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Abstract: Simultaneous estimation of rilpivirine (RLVN) and dolutegravir (DTGR) in bulk and tablet
dosage forms via RP-HPLC-PDA with a Box–Behnken design (BBD) has been performed in this
study to develop a fast, precise, timely and cost-saving method for estimating RLVN and DTGR in
bulk and tablet dosage forms. The chromatographic conditions were optimized via the BBD, and the
developed method was validated according to the ICH guidelines. Additionally, forced degradation
studies were also conducted. RLVN and DTGR peaks were observed at retention times of 2.167 and
2.716 min, respectively, in a 6-min runtime. Kromasil 150 mm× 4.6 mm, 5 µm C 18 column was
used. The flow rate of the mobile phase was 1.0 mL/min at a temperature of 30 ◦C. The mobile phase
composition was a 0.1% OPA buffer and acetonitrile (ACN) in a 60:40 ratio. Elutes were measured at
260 nm (max) after being injected in a sample volume of 10 µL. The assay result of the marketed tablet
was 99.19% and 99.09% for RLVN and DTGR, respectively. The results of forced degradation studies
in different chemical environments conditions such as acid, base, dry heat, photo-stability, neutral,
and oxidation conditions were observed for RLVN (5.96, 4.79, 3.27, 2.36, 0.99, and 4.35 in percentage
degradation) and DTGR (5.67, 4.44, 4.09, 1.81, 0.43, and 4.28 in percentage degradation). The results
of the validation parameters were within an acceptable range. The newly formed RP-HPLC-PDA
method is novel, fast, precise, time-saving, and cost-effective.

Keywords: RP-HPLC; PDA detector; Box–Behnken design; ICH guidelines; degradation studies;
cost-effective

1. Introduction

Rilpivirine (RLVN), a non-nucleoside reverse transcriptase inhibitor, is used to treat
HIV-1 infections. It is a diarylpyrimidine, a pyrimidine nucleotide derivative found in
DNA. The chemical structure of RLVN is shown in Figure 1. Dolutegravir (DTGR) is a
medication used to treat HIV-1. It prevents the strand transfer step of retroviral DNA
integration in the host cell by attaching to the protein surface of HIV integrase. The strand
transfer phase, which affects HIV replication significantly, is crucial. The chemical structure
of DTGR is shown in Figure 1 [1]. The creation of antiretroviral therapeutic approaches for
HIV-1 infection has advanced significantly. The US Food and Drug Administration (FDA)
approved dolutegravir/rilpivirine (DTGR/RLVN) as the first twin antiretroviral single
tablet combination regimen for the maintenance therapy of HIV-1 infection [2].
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Figure 1. The chemical structure of rilpivirine (RLVN) and dolutegravir (DTGR). 

Various analytical techniques such as a UV spectrophotometer, HPLC, and HPTLC 
were used to calculate the quantity of DTGR in bulk drug and tablet dosage forms. These 
techniques are used in quality control for testing the samples [3–5]. Another study used 
HPLC to measure RLVN in bulk and pharmaceutical dosage forms [6]. Simultaneous es-
timation of DTGR and RLVN was reported using a UV spectrophotometer in the pure 
bulk form [7]. Furthermore, DTGR and RLVN were quantified simultaneously via the 
RP-HPLC analytical technique, and developed methods were used to test drugs in qual-
ity control and plasma analysis [8–10]. Simultaneous estimation of DTGR and Lamivu-
dine [11], RLVN and Lopinavir [12], and RLVN and Cabotegravir [13] via the RP-HPLC 
technique have been reported. Researchers also estimated DTGR via the UV spectro-
photometer method with a Quality by Design (QbD) approach [14]. Via RP-HPLC, DTGR 
and lamivudine quantity were assessed in a study with a Box–Behnken design approach 
[15]. The spectrofluorimetric method was used for estimating the dosage of DTGR in 
tablet and bulk form [16]. Voltammetric determination of DTGR in tablet dosage form 
has been reported [17], quantitative analysis of DTGR and RLVN has been performed 
[18], and RP-HPLC has quantified the DTGR and RLVN in pharmaceutical formulations 
[19]. Some of the limitations of these research methodologies can be an inconvenience for 
analysis, such as the high costs, blocking of columns due to using high strength buffers 
and the occasional requirement of a solvent such as tetra butyl, and less precise yield 
findings due to high flow rates [20]. 

