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Abstract
Betamethasone dipropionate topical formulations are using to treat anti-inflammatory skin diseases such as dermati-
tis, eczema, and psoriasis. The current research study confers the eco-friendly toward green chemistry and stability-indicating 
RP-UHPLC method for the simultaneous determination of chlorocresol (CCL) and betamethasone dipropionate (BTD) in 
topical formulations (cream and ointment). The CCL and BTD were accurately quantitated by employing beclomethasone 
dipropionate (BCD) as an internal standard. The developed method was optimized utilizing QbD-based Box–Behnken Design 
(BBD) prior to method validation for the intended purpose. The critical quality attributes (CQAs) and critical method param-
eters (CMPs) identified and executed 15 design of experiments (DoEs). The foremost influencing factors were fine-tuned and 
optimized using graphical and numerical evaluation. The chromatographic separation was accomplished on Acquity UPLC 
BEH C18, 100 mm × 2.1 mm, 1.7 µm column with potassium phosphate buffer (0.02 M) and acetonitrile (ACN) using gradi-
ent elution with a runtime of 8 min. The set flow rate and injection volumes were 0.4 mL/min and 5 µL, respectively. The 
detection was made at 240 nm and maintained column oven temperature at 40 °C. The analytical method was validated as 
per the current ICH guideline Validation of Analytical Procedures: Text and Methodology Q2(R1). The linearity ranges for 
CCL, BTD, and BCD were 20.4–61.1, 10.3–30.8, and 10.4–31.1 µg/mL with correlation coefficients of > 0.999. As revealed, 
the method was superior accuracy with % recovery for CCL 98.6–101.5 and BTD 99.6–101.6 at three different levels. The 
results dictate the fitness of the method for the routine quality control determination of CCL and BTD from its commercial 
topical formulations. The proposed method with a low flow rate and less runtime benefits to analyze high throughput qual-
ity control samples with less solvent consumption, and it helps the environment by supporting the green chemistry concept.

Keywords  Betamethasone dipropionate · Box–Behnken design · Chlorocresol · Eco-Friendly · Green chromatographic 
method · Quality by design

Introduction

Betamethasone dipropionate (BTD) is a dipropionate ester 
of betamethasone, in which 17, 21 hydroxy hydrogens are 
replaced by propanoyl groups. BTD is a synthetic adreno-
corticoid used to treat anti-inflammatory skin conditions 
such as dermatitis, eczema, and psoriasis [1]. It has a glu-
cocorticoid activity in high and mineralocorticoid activity 
in low. The chemical name is Pregna-1,4-diene-3,20-di-
one, 9-fluoro-11-hydroxy-16-methyl-17,21-bis(1-oxopro-
poxy)-, (11β,16β); or 9-Fluoro-11β,17,21-trihydroxy-16β-
methylpregna-1,4-diene-3,20-dione 17,21 dipropionate with 
the empirical formula of C28H37FO7, and molecular weight 
of 504.59 [2]. The chemical structure is shown in Fig. 1a. 
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BTD is a white crystalline, odorless powder. It is insoluble 
in water, freely soluble in acetone, ACN, and chloroform, 
and sparingly soluble in alcohol.

Chlorocresol (CCL) is a monochlorinated m-cresol. It 
is used as an antimicrobial preservative in cosmetics and 
pharmaceutical formulations [3]. The chemical name is 
4-Chloro-3-methylphenol or p-Chlorocresol with the empiri-
cal formula of C7H7ClO and molecular weight of 142.58 [2]. 
The chemical structure is shown in Fig. 1b. CCL appears as 
a pinkish to white crystalline solid with a phenolic odor. It 
is very soluble in alcohol and ACN, freely soluble in fatty 
oils, and slightly soluble in water.

In the reported preceding literature, several analytical 
methods presented for the quantification of BTD those are 
[2, 4–11], for CCL [12–17], and the simultaneous determi-
nation of CCL and BTD [18–20]. The reported methods for 
quantification of CCL and BTD are not economical (long 
runtime, THF, and IPA usage in mobile phase). A detailed 
comparison of reported analytical methods and the proposed 
method is tabulated in Table 1. The reported methods have 
complex sample extraction procedures and quantification of 
components without accounting for the dead volume gen-
erated from the sample matrix. Degradation studies play a 
vital role in proving the stability-indicating capability of the 
chromatographic method. The absence of forced degrada-
tion studies and QbD-based optimization was limiting their 
application. The objective of the current study is to develop 
a precise, specific, accurate, stability-indicating, rugged, 
and robust UHPLC analytical method by utilizing the QbD 
approach. In recent days, the QbD approach has been used 
effectively for the risk assessment or optimization of chro-
matographic conditions.

