
Elkady et al. BMC Chemistry          (2022) 16:114  
https://doi.org/10.1186/s13065-022-00908-9

RESEARCH

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

BMC Chemistry

Application of Box-Behnken experimental 
design and response surface methodology 
for selecting the optimum RP-HPLC conditions 
for the simultaneous determination 
of methocarbamol, indomethacin 
and betamethasone in their pharmaceutical 
dosage form
Ehab F. Elkady1, Marwa A. Fouad1,2* and Ayoub N. Mozayad3 

Abstract 

An isocratic RP-HPLC method has been developed for the separation and determination of methocarbamol (MTL), 
indomethacin (IND), and betamethasone (BET) in combined dosage form using an Inertsil ODS-3v C18 (250 × 4.6 mm, 
5 μm) column with UV- detection at 235 nm. Experimental design using Box-Behnken design (BBD) was applied to 
study the response surface during method optimization and to achieve a good separation with a minimum number 
of experimental runs. The three independent parameters were pH of buffer, % of acetonitrile and flow rate of the 
mobile phase while the peak resolution of IND from MTL and the peak resolution of BET from IND (R2) were taken as 
responses to obtain mathematical models. The composite desirability was employed to optimize a set of responses 
overall (peak resolutions). The predicted optimum assay conditions include a mobile phase composition of acetoni-
trile and phosphate buffer (pH 5.95) in a ratio of 79:21, v/v, pumped at a flow rate of 1.4 mL  min−1. With this ideal con-
dition, the optimized method was able to achieve baseline separation of the three drugs with good resolution and 
a total run time of less than 7 min. The linearity of MTL, IND, and BET was determined in the concentration ranges of 
5–600 µg  mL− 1, 5–300 µg  mL− 1, and 5–300 µg  mL− 1 and the regression coefficients were 0.9994, 0.9998, and 0.9998, 
respectively. The average percent recoveries for the accuracy were determined to be 100.41 ± 0.60%, 100.86 ± 0.86%, 
and 100.99 ± 0.65% for MTL, IND, and BET, respectively. The R.S.D.% of the intra-day precision was found to be less 
than 1%, while the R.S.D.% of the inter-day precision was found to be less than 2%. The RP-HPLC method was fully 
validated with regard to linearity, accuracy, precision, specificity, and robustness as per ICH recommendations. The 
proposed method has various applications in quality control and routine analysis of the investigated drugs in their 
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pharmaceutical dosage forms and laboratory-prepared mixtures with the goal of reducing laboratory waste, analysis 
time, and effort.

Keywords: Methocarbamol, Indomethacin, Betamethasone, Box-Behnken design, RP-HPLC, Response surface 
methodology

Introduction
Methocarbamol (MTL) is a muscle relax-
ant that acts centrally, chemically designated as 
(±)-3-(o-methoxyphenoxy)-1,2-propanediol-1-car-
bamate, Fig.  1a [1], which is used for the treatment 
of skeletal muscle spasms [2]. Indomethacin (IND) 
is an indole acetic acid derivative of nonsteroidal 
anti-inflammatory drugs, chemically designated as 
1-(p-chlorobenzoyl)-5-methoxy-2-methylindole-3-ace-
tic acid, Fig.  1b [1]. IND has anti-inflammatory, anal-
gesic, and antipyretic activity. It has a potent inhibitory 
action on the cyclooxygenase enzymes, reduces the 
synthetic process of prostaglandins, and is used for 
the symptomatic treatment of musculoskeletal dis-
orders such as rheumatoid arthritis, osteoarthritis, 
gouty arthritis, and disorders of the collagen alone or 
in combination with other drugs [3–5]. Betamethasone 
(BET), chemically designated as 9-fluoro-11β,17,21-
trihydroxy-16β-methylpregna-1,4-diene-3,20-dione, 
Fig.  1c [1], is a long-acting synthetic fluorinated glu-
cocorticosteroid that can be administered orally, 

parenterally, or topically in the management of various 
disorders such as acute gouty arthritis due to its anti-
inflammatory and analgesic effects.

The first commercially available HPLC system was 
developed in 1969 as a result of the development of col-
umns and online detectors. Since that time, HPLC has 
become a good instrument for chromatographic analy-
ses. Today, HPLC has achieved a great reputation in 
separation science because of its high speed, selectivity, 
efficiency, low detection and quantification limits, and 
reproducibility [6, 7]. Because of its ability to separate 
quite complex mixtures of low and high molecular weight 
compounds, as well as different polarities and acid-base 
properties in various matrices, it is also a well-known 
and well-established separation technique that is fre-
quently used to resolve a variety of analytical problems 
[8]. Despite the wide variety of drug analysis techniques 
that are available, including titrimetry, spectroscopy, and 
electroanalysis, HPLC is still the technique that is most 
frequently employed in research centers, academic labs, 
or industrial companies for pharmaceutical analysis [9].

Fig. 1 Chemical structures of a methocarbamol, b indomethacin and c betamethasone
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Various HPLC methods were published for deter-
mining MTL either alone or in combination with other 
drugs in pharmaceutical preparations in the last 10 
years [2, 10–19]. IND was determined by HPLC indi-
vidually or simultaneously with other drugs in pharma-
ceutical dosage forms [3–5, 20]. BET was determined 
by using HPLC either alone or with other drugs [21–
25]. Although some HPLC methods were described for 
determining BET esters individually or in combination 
with other substances in the last ten years [26–34], no 
methods were reported for the simultaneous deter-
mination of MTL, IND, and BET in capsules dos-
age forms. In addition, some of the reported methods 
required particular columns [26, 35], more expensive 
detectors that might not be available in all laborato-
ries [10, 36], and some of them had narrower linearity 
ranges [5, 10, 11, 16, 17, 23, 25, 27–29, 31, 33, 36–39] 
and longer analysis times than the proposed method 
[3, 4, 17, 21, 28, 32, 36–38, 40–42]. Additionally, the 
proposed method was found to have larger linearity 
ranges, higher precision, and greater sensitivity than 
some other reported analytical methods and was much 
simpler in its mobile phase composition compared to 
the reported gradient elution methods [2, 12, 17, 21, 28, 
29, 31].

