14.27 14.09 13.95 1444 2.89

Tab. 2b. Intermediate precision results (Day 2)

Sample no. — Int. Prec. Int. Prec. Int. Prec. Int. Prec. Int. Prec. Int. Prec. Mean %RSD
Comp. Name| Set-1 Set-2 Set-3 Set-4 Set-5 Set-6

Benzoic Acid 11.152 11.04 11.112 11.06 11.838 11.37 1126 271

Benzaldehyde 1.15 1.14 1.149 1.15 1.213 1.18 1.16 2.43

Ethyl Benzoate 1.03 1.02 1.023 1.02 1.085 1.05 1.04 2.50

Impurity-A 0.56 0.55 0.559 0.56 0.597 0.58 0.57 2.95

Impurity-C 0.569 0.56 0.599 0.56 0.58 0.57 0.57 2.87

Impurity-D 0.529 0.52 0.522 0.52 0.555 0.53 0.53 2.48

Total Impurity 14.99 14.83 14.96 14.86 15.87 15.27 1513 261

Tab. 2c. Intermediate precision results (Day 3)

Sample no. — Int. Prec. Int. Prec. Int. Prec. Int. Prec. Int. Prec. Int. Prec. Mean %RSD
Comp. Name| Set-1 Set-2 Set-3 Set-4 Set-5 Set-6

Benzoic Acid 10.85 10.87 10.89 11.03 11.22 11.41 11.04 2.06

Benzaldehyde 0.95 0.97 1.01 1.04 1.07 1.05 1.02 4.63

Ethyl Benzoate 0.97 0.97 0.97 1.05 1.08 1.05 1.01 4.81

Impurity-A 0.51 0.48 0.52 0.47 0.49 0.49 0.49 3.72

Impurity-C 0.46 0.47 0.44 0.47 0.49 0.50 0.47 4.81

Impurity-D 0.51 0.50 0.52 0.48 0.52 0.49 0.50 3.21

Total Impurity 14.25 14.26 14.35 14.53 14.86 14.99 1454 2.19

Specificity

Specificity is the ability of the method to measure the analyte response in the presence of
its potential impurities and excipients. Placebo interference was evaluated by analyzing
the placebo prepared as per the test method. There was no interference due to the
placebo and sample, and blank at the retention time of BPO, ADP, and its impurities.
Overlay chromatograms of the blank, placebo, and spiked sample are presented in

Figure 2.
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Fig. 2. Typical overlay chromatogram of the blank, placebo, and spiked sample
preparation

Forced Degradation Studies

Forced degradation studies were performed at a 6,250 pug/mL and 250 pg/mL ADP
concentration of BPO and ADP, respectively, in topical pharmaceutical formulation to
provide an indication of the stability-indicating property and specificity of the proposed
method. All forced degradation samples were analyzed using a PDA detector to ensure
the homogeneity and purity of the BPO and ADP peak. All known impurities and unknown
degradation products were well-separated under all of the forced degradation conditions
employed, and the purity angle was found to be less than the purity threshold for the BPO
and ADP peak. Apart from the peaks’ homogeneity, the PDA spectrum for all of the related
impurities of BPO and ADP were compared against their standard spectrums.
Identification of the impurities, BPO, and ADP were performed by comparing their PDA
spectrums, purity plots, and their relative retention times (RRT) along with those of the
standard and were found to be matching. All the solutions used in the forced degradation
studies were prepared by dissolving the drug product in a small volume of stressing
agents. After degradation, these solutions were diluted with diluent to yield the stated BPO
and ADP concentrations of about 1,250 ug/mL and 50 ug/mL, respectively. Conditions
employed for performing the stress studies and the degradation behavior were as follows.

Similarly, the placebo sample was also prepared by following mentioned degradation
conditions.