Presently, the application of Quality by Design in analytical method development 
and validation provides several advantages. The most important benefits are the saving 
of time, accuracy of results, and cost-effectiveness. As a result, several researchers have 
performed qualitative and quantitative analysis using QbD [21]. Thus, in this study, the 
RP-HPLC-PDA method was developed with the application of BBD for this drug com-
bination to establish a fast, precise, timely and cost-saving method. The existing literature 
was very helpful in developing this novel method. This research considered a short re-
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Various analytical techniques such as a UV spectrophotometer, HPLC, and HPTLC
were used to calculate the quantity of DTGR in bulk drug and tablet dosage forms. These
techniques are used in quality control for testing the samples [3–5]. Another study used
HPLC to measure RLVN in bulk and pharmaceutical dosage forms [6]. Simultaneous esti-
mation of DTGR and RLVN was reported using a UV spectrophotometer in the pure bulk
form [7]. Furthermore, DTGR and RLVN were quantified simultaneously via the RP-HPLC
analytical technique, and developed methods were used to test drugs in quality control and
plasma analysis [8–10]. Simultaneous estimation of DTGR and Lamivudine [11], RLVN and
Lopinavir [12], and RLVN and Cabotegravir [13] via the RP-HPLC technique have been
reported. Researchers also estimated DTGR via the UV spectrophotometer method with a
Quality by Design (QbD) approach [14]. Via RP-HPLC, DTGR and lamivudine quantity
were assessed in a study with a Box–Behnken design approach [15]. The spectrofluorimetric
method was used for estimating the dosage of DTGR in tablet and bulk form [16]. Voltam-
metric determination of DTGR in tablet dosage form has been reported [17], quantitative
analysis of DTGR and RLVN has been performed [18], and RP-HPLC has quantified the
DTGR and RLVN in pharmaceutical formulations [19]. Some of the limitations of these re-
search methodologies can be an inconvenience for analysis, such as the high costs, blocking
of columns due to using high strength buffers and the occasional requirement of a solvent
such as tetra butyl, and less precise yield findings due to high flow rates [20].

Presently, the application of Quality by Design in analytical method development and
validation provides several advantages. The most important benefits are the saving of time,
accuracy of results, and cost-effectiveness. As a result, several researchers have performed
qualitative and quantitative analysis using QbD [21]. Thus, in this study, the RP-HPLC-PDA
method was developed with the application of BBD for this drug combination to establish
a fast, precise, timely and cost-saving method. The existing literature was very helpful
in developing this novel method. This research considered a short retention time with
good resolution and separation ability of the column’s stationary phase. In the given BBD
optimised conditions, satisfactory results were found. Furthermore, the RP-HPLC-PDA
method was produced and validated as per ICH guidelines. This approach is novel, simple,
exact, and concise. The reduced retention time of both drugs makes this method novel and
economical. To the best of our knowledge, there is no report on the RP-HPLC-PDA method
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with BBD application for simultaneous estimation of RLVN and DTGR in tablet dosage.
This technique will be beneficial for routine analysis.

2. Materials and Methods

RLVN and DTGR pure standard (99% purity) were purchased from Sigma-Aldrich, a
chemical company based in Mumbai, India. The RLVN 25 mg and DTGR 50 mg (manufac-
tured by GSK Healthcare) pharmaceutical tablets were purchased from the pharmacy and
had the brand name Juluca. The following chemicals, NaOH, H2O2, and HCl, were used
for an analytical grade. In addition, an analytical-grade solvent, acetonitrile, Milli-Q water,
and orthophosphoric acid (OPA) were used as HPLC-grade methanol.

2.1. Instrumentation

HPLC 2695 SYSTEM was used with a PDA detector integrated with Empower 2 Soft-
ware of Waters Alliance. The column specification was C18 Kromasil (150 mm × 4.6 mm),
with a particle size of 5 µm. The Meltronics sonicator (BVK enterprises) was used for
degassing the solvent and enhancing the solubility of the solute. An Elico pH meter was
also utilised in the laboratory. Electronics Balance was used by the Shimadzu company
Dubai, UAE.

2.2. Application of BBD to Optimise the Chromatographic Conditions

Analytical Target Profile [ATP]: In simultaneous estimation, the peak precision of
chromatograms will improve by optimising the separation settings. In ideal conditions, the
peaks should have a low tailing factor and be well resolved. Furthermore, the ATP must
fulfil the quality standard of the quantitative method [22].

2.3. Risk Assessment Studies

The goal of risk assessment studies is to monitor the influence of different factors
which are causes of the target method quality profile [TMQP]. Before a risk assessment
examination, it is required to judge the TMPQ’s parameter relation among them, which are
empowered by critical analytical attributes [CAAs]. During the risk assessment studies, it
is easy to find the primary cause of concern and origin of problems such as faults, variances,
defects, or failures. Parallelly, another possible outcome of risk assessment studies is to list
each risk factor. Risk factors are further categorised into low, medium, and high. In the
present experiment, seven factors were used for screening. Out of the seven, three factors
were considered for the study. For optimisation of the chromatographic conditions, two
responses for each drug were considered, which are retention time and plate numbers.
The factors considered in this experiment are mobile phase composition, flow rate, and
detection of wavelength [23,24].