This study describes the optimization and validation 
of the HPLC method for the analysis of MTL, IND, and 
BET in capsules dosage forms using response surface 
methodology (RSM) to facilitate the optimization step of 
the experimental conditions which is a very complex step 
because of the large number of parameters that must be 
simultaneously tested [43]. RSM is a group of mathemati-
cal and statistical techniques that are used for improving 
and optimizing analytical methods and are commonly 
used to get the best chromatographic parameters for sep-
aration and determination of chemical components. RSM 
provides many benefits over the traditional “one-variable-
at-a-time” optimization method, which is time-consum-
ing and depends on a huge number of experimental trials 
to get the best ideal chromatographic conditions. Firstly, 
RSM provides an enormous amount of information from 
a small number of experimental trials. Secondly, RSM 
easily distinguishes the interaction effect among the inde-
pendent and dependent predictors. The regression model 
equation easily describes the effects of independent pre-
dictors. Furthermore, the empirical model that describes 
the relationship among the independent and dependent 
predictors is used to get some data about the process and 
is also used in the prediction process. According to the 
aforementioned aspects, RSM is an effective technique 
for the optimization and prediction processes. Finally, 
RSM is a cost-effective technique, as the number of 
experimental runs can be greatly decreased [44–46].

Thus, the goal of this work was to apply the response 
surface methodology involving Box–Behnken design to 
develop and optimize an accurate, precise, specific, and 
robust RP-HPLC method for the separation and simul-
taneous determination of MTL, IND, and BET, which 
has a variety of uses and can be applied in routine and 
quality control analysis of the cited drugs in both pure or 
combined dosage forms to save time and reduce effort, 
cost, and laboratory waste. Furthermore, the robustness 
of the reported method was investigated by utilizing the 
constructed models to save time and money. Addition-
ally, method validation was carried out in accordance 
with ICH requirements Q2 [47]. The novelty of this study 
concerns the application of the RP-HPLC method for the 
simultaneous separation and determination of the three 
drugs. Despite the fact that many reported studies deter-
mined these drugs individually or in combination with 
other drugs, no methods were reported for simultaneous 
determination of the three drugs. The importance of this 
study lies in its ability to determine the quantity of these 
three drugs despite the presence of a large difference in 
the ratio between the quantity of these drugs as well as 
the estimation of the quantity of betamethasone, which 
is found in a very small amount compared to the rest of 
the drugs.

Experimental
Instrument
An Agilent HPLC system 1100 series (Japan) equipped 
with a G1314A variable wavelength detector and G1310A 
Iso pump was used for the chromatographic separation. 
Agilent Chemstation PC software was employed for the 
instrumental control, data analysis, and acquisition. Sep-
aration was done using a Inertsil ODS-3v C18 column 
(250 mm, 4.6 mm, 5 μm). A pH meter (Jenway, 3505, UK) 
was employed for adjustment of pH. A sonicator (Soni-
clean-120T, The barton-SA, Australia) was employed. 
0.45  μm membrane filters from Sartorius Stedim-Bio-
tech GmbH (Goettingen, Germany) were employed for 
mobile phase filtration. Minitab-17 (Minitab, Inc., State 
College, PA, USA) was employed for analysis of data and 
experimental design [48].

Materials and substances
MTL, IND, and BET standards were generously pro-
vided from October Pharma (6 October City, Egypt), 
Misr Pharma (Cairo, Egypt), and Amoun Pharmaceuti-
cal Company (Cairo, Egypt), respectively. Purities were 
99.50%, 100.50%, and 99.60%, respectively. From the 
Mexican market,  Ardosons® capsules containing 215 mg 
MTL, 25  mg IND, and 0.75  mg BET were acquired. 
Aquatron Water Still was used to obtain bidistilled water 
(A4000D, Staffordshire, UK). o-Phosphoric acid and 



Page 4 of 15Elkady et al. BMC Chemistry          (2022) 16:114 

HPLC-grade acetonitrile were purchased from Sigma-
Aldrich (Darmstadt, Germany). Monobasic potassium 
phosphate purchased from Loba Chemie Ltd. (Mum-
bai, India) was employed for preparing aqueous buffer 
solutions.

Chromatographic procedure
The HPLC separation and determination were performed 
on an Inertsil-ODS-3v C18 column (250  mm x 4.6 i.d., 
5  μm). The mobile phase consisted of acetonitrile and 
monobasic potassium phosphate (50 mM, adjusted to pH 
5.95 with sodium hydroxide) (79:21, v/v). After passing 
through a 0.45 μm membrane filter, the mobile phase was 
degassed using an ultrasonic bath and pumped at a 1.4 
mL  min− 1 flow rate. The peak area was used for quantifi-
cation, with UV-estimation at 235 nm.

Preparation of standard stock solutions
An accurate weight of 215 mg of MTL, 250 mg of IND, 
and 75  mg of BET were separately weighed and trans-
ferred into a series of 100 mL volumetric flasks. The con-
tents of the flasks were dissolved in the mobile phase and 
completed to volume to obtain 2.15  mg  mL− 1 of MTL, 
2.5  mg  mL− 1 of IND, and 0.75  mg  mL− 1 of BET stock 
solutions. During the analysis, freshly prepared working 
solutions were created by diluting stock solutions.

Sample preparation
The contents of 10  Ardosons® capsules were weighed and 
mixed in a mortar, and an amount of well-mixed powder 
equivalent to the contents of four  Ardosons® capsules 
was accurately put into a 100 mL volumetric flask. Suffi-
cient volume of mobile phase (50 mL) was added, and the 
flask was well shaken and sonicated for at least 15 min. 
Flask volume was completed with the mobile phase to 
the mark, and the sample stock solution (8600 µg  mL− 1 
MTL, 1000  µg  mL− 1 IND and 30  µg  mL− 1 BET) was 
obtained then it was filtered through Whatman filter 
paper and discarding a few mL of the filtrate. After filtra-
tion, different aliquots from sample stock solution were 
transferred to 2 series of 10  mL volumetric flasks and 
then completed with the mobile phase to the volume for 
the determination of MTL, IND, and BET.

Experimental design for optimizing chromatographic 
parameters
The critical parameters and their levels (low and high) 
for the experimental design were determined through 
preliminary experiments. The following parameters 
were examined in this step: chromatographic column 
type; buffer type and pH; mobile phase organic modifier 
(acetonitrile or methanol); percentage of organic modi-
fier; and flow rate. Based on the preliminary results, a 

three-factors, three-levels BBD with three repeated runs 
at the center point, was chosen to optimize the separa-
tion of the three drugs with good resolution. By mapping 
the chromatographic response surface, BBD was used to 
optimize the primary parameters affecting HPLC resolu-
tion. Fifteen runs were designated and then experimen-
tally carried out using the run order shown in Table  1. 
The chosen factors were pH of buffer, % of acetonitrile, 
and flow rate, and the peak resolutions of IND from 
MTL [49] and BET from IND (R2) were measured as 
responses. At three levels, each factor was tested. The 
experimental results were fitted with a second-order 
model. The coefficient of determination R, the probabil-
ity values (P < 0.05), and the p-value for lack-of-fit were 
applied to assess the quality of fitted polynomial models. 
By applying Derringer’s desirability function (D), the true 
position of the optimal condition was determined, where 
responses were simultaneously optimized, and finally the 
design space of responses was predicted using the regres-
sion model equation.