Base Hydrolysis

A formulation sample equivalent to 6,250 pg/mL BPO and 250 ug/mL ADP was transferred
to a 20-mL volumetric flask, then 10 mL of diluent was added, and it was sonicated for 15
minutes with shaking. Basic degradation was carried out by adding 0.5 mL of 1 N NaOH at
room temperature for 15 minutes, then neutralizing the mixture by adding 0.5 mL 1 N HCI.
The flask was made up to the volume with diluent and mixed well. The drug was found to
be unstable under the above-mentioned degradation conditions. The major impurity in the
study was found to be BA (5.7%) with 1.17% as the maximum unknown degradant at an
RRT of about 0.15 and total impurities of about 7.80% (Figure 3).
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Acid Hydrolysis

A formulation sample equivalent to 6,250 ug/mL BPO and 250 pg/mL ADP was transferred
to a 20-mL volumetric flask, then 10 mL of diluent was added, and it was sonicated for 15
minutes with shaking. Acidic degradation was carried out by adding 1 mL of 1 N HCI at
60°C in a water bath, and after 10 minutes the flask was removed and the mixture was
neutralized by adding 1 mL 1 N NaOH. The flask was made up to the volume with diluent
and mixed well. The drug was found to be unstable under the above-mentioned
degradation conditions. The major impurity in the study was found to be BA (11.4%) with
0.44% as the maximum unknown degradant at an RRT of about 0.15 and total impurities
of about 12.24% (Figure 3).

Hydrogen Peroxide Oxidation

A formulation sample equivalent to 6,250 ug/mL BPO and 250 pg/mL ADP was transferred
to a 20-mL volumetric flask, then 10 mL of diluent was added, and it was sonicated for 15
minutes with shaking. Oxidative degradation was carried out by adding 1 mL of 30%
hydrogen peroxide at 60°C in a water bath, and after 10 minutes the flask was removed,
and the flask was made up to the volume with diluent and mixed well. The drug was found
to be unstable under the above-mentioned degradation conditions. The major impurity in
the study was found to be BA (8.9%) with 0.02% as the maximum unknown degradant at
an RRT of about 0.78 and total impurities of about 8.94% (Figure 3).

Thermal Degradation

The formulation sample and placebo sample were exposed to dry heat at 85°C for 6 h.
The major impurity in the study was found to be BA (2.13%) with 0.04% as the maximum
unknown degradant at an RRT of about 0.78 and total impurities of about 2.24%
(Figure 3).

Photolytic Degradation

The gel sample and placebo samples were exposed to visible light for 240 h resulting in an
overall illustration of 1.2 million lux h; and UV light for 250 h resulting in an overall
illustration of 200 w h/m2 at 25°C. The major impurity in the study was found to be BA
(1.6%) with 0.5% as the maximum unknown degradant at an RRT of about 0.93 and total
impurities of about 2.13% (Figure 3).

Humidity Degradation

The gel sample and placebo samples were exposed to 92% relative humidity (RH) at
25°C. The major impurity in the study was found to be BA (0.95%) with no major unknown
degradant observed (Figure 3).

The percentage degradation for both components is presented in Table 3(a) and the peak
purity results are presented in Table 3b.
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Fig. 3. A typical overlay chromatogram of (a) acid hydrolysis sample and placebo,
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sample and placebo.
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Tab. 3a. Results of the forced degradation study for BPO and ADP

Sr. No. Degradation conditions % Degradation

BPO ADP % Net Degradation

1 Control Sample 1.02 - -
Acid degradation sample

2 (1 mL of 1 N HCI at 60°C for 10 minutes) 1224 - 1122
Base degradation sample (0.5 mL of 1 N
3 NaOH at room temperature for 15 min) 780 - 6.78
Peroxide degradation sample 894 — 792
(1 mL of 30% H,0, at 60°C for 10 minutes) ' '
5 Thermal degradation sample (85°C/6 hr) 224 - 1.22

Photodegradation (UV-Vis) sample (1.2 million

lux hours and 200 watt hours/m?) 213 - 111

Tab. 3b. Peak purity results for the degradation sample:

Component Name| Purity Purity Purity Purity Purity Purity

angle threshold flag angle threshold flag
Sample Name— Acid degradation sample Base degradation sample
Benzoic acid 0.439 1.393 No 0.828 2.131 No
Benzoyl peroxide 0.400 1.396 No 0.176 1.156 No
Adapalene 0.424 1.635 No 0.208 1.357 No
Sample Name— Peroxide degradation sample Thermaslaorl;]aglgdatlon
Benzoic acid 1.508 1.618 No 2.816 6.749 No
Benzoyl peroxide 0.239 1.326 No 0.271 1.417 No
Adapalene 0.287 1.482 No 0.280 1.487 No
Sample Name— Photo-exposed sample Humidity-exposed sample
Benzoic acid 0.754 1.337 No 5.476 13.526 No
Benzoyl peroxide 0.310 1.473 No 0.277 1.381 No
Adapalene 0.595 2.257 No 0.459 1.777 No

Limit of Detection (LOD) and Quantification (LOQ)

LOD values were achieved at 0.171, 0.233, 0.296, 0.021, 0.065, 0.035, 0.146, and 0.022
ug mL™" for BA, BZ, EB, Imp-A, Imp-C, Imp-D, BPO, and ADP, respectively. LOQ values
were achieved at 0.626, 0.646, 0.621, 0.061, 0.196, 0.127, 0.461, and 0.061 yg mL™" for
BA, BZ, EB, Imp-A, Imp-C, Imp-D, BPO, and ADP, respectively. The % RSD of precision
at the LOQ concentration for BA, BZ, EB, Imp-A, Imp-C, Imp-D, BPO, and ADP were
found to be below 15.0. The results of precision at the LOQ level are shown in Table 4.
The limit of quantification chromatogram is presented in Figure 4.
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Fig. 4. Typical chromatogram of LOQ

Accuracy

To determine the accuracy of the method, recovery experiments were conducted on the
real sample by spiking the impurity blend solution. The study was carried out in triplicate
using three concentration levels at 50%, 100%, and 150% of the specification level (625
pMg/mL BA, 62.5 ug/mL each of EB and BZ, and 1.25 ug/mL each of ADP Imp-A, Imp-C,
Imp-D). The percentage recovery of impurities in the BPO-ADP sample varied from 88.9 to
111.3%. The LC chromatogram of the spiked sample at the 100% recovery level for all six
impurities in the BPO-ADP gel sample is shown in Figure 2. The mean % recovery value
of each impurity was obtained in the range of 88.9-111.3% which proves that the method
Is accurate. To determine the LOQ accuracy of the method, recovery experiments were
conducted on the placebo sample by spiking the impurity blend solution. The study was
carried out in triplicate using 0.6 uyg/mL each of BA, EB, and BZ and 0.06 pg/mL of Imp-A,
0.262 pg/mL of Imp-C, 0.1 pug/mL of Imp-D, 0.5 pg/mL). The percentage recovery of
impurities in the BPO-ADP sample varied from 87.0 to 112.6%, which proves that the
method is accurate. The % recovery values for the BPO, ADP, and its related impurities
are presented in Table 5.

Tab. 4. Results of precision at the limit of quantification

Preparation % of each impurity and BPO-ADP

BA BZ EB  Imp-A Imp-C Imp-D BPO ADP
Prep-1 0.010 0.009 0.011 0.022 0.116 0.028 0.008 0.025
Prep-2 0.080 0.009 0.011 0.019 0.103 0.031 0.007 0.023
Prep-3 0.011 0.010 0.010 0.024 0.106 0.025 0.007 0.025
Prep-4 0.010 0.009 0.008 0.017 0.109 0.030 0.006 0.025
Prep-5 0.011 0.011 0.011 0.023 0.093 0.034 0.008 0.026
Prep-6 0.012 0.011 0.011 0.022 0.101 0.032 0.008 0.026
AVG 0.010 0.010 0.010 0.021 0.105 0.030 0.007 0.025
%RSD 13.2 100 11.7 125 7.4 105 111 44
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Tab. 5. Evaluation of the accuracy study