2.4. Optimisation

BBD was used for the optimisation of the chromatographic conditions. The software
has used Design Expert, software version 13.0.3.0 from Stat-Ease Inc., Minneapolis, USA.
Two responses for each drug were considered for optimisation: retention time and plate
numbers. The factors considered in this experiment are mobile phase composition, flow rate,
and detecting wavelength. Seventeen trials were conducted in the given set of variables.
Out of the seventeen trials, twelve have shown factor interaction effects [25] (Table 1).
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Table 1. Box–Behnken design summary.

S. No. F1 F2 F3 R1 R2 R3 R4

1 39 0.9 259 2.145 3072 2.599 5482

2 43 0.9 258 2.186 3179 2.679 5467

3 37 1.2 261 2.192 3154 2.899 5555

4 41 1.2 259 2.182 3194 2.781 5672

5 37 0.9 258 2.135 3122 2.848 5313

6 45 1.1 258 2.147 3112 2.458 5396

7 36 1.2 262 2.143 3172 2.858 5447

8 43 0.9 258 2.198 3175 2.721 5456

9 42 0.8 258 1.985 3002 2.791 5478

10 37 0.9 261 2.189 3071 2.356 5475

11 42 0.8 262 2.129 3187 2.591 5494

12 37 1.2 262 1.975 3075 2.886 5454

13 * 40 1 260 2.167 3092 2.716 5484

14 * 40 1 260 2.167 3092 2.716 5484

15 * 40 1 260 2.167 3092 2.716 5484

16 * 40 1 260 2.167 3092 2.716 5484

17 * 40 1 260 2.167 3092 2.716 5484
(F1 = %ACN, F2 = flow rate, F3 = Lmax, R1 = retention time of RLVN, R2 = plate no. of RLVN, R3 = retention time
for DTGR and R4 = plate no. for DTGR). * = Factors and response value are same.

2.5. Method Development

For chromatographic separation, the reverse stationary phase was used in C 18 column
Kromasil 150 mm × 4.6 mm and with a particle size of 5 µm. The mobile phase composition
was 0.1% v/v OPA buffer and acetonitrile (ACN) in a ratio of 60:40, and it was used
at a flow rate of 1.0 mL/min. The analytes were detected at 260 nm using the PDA
detector. The runtime for the analysis was fixed at 6 min at a temperature of 30 ◦C, and an
isocratic mode of separation was used. The retention time of RLVN and DTRG is 2.167 and
2.716 min, respectively.

Buffer (0.1% v/v OPA): 0.1 % v/v orthophosphoric acid (OPA) was prepared in the
laboratory, taking 1 mL of OPA from an 85% aqueous solution in 1000 mL of the volumetric
flask with a small volume of milli-Q water. Then it was properly mixed, and the volume
was made to 1000 mL with milli-Q water.

2.6. Preparation of Standard Solution

10 mg working standards of each standard drug (RLVN and DTGR) were accurately
weighed and then transferred into separate, clean, and dry 10 mL volumetric flasks. Half
of the total volume of methanol was added followed by diluents to carry the volume to the
desired level. To finalise the concentration of a standard solution containing 50 µg/mL of
RLVN and 100 µg/mL of DTGR, 50 µg/mL of RLVN were prepared from the stock solution,
0.5 mL of the stock solution was diluted to 10 mL. An amount of 100 µg/mL of DTGR was
prepared from the stock solution, with 1 mL of stock solution diluted to 10 mL.

Calibration Curve: For both drugs, calibration curves were prepared at optimised Lmax
(260 nm). Six dilutions of each drug were prepared. Ranges between 6.25–37.5 µg/mL for
RLVN and 12.5–75 µg/mL for DTGR were fixed. All dilutions were prepared from a second
stock of solution for each drug; 50 µg/mL (RLVN) and 100 µg/mL (DTGR). LOD and LOQ
for both drugs were finalised before the preparation of the calibration curve. In Table 2,
details are presented (Figure 2). Three quality control samples were prepared for both
drugs: low level-quality controls (LQC), middle level-quality controls (MQC), and high
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level-quality controls (HQC). The concentration was LQC (6.25 µg/mL), MQC (25 µg/mL),
and HQC (37.5 µg/mL) for RLVN, and LQC (12.5 µg/mL), MQC (50 µg/mL), and HQC
(75 µg/mL) for DTGR.

Table 2. Calibration curve details.