Procedure
Linearity
Different concentrations of standard stock solutions cor-
responding to 50–6000 µg of MTL, 50–3000 µg of IND, 
and 50–3000  µg of BET were accurately measured and 
transferred into a series of 10 mL volumetric flasks. With 

Table 1  A Box-Behnken design data matrix and responses

pH = pH of buffer

F = flow rate of the mobile phase in mL  min− 1

Ratio = % of Acetonitrile

R1 = resolution response between methocarbamol and indomethacin

R2 = resolution response between indomethacin and betamethasone

Design points Factor levels Responses

Sample runs pH F (mL  min− 1) Ratio R1 R2

1 5.3 1.2 76 10.39 7.06

2 5.3 1.3 72 11.26 6.85

3 6.3 1.2 76 7.74 10.50

4 5.8 1.4 80 8.37 6.41

5 5.8 1.2 72 10.60 8.74

6 5.8 1.3 76 9.23 8.26

7 6.3 1.3 80 7.28 8.86

8 5.8 1.2 80 8.87 6.44

9 5.3 1.4 76 9.68 5.49

10 5.8 1.3 76 9.69 8.14

11 6.3 1.3 72 6.63 11.30

12 5.8 1.4 72 10.00 8.37

13 5.8 1.3 76 9.59 8.04

14 6.3 1.4 76 6.69 10.94

15 5.3 1.3 80 8.42 4.57
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the mobile phase, the volume was adjusted to the mark. 
Twenty µL were drawn from each flask and injected three 
times onto the column. The previously indicated chro-
matographic conditions were achieved. By applying the 
relationship between peak area (A) and the correspond-
ing drug concentration (C), three calibration curves were 
plotted [50].

Analysis of pure mixtures prepared in laboratory
Different aliquots of standard stock solutions of MTL, 
IND, and BET were transferred to a series of 10-mL 
volumetric flasks, and the volume was completed to the 
mark with the mobile phase to get concentrations in the 
range of 344–580 µg  mL− 1 MET, 40–200 µg  mL− 1 IND, 
and 12–150 µg  mL− 1 BET. The process was carried out as 
described under the “Linearity” section. The concentra-
tions of MTL, IND, and BET were estimated by applying 
the appropriate regression equations.

Analysis of MTL, IND, and BET in capsules dosage forms
For determining MTL, IND, and BET in capsules, the 
stock sample solution was diluted with the mobile phase 
and then injected into the column in triplicates. To calcu-
late the amounts of MTL, IND, and BET, the regression 
equations for each drug were used.

Results & discussion
The fundamental goal of developing an RP-HPLC 
method for the concurrent quantification of MTL, IND, 
and BET is to separate them with a good resolution fac-
tor (RS > 2.0), acceptable peak symmetry, and adequate 
retention time, which can be obtained by changing one of 
the significant chromatographic parameters, such as the 
pH of the buffer, the % of acetonitrile, or the flow rate of 
the mobile phase [51, 52].

Design of experiments to optimize chromatographic 
parameters
The design of experiments is a consecutive and compli-
cated procedure because many factors can affect HPLC 
separation. It is used to construct and analyze experi-
mental runs to identify the relationship among the 
dependent predictors and the main independent vari-
able effects, as well as their interaction effects that pro-
duce an optimum response. A DoE approach using BB 
design was employed to construct the RSM that helps 
in discovering chromatographic parameters that give 
appropriate separation by using minimum experimental 
trials with minimum consumption of time and effort, as 
well as identifying the importance of these parameters 
and constructing regression models that produce poly-
nomial second-order equations for the prediction pro-
cess of responses [53]. BBD was utilized to optimize and 

assess the main effects, quadratic effects, and interac-
tion effects of independent parameters on the interested 
responses, i.e., BBD considers the linear and quadratic 
effects, as well as interaction effects among the variables 
under investigation. The selected variables for investiga-
tion were pH of buffer (pH), % of acetonitrile (Ratio), and 
flow rate of mobile phase (F), where the three-levels (−1, 
0, + 1) for each variable were chosen after preliminary 
trials. The three-levels for the selected variables and the 
number of experimental runs are shown in Table 1. The 
response estimation at the zero-level for each variable (0, 
0, 0) was replicated three times through the runs to deter-
mine the pure errors, while the remaining 12 runs were 
randomly performed according to run orders to reduce 
the effects of uncontrolled factors that may introduce 
biased responses [44, 54]. The regression model analysis 
was applied to analyze the collected data and produce the 
relationship between the responses and the independent 
variables, which are represented by the following second-
order polynomial equations R1 (Eq. 1) and R2 (Eq. 2):

where R1 and R2 are the resolution responses between 
(MTL and IND) and (IND and BET), respectively. 
pH = pH of buffer, Ratio = % of acetonitrile, and F = flow 
rate. pH*Ratio and pH*F represent the interaction 
between the factors, while pH*pH is the quadratic term 
of buffer pH and Ratio*Ratio is the quadratic term of % of 
acetonitrile [55].

Model statistical analysis
The models were statistically analyzed using the analysis 
of variance [56] test, and the results are shown in Table 2. 
The model and terms are significant when the probabil-
ity P-value is less than 0.05. The R-sq (R-squared) and 
R-sq (adj) (adjusted- R-squared) values for the regression 
models were both within the acceptable limits (R > 0.8) 
that help in the estimation of model predictive power and 
show that the model is a good fit with a polynomial equa-
tion. High R-square and adjusted R-square values show 
adequate data fitting, whereas high predicted R-squared 
values reflect the model’s high prediction ability for new 
estimations [53]. Furthermore, the p-values for lack-of-
fit commonly used to confirm that the model apparently 

(1)
R1 =105.7+ 8.94pH − 3.575F − 2.701Ratio

− 3.871pH ∗ pH + 0.4356pH ∗ Ratio

(2)
R2 =− 92.8− 26.35pH − 60.06F + 5.673Ratio

+ 1.528pH ∗ pH − 0.03917Ratio ∗ Ratio

+ 10.02pH ∗ F
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represents the experimental results at a confidence limit 
of 95% are shown in Table 3.

Effects of the factors
From the regression analysis of the models, the polyno-
mial (second-order) equations determine the curvature 
in the relationship among the response variables (R) and 
the predictor variables. The coefficient value for each 
term estimates the change in the response variable per 
unit change in the predictor variable while keeping the 
other predictors in the model constant.