Comp. Name| %Recovery”
LOQ At 50% At 100% At 150%
Benzoic acid 112.6+0.6 98.5+0.3 98.1+0.2 97.4+0.2

Benzaldehyde 102.4+6.8 97.2+0.1 97.7#0.1 97.7+0.3
Ethyl benzoate 104.8+7.0 104.1+0.9 103.2+0.1 102.4+0.3

Impurity-A 98.9+10.7 98.7+#0.3 96.2+0.5 95.8+2.3
Impurity-C 111.8+1.4 109.8+1.2 95.3+85 95.4+7.5
Impurity-D 87.0£2.5 106.4+x2.3 97.5+3.2 96.4+1.7
Benzoyl peroxide 98.5%5.2 - - -
Adapalene 104.9+4.1 - - —

# Mean = %RSD for three determinations.

Linearity

Linearity test solutions were prepared by diluting impurity stock solutions to the required
concentrations. The solutions were prepared at seven concentration levels from the LOQ
to 150% of the specification level (LOQ-939.55 pg mL™" for BA, LOQ-96.96 ug mL™" for
BZ, LOQ-93.16 pg mL™" for EB, LOQ-83.06 ug mL™" for BPO, LOQ-1.96 pug mL-1 for Imp-
A, LOQ-1.96 pg mL™" for Imp-C, LOQ-1.90 pg mL™" for Imp-D, and LOQ-2.13 pg mL™" for
ADP). The calibration curves were plotted between the responses of the peaks versus the
analyte concentrations. The correlation coefficient obtained was greater than 0.998. The
above result shows that an excellent correlation existed between the peak area and the
concentration of BA, BZ, EB, Imp-A, Imp-C, Imp-D, BPO, and ADP. The results of the
correlation coefficients, y-intercepts of the calibration curves, and % bias at 100%
response for each of the impurities and BPO-ADP are presented in Table 6.

Tab. 6. Regression statistics results

Substances Linearity range Correlation Intercept Slope Bias at 100%

(ug/mL) coefficient (@) (b) response

BA 0.626-939.549 0.99962 -12882.9 8921.9 -0.2
Bz 0.646-96.958 0.99917 -18907.9 21769.2 -1.4
EB 0.621-93.163 0.99950 -1478.2  7067.1 -0.3
BPO 0.461-83.064 0.99946 -3128.4 10396.9 -0.4
Imp-A 0.061-1.958 0.99955 -2074.1 111253.0 -15
Imp-C 0.196-1.962 0.99873 -535.3 8856.7 -4.8
Imp-D 0.127-1.899 0.99790 -1131.7 54042.4 -1.7
ADP 0.061-2.126 0.99959 2259.6  82564.2 1.9

Robustness

To determine the robustness of the developed method, experimental conditions were
deliberately altered and the resolution between BA and BZ, resolution between ADP and
Impurity-C, and USP tailing and plate count for all the impurities and standard were
recorded. The area ratio of two replicate standard injections of BPO and ADP was also
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recorded. The variables evaluated in the study were column temperature (x5°C), flow rate
(0.2 mL/min), and % organic (tetrahydrofuran) in the mobile phase (x10%). In all of the
deliberately varied chromatographic conditions, all analytes were adequately resolved and
the elution order remained unchanged. The resolution between the critical pair of benzoic
acid and BZ was greater than 5.5; for ADP and Impurity-C, it was greater than 5.0, and the
tailing factor for each of the impurities and BPO, as well as the ADP peak from the system
suitability solution was < 1.5, and the BPO peak area ratio and ADP peak area ratio from
the standard solution was within 0.9 to 1.1. The RRT of impurities with respect to BPO is
represented in Table 7.