RLVN DTGR

Linearity range (µg/mL) 6.25–37.5 12.5–75

Calibration curve equation y = 13,776x + 6429.4 y = 14,212x + 10,001

Correlation coefficient (R) 0.9993 0.9999

Determination coefficient (R2) 0.9987 0.9999

LOD (µg/mL) 0.45 1.27

LOQ (µg/mL) 1.37 3.86
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2.7. Preparation of Sample Solution

Twenty tablets were accurately weighed and crushed. The average weight of each
tablet was determined. The equivalent amount of powder of one tablet was weighed
and transferred into a 100 mL volumetric flask. Then three-fourths of the diluent volume
were transferred to a 100 mL volumetric flask. For 30 min, the mixture was sonicated.
After that, the remaining diluent was added. The solution was filtered with a 0.45 µm
filter. An amount of 2.5 mL of the filtered solution was taken out and then transferred to a
25 mL volumetric flask. The volume of the volumetric flask was made with diluents and
adequately mixed. The final concentration of the solution was 25 µg/mL of RLVN and
50 µg/mL of DTGR.
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2.8. Method Validation

The developed RP-HPLC-PDA method was validated. Different parameters of valida-
tion were experimented with according to the ICH guidelines. The parameters are the limit
of detection, limit of quantification, accuracy, precision, system suitability, specificity, and
linearity. In addition, forced degradation studies were carried out [26,27].

2.9. System Suitability

Six replicate injections of a freshly prepared standard solution were used to evaluate
the system’s suitability. The %RSD values (2.0%) were within allowable limits. The
responses considered in the experiment were theoretical plates, resolution, and tailing
factor; therefore, each parameter’s %RSD value was calculated for both drugs.

2.10. Linearity

Standard solutions were prepared for both drugs, RLVN and DTGR. Linearity was
examined for both drugs across the given range of concentrations, 6.25 to 37.5 µg/mL for
RLVN and 12.5 to 75 µg/mL for DTGR. Each experiment was conducted three times. The
least squares method of multivariate analysis was used to demonstrate the linearity.

2.11. Precision

Intra-day and inter-day analyses served as a demonstration of the method’s precision.
For the precision studies, 100% of the concentrations (25 µg/mL for RLVN and 50 µg/mL
for DTGR) were used. To review inter-day precision, the drug analysis was performed six
days in a row at a given concentration.

2.12. Accuracy

The addition method was used to measure the recovery of drugs to assess the accuracy.
Levels of 0%, 50%, 100%, and 150% of the standard drug were added to predetermine the
concentration (25 µg/mL for RLVN and 50 µg/mL for DTGR). The obtained results were
examined, and they were found to be acceptable.

2.13. Ruggedness

The method is rugged. It was confirmed by examining data from different analysts
using different instruments on various days.

2.14. Robustness

Three parameters from the chromatography’s optimal conditions were changed inten-
tionally to test the robustness, including the composition of the mobile phase (±5%), flow
rate (±0.1 mL/min), and detection of wavelength (±2 nm).

2.15. LOD and LOQ

Empower 2 Software calculated LOD and LOQ using the signal-to-noise ratio method.

2.16. Specificity

The purpose of performing the specificity of the method was to check the interference
of impurities at the drug’s retention time, affecting the separation, identification, and quan-
tification of the analytes. Experiments were carried out by injecting the blank solution into
the column, followed by the standard drug solution in given chromatographic conditions.

2.17. Forced Degradation Studies

The goal of degradation studies is to examine the presence of degradants with API in
different conditions. The intentional minor changes in the conditions were to determine
whether the API was stable with degradants. The results, however, indicate its stability.
The degradation studies chromatogram will help to calculate the drug dosage amount. The
protocols were mentioned in the ICH guidelines (Q1A, Q1B, and Q2B). The present research



Separations 2023, 10, 185 7 of 19

followed these guidelines in degradation studies in different environmental conditions
such as acid, alkali, oxidation, UV-light, neutral, and thermal stability conditions [28,29].

2.18. Acid Degradation

The 1 mL stock solutions of both drugs (RLVN and DTGR) were refluxed for 30 min in
1 mL of 2 N HCl. The resultant solution was then diluted to obtain the concentrations of
25 µg/mL and 50 µg/mL for RLVN and DTGR, respectively. Finally, 10 µL of this solution
were injected into the column, then the chromatogram was analysed to determine the
stability under the given conditions.

2.19. Alkali Degradation

The 1 mL stock solutions of both drugs (RLVN and DTGR) were combined with 1 mL
of 2 N NaOH and refluxed for 30 min. Afterwards, the resultant solution was diluted to
obtain the concentrations of 25 µg/mL and 50 µg/mL of RLVN and DTGR, respectively.
Finally, 10 µL of this solution were injected into the column, and then the chromatogram
was analysed to determine the stability under the given conditions.