Considering the linear terms, a large coefficient of lin-
ear term for buffer pH implies that this variable domi-
nates the other variables, whereas flow rate is more 
significant than the % of acetonitrile in influencing the R1 
response. The positive sign of a coefficient in a regression 
equation indicates that the R1 response is directly related 
to the buffer pH and inversely related to the other two 

predictor variables, while the R2 response is negatively 
related to the % of acetonitrile and positively related to 
the other two predictor variables. The linear effect of pH 
on the R1 response is positive whereas its quadratic effect 
is negative, indicating that the R1 response increases as 
the pH increases until a critical point after which any 
increase in pH results in a decrease in the R1 response, 
and also that the linear effect of pH on the R2 response 
is negative whereas its quadratic effect is positive, indi-
cating that the R2 response decreases as the pH increases 
from a low to a high level. Another significant effect can 
be deduced from the interaction between terms, where 
the positive sign preceding the interactive terms indi-
cates that the two factors behave positively in the same 
way, i.e., to increase the response, the pH of the buffer 
is decreased while the percentage of acetonitrile is kept 
low. Furthermore, the negative value indicates that the 
two predictor variables behave in a negative way, i.e., in 
order to decrease the response, the pH of the buffer is 
increased while holding the flow rate at a low level. Fig-
ures 2 and 3 depict the graphical view of the two regres-
sion equations as 3D surface plots and 2D contour plots, 
which indicate the potential relationship between two 
predictor variables and the responses while maintaining 
the third factor constant. The non-linear impacts of the 
variables on responses are indicated by the curvature of 
the contour plots. The significant interaction between 
pH and % of acetonitrile was indicated by the large dif-
ference in slope between the lines, as seen in the interac-
tion plots (Fig. 4) [53, 57]. Figure 2 shows the 3D surface 
plots produced by the regression models to illustrate the 
3D relationship between the predictor variables and their 
mutual interaction with the responses. As seen in Fig. 3, 
the form of the contour plots reveals whether or not the 
interactions among the predictor variables are signifi-
cant. It is clearly observed from Fig. 2a and b and Fig. 3a 
and b that, increasing the ratio (% of acetonitrile) from 72 
to 80 at a constant F (flow rate) resulted in a decrease in 
R1and R2, whereas increasing the F (flow rate) from 1.2 
to 1.4 at a constant ratio (% of acetonitrile) resulted in a 
slightly decrease in R1 and R2, but the effect of flow rate 
on R1 is more than R2. From Fig. 2c and d and Fig. 3c and 
d, an increase in ratio (% of acetonitrile) at constant pH 
resulted in a decrease in R1 and R2 whereas an increase 
in pH value from 5.3 to 6.3 at a constant ratio resulted in 
an increase in R2 and a slightly increased R1 to the point 
where further increase in pH resulted in a decrease in 
the R1. From Fig. 2e and f and Fig. 3e and f, it is clearly 
observed that the effect of pH on R1 and R2. The effects 
of ratio (% of acetonitrile), F (flow rate), and pH on R1 
can be seen in Figs. 2a, c and e, and 3a, c and e, in which 
R1 decreased with increasing ratio (% of acetonitrile) 
and F (flow rate) from low levels to high levels, whereas 

Table 2 Analysis of variance [56] results for the models of MTL, 
IND and BET

pH = pH of buffer

F = flow rate of the mobile phase in mL  min− 1

Ratio = % of Acetonitrile

R1 = resolution response between methocarbamol and indomethacin

R2 = resolution response between indomethacin and betamethasone

Source of variation Full quadratic models

R1 response R2 response

p-Value p-Value

Constant 0.000 0.000

pH 0.000 0.000

F 0.002 0.005

Ratio 0.000 0.000

pH*pH 0.000 0.001

Ratio*Ratio 0.000

pH*Ratio 0.000

pH*F 0.000

Residual error

Lack of fit 0.621 0.380

Table 3 Models fitting results

R1 = resolution response between methocarbamol and indomethacin

R2 = resolution response between indomethacin and betamethasone

Model term Full quadratic models

R1 response R2 response

R-squared 98.29 99.70

Adjusted R-squared 97.34 99.47

Predicted R-squared 93.83 98.59

P-value of lack of fit 0.621 0.380



Page 7 of 15Elkady et al. BMC Chemistry          (2022) 16:114  

R1 increased with increasing pH from a low level to a 
medium level of pH, at which any increase in pH leads to 
a decrease in R1. The effects of ratio (% of acetonitrile), 
F (flow rate), and pH on R2 can be seen in Figs.  2b, d 
and f, 3b, d and f, in which R2 decreased with increasing 

ratio (% of acetonitrile) and F (flow rate) from low levels 
to high levels, whereas R2 increased with increasing pH 
from a low level to a high level. Therefore, from the 3D 
surface and contour plots, the interaction effects between 

Fig. 2 Three-dimensional 3D-response surface plots showing a, b the effects of Ratio (% of acetonitrile) and F (flow rate) on R1 and R2, respectively, 
c, d the effects of Ratio (% of acetonitrile) and pH of buffer on R1and R2, respectively, e, f the effects of F (flow rate) and pH of buffer on R1and R2, 
respectively. R1: resolution of indomethacin peak from methocarbamol peak. R2: resolution of betamethasone peak from indomethacin peak
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the predictor factors were significant in predicting the 
responses in the range of variable levels.

Composite desirability function
The optimization of the RP-HPLC separation was based 
on the following criteria: an acceptable chromatographic 

resolution between three peaks of the studied drugs, i.e., 
the goal was to get good separation between MTL and 
IND peaks [49] and also between IND and BET peaks 
(R2). Each individual response had a specific desirability 
(d), which was determined by defining the objective spec-
ified for each response. For each response, there were 

Fig. 3 Contour plots showing a, b the effects of Ratio (% of acetonitrile) and F (flow rate) on R1 and R2, respectively, c, d the effects of Ratio (% of 
acetonitrile) and pH of buffer on R1and R2, respectively, e, f the effects of F (flow rate) and pH of buffer on R1and R2, respectively. R1: resolution of 
indomethacin peak from methocarbamol peak. R2: resolution of betamethasone peak from indomethacin peak
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3 objectives for selecting one of them: minimize, maxi-
mize, or target the response [58]. Each response was then 
given a weight that determined the shape of the desirabil-
ity function. Weights must range from 0.10 to 10, with 
higher values indicating more significant responses and 
lower values indicating less significant responses. After 

calculating the single desirability for each response, the 
combined desirability (D) for all responses was obtained. 
A target value of 8.2 and 7.5 were selected for the R1 and 
R2 responses, respectively, with an importance value of 
1.0 and a weight factor of 1.0. The combined desirabil-
ity (D) for the optimal condition was calculated using 

Fig. 4 Interaction plots for the effects of pH of buffer, % of acetonitrile and flow rate on the resolution of indomethacin (IND) peak from 
methocarbamol (MTL) peak (R1) (a) and that of betamethasone (BET) peak from IND peak (R2) (b)

Fig. 5 Chromatogram of MTL, IND and BET under optimum condition. (Acetonitrile = 79%, buffer pH = 5.95, Flow rate = 1.4 mL  min− 1)
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the response optimizer tool to be 1.0 when the pH of the 
buffer was 5.95, the % of acetonitrile was 79.31, and the 
flow rate was 1.4 mL  min− 1 [59]. Based on this statisti-
cal optimization process, the following chromatographic 
condition was set as the optimum: the pH of the buffer 
is 5.95, the % of acetonitrile is 79.31, and the flow rate 
is 1.4 mL  min− 1. To make analysis of the results easier, 
we decided to set the % of acetonitrile at 79. The chro-
matogram obtained by using these conditions is shown 
in Fig. 5. Table 4 shows the experimental and predicted 
response values for the above-mentioned optimum con-
dition. It is apparent that the response surface predictions 
appeared to be in good agreement with the experimental 
data. As a result, the BBD was effective and reliable in 
selecting the optimum conditions [44, 58].