Generally, chromatographic methods are developed 
using a trial-and-error or one-factor-at-a-time (OFAT) 
approach, in which one of the parameters is varied in con-
secutive experiments until a sufficient retention time, sym-
metry, good peak shape of the analyte, and a resolution 
between impurities and components present in the sample 
matrix are achieved [21–33]. In the current study, BBD 
was utilized for the optimization of RP-UPLC chromato-
graphic parameters. The BBD design was developed by 
George E. P. Box and Donald Behnken in 1960 [34]. It is 
a fixed three-level equally spaced design with numeric and 

categoric factors as a variable. A minimum of three vari-
ables is required to conduct any BBD study. This design is 
used to produce higher-order response surfaces with fewer 
experimental runs than the factorial design. Experimental 
runs are conducted at midpoints of the edges and at the 
center point. QbD-based method optimization is helpful to 
the user to understand the individual and interaction effect 
of the variables on each CQA. Identification of CQAs and 
CMPs is crucial for the QbD-based method optimization. 
The CQAs include retention time (Rt), resolution (Rs) 
of components, and other system suitability parameters 
(tailing factor and plate count). Out of all CQAs, Rt and 
Rs significantly impact the performance of the analytical 
method. Hence, the current study was optimized by moni-
toring the Rt and Rs responses.

The QbD-based test method optimization was executed 
for determining the probability of risk(s) or failure(s)’ [21]. 
To meet the objective, a cause–effect relation between the 
CMPs and CQAs was evaluated. The CMPs making include 
%v/v of solvent (ACN in mobile phase-A) (mL) (A), flow 
rate (mL/min) (B), and column oven temperature (°C) (C). 
These CMPs was evaluated for 2 CQAs viz., Rt of CCL 
(R1), Rt of BTD (R2), Rt of BCD (R3); Rs between CCL 
and BTD (R4), and Rs between BTD and BCD (R5) at a 
standard concentration for all experimental trails.

Green chemistry is defined as “The design, development, 
and implementation of chemical products and processes 
that reduce or eliminate the use and generation of hazard-
ous substances” [35]. The green chemistry concept is well-
promoted by Paul T. Anastas, also known as the “Father 
of Green Chemistry” [36]. The green chemistry concept 
includes 12 Principles [37]. Out of all, the current study 
focused on minimizing the usage of an organic solvent such 
as methanol or ACN in the mobile phase. Additionally, low 
flow rate and short analysis time help to minimize the usage 
of an organic modifier. Several green chemistry and green 
chromatographic analytical techniques were reported in vari-
ous publications [38–40].

To the best of our understanding, the current research 
study is the first-ever QbD-based optimized and validated 
UHPLC method with a green chemistry concept for the 
quantification of CCL and BTD in topical formulations. 
The proposed method has clear improvements over formerly 
published test methods, including the execution of a QbD 
approach prior to method validation. The predefined objec-
tives, its cost-effectiveness with shorter runtime (8 min) 
using UHPLC and no interference from its formulation 
excipients for the quantification of CCL and BTD, accurately 
estimated anticipated components from its sample matrix 
using BCD as an internal standard with superior accuracy 
and precision. Further, various stress conditions were con-
ducted to verify the peak purity of CCL, BTD, and BCD in 
degradation studies.
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Fig. 1   Chemical structure of betamethasone dipropionate a and chlo-
rocresol b 
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Materials and methods

Instrumentation and software

Waters Acquity H-Class UHPLC equipped with Quater-
nary Solvent Manager (QSM), sample manager—Flow 
Through Needle (FTN), and column manager with eCord 
and TUV/PDA detector (Waters Corporation, Milford, 
Massachusetts, USA) were used for the analysis. The 
output signal was monitored through empower 3 data 
acquisition software (Waters Corporation, Milford, Mas-
sachusetts, USA). The QbD-based method optimization 
was carried out using the Design-Expert® software ver-
sion 12 (Stat-Ease Inc, Minneapolis, USA). For the opti-
mization of chromatographic conditions, different Acquity 
UPLC analytical columns were used, those were HSS C18, 
100 mm × 2.1 mm, 1.8 µm; BEH C18, 100 mm × 2.1 mm, 
1.7 µm; Cortecs UPLC T3, 100 mm × 2.1 mm, 1.6 µm; BEH 
C8, 100 mm × 2.1 mm, 1.7 µm; HSS C18, 50 mm × 2.1 mm, 
1.8 µm; BEH C18, 50 mm × 2.1 mm, 1.7 µm; and BEH Phe-
nyl, 100 mm × 2.1 mm, 1.7 µm from Waters Corporation 
(Milford, Massachusetts, USA). The Mettler Toledo ana-
lytical balance (Model: XPE205, Columbus, Ohio, USA) 
was used to weigh standards and samples. The sonicator 
from Bransonic (Model: CPX8800H, Danbury, Connecti-
cut, USA) was used for the standard preparations. The 
water bath from PolyScience (Model: WB28, W. Touhy 
Avenue Niles, Illinois, USA), vortex from Scientific Indus-
tries Inc (Model: SI-P236, Bohemia, New York, USA), 
and centrifuge from Beckman Coulter (Model: Allegra 
X-14R, Beckman Coulter, Brea, California, USA) were 
used for the sample preparation. The oven from Sheldon 
Manufacturing Inc (Model: 1330FMS, Cornelius, Oregon, 
USA) and photostability chamber from Luzchem (Model: 
LZC-ICH2, Ottawa, Ontario, Canada) were used to expose 
degradation samples as per ICH recommendations.