2.20. Dry Heat Degradation

For the dry heat degradation study, the standard solutions of drugs were kept in an
oven at 105 ◦C for 6 h. Afterwards, the solutions were diluted to 25 µg/mL and 50 µg/mL of
RLVN and DTGR, respectively. Finally, 10 µL of this solution were injected into the column.
The chromatogram was analysed to determine the stability under the given conditions.

2.21. Photo Stability

UV light was used to expose the standard drug solutions of 250 µg/mL and 500 µg/mL
for RLVN and DTGR, respectively. The beaker of the solution was kept in a UV chamber
for 7 days or 200-watt hours/m2 in the photostability chamber. The resulting solution was
diluted further to 25 µg/mL and 50 µg/mL. Finally, 10 µL of this solution were injected
into the column, and the resulting chromatogram was analysed to establish stability.

2.22. Neutral Degradation

At a temperature of 60 ◦C, the standard solution of drugs in water was refluxed
for 6 h under neutral conditions. After that, the solution was diluted to 25 µg/mL &
50 µg/mL. After injecting 10 µL of this solution into the column, the stability under the
stated circumstances was evaluated using the chromatogram.

2.23. Oxidation

An amount of 1 mL of 20% hydrogen peroxide (H2O2) was added to 1 mL of the
stock solution of RLVN, and another 1 mL of 20% hydrogen peroxide (H2O2) was added
to 1 mL of the stock solution of DTGR. The combined solution was held for 30 min. Then,
the resulting solution was diluted to create solutions (25 µg/mL and 50 µg/mL) for the
RP-HPLC-PDA study. Finally, 3 mL were injected into the system, and the chromatograms
were recorded to gauge the stability of the sample.

3. Results

Optimisation: After performing the risk assessment studies, three factors were con-
sidered in the BBD application. The factors are %ACN, the flow rate of the mobile phase,
and Lmax. The dependent variables for both drugs were observed as retention time and
theoretical plate number (Table 1).

3.1. The Retention Time of RLVN

The inbuilt ANOVA was a quadratic model. The model is significant. Table 3 sum-
marises the quadratic model and the lack of the fit test. The inbuilt value for the drug’s
retention time indicated that it is significant. The final equation was with coded factors



Separations 2023, 10, 185 8 of 19

A (−0.2874), B (+0.0128), C (−0.2068), AB (−0.3929), AC (−0.1408), BC (−0.3367), A2

(−0.0368), B2 (−0.1511), and C2 (+0.0173). The inbuilt model graph of Figure 3 illustrates
the colour point value of predicted vs. actual, while Figure 4 provides details on the 3D
surface design points.

Table 3. Model summary statistics and lack-of-fit test.

Dependent
Variable Std. Dev. R2 Adjusted

R2
Predicted
R2 F-Value p-Value Sequential

p-Value Source

RLVN
RT 0.0059 0.9946 0.9918 0.8113 5.86 0.0489 <0.0001 Quadratic

Plate number 2.74 0.9988 0.9973 0.9268 13.97 0.0090 <0.0001 Quadratic

DTGR
RT 0.0065 0.9955 0.9897 0.7912 7.61 0.0304 <0.0001 Quadratic

Plate number 6.27 0.9966 0.9921 0.8087 8.89 0.0226 <0.0001 Quadratic
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3.2. Theoretical Plate Value of RLVN

The inbuilt ANOVA for the quadratic model in the BBD application was used to
optimise the theoretical plate number to check the column efficiency. Table 3 summarises
the quadratic model and the lack-of-fit test. The final equation with the coded equation
is A (−225.91), B (+60.11), C (−162.89), AB (−341.21), AC (−102.32), BC (−297.13), A2

(−157.67), B2 (−119.16), and C2 (+160.74). The inbuilt model graph of Figure 5 illustrates
the colour point value of predicted vs. actual, while Figure 6 provides details on the 3D
surface design points.
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3.3. The Retention Time of DTGR

The quadratic model was used in ANOVA. The model is significant. Table 3 sum-
marises the quadratic model and the lack-of-fit test. The inbuilt value for the drug’s
retention time indicated that it is significant. The final equation was with coded factors
A (−0.1210), B (+0.0445), C (−0.0732), AB (−0.1998), AC (−0.0016), BC (−0.0927), A2

(−0.2430), B2 (−0.0561), and C2 (+1381) values in the final equation. The inbuilt model
graph of Figure 7 illustrates the colour point value of predicted vs. actual, while Figure 8
provides details on the 3D surface design points.