Residual plots analysis
Residual plots are used in regression and ANOVA tests 
to analyze the goodness of model fit and hence estimate 
the difficulties of a skewed distribution, outliers, and 
non-random error. As illustrated in Fig. 6, the residuals in 
the normal probability plot are normally distributed and 
generally produce a straight line, suggesting that outliers 
are absent. In plots of residuals versus fitted values and 
versus order of data, the residuals are randomly spread 
on both sides of zero, indicating that the residuals have 
constant variance and are uncorrelated with one another. 
As a result, residual analytical plots are particularly valu-
able in regression and ANOVA methods because they 
show how well a model accounts for variation in the 
observed data [53, 57].

System suitability studies
After applying BBD for optimizing the chromatographic 
parameters and selecting the most optimal conditions, 
the system suitability parameters were investigated to 
estimate that the HPLC system was working well before 
the validation process. Different parameters, including 
R (resolution factor), T (tailing factor), N (number of 

theoretical plates), K′ (capacity factor), α (selectivity fac-
tor), and R.S.D. of retention times, were calculated and 
summarized in Table 4, and they were found acceptable.

Method validation
By applying ICH guidelines, the proposed HPLC method 
was validated [47].

Linearity
Linearity was determined in triplicates by analyzing eight 
different concentrations of MTL, IND, and BET. The 
good linearity among the peak areas and the correspond-
ing drug concentrations was confirmed by high values 
of R-squared. Table  5 shows the values of slopes, inter-
cepts, and regression coefficients for the three calibration 
curves and the standard deviations for each slope (Sb) 
and intercept (Sa).

Accuracy
Six different concentrations of MTL, IND, and BET were 
analyzed, and each concentration was injected three 
times to determine the accuracy of the studied drugs in 
laboratory-prepared mixtures by calculating the percent-
age recoveries for each drug. From the accuracy results 
listed in Table 5, the developed method is highly accurate.

Precision
The precision (repeatability) of intra-day was deter-
mined by using three mixtures containing 80%, 100%, 
and 120% of MTL-IND-BET (344-40-12 µg  mL− 1), (430-
50-15 µg  mL− 1), and (516-60-18 µg  mL− 1), respectively, 
three times. The intra-day precision, expressed in terms 
of % R.S.D., was found to be less than 1%. For inter-day 
precision, the previously mentioned concentrations in 
intra-day precision were analyzed three times on three 
successive days to estimate the day-to-day ruggedness, 
and the % R.S.D. of the inter-day precision was found to 
be less than 2%. The results of precision (intra-day and 
inter-day) are shown in Table 5.

Table 4 System suitability tests of the proposed RP-HPLC method for the simultaneous determination of MTL, IND and BET

Where  tR: Retention time

Parameter MTL IND BET Reference value

Number of theoreti-
cal plates (N)

8821 8990 12,010 The higher the value, 
the more efficient 
the column is

Resolution factor (R) 8.54 7.52 > 2

Tailing factor (T) 0.76 0.72 0.88 ≤ 2

Capacity factor (K´) 2.100 3.162 5.170 1–10

Selectivity factor (α) 1.45 1.35 ≥ 1

% R.S.D. of  tR of 6 
injections

0.77 0.50 0.79
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Fig. 6 Normal probability plot, histogram, residuals versus fits and residuals versus order plots for resolution of IND peak from MTL peak (R1) (a) and 
the resolution of BET peak from IND peak (R2) (b)
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Selectivity
Selectivity ensures the developed method’s ability to 
distinguish and quantify the interested response of par-
ticular analyte from all other responses in the presence 
of interferences. Selectivity was determined by analyz-
ing MTL, IND, and BET in laboratory-prepared mix-
tures containing the intact drugs at various proportions. 
The method’s selectivity was ensured by good separa-
tion among the peaks of the drugs, as seen in Fig. 5. In 
addition, the chromatograms of MTL, IND, and BET in 
the capsules’ samples were the same as those produced 
by the pure drugs, with no additional peaks observed. 

Furthermore, good results were achieved for the determi-
nation of MTL, IND, and BET in capsules, demonstrating 
the selectivity of the proposed method, as seen in Table 5.

Limits of quantitation and detection
Limits of quantitation (LOQ) and detection (LOD) 
determined by the developed method were calculated 
using the slope of the regression line (b) and standard 
deviation of the intercept (Sa) according to the follow-
ing relationships: LOQ = 10 Sa/b and LOD = 3.3 Sa/b, 
and their results are shown in Table  5. The lower the 

Table 5 Validation parameters and results obtained by the proposed RP-HPLC method for the simultaneous determination of MTL, 
IND and BET

The interday (n = 3), average of three concentrations of (344, 430 and 516 µg  mL−1) for MTL, (40, 50, 60 µg  mL−1) for IND and (12, 15, 18 µg  mL−1) for BET repeated 
three times in three successive days
a  Limits of detection and quantitation are determined via calculations: LOD = 3.3*SD/slope, LOQ = 10*SD/slope.
b  The intraday (n = 3), average of three concentrations of (344,430 and 516 µg  mL−1) for MTL, (40, 50, 60 µg  mL−1) for IND and (12, 15, 18 µg  mL−1) for BET repeated 
three times within the day

Item MTL IND BET

Retention time  (tR) (min) 3.15 ± 0.05 4.62 ± 0.31 6.17 ± 0.13

Wavelength of detection (nm) 235 235 235

Range of linearity (µg  mL− 1) 5-600 5-300 5-300

Slope 11.549 35.756 20.242

Intercept 116.170 29.758 12.521

Regression coefficient  (r2) 0.9994 0.9998 0.9998

LODa (µg  mL− 1) 0.0966 0.750 0.672

LOQa (µg  mL− 1) 0.293 2.273 2.037

Standard deviation of the slope  Sb 0.116 0.192 0.109

Standard deviation of the intercept  (Sa) 39.018 27.593 15.706

Confidence limit of the slope 11.549 ± 0.116 35.756 ± 0.192 20.242 ± 0.109

Confidence limit of the intercept 116.17 ± 39.018 29.758 ± 27.593 12.521 ± 15.706