Tab. 7. Robustness result of the HPLC method

FL1.2ml/min FL 0.8ml/min CT35°C CT25°C +10%THF +10%THF

BPO AR (0.9-1.1) 1.00 1.01 1.00 1.01 1.04 1.00
N>2000 5516 5860 5230 5387 3862 3745
BA T=2.0 0.9 1.0 0.9 0.8 0.8 0.8
RRT 0.21 0.28 0.22 0.24 0.23 0.23
N>2000 5617 10598 5446 8312 4793 4698
BZ T<2.0 0.8 0.8 0.9 0.8 0.9 0.9
Rz23.0 5.8 6.6 5.8 7.2 5.8 5.8
RRT 0.28 0.37 0.31 0.34 0.33 0.33
N>2000 121797 148052 117920 140278 84132 77695
EB T<2.0 1.0 1.0 1.0 1.0 1.2 1.2
RRT 0.68 0.73 0.69 0.71 0.70 0.70
ADP AR (0.9-1.1) 1.02 1.02 1.01 1.01 1.01 1.00
N>2000 508969 342922 438329 414818 214128 194724
Imp-C T<2.0 1.0 1.1 1.3 1.1 1.3 1.1
Rz23.0 9.5 7.5 7.9 8.7 5.2 5.9
RRT 1.37 1.37 1.37 1.37 1.36 1.38
N>2000 328655 356355 296599 331803 169303 153779
Imp-A T=2.0 1.0 1.1 11 1.2 1.5 1.5
RRT 0.90 0.89 0.89 0.89 0.89 0.89
N>2000 1852959 1033936 1584096 864849 730547 404040
Imp-D T=<2.0 1.0 1.0 1.0 1.2 1.2 1.3
RRT 1.91 1.97 1.94 1.98 1.92 1.95

N...USP Plate count; T...USP tailing factor; R...Resolution; AR...Area ratio; CT...Column temperature; FL...Flow
rate; RRT...Relative retention time.

Stability of Analytical Solutions

The stability of BPO-ADP and its impurities in solution was determined by keeping the test
solutions of the sample in a duplicate, system suitability solution and working standard in
tightly capped volumetric flasks at 15°C for 5 days and measuring the amount of the six
impurities at 1, 2, and 5-day intervals. The variability in the estimation of all six BPO-ADP
impurities was within £ 15% during the solution stability experiment in the sample. The
results from the solution stability experiment confirmed that the standard solution and
sample solutions were stable up to 5 days at 15°C, respectively. Solution stability results
for the standard and sample are presented in Table 8.
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Tab. 8a. Solution stability results for the sample at 15°C

Component Initial Day-1  Day-1 Day-2 Day-2 Day-5 Day-5
(%Diff) (%Diff) (%Diff)
Sample-1
Benzoic acid 11.65 1151 1.20 11.31 3.01 10.96 6.30
Benzaldehyde 0.96 0.920 4.17 0.92 4.35 0.87 10.34
Ethyl benzoate 1.11  1.070 3.60 1.07 3.74 1.01 9.90
Impurity-A 0.390 0.390 0.00 0.420 -7.14 0.40 -2.50
Impurity-C 0.47 0530 -12.77 0.530 -11.32 0.53 -11.32
Impurity-D 0.45 0.420 6.67 0.430 4.65 0.40 12.50
Total 15.03 14.84 1.26 14.68 2.32 14.17 572
Sample-2
Benzoic acid 11.77 11.290 4.08 11.40 3.25 1096 7.39
Benzaldehyde 0.96 0.920 4.17 0.92 4.35 0.87 10.34
Ethyl benzoate 1.12 1.080 3.57 1.08 3.70 1.01 10.89
Impurity-A 0.40 0.380 5.00 0.410 -2.44 041 -2.44
Impurity-C 0.59 0.520 11.86 0.520 13.46 0.52 13.46
Impurity-D 0.45 0.390 13.33 0.440 2.27 0.44 2.27
Total 15.29 14.58 4.64 14.77 3.40 14.21 7.06