Materials and reagents

The BTD (Purity: 99.7%) reference standard was obtained 
from USP (Rockville, Maryland, USA). The CCL (Purity: 
99.9%) was procured from Sigma-Aldrich (St. Louis, Mis-
souri, USA). The BCD (Purity: 100.0%) was purchased 
from Millipore-Sigma (Laramie, Wyoming, USA). 
The analytical grade potassium phosphate monobasic 
(Purity > 99.0%), sodium hydroxide (Purity ≥ 99.0%), and 
ACN (Purity ≥ 99.9%) from EMD Millipore (Burlington, 
Massachusetts, USA), methanol (Purity > 99.8%) from 
VWR (Radnor, Pennsylvania, USA) were purchased. The 
in-house purified water from the ELGA lab water system 
(pH between 5.0 and 6.4, Conductivity < 1.5 µS/cm and 

TOC < 500 ppb) (High Wycombe, Bucks, UK) was used 
throughout the UHPLC analysis. The hydrochloric acid 
(Purity: 36.5–38.0%) from Avantor (Radnor, Pennsylvania, 
USA) and hydrogen peroxide (Purity: 30–32%) from EMD 
Millipore (Billerica, Massachusetts, USA) were purchased 
and used for the degradation studies. The 0.2 µm Nylon, 
polytetrafluoroethylene (PTFE), and polyvinylidene dif-
luoride (PVDF) syringe filters were obtained from What-
man (GE Healthcare Life Sciences) (Little Chalfont, Buck-
inghamshire, UK).

Chromatographic conditions

The chromatographic separation was accomplished by 
employing UPLC BEH C18, 100 mm × 2.1 mm, 1.7 µm 
(Waters Acquity) column with linear gradient elution. The 
mobile phase-A(MP-A) contains 0.02 M potassium phos-
phate monobasic and ACN as 70:30%v/v. Mobile phase-
B(MP-B) contains 0.02 M potassium phosphate monoba-
sic and ACN as 30:70%v/v, filtered using 0.2 µm Nylon 
membrane filter and degassed in a sonicator. The gradient 
program was T (min) /%B: 0.0/40, 6.0/70, 6.1/40, 8.0/40. 
The injection volume and flow rate were set as 5.0 µL and 
0.4 mL/min, respectively. The set column oven temperature 
was 40 °C, and UV detection was made at 240 nm.

Preparation of diluent

ACN was utilized for the preparation of standard stock solu-
tions and intermediate standard solutions. The final standard 
solution was prepared using water and ACN in the ratio of 
50:50%v/v. Similarly, ACN was utilized for the extraction 
of components from the sample matrix. The final sample 
solution was prepared using water and ACN in the ratio of 
50:50%v/v.

Preparation of standard solution

Preparation of standard stock solutions for CCL, BTD, 
and BCD

Prepared individual standard stock solutions of CCL, 
BTD, and BCD in ACN w.r.t 800 µg/mL, 400 µg/mL, and 
400 µg/mL concentration. The concentration of BTD and 
BCD was corrected as betamethasone and beclomethasone, 
respectively.

Standard solution

Transferred 5.0  mL of CCL, BTD, and BCD standard 
stock solutions into 25 mL of VF, dilute to volume with 
ACN. Diluted 5.0 mL into 20 mL with diluent (water/ACN 
50:50%v/v) and mixed well.
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Preparation of sample solutions

Accurately weighed 4.0 g of BTD topical formulation USP, 
0.05% into 50-mL glass centrifuge tube, added 5.0 mL of 
BCD standard stock (Internal standard), 20.0 mL of ACN, 
and closed with the cap firmly. The sample solution was kept 
in a water bath at 60 °C with an intermittent vortex every 5 min 
till 30 min. After that the sample solution was transferred into 
an ice bath (~ 0 °C), vortexed intermittently every 5 min till 
15 min, and centrifuged for 20 min at room temperature with 
3000 RPM. Transferred 5.0 mL of centrifuged sample solution 
into 20 mL VF and made up to the volume with diluent and 
filtered with 0.2 µm PVDF filter.

Statistical analysis

Based on initial method development experiments, the CMPs 
are %v/v of Organic solvent in MP-A (ACN)(mL), flow rate 
(mL/min), and column temp (°C) were selected. A total of 
15 experiments were carried out by 33 BBD employing three 
numeric factors at three different levels, including three center 
points. The standard and sample solutions contain 40 µg/mL 
of CCL and 20 µg/mL of BTD and BCD were used for the 
design of experiments. The data from the experiments were 
evaluated against two CQAs viz., Rt of CCL (R1), Rt of BTD 
(R2), Rt of BCD (R3), Rs between CCL and BTD (R4), and Rs 
between BTD and BCD (R5) using Design-Expert® software. 
The best fitted quadratic polynomial second-order equation 
was produced for each response based on CMPs significance 
from an analysis of variance (ANOVA). The statistical analysis 
was presented for individual and interaction variables against 
the coefficient estimate of the responses [41, 42].

where R is the response to be examined, b0 is the intercept, 
b1–b33 are the factor regression coefficients.

The generated model was examined and compared for dis-
tinct boundaries of correlation coefficient (R2), adjusted R2, 
predicted R2, and adequate precision. The response surface 
analysis (RSA) was accomplished by producing 2D-contour 
plots and 3D-response surface plots. The optimum chroma-
tographic conditions were anticipated from numerical and 
graphical optimization. The optimized chromatographic con-
ditions were marked in a graphical overlay plot of the design 
space region.