Standard error of estimation 66.57 47.55 27.06

Intraday  precisionb 0.85-0.96-0.96 0.94-0.41-0.42 0.81-0.22-1.01

Interday  precisionb 1.54-1.67-1.17 1.21-1.20-1.86 1.77-1.53-1.83

Drug in laboratory prepared mixtures 100.41 ± 0.60 100.86 ± 0.86 100.99 ± 0.65

Drug in dosage form 99.90 ± 0.36 104.79 ± 0.29 104.89 ± 0.04

Drug added 99.70 ± 1.26 100.70 ± 1.21 100.81 ± 0.99

Table 6 Robustness study of the proposed RP-HPLC method using Box-Behnken experimental design

R1 = resolution response between methocarbamol and indomethacin

R2 = resolution response between indomethacin and betamethasone

Parameter Drugs Normal value pH of buffer % of Acetonitrile Flow rate

6.15 5.75 77 1.6 1.2

R1 MTL/IND Eq-1 8.11 7.5 8.41 8.33 7.40 8.83

Experimental value 7.98 6.66 8.13 7.72 7.61 8.25

R2 IND/BET Eq-2 7.05 8.82 5.94 8.08 6.96 7.14

Experimental value 7.64 9.52 6.00 8.39 6.96 7.68
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values of LOQ and LOD, the better the developed 
method’s sensitivity.

Robustness
The proposed method’s robustness was tested by alter-
ing several parameters involved in chromatographic 
separation, as follows: pH of buffer by ± 0.2, % of ace-
tonitrile by – 2% and flow rate by ± 0.2. The most sig-
nificant response to be tested was the resolution factors 
(R) among MTL-IND and IND-BET peaks, which were 
predicted using regression model equations (Eqs.  1 
and 2). Good resolution factors, as shown in Table  6, 
emphasize good robustness.

Statistical analysis
The results obtained from the reversed-phase (RP)-
HPLC method have been statistically compared to 
those obtained from the U.S.P. reference methods 
using the Student’s t-test and variance ratio F-test, at 
P = 0.05, [1]. The results showed no significant differ-
ence in accuracy and precision between the methods 
for each drug, as shown in Table 7.

Conclusion
In our study, an effective experimental design was 
employed for the optimization and estimation of 
robustness. The proposed RP-HPLC method was 
found to be accurate, precise, specific, rapid and sim-
ple for the separation and simultaneous determina-
tion of MTL, IND, and BET in combined dosage forms. 
Furthermore, the robustness of the reported method 
was investigated by utilizing the constructed mod-
els. Additionally, method validation was carried out in 

accordance with ICH requirements Q2. The proposed 
method can be successfully applied to quality control 
and routine analysis of the investigated drugs in their 
pharmaceutical dosage forms and laboratory-prepared 
mixtures with the goal of reducing laboratory waste, 
analysis time, and effort.
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Table 7 Statistical analysis of the results obtained by the proposed method and the reference methods

No significant difference between the proposed methods and reference methods was found using the Student’s t-test and variance ratio F-test. a Reference methods 
for MTL, IND, and BET using HPLC methods according to USP 43-NF38 2019. b Variance, c Values in parentheses are the critical t- and F-values at P = 0.05

Statistical term MTL IND BET

Reference 
 methoda

Proposed method Reference 
 methoda

Proposed method Reference 
 methoda

Proposed method

Mean% 99.90 100.41 100.43 100.86 100.44 100.85

 S.D± 0.71 0.6 0.81 0.86 0.41 0.73

 S.E± 0.29 0.25 0.33 0.35 0.17 0.30

R.S.D% 0.71 0.6 0.80 0.85 0.41 0.72

 n 6 6 6 6 6 6

  Vb 0.51 0.36 0.65 0.74 0.17 0.53

t(2.57)c 1.33 0.70 2.29

F(5.05)c 0.71 1.14 3.12



Page 14 of 15Elkady et al. BMC Chemistry          (2022) 16:114 

References
 1. The United States pharmacopeia 43. National formulary 38. Rockville 

(MD): United States Pharmacopeial Convention; 2019.
 2. Elkady EF. Simultaneous determination of diclofenac potassium and 

methocarbamol in ternary mixture with guaifenesin by reversed phase 
liquid chromatography. Talanta. 2010;82(4):1604–7.

 3. Tsvetkova B, Pencheva I, Zlatkov A, Peikov P. High performance liquid 
chromatographic assay of indomethacin and its related substances 
in tablet dosage forms. Int J Pharm Pharm Sci. 2012;4(Supplement 
3):549–52.

 4. Lariya NK, Agrawal G. Development and validation of RP-HPLC method 
for simultaneous determination of methotrexate, dexamethasone and 
indomethacin. Int J Pharm Pharm Sci. 2014;7(3):443–6.

 5. Pai S, Sawant N. Applications of New Validated RP-HPLC method for 
determination of Indomethacin and its hydrolytic degradants using 
sodium acetate buffer. Indian J Pharm Educ Res. 2017;51(3):388–92.

 6. Al-Othman ZA, Al‐Warthan A, Ali I. Advances in enantiomeric resolution 
on monolithic chiral stationary phases in liquid chromatography and 
electrochromatography. J Sep Sci. 2014;37(9–10):1033–57.

 7. Ali I, Aboul-Enein HY, Cazes J. A journey from mikhail tswett to nano-liq-
uid chromatography. J Liq Chromatogr Relat Technol. 2010;33(5):645–53.

 8. Núñez O, Gallart-Ayala H, Martins CP, Lucci P. New trends in fast liquid 
chromatography for food and environmental analysis. J Chromatogr A. 
2012;1228:298–323.

 9. Shaaban H. New insights into liquid chromatography for more 
eco-friendly analysis of pharmaceuticals. Anal Bioanal Chem. 
2016;408(25):6929–44.

 10. El-Din MS, Eid M, Zeid A. Simultaneous determination of methocarbamol 
and aspirin by RP‐HPLC using fluorescence detection with time program-
ming: its application to pharmaceutical dosage form. Luminescence. 
2013;28(3):332–8.

 11. Ali NW, Hegazy MA, Abdelkawy M, Abdelaleem EA. Simultaneous 
determination of methocarbamol and its related substance (guaifenesin) 
in two ternary mixtures with ibuprofen and diclofenac potassium by rp-
hplc method. J Liq Chromatogr Relat Technol. 2012;35(16):2229–42.