3.4. Theoretical Plate Value of DTGR

The inbuilt ANOVA for the quadratic model in the BBD application was used to
optimise the theoretical plate number to check the column efficiency. Table 3 summarises
the quadratic model and the lack-of-fit test. The final equation with the coded equation is A
(−119.95), B (+18.05), C (−98.36), AB (−130.32), AC (−175.98), BC (−175.01), A2 (−272.36),
B2 (+83.26), and C2 (−23.46). The inbuilt model graph of Figure 9 illustrates the colour
point value of predicted vs. actual, while Figure 10 provides details on the 3D surface
design points.

The RP-HPLC-PDA analytical technique was selected based on the literature infor-
mation such as molecule characteristics, which can be neutral or ionic, degree of solubility,
and relative molecular mass [1]. After that, the specificity experiment was performed with
the BBD application in given chromatographic conditions. Different chromatographic con-
ditions were used to analyse RLVN and DTGR in bulk and pharmaceutical dosage forms.
Figure 11 presents the chromatograms of the API, blank, and placebo. The outcome was
within the reasonable limit (not less than 2.0), indicating the specificity of the developed
RP-HPLC–PDA method.
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3.5. System Suitability

The injections of freshly prepared standard solutions were replicated six times. Three
responses were examined: the theoretical plates, resolution, and tailing factor of both drugs.
The %RSD of the experiment results was within the acceptable limit (≤2.0%). The results
of the experiments are presented in Table 4.

Table 4. System suitability test.

RLVN DTGR

S. No. Sample Plate Count Tailing Factor Resolution Plate Count Tailing Factor Resolution

1 STD-1 3115 1.34 NA 5587 1.31 3.5

2 STD-2 3060 1.35 NA 5595 1.32 3.4

3 STD-3 3091 1.36 NA 5487 1.31 3.4

4 STD-4 3145 1.36 NA 5517 1.33 3.4

5 STD-5 3078 1.35 NA 5495 1.34 3.5

6 STD-6 3198 1.34 NA 5598 1.31 3.5

AVG 3114.5 1.35 5546.5 1.32 3.45

SD 46.11 0.01 47.80 0.01 0.05

%RSD 1.48 0.60 0.86 0.87 1.45

Calibration curve, LOD, and LOQ.

Across the concentration range of 6.25–37.5 µg/mL for RLVN and 12.5 to 75.0 µg/mL
for DTGR, standard solutions were prepared, and linearity was demonstrated. Each drug
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was prepared in six dilutions, and the responses were measured in triplicate. The multi-
variate analysis with the least squares method was used to examine the calibration curve’s
linearity. In addition, the curve was plotted between the peak area and concentration. The
results are shown in Table 2 and Figure 2.

The LOD and LOQ were calculated from the given formula:

LOD = 3.3xavg.std./slope LOQ = 10xavg.std./slope

Avg.std = standard deviation responses average.
Slope = slope of the calibration curve.
From this equation, the LOD and LOQ for RLVN were calculated at 0.45 µg/mL and

1.37 µg/mL, respectively, and for DTGR, the LOD and LOQ were established at 1.27 µg/mL
and 3.86 µg/mL, respectively. All results were obtained within the acceptance criteria
based on the ICH guidelines.

3.6. Precision and Accuracy

Precision and accuracy were evaluated using the replicated analysis (n = 6). The
developed method precision was finalised via intra-day and inter-day analysis. The result
analysis in terms of %RSD was computed and within the acceptable range—below 2.0 %.
The accuracy of the method was determined. Each concentration level (0%, 50%, 100%,
and 150%) was tested in six replicates, and the percentage recovery was calculated. % RSD
values of the results were within acceptable limits. Tables 5 and 6 present the results that
were obtained.

Table 5. Precision studies.

Precision

RLVN DTGR

QC Samples Intraday Inter-Day Intraday Inter-Day

SD %RSD SD %RSD SD %RSD SD %RSD

LQC (6.25 µg/mL) 549.28 0.63 201.22 0.23 LQC (12.5 µg/mL) 596.45 0.32 596.45 0.32

MQC (25 µg/mL) 99.97 0.03 230.7 0.06 MQC (50 µg/mL) 682.38 0.09 682.32 0.09

HQC (37.5 µg/mL) 1168.62 0.22 46.55 0.01 HQC (75 µg/mL) 7976.22 0.74 1814.18 0.17

Table 6. Accuracy of the developed method.