R = b0 + b1 + b2 + b3 + b12 + b13 + b23 + b11 + b22 + b33

Results and discussion

Method development

Optimization of chromatographic conditions

The purpose of the current study is to develop a simple, 
rapid, and specific method for the simultaneous determina-
tion of CCL and BTD in its topical formulations. The main 
challenge in the method development study is to accom-
plish acceptable resolution between the analyte peaks 
within a short runtime. Numerous experiments were con-
ducted to optimize both the mobile phase and stationary 
phases. Photo-diode array (PDA) detector offers the ben-
efit of quantifying the analyte at its maximum wavelength, 
thus improving the sensitivity of the analytical method. 
Further, the PDA detector helps to identify the peak homo-
geneity of each component. Each component was analyzed 
in a PDA detector and observed maximum absorbance for 
CCL at 227 nm, BTD, and BCD at 240 nm. The detection 
wavelength was selected as 240 nm for the quantification 
of cited components. Based on the USP monograph, water/
ACN 2:1%v/v was chosen to evaluate the separation in iso-
cratic mode with different UPLC columns such as HSS C18, 
100 mm × 2.1 mm, 1.8 µm; BEH C18, 100 mm × 2.1 mm, 
1.7 µm; Cortecs UPLC T3, 100 mm × 2.1 mm, 1.6 µm; 
BEH Phenyl, 100 mm × 2.1 mm, 1.7 µm; and BEH C8, 
100 mm × 2.1 mm, 1.7 µm. The obtained chromatograms 
showed the BTD, BCD peaks were eluted lately with less 
resolution and asymmetric peak shape.

Alternatively, methanol was used in place of ACN 
in the mobile phase, and analysis was carried out 
using HSS C18 Columns (100  mm × 2.1  mm, 1.8  µm, 
and 50 mm × 2.1 mm, 1.8 µm); and BEH C18 Columns 
(100 mm × 2.1 mm, 1.7 µm, and 50 mm × 2.1 mm, 1.7 µm). 
No improvement was observed in methanol as an organic 
modifier. Moreover, comparatively better peak shapes and 
retention times were observed in ACN. Therefore, contin-
ued with ACN for further development studies. Potassium 
phosphate buffer (0.02 M) and ACN mixture in the ratio 
of 50:50%v/v was used as mobile phase to separate the 
components. Two different columns, such as HSS C18 and 
BEH C18 columns in 100 mm length with a flow rate of 
0.5 mL/min and 50 mm length with a flow rate of 0.3 mL/
min, were screened for the separation. All the peaks were 
eluted within the 6 min on HSS C18 and BEH C18 100 mm 
length columns, but the BCD was eluted as a broad peak. 
On the other hand, all the peaks were eluted within the 
6 min on both HSS C18 and BEH C18 50 mm length col-
umns, but the CCL peak was eluted closely to the unre-
tained peak, further BCD eluted as a broad peak. Overall, 
100 mm length columns were comparatively better than 
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50 mm length columns in terms of resolution. Therefore, 
the BEH C18 column in 100 mm length was continued for 
the next set of experiments.

To reduce the overall runtime, ACN composition was 
increased from 50 to 70%v/v, with a flow rate of 0.4 mL/min. 
The chromatograms showed that CCL was eluted closely 
to the unretained peak, and the BCD was eluted as a broad 
peak. To reduce the peak broadening of the lately eluting 
components, a gradient program was proposed to incorpo-
rate using a mixture of potassium phosphate buffer (0.02 M) 
and ACN in the ratio of 70:30%v/v as mobile phase-A, and 
a mixture of potassium phosphate buffer (0.02 M) and ACN 
in the ratio of 30:70%v/v as mobile phase-B with a gradient 
program T (min) /%B: 0.0/40, 6.0/70, 6.1/40, 8.0/40. The 
flow rate was set as 0.4 mL/min, and the column tempera-
ture was set as 40 °C. The obtained chromatograms showed 
a better resolution between the BTD and BCD peaks (Rs: 
7.8), and CCL was eluted at 1.6 min and is well-separated 
from the unretained peak. The BCD (Rt: 5.4 min) peak was 
eluted with good symmetry (USP Tailing factor: 1.1) with-
out broadening.

Optimization of diluent

In general, topical formulations contain a low amount of 
active components, w.r.t inactive ingredients. Selection of 
diluent is a crucial step while achieving better sample extrac-
tion during the sample preparation. Most of the topical for-
mulations are semi-solid, and their ingredients are insoluble 
in aqueous solutions. Both components, BTD and CCL were 
insoluble in aqueous solutions and soluble in organic sol-
vents like methanol and ACN. Initially, 0.1% acetic acid in 
methanol was adopted from the USP monograph and used as 
extraction solvent and diluent. The chromatograms showed 
that the peaks were distorted. Pure organic solvents such 
as ACN and methanol were evaluated as an extraction sol-
vent, and a mixture of organic solvent (ACN or Methanol) 
and water 50:50 v/v was evaluated as diluent. The obtained 
chromatograms showed better peak shape in both solvents. 
However, the sample solutions extracted in ACN and diluted 
with water and ACN in the ratio of 50:50 v/v was showed a 
better peak shape. Moreover, obtained sample solution from 
the ACN was clear compared with methanol extracted sam-
ple solutions. The chromatograms and the extracted sample 
solutions indicated that ACN is the suitable solvent for the 
extraction, and water/ACN 50:50v/v is the best diluent for 
the preparation of sample solutions.