 12. Elkady EF, Fouad MA. Two liquid chromatographic methods for the simul-
taneous determination of ibuprofen and methocarbamol or chlorzoxa-
zone in the presence of their degradation products. J Liq Chromatogr 
Relat Technol. 2012;35(7):882–95.

 13. Hafsa D, Chanda S, Prabhu J, Simultaneous P. HPLC determination 
of methocarbamol, paracetamol and diclofenac sodium. J Chem. 
2011;8(4):1620–5.

 14. El-Kommos ME, Mohamed NA, Abdel Hakiem AF. Selective reversed 
phase high performance liquid chromatography for the simultaneous 
determination of some pharmaceutical binary mixtures containing 
NSAIDS. J Liq Chromatogr Relat Technol. 2012;35(15):2188–202.

 15. Reddy BM, Devi ND, Madhavi B, Praveen PS, Mrudula B, Rani TN. Determi-
nation of acetaminophen and methocarbamol in bilayered tablets using 
RP-HPLC. J Pharm Educ Res. 2010;1(1):71.

 16. El-Adl SM, El-sadek ME, Hasan MH. HPLC method for determination of 
methocarbamol and paracetamol in their pharmaceutical formulation. 
Anal Chem Lett. 2016;6(5):622–30.

 17. Qiushi P, Yajuan Z, Rui D, Wen Z, Qianrong P, Min Y. Simultaneous determi-
nation of methocarbamol and Ibuprofen in the presence of five related 
impurities by reversed phase liquid chromatography. Anal Chem Lett. 
2017;7(5):623–31.

 18. El-Yazbi FA, Amin OA, El-Kimary EI, Khamis EF, Younis SE. Simultane-
ous determination of methocarbamol and aspirin in presence of their 
pharmacopeial-related substances in combined tablets using novel 
HPLC-DAD method. Drug Dev Ind Pharm. 2019;45(2):265–72.

 19. Nataraj K, Reddy RS, Kumar KD, Reddy KK. RP-HPLC method develop-
ment and validation for the simultaneous estimation of ibuprofen and 
methocarbamol in ibuprofen-methocarbamol caplets. Res J Pharm 
Technol. 2013;6(2):VII.

 20. Wen Q-F, Dings J, Zhao H. Simultaneous determination of indo-
methacin and ibuprofen in plasma by HPLC. Chinese J of Anal Lab. 
2017;21(2):216–9.

 21. Ali MB, Attia M, Bellili N, Fattouch S. Development and validation of a 
RP-HPLC method for simultaneous determination of Betamethasone and 
Sodium Benzoate in oral Liquid Pharmaceutical Formulation. Indian J 
Pharm Sci. 2016;78(3):402–8.

 22. Shi Y, Chen D, He Z. Simultaneous determination of 2 kinds of main com-
ponents in calcipotriol/betamethasone ointment by HPLC. China Pharm. 
2011;21:032.

 23. Ankam R, Mukkanti K, Durgaprasad S, Khan M. Simultaneous HPLC deter-
mination of butenafine hydrochloride and betamethasone in a cream 
formulation. Indian J Pharm Sci. 2009;71(5):547–51.

 24. Manassra A, Khamis M, El-Dakiky M, Abdel-Qader Z, Al-Rimawi F. Simul-
taneous HPLC analysis of betamethasone and clotrimazole in cream 
formulations. Pharm Anal Acta. 2010;1:113. https:// doi. org/ 10. 4172/ 2153- 
2435. 10001 13.

 25. ZUO Z-h, TANG S-f. RP-HPLC determination assay and its related 
substances of betamethasone and it’s cream. Chin J Pharm Anal. 
2009;29(12):55.

 26. da Silva Solon LG, de Barros Lima IP, Nogueira FHA, de Araújo JP, Vivacqua 
CA, Aragão CFS. Development and validation of an UHPLC method for 
the determination of betamethasone valerate in cream, gel, ointment 
and lotion. Steroids. 2016;106:70–7.

 27. Belal F, El-Din MKS, El Enany N, Saad S. A validated liquid chromatographic 
method for the simultaneous determination of betamethasone valerate 
and clioquinol in creams using time programmed UV detection. Anal 
Methods. 2013;5(23):6767–73.

 28. Bhosale SD, Rajput SJ. RP-HPLC method for simultaneous determina-
tion of butenafine hydrochloride and betamethasone dipropionate in a 
cream formulation. J AOAC Int. 2011;94(1):106–9.

 29. Saha CN, Bhattacharya S. A validated simultaneous RP-HPLC method for 
determination of betamethasone dipropionate and tolnaftate in com-
bined semisolid formulation. Int J ChemTech Res. 2009;1(3):671–4.

 30. Elkady EF, Sayed RM, Hassib ST, Mahrouse MA. Simultaneous HPLC deter-
mination of Betamethasone Esters-Containing mixtures: analysis of their 
topical preparations. J Chromatogr Sci. 2018;56(8):716–23.

 31. Simon A, Cabral LM, Sousa VPd. Development and validation of an ana-
lytical method by HPLC for simultaneous quantification of Betametha-
sone dipropionate and betamethasone sodium phosphate in injectable 
suspension. Química Nova. 2012;35(3):593–600.

 32. Fayed AS, Rezk MR, Marzouk HM, Abbas SS. Simultaneous determination 
of cinchocaine hydrochloride and betamethasone valerate in presence of 
their degradation products. J Chromatogr Sci. 2017;55(5):518–27.

 33. Patel D, Priya V, Meshram D, Desai S. Development and validation of 
RP-HPLC method for simultaneous estimation of betamethasone 
sodium phosphate and ofloxacin in Eye drops. Int J Pharma Chem Res. 
2016;2(2):112–9.

 34. Upadhyay Umesh U. Analytical method development and valida-
tion for simultaneous estimation of moxifloxacin and betamethasone 
sodium phosphate in their combined dosage form. World J Pharm Res. 
2014;4(1):1419–30.

 35. Nováková L, Matysová L, Havlíková L, Solich P. Development and 
validation of HPLC method for determination of indomethacin and 
its two degradation products in topical gel. J Pharm Biomed Anal. 
2005;37(5):899–905.

 36. Zhang Y, Zhang Z, Qi G, Sun Y, Wei Y, Ma H. Detection of indomethacin 
by high-performance liquid chromatography with in situ electro-
generated mn (III) chemiluminescence detection. Anal Chim Acta. 
2007;582(2):229–34.

 37. Hafsa D, Chanda S, Prabhu J, Simultaneous P. HPLC determination 
of methocarbamol, paracetamol and diclofenac sodium. E-J Chem. 
2011;8(4):1620–5.

 38. Grippa E, Santini L, Castellano G, Gatto M, Leone M, Saso L. Simultane-
ous determination of hydrocortisone, dexamethasone, indomethacin, 
phenylbutazone and oxyphenbutazone in equine serum by high-
performance liquid chromatography. J Chromatogr B Biomed Sci Appl. 
2000;738(1):17–25.

