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Abstract: Metabolic syndrome is an associated condition that occurs together and increases the risk of
heart disease and diabetes. These conditions include high blood pressure, high blood sugar, and high
body mass index (BMI) in terms of cholesterol and triglyceride levels. Most of the elderly population
may administer three drugs to control the above conditions. Therefore, this study aims to develop an
analytical assay for the precise analysis of three components and to formulate a Self-Nanoemulsifying
Drug-Delivery System (SNEDDS) loaded with three drugs: Rosuvastatin Calcium (RC; antilipidemic),
Glibenclamide (GB; antidiabetic), and Candesartan Cilexetil (CC; antihypertensive). A design of
the experiment was developed at a level of 32, and the influence of column temperature and flow
rate was studied in terms of retention time, peak area, peak asymmetry, and resolution. The assay
was subjected to several studies to ensure its validation. Under the optimized conditions—column
temperature at 50 ◦C and flow rate at 0.25 mL/min—the three drugs, RC, GB, and CC, are separated.
Their retention times are 0.840, 1.800, and 5.803 min, respectively. The assay was valid in terms of
linearity, accuracy, and precision. Moreover, the developed assay shows a good tolerance against
any change in the condition. The assay was tested also to separate the drugs in a pharmaceutical
formulation as SNEDDs. The assay successfully separates the drug with a good resolution.

Keywords: UPLC; triple therapy; DOE; validation; SNEDDs

1. Introduction

Metabolic syndrome is a group of abnormal metabolic disorders that promote the
potential of developing cardiovascular disease, type-II diabetes mellitus, and other chronic
health issues [1]. It is identified by high blood pressure, insulin resistance, abdominal obe-
sity, and abnormal lipid levels [2]. The prevalence of metabolic syndrome has significantly
risen in recent years, remarkably in modern citizens, owing to the widespread consumption
of food with high-calorie contents and a reduction in physical activity [3,4]. Therefore, it is
crucial to adopt lifestyle changes that involve consuming a diet rich in fiber relative to total
calorie intake and increasing physical activity [1,5].

In most patients diagnosed with metabolic syndrome, treatment requires the adminis-
tration of multiple medications to restore normal metabolic processes [6]. This is achieved
through the simultaneous administration of angiotensin receptor blockers, sulfonylurea,
and statins [7,8]. Candesartan cilexetil (CC) is an angiotensin II receptor antagonist that
blocks its binding to the AT1 receptor. This resulted in vasodilation of blood vessels and a
reduction in blood pressure [9]. In addition, Glibenclamide (GB), which belongs to the sul-
fonylurea agents, exerts antihyperglycemic activity by increasing insulin secretion from the
pancreas [10]. Rosuvastatin (RS) inhibits the HMG-CoA reductase enzyme, which promotes
the production of cholesterol in the liver [11]. The positive impact of these three drugs on
the metabolic effect was inspired by previously published studies in the literature [12–14].
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One of the major challenges to administering three tablets is the patients’ compli-
ance, which could result in therapeutic failure [15]. To address this issue, combining the
aforementioned drugs into a single pharmaceutical dosage form can overcome the lim-
itations of administering multiple pills [16]. Furthermore, this approach simplifies the
medication-management process for patients, minimizes the risk of errors, and enhances
overall treatment satisfaction [17].

To guarantee the