The sample preparation procedure was evaluated for the 
effective extraction of components from the sample matrix 
for superior accuracy. The sample solution was prepared by 
taking 4 g of sample in a 50-mL glass centrifuge tube, add-
ing 5.0 mL of BCD standard stock solution and 20 mL of 
ACN. The sample solution was kept in a water bath at 60 °C, 

vortexed every 5 min till 30 min. The sample solution was 
transferred to an ice bath and vortexed for every 5 min till 
15 min, and then centrifuged the solution at room tempera-
ture (RT) for 20 min with 3000 RPM. Transferred 5.0 mL 
of the supernatant solution into 20 mL VF and diluted with 
diluent and mixed well. The resulted solution was filtered 
through a 0.2-µm syringe filter and injected into the chroma-
tograph. The obtained recoveries for BTD was 99.6% and for 
CCL was 99.8%, and found to be satisfactory for finalizing 
extraction solvent and diluent. The obtained sample solu-
tion contains 40 µg/mL of CCL, 20 µg/mL of BTD (beta-
methasone), and BCD (beclomethasone). Different injection 
volumes were evaluated from 2.0 µL to 10.0 µL and selected 
5.0 µL as the optimum injection volume based on analyte 
peak responses. The method conditions have been opti-
mized using QbD-based BBD to achieve a robust analytical 
method. The summary of method development experiments 
for the optimization of mobile phase, stationary phase, and 
diluents is shown in Table 2.

Method optimization using Box–Behnken design—
Response Surface Analysis (RSA)

The software recommended best-fitting quadratic model 
was used for each CQA response viz., Rt of CCL (R1), Rt 
of BTD (R2), Rt of BCD (R3), Rs between CCL and BTD 
(R4), and Rs between BTD and BCD (R5). The experimental 
design for the optimized factors and responses are shown in 
Table 3. ANOVA F test proved the significance for a selected 
quadratic model with p < 0.05 for all the CQAs. The chosen 
responses showed superior R2 values from 0.9989 to 0.9999. 
Illustrate the best fit of polynomials to the response data 
(p < 0.0001 in most cases). All the five responses showed 
“lack of fit” values were insignificant (p > 0.05 in all cases), 
implying that the selected model is apt for all variables. The 
difference between predicted R2 and the adjusted R2 values 
was obtained < 0.2; it revealed an excellent fit of the data due 
to the closeness of these values. The adequate precision for 
all the responses was found between 72.9259 and 356.9978; 
it indicates a high signal-to-noise ratio. The model F and P 
values, lack of fit, R2, adjusted R2 and predicted R2, and ade-
quate precision values are summarized in ANOVA results 
Table 4.

The statistical analysis was accomplished for a coeffi-
cient estimate of the responses against factors and is given 
in Table 5. The quadratic polynomial second-order equation 
was generated by the software for all the responses with 
intercept b0, and CMPs interaction coefficients b1–b33 are 
shown in Table 6. The quadratic polynomial second-order 
equation was evaluated for the application within design 
space with change in different factor variables and found 
that observed values and predicted values were within 0.5% 
of relative error. The results are summarized in Table 7.
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The Box–Cox diagnostics current lambda was less than 
1 and indicates that no transformation of data is required 
for all the measured responses. The 2D contour plots and 
3D surface model graphs were drawn to acknowledge the 
interaction between the variables in the experimental design. 
Figure 2a–e describes the normal plot and 3D response sur-
face plots for all the responses. The interaction graphs, con-
tour plots, and 3D surface plots indicate that responses R1, 
R2, R3, R4, and R5 were decreased with increasing %v/v 
organic solvent (ACN) in MP-A (CMP-A). Responses R1, 
R2, and R3 decreased, R4 increased, and R5 did not affect 
with the increase in flow rate (CMP-B). Responses R1, R2, 
R3, and R5 decreased; R4 increased with the increase in 
column oven temperature (CMP-C). Responses R1, R2, R3, 
and R4 have a higher AB interaction effect than AC and 
BC. Response R5 has a higher BC interaction effect than 
AB and AC.

The optimum chromatographic conditions were identified 
using the numerical and graphical optimization method with 
desired conditions of lower response values R1, R2, and 
R3 and higher resolution values of R4 and R5. The graphi-
cal overlay plots dictate that CMP-A (%v/v organic solvent) 
(ACN) (mL), CMP-B (flow rate) (mL/min), and CMP-C 
(column temperature) (°C) were 301.21 mL, 0.396761 mL/
min, and 39.676 °C, respectively. The obtained values were 
similar to the optimized chromatographic conditions from 
the method development. The desirability and predicted 
responses are shown in Fig. 3. The overlay plot of post-
analysis prediction point values were two-sided with 95% 
confidence and 99% population. The statistical analysis data 
for the point of prediction and its responses are tabulated 
in Table 8. The overlay plots are shown in Fig. 4. The opti-
mized method has been validated in accordance with ICH 
guidelines.

Method validation

System suitability

The system suitability of the analytical method was assessed 
in every analysis to ensure adequate separation and repro-
ducibility of the current optimized method. The examined 
system suitability parameters were USP tailing, USP plate 
count, USP resolution between BTD and BCD, and %RSD 
for the peak area ratio of analytes. The system suitability 
results are tabulated in Table 9. The results were indicative 
that the method was suitable for the determination of CCL 
and BTD in topical formulations.