RLVN DTGR

% Excess Drug Added Avg.% Recovered SD %RSD Avg.% Recovered SD %RSD

0 100.52 0.94 0.93 101.51 0.98 0.97

50 101.02 0.64 0.63 101.28 0.69 0.69

100 99.95 0.68 0.68 100.94 1.12 1.11

150 100.62 0.27 0.26 100.61 1.04 1.03

3.7. Robustness

The robustness of the method was examined. Three factors were considered. We
intentionally changed a bit of value from the optimised chromatographic conditions and
observed the results. Under the optimised conditions, the mobile phase flow rate was
increased and reduced by 10%, the mobile phase composition was changed by ±5%, and
the elutes-detecting wavelength was altered by ±2%. The results of the experiments
indicate that slight variations in given conditions did not cause significant changes in the
responses, such as retention time, tailing factor, plate count, and resolution of peaks. In each
change condition, three replicate injections were used. The experimental results confirm
the method is robust (Table 7).
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Table 7. Robustness of the developed method.

RLVN DTGR

Mean Area SD %RSD Mean Area SD %RSD

Flow rate at 0.9 mL min−1 357,324.5 285.43 0.08 728,369 848.53 0.12

Flow rate at 1.1 mL min−1 357,416.7 233.09 0.07 727,869 787.4 0.11

0.1%OPA (38%) + ACN (62%) 357,226 275.42 0.08 728,769 989.95 0.14

0.1%OPA (42%) + ACN (58%) 357,382.7 416.97 0.12 727,802.3 956.85 0.13

Wavelength 258 nm 357,492.7 458.93 0.13 728,535.7 1053.04 0.14

Wavelength 262 nm 357,716 883.73 0.25 727,769 1349.07 0.19

Forced degradation studies: The forced degradation studies were performed in dif-
ferent conditions. The chromatograms of both drugs are shown in Figures 12–14. Table 8
presents the percentage degradation of the medicines in various given conditions.

Separations 2023, 10, x FOR PEER REVIEW 18 of 22 
 

 

 
Figure 12. Chromatogram of degradation studies in acid (A) and alkali (B) conditions. 

 
Figure 13. Chromatogram of degradation studies in dry heat (A) and photo stability (B) conditions. 

Figure 12. Chromatogram of degradation studies in acid (A) and alkali (B) conditions.

Separations 2023, 10, x FOR PEER REVIEW 18 of 22 
 

 

 
Figure 12. Chromatogram of degradation studies in acid (A) and alkali (B) conditions. 

 
Figure 13. Chromatogram of degradation studies in dry heat (A) and photo stability (B) conditions. Figure 13. Chromatogram of degradation studies in dry heat (A) and photo stability (B) conditions.



Separations 2023, 10, 185 16 of 19
Separations 2023, 10, x FOR PEER REVIEW 19 of 22 
 

 

 
Figure 14. Chromatogram of degradation studies in neutral (A) and oxidation (B) conditions. 

4. Discussion 
One of the main goals of this research was to measure RLVN and DTGR effectively 

in bulk and pharmaceutical dosage forms that could be used to identify degradation 
products by developing the RP-HPLC-PDA method with a BBD approach. Therefore, 
various chromatographic criteria were used to assess RLVN and DTGR in bulk and 
pharmaceutical dosage forms. As a result, the outcomes of the experiments were within a 
reasonable limit. 

ANOVA inbuilt results came with the optimisation of chromatographic conditions 
with BBD. The dependent variables for both drugs’ retention times and plate numbers 
were optimised. The p-value and f-value results suggest that the model is significant. In 
addition, model graphs of both dependent variables in predicted vs. actual and 3D re-
sponses have shown reasonable agreement values between predicted R2 and adjusted R2. 

Across the concentration range of 12.5 to 75.0 µg/mL for DTGR and 6.25 to 37.5 
µg/mL for RLVN, it was found that the calibration curves were linear. The elutes were 
detected at 260 nm with an injection volume of 10 µL. In the optimised chromatographic 
conditions, the retention times were in a suitable resolution for the drugs, 2.168 and 2.719 
min for RLVN and DTGR, respectively. The tailing factor and theoretical value of RLVN 
were, in the developed chromatogram, 1.36 and 3031, respectively; for DTGR, the values 
were 1.33 and 4598. In the given column, the peaks are well-resolved, sharp, and sym-
metric. The resolution received a score of 3.5. The linearity of the developed method was 
confirmed statistically. For accuracy and precision, the %RSD values were less than 2.0%, 
which confirmed that the developed method was accurate and precise. The chromato-
grams of the degradation studies indicated that the peaks of the degrading were well 
resolved in different chromatographic conditions in Empower 2 Software. 