Tab. 8b. Solution stability results for the standard at 15°C

Day Similarity factor Similarity factor for system suitability solutions (%
for the standard assay with respect to fresh system suitability
(NLT 0.95; NMT1.05) standard solutions) (NLT90.0% and NMT110%)
BPO ADP BA BZ EB Imp-A  Imp-C  Imp-D
Initial NA NA NA NA NA NA NA NA
1 1.00 0.96 103.6 1085 1084 106.6 91.3 106.8
2 0.95 1.05 108.4 99.0 107.7 109.4 96.7 108.7
5 1.00 0.95 91.5 97.3 91.0 93.0 95.8 100.5

Filter Compatibility

Filter compatibility was performed for a nylon 0.45 um syringe filter (Millipore) and PTFE
0.45 um syringe filter (Millipore) with duplicate sample preparation. To confirm the filter
compatibility in the proposed method, the filtration recovery experiment was carried out by
a sample filtration technique. The sample was filtered through both syringe filters and the
percentage impurity was determined and compared against the centrifuged sample. The
sample solution did not show any significant changes in the % difference in the individual
and total impurity with respect to the centrifuged sample. Percentage impurity results are
presented in Table 9. In the displayed results, the difference in % impurity was not
observed to be more than +15.0%, which indicates that both syringe filters have a good

compatibility with the sample solution.
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Tab. 9. Filter compatibility results

Component Centrifuge PTFE %Diff Nylon %Diff
Sample-1

Benzoic acid 11.464 11491 -0.24 11.503 -0.34

Benzaldehyde 0.943 0939 042 0936 0.74

Ethyl benzoate 1.102 1.107 -045 1.09 0.54

Impurity-A 0.363 0.362 0.28 0.363 0.00

Impurity-C 0.575 0.558 296 0522 9.22

Impurity-D 0.417 0.386 7.43 0411 1.44

Total 14.87 1485 0.13 14.84 0.20
Sample-2

Benzoic acid 11.405 11443 -0.33 11.403 0.02

Benzaldehyde 0.931 0.930 0.11 0.927 0.43
Ethyl benzoate 1.114 1.095 1.71 1.083 2.78

Impurity-A 0.344 0371 -7.85 0.379 -10.17
Impurity-C 0.467 0533 -14.13 0.474 -1.50
Impurity-D 0397 0.436 -9.82 0.414 -4.28
Total 1466 1481 -1.02 14.68 -0.14

Experimental
Chemicals, Reagents, and Samples

The gel sample, placebo matrix, working standards of ADP, and BPO were provided by Dr.
Reddy’s Lab, India. Benzoic acid (BA), benzaldehyde (BZ), and ethyl benzoate (EB) were
provided by SD Fine Chemicals, India. Impurity-A, Impurity-C, and Impurity-D were used
from the United States Pharmacopeia, European Pharmacopeia, and Toronto Research
Lab Reference Standard, respectively. HPLC grade acetonitrile, HPLC grade methanol,
and glacial acetic acid were used (Rankem, Delhi, India). A nylon membrane filter (0.22
pum), PTFE syringe filter (0.45 um), and nylon syringe filter (0.45 pum) were from Millipore,
Mumbai, India. Water for HPLC was generated using the Milli-Q Plus water purification
system (Millipore, Milford, MA, USA).

Equipment

The chromatographic analysis was performed using HPLC (Waters 2695 Alliance
Separation Module) (Waters Milford, USA) equipped with a PDA detector, quaternary
solvent manager, and autosampler system. The output signals were monitored and
processed using Empower 2 software. A Cintex digital water bath was used for the
hydrolysis studies. Photostability studies were carried out in a photostability chamber
(SUN TEST XLS+, Atlas, USA). Thermal stability studies were performed in a dry air oven
(Cintex, Mumbai, India).