Linearity

The analytical method linearity was determined by inject-
ing seven solutions from 50 to 150% of the nominal Ta
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concentration of components prepared in a final diluent. 
The linearity solutions were injected twice into the UPLC 
and recorded the peak responses, plotted graph between 
concentration and mean area of the analyte, determined 
the intercept, slope, correlation coefficient, and resid-
ual sum of squares. The linear regression equations for 
CCL (y = 6274.567x + 1245.940, r2 = 0.9999), BTD 
(y = 30,599.279x−13,178.800, r2 = 0.9999) and BCD 
(y = 29,290.277x−11,308.464, r2 = 0.9999) were estab-
lished. The linearity data indicates components have a linear 
response from 50 to 150% of concentration. The linearity 
results of are shown in Table 9.

Precision

The method precision was demonstrated by preparing six (6) 
individual sample solutions from the homogenous cream and 
ointment formulations sample. The precision was evaluated 
for % RSD from the six sample solutions. Intermediate pre-
cision was accomplished by another analyst with a different 
system, a different column in a different day using the same 
homogenous sample from the precision experiment. The % 
difference between method precision and intermediate preci-
sion results was found less than 2.0%. The precision results 
are summarized in Table 9.

Accuracy

The accuracy of the test method was determined by spik-
ing the known amount of analyte into the placebo, prepared 
the samples as per the proposed method. The accuracy 

experiment was executed for three different levels (50%, 
100% & 150% of target concentration) and each level with 
triplicate preparations. Calculate the amount added, the 
amount found, % recovered, and standard deviation (SD) 
for each recovery level. The results are tabulated in Table 9.

Specificity

Specificity of the test method was demonstrated by inject-
ing the blank, standard, as such sample, placebo, individual 
impurities, spiked sample, and forced degradation samples. 
The degradation studies were carried out for acid, base, per-
oxide, thermal, and photolytic conditions. No interference 
was observed at the retention time of analyte peaks from the 
placebo, impurities, and degradation peaks. Peak purity was 
evaluated for standard, as such sample, spiked sample, and 
degradation samples found that purity threshold was greater 
than purity angle with no purity flag. The degradation condi-
tions, % degradation, and peak purity results are tabulated 
in Table 10. The overlayed UHPLC chromatograms of the 
blank, placebo, standard, sample, and spiked sample with 
impurities which indicate the specificity of the method for 
the cream formulation are shown in Fig. 5, and for ointment 
formulation, it is shown in Fig. 6.

Robustness

Robustness was conducted with varying ± 10% of flow 
rate (i.e., 0.36 & 0.44 mL/min), ± 2% gradient program for 
organic variation, ± 5 °C for column oven temperature (i.e., 
35 °C & 45 °C) and ± 2 nm for wavelength detection from 

Table 3   Design of experiments for the CMPs and the obtained responses

R1/Rt of CCL; R2/Rt of BTD; R3/Rt of BCD; R4/Rs between CCL and BTD; R5/Rs between BTD and BCD

Std Run A: Organic 
(ACN) (mL)

B: Flow Rate 
(mL/min)

C: Tempera-
ture (°C)

Response R1 Response R2 Response R3 Response R4 Response R5

10 1 300 0.5 30 1.481 4.352 4.828 41.84 7.85
7 2 200 0.4 50 2.214 6.486 7.782 51.50 7.51
9 3 300 0.3 30 2.407 6.364 9.528 30.18 9.02
2 4 400 0.3 40 1.654 4.223 4.777 31.50 7.07
6 5 400 0.4 30 1.383 3.646 4.142 31.75 7.16
11 6 300 0.3 50 2.164 5.762 7.154 39.50 6.53
1 7 200 0.3 40 2.917 7.950 11.798 38.18 8.48
14 8 300 0.4 40 1.610 4.794 5.429 40.95 8.16
12 9 300 0.5 50 1.328 4.047 4.477 42.23 7.94
15 10 300 0.4 40 1.618 4.840 5.590 41.95 8.22
3 11 200 0.5 40 1.792 5.700 6.198 52.66 8.73
8 12 400 0.4 50 1.278 3.323 3.743 31.16 6.96
5 13 200 0.4 30 2.475 7.070 10.215 40.27 9.71
4 14 400 0.5 40 1.007 2.746 3.108 31.41 7.05
13 15 300 0.4 40 1.617 4.824 5.564 41.58 8.10
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the actual method conditions. The optimized method was 
found robust within the range was selected, and the results 
were found within limits.

Solution stability and filter evaluation study

The solution stability of sample and standard solutions were 
established at refrigerator (2–8 °C) and room temperature 
(~ 25 °C) conditions by reinjecting the solutions from the 
precision experiment after 24 and 48 h against the freshly 
prepared standard solution. Calculated the % difference from 
initial assay values and found less than 2% in both the stor-
age conditions up to 48 h. The data concluded that standard 
and sample solutions were stable up to 48 h at refrigerator 
and room temperature. The filter evaluation studies were 
conducted utilizing the 0.2 µm Nylon, PVDF, and PTFE 
syringe filter with a discarding volume of 0 mL, 3 mL, and 
5 mL. The identified suitable filter for the simultaneous 
determination of CCL and BTD from its topical formula-
tion was 0.2 µm PVDF and PTFE syringe filter with 5-mL 
discarded volume.