Several research manuscripts are available for simultaneously estimating both drugs 
via RP-HPLC. However, no research manuscript has used BBD to simultaneously quan-
tify RLVN and DTGR. In the present research work, the optimization of chromatographic 
conditions was performed with the QbD tool, which makes this method novel. Earlier, 
the retention times were found to be 2.427 min (DTGR) and 4.436 min (RLVN) [8], 3.285 
min (DTGR) and 4.635 min (RLVN) [9], and 4.35 min (DTGR) and 7.73 min (RLVN) [10]. 
However, in the present manuscript, the retention times of both drugs were observed at 
2.167 and 2.716 min, for RLVN and DTGR, respectively, in the given chromatographic 
conditions. Both peaks are observed in a short run time. In routine analysis, this method 

Figure 14. Chromatogram of degradation studies in neutral (A) and oxidation (B) conditions.

Table 8. Forced degradation studies.

%Degradation of RLVN %Degradation of DTGR

Acid degradation studies 5.96 5.67

Alkali degradation studies 4.79 4.44

Dry heat degradation studies 3.27 4.09

Photo stability studies 2.36 1.81

Neutral degradation studies 0.99 0.43

Oxidation 4.35 4.28

4. Discussion

One of the main goals of this research was to measure RLVN and DTGR effectively in
bulk and pharmaceutical dosage forms that could be used to identify degradation products
by developing the RP-HPLC-PDA method with a BBD approach. Therefore, various
chromatographic criteria were used to assess RLVN and DTGR in bulk and pharmaceutical
dosage forms. As a result, the outcomes of the experiments were within a reasonable limit.

ANOVA inbuilt results came with the optimisation of chromatographic conditions
with BBD. The dependent variables for both drugs’ retention times and plate numbers were
optimised. The p-value and f-value results suggest that the model is significant. In addition,
model graphs of both dependent variables in predicted vs. actual and 3D responses have
shown reasonable agreement values between predicted R2 and adjusted R2.

Across the concentration range of 12.5 to 75.0 µg/mL for DTGR and 6.25 to 37.5 µg/mL
for RLVN, it was found that the calibration curves were linear. The elutes were detected at
260 nm with an injection volume of 10 µL. In the optimised chromatographic conditions,
the retention times were in a suitable resolution for the drugs, 2.168 and 2.719 min for
RLVN and DTGR, respectively. The tailing factor and theoretical value of RLVN were,
in the developed chromatogram, 1.36 and 3031, respectively; for DTGR, the values were
1.33 and 4598. In the given column, the peaks are well-resolved, sharp, and symmetric. The
resolution received a score of 3.5. The linearity of the developed method was confirmed
statistically. For accuracy and precision, the %RSD values were less than 2.0%, which
confirmed that the developed method was accurate and precise. The chromatograms of



Separations 2023, 10, 185 17 of 19

the degradation studies indicated that the peaks of the degrading were well resolved in
different chromatographic conditions in Empower 2 Software.

Several research manuscripts are available for simultaneously estimating both drugs
via RP-HPLC. However, no research manuscript has used BBD to simultaneously quantify
RLVN and DTGR. In the present research work, the optimization of chromatographic condi-
tions was performed with the QbD tool, which makes this method novel. Earlier, the reten-
tion times were found to be 2.427 min (DTGR) and 4.436 min (RLVN) [8], 3.285 min (DTGR)
and 4.635 min (RLVN) [9], and 4.35 min (DTGR) and 7.73 min (RLVN) [10]. However, in the
present manuscript, the retention times of both drugs were observed at 2.167 and 2.716 min,
for RLVN and DTGR, respectively, in the given chromatographic conditions. Both peaks
are observed in a short run time. In routine analysis, this method is useful because more
samples will be analysed in less time. For example, if the run time is five minutes, both
peaks will be observed and could perform more sample analysis. So, the approach of
timesaving will finally give the benefit in cost. The achievements of the short run time and
application of BBD in this method development make it novel.

5. Conclusions

The formed chromatographic method is easy to use, precise, and selective. It has also
been shown to be stable, which allows for the simultaneous estimation of RLVN and DTGR
in pharmaceutical dosage forms and bulk. By emphasising process quality, using BBD
in chromatographic optimisation for drug estimation is a novel approach that can save
time and money while enhancing analytical quality. The result of the inbuilt ANOVA for
QbD has shown that it was significant. The sampling is simple, and the analysis requires
little time. Elution is performed using the isocratic method. To the best of our knowledge,
no efforts have been made to assess this drug combination using the analytical forced
degradation studies method. Nevertheless, all the active ingredients were quantified and
generated peaks with good resolution. The developed stability-indicating method was
successfully applied to determine the concentration of RLVN and DTGR in the bulk and
pharmaceutical dosage forms. It may be expanded to examine RLVN and DTGR estimation
in plasma and other biological fluids. It might even be used to estimate the quality control
stability samples.
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