Chromatographic Conditions

All chromatographic experiments were performed using the Phenomenex Kinetex C18
(250 x 4.6 mm, 5 um) column. The optimized mobile phase consisted of 0.1% v/v glacial
acetic acid in water (acidic water) and acetonitrile in the ratio of 80:20 v/v as solvent A and
acetonitrile: tetrahydrofuran: methanol in a 50:30:20 ratio as solvent. The buffer was
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filtered through a 0.22 um nylon membrane filter. A mixture of tetrahydrofuran, acetonitrile,
and water in the ratio of 70:20:10 (v/v), respectively, was used as diluent. A gradient
program was used as time (min)/mobile phase A (%)/mobile phase B (%); 0.0/100/0,
12/100/0, 20/83/17, 28/77/23, 42/61/39, 52/40/60, 80/25/75, 86/12/88, 100/12/88,
105/100/0, 110/100/0, at a flow rate of 1.0 mL/min at 30°C, detection wavelength 272 nm
with 20 pL injection volume. Sample temperature was kept at 15°C.

Standard Solution Preparation

The stock solutions of BPO (3,125 pg/mL) were prepared by dissolving an appropriate
amount of the standard substances in diluent, and ADP (31.2 ug/mL) was prepared by
dissolving an appropriate amount of the standard substances in diluent, separately.
Working standard solution was prepared by mixing the above stock solutions of BPO and
ADP with a final concentration of 62.5 yg/mL and 1.25 ug/mL, respectively.

System Suitability Solution Preparation

The stock solutions of BZ (1,240 pg/mL), EB (1,240 pg/mL), Imp-A (25 pg/mL), Imp-C (50
pMg/mL), and Imp-D (50 pg/mL) were prepared by dissolving an appropriate amount of
impurity standard substances in diluent, separately. The system suitability solution was
prepared by mixing the above stock solutions of BZ, EB, Imp-A, Imp-C, Imp-D, and BPO,
BA, and ADP with a final concentration of solution containing 6,250 yg/mL BPO, 250
pMg/mL ADP, 625 ug/mL BA, 62.5 ug/mL each of EB and BZ, and 2.5 ug/mL each of ADP,
Imp-A, Imp-C, Imp-D, respectively.

Sample Solution Preparation

An accurately weighed 5 g sample (equivalent to 125 mg of BPO as the label claim is
2.5% wiw, 5 mg of ADP as the label claim 0.1% w/w) was taken into a 20-mL volumetric
flask. About 10 mL of diluent was added to this volumetric flask and sonicated in an
ultrasonic bath for 10 min with intermittent shaking, diluted to the volume with diluent. A
portion of the solution was centrifuged at 5,000 rpm for 15 minutes and we filtered the
supernatant solution through a 0.45 um PTFE syringe filter and the filtrate was collected
after discarding the first few milliliters.

Placebo (Other Substances without BPO and ADP) Solution Preparation

An accurately weighed 5 g of the placebo sample was taken into a 20-mL volumetric flask.
About 10 mL of diluent was added to this volumetric flask and sonicated in an ultrasonic
bath for 10 min with intermittent shaking, and diluted to the volume with diluent. A portion
of solution was centrifuged at 5,000 rpm for 15 minutes and we filtered the supernatant
solution through a 0.45 pum PTFE syringe filter and the filtrate was collected after
discarding the first few milliliters.

Conclusion

The gradient RP-HPLC method developed for the quantitative analysis of related
substances of simultaneous benzoyl peroxide and adapalene in pharmaceutical dosage
form is precise, accurate, linear, robust, and specific. Satisfactory results were obtained
from the validation of the method. The method is stability-indicating and can be used for
the routine analysis of production samples and to check the stability of benzoyl peroxide
and adapalene gel.
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