Conclusion

A simple, rapid, and stability-indicating UHPLC method 
was developed with a runtime of 8 min for the real-time 
quantification of CCL and BTD in topical formulations. 
BCD was used as an internal standard to quantify CCL and 
BTD for better accuracy. The developed method was opti-
mized using QbD-based 33 level BBD. CMPs organic ratio, 
flow rate, and column oven temperature were varied to study 
the CQAs such as retention time (R1: Rt of CCL; R2: Rt of 
BTD; and R3: Rt of BCD) and resolution (R4: Rs between 
CCL and BTD; and R5: Rs between BTD and BCD). The 
main and interaction effects of CMPs were evaluated sta-
tistically using quadratic polynomial equation and drawn 
2D-contour plots and 3D-response surface plots. The best 
possible analytical conditions were identified by a numerical 
optimization method. The CMPs and CQAs were located in 
the overlay plot of the analytical design space region. The 
proposed method is capable to determine two components 
(both CCL and BTD) simultaneously with less solvent con-
sumption, with the usage of low flow rate and less run time, 
and supporting the green chemistry concept for the healthy 
environment. The developed method was validated as per 
ICH guidelines and found specific, precise, accurate, rugged, 
robust, and stability-indicating to determine CCL and BTD 
in the topical formulation, and the method can be used in 
quality control laboratories.
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Table 5   Statistical analysis for the factors and responses

Response Statistical analysis Intercept A B C AB AC BC A2 B2 C2

R1 Coefficient Estimate 1.62  − 0.5095  − 0.4418  − 0.0953 0.1195 0.039 0.0225 0.11 0.1175 0.1125
Standard Error 0.0038 0.0023 0.0023 0.0023 0.0033 0.0033 0.0033 0.0034 0.0034 0.0034
95% CI Low 1.61  − 0.5154  − 0.4477  − 0.1012 0.1111 0.0306 0.0141 0.1013 0.1088 0.1038
95% CI High 1.62  − 0.5036  − 0.4358  − 0.0893 0.1279 0.0474 0.0309 0.1187 0.1262 0.1212

R2 Coefficient Estimate 4.82  − 1.66  − 0.9317  − 0.2268 0.1933 0.0653 0.0742 0.1677 0.1677 0.1442
Standard Error 0.0121 0.0074 0.0074 0.0074 0.0105 0.0105 0.0105 0.0109 0.0109 0.0109
95% CI Low 4.79  − 1.68  − 0.9508  − 0.2458 0.1663 0.0383 0.0473 0.1397 0.1397 0.1162
95% CI High 4.85  − 1.64  − 0.9127  − 0.2077 0.2202 0.0922 0.1012 0.1957 0.1957 0.1722

R3 Coefficient Estimate 5.53  − 2.53  − 1.83  − 0.6946 0.9828 0.5085 0.5058 0.4582 0.4844 0.4847
Standard Error 0.0345 0.0211 0.0211 0.0211 0.0299 0.0299 0.0299 0.0311 0.0311 0.0311
95% CI Low 5.44  − 2.58  − 1.89  − 0.7489 0.906 0.4317 0.429 0.3783 0.4045 0.4048
95% CI High 5.62  − 2.47  − 1.78  − 0.6404 1.06 0.5853 0.5825 0.5381 0.5643 0.5646

R4 Coefficient Estimate 41.49  − 7.1 3.6 2.54  − 3.64  − 2.96  − 2.23  − 1.41  − 1.64  − 1.41
Standard Error 0.2202 0.1349 0.1349 0.1349 0.1907 0.1907 0.1907 0.1985 0.1985 0.1985
95% CI Low 40.93  − 7.45 3.25 2.2  − 4.13  − 3.45  − 2.72  − 1.92  − 2.15  − 1.92
95% CI High 42.06  − 6.75 3.94 2.89  − 3.15  − 2.46  − 1.74  − 0.9014  − 1.13  − 0.9014

R5 Coefficient Estimate 8.16  − 0.7737 0.0587  − 0.6  − 0.0675 0.5 0.645  − 0.1637  − 0.1637  − 0.1613
Standard Error 0.0219 0.0134 0.0134 0.0134 0.019 0.019 0.019 0.0198 0.0198 0.0198
95% CI Low 8.1  − 0.8083 0.0242  − 0.6345  − 0.1164 0.4511 0.5961  − 0.2146  − 0.2146  − 0.2121
95% CI High 8.22  − 0.7392 0.0933  − 0.5655  − 0.0186 0.5489 0.6939  − 0.1129  − 0.1129  − 0.1104

Table 6   Quadratic polynomial 
equations and their coefficient 
values for each CQAs

Coefficient 
Code

Polynomial Coefficients for CQAs

R1 R2 R3 R4 R5

b0  + 12.2235  + 25.21888  + 68.82863  − 138.26375  + 21.4825
b1  − 0.018035  − 0.036988  − 0.112419  + 0.277613  − 0.015213
b2  − 18.3025  − 31.50167  − 106.77333  + 366.08333  − 10.0875
b3  − 0.120225  − 0.187317  − 0.812046  + 3.16321  − 0.339
b12  + 0.01195  + 0.019325  + 0.098275  − 0.36425  − 0.00675
b13  + 0.000039  + 0.000065  + 0.000508  − 0.002955  + 0.0005
b23  + 0.0225  + 0.07425  + 0.50575  − 2.2325  + 0.645
b11  + 0.000011  + 0.000017  + 0.000046  − 0.000141  − 0.000016
b22  + 11.75  + 16.77083  + 48.44167  − 164.41667  − 16.375
b33  + 0.001125  + 0.001442  + 0.004847  − 0.014117  − 0.001613

Table 7   Verification study: A comparison of predicted and experimental responses

a A:300, B:0.4, C:40; bA:400, B:0.3, C:40; cA:300, B:0.4, C:40; dA:200, B:0.3, C:40; eA:300, B:0.5, C:50

CQA/ 
Response

Working Pointa Verification Point-1b Verification Point-2c Verification Point-3d Verification Point-4e

Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed

R1 1.62 1.62 1.66 1.65 2.17 2.16 2.91 2.92 1.33 1.33
R2 4.84 4.82 4.27 4.22 5.78 5.76 7.95 7.95 4.06 4.05
R3 5.54 5.56 4.81 4.78 7.14 7.15 11.82 11.80 4.49 4.48
R4 41.50 41.58 31.41 31.50 39.63 39.50 38.30 38.18 42.36 42.23
R5 8.19 8.10 7.12 7.07 6.56 6.53 8.49 8.48 7.97 7.94



1408	 Journal of the Iranian Chemical Society (2022) 19:1397–1412

1 3

Fig. 2   Normal plot, 3D response surface plot for the response R1 a, R2 b, R3 c, R4 d, and R5 e 
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Fig. 3   Desirability and predicted response graphs

Table 8   Statistical analysis for 
the point of prediction and its 
responses

Statistical analysis R1 R2 R3 R4 R5

Predicted Mean 1.62645 4.83712 5.57992 41.2053 8.16832
Std Dev 0.00652687 0.0209531 0.0597159 0.381442 0.0380132
SE Mean 0.00376565 0.0120888 0.0344528 0.220072 0.0219315
95% CI low for Mean 1.61677 4.80605 5.49135 40.6396 8.11194
95% CI high for Mean 1.63613 4.8682 5.66848 41.7711 8.2247
95% TI low for 99% Pop 1.58374 4.7 5.18913 38.7091 7.91956
95% TI high for 99% Pop 1.66916 4.97424 5.97071 43.7016 8.41708
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Fig. 4   Overlay plots predicted responses from the design space region

Table 9   System suitability, linearity, accuracy, and precision results for CCL, BTD, and BCD

a Mean of six preparations; bMean of triplicate preparations

Parameters CCL BTD BCD

System Suitability
USP tailing factor 1.2 1.1 1.1
USP Plate count (N) 8401 36,257 45,376
Resolution – 37.4 7.1
Rt (min) 1.55 4.69 5.41
Linearity
Range (µg/mL) 20.4–61.1 10.3–30.8 10.4–31.1
Slope 6274.567 30,599.279 29,290.277
Intercept 1245.940  − 13,178.800  − 11,308.464
Correlation coefficient 0.9999 0.9999 0.9999
STYX SD 1191.307 2277.881 2168.860

Cream formulation Ointment formulation

CCL BTD BTD

Precisiona

Method Precision (% RSD) 0.4 0.6 0.6
Intermediate precision(%RSD) 0.7 0.6 0.6
Accuracy (% Recovery)b

50% Mean ± SD 101.2 ± 0.5 100.4 ± 0.2 100.0 ± 0.3
100% Mean ± SD 100.0 ± 1.0 100.6 ± 0.4 100.8 ± 0.2
150% Mean ± SD 99.4 ± 0.9 101.0 ± 0.2 101.4 ± 0.3
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Table 10   Degradation conditions, %degradation, and peak purity data for cream and ointment formulation

Peak purity: In all conditions, purity angle less than that of purity threshold for CCL, BTD, and BCD

Sample name/ degradation type Cream formulation Ointment formulation

Assay of BTD % Degradation Assay of BTD % Degradation

As such sample 100.9 NA 98.7 NA
Spiked Sample 100.5 NA 99.1 NA
Acid (1.0 N HCl/ 2 mL/ 24 Hrs@ RT) 101.1 No Degradation 98.9 No Degradation
Base (1.0 N NaOH/ 2 mL/ 15 min@ RT) 94.8 6.1 92.5 6.2
Peroxide (10%H2O2/ 2 mL/ 24 Hrs @ RT) 100.7 No Degradation 99.0 No Degradation
Thermal (24 Hrs @ 105 °C) 101.2 No Degradation 99.8 No Degradation
Photolytic (1200 KLX/200-Watt Hr/m2) 97.9 3.0 96.6 2.1

Fig. 5   UHPLC chromato-
gram for the betamethasone 
dipropionate cream formula-
tion, contains 40 µg/mL CCL; 
20 µg/mL BTD; and 20 µg/mL 
BCD. Injection volume 5.0 µL; 
Column oven temperature 40 °C 
and UV detection at 240 nm

Fig. 6   UHPLC chromatogram 
for the betamethasone dipro-
pionate ointment formulation, 
contains 20 µg/mL BTD; and 
20 µg/mL BCD; Injection 
volume 5.0 µL; Column oven 
temperature 40 °C; and UV 
detection at 240 nm
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