 39. Hassib ST, Mahrouse MA, Elkady EF, Sayed RM. Simultaneous HPLC deter-
mination of Betamethasone Esters-Containing mixtures: analysis of their 
topical preparations. J Chromatogr Sci. 2018;56(8):716–23.

 40. El-Yazbi FA, Amin OA, El-Kimary EI. Simultaneous determination of 
methocarbamol and aspirin in presence of their pharmacopeial-related 
substances in combined tablets using novel HPLC-DAD method. Drug 
Dev Ind Pharm. 2019;45(2):265–72.

 41. Nataraj K, Reddy SR, Kumar DK, Reddy KK. RP-HPLC method develop-
ment and validation for the simultaneous estimation of ibuprofen and 

https://doi.org/10.4172/2153-2435.1000113
https://doi.org/10.4172/2153-2435.1000113


Page 15 of 15Elkady et al. BMC Chemistry          (2022) 16:114  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

methocarbamol in ibuprofen-methocarbamol caplets. Res J Pharm 
Technol. 2013;6(2):178–83.

 42. Hess S, Teubert U, Ortwein J, Eger K. Profiling indomethacin impurities 
using high-performance liquid chromatography and nuclear magnetic 
resonance. Eur J Pharm Sci. 2001;14(4):301–11.

 43. Roushdya MH, Nabilb MC, Elias MKW, Wahba ME. Application of chem-
ometry for optimization of liquid chromatographic parameters. Res 
Pharm. 2014;4(5):19–23.

 44. Ihssane B, Charrouf M, Abourriche A, Abboud Y, Bouabidi A, Bennamara 
A, et al. Optimization and validation of a new high-performance liquid 
chromatographic method for analysis of acetazolamide in tablets using 
Box-Behnken statistical experiment design. Acta Chromatographica. 
2011;23(1):41–57.

 45. Kalariya PD, Namdev D, Srinivas R, Gananadhamu S. Application of 
experimental design and response surface technique for selecting the 
optimum RP-HPLC conditions for the determination of moxifloxacin 
HCl and ketorolac tromethamine in eye drops. J Saudi Chem Soc. 
2017;21:373-S82.

 46. Ganorkar SB, Shirkhedkar AA. Design of experiments in liquid chroma-
tography (HPLC) analysis of pharmaceuticals: analytics, applications, 
implications and future prospects. Rev Anal Chem. 2017. https:// doi. org/ 
10. 1515/ revac- 2016- 0025.

 47. Guideline I. Q2 (R1): validation of analytical procedures: text and method-
ology. 2005. London: ICH; 2014.

 48. Minitab I. Minitab statistical software version 17. State College, Pennsylva-
nia: Minitab, sd; 2014.

 49. Sebaiy MM, Mattar AA. Spectrum subtraction method for simultaneous 
determination of paracetamol and orphenadrine citrate in their com-
bined pharmaceutical dosage forms. GSJ. 2019;7(12):1462–8.

 50. Rieutord A, Arnaud P, Dauphin J, Brion F. Stability and compatibility of an 
aerosol mixture including N-acetylcysteine, netilmicin and betametha-
sone. Int J Pharm. 1999;190(1):103–7.

 51. Sahu PK, Swain S, Prasad GS, Panda J, Murthy Y. RP-HPLC method for 
determination of Metaxalone using Box-Behnken experimental design. J 
Appl Biopharm Pharmacokinet. 2015;2(2):40–9.

 52. Sahoo DK, Sahu PK. Chemometric approach for RP-HPLC determination 
of azithromycin, secnidazole, and fluconazole using response surface 
methodology. J Liq Chromatogr Relat Technol. 2015;38(6):750–8.

 53. Moussa BA, Hashem HM, Mahrouse MA, Mahmoud ST. Experimental 
design approach in HPLC method development: application for the 
simultaneous determination of sacubitril and valsartan in presence 
of their impurities and investigation of degradation kinetics. Chroma-
tographia. 2018;81(1):139–56.

 54. Sathiyasundar R, Valliappan K. Experimental design approach to optimiza-
tion of the new commercial RP-HPLC discrimination conditions for the 
estimation of paracetamol and zaltaprofen in pharmaceutical formula-
tion. Int J Pharm Sci Res. 2015;6:183.

 55. de Almeida Borges VR, Ribeiro AF, de Souza Anselmo C, Cabral LM, de 
Sousa VP. Development of a high performance liquid chromatography 
method for quantification of isomers β-caryophyllene and α-humulene 
in copaiba oleoresin using the Box-Behnken design. J Chromatogr B. 
2013;940:35–41.

 56. Ivanova S, Stoynova H, Todorova V, Ivanov K. Development and valida-
tion of a simple thin-layer chromatography method for identification of 
diclofenac sodium and aceclofenac. Наука и младост.177.

 57. Mahrouse MA, Lamie NT. Experimental design methodology for optimiza-
tion and robustness determination in ion pair RP-HPLC method develop-
ment: application for the simultaneous determination of metformin 
hydrochloride, alogliptin benzoate and repaglinide in tablets. Microchem 
J. 2019;147:691–706.

 58. Ragonese R, Macka M, Hughes J, Petocz P. The use of the box–behnken 
experimental design in the optimisation and robustness testing of 
a capillary electrophoresis method for the analysis of ethambutol 
hydrochloride in a pharmaceutical formulation. J Pharm Biomed Anal. 
2002;27(6):995–1007.

 59. Hanafi RS, Lämmerhofer M. Response surface methodology for the deter-
mination of the design space of enantiomeric separations on cinchona-
based zwitterionic chiral stationary phases by high performance liquid 
chromatography. J Chromatogr A. 2018;1534:55–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1515/revac-2016-0025
https://doi.org/10.1515/revac-2016-0025

	Application of Box-Behnken experimental design and response surface methodology for selecting the optimum RP-HPLC conditions for the simultaneous determination of methocarbamol, indomethacin and betamethasone in their pharmaceutical dosage form
	Abstract 
	Introduction
	Experimental
	Instrument
	Materials and substances
	Chromatographic procedure
	Preparation of standard stock solutions
	Sample preparation
	Experimental design for optimizing chromatographic parameters
	Procedure
	Linearity

	Analysis of pure mixtures prepared in laboratory
	Analysis of MTL, IND, and BET in capsules dosage forms

	Results & discussion
	Design of experiments to optimize chromatographic parameters
	Model statistical analysis
	Effects of the factors
	Composite desirability function
	Residual plots analysis
	System suitability studies
	Method validation
	Linearity
	Accuracy
	Precision
	Selectivity
	Limits of quantitation and detection
	Robustness
	Statistical analysis

	Conclusion
	Acknowledgements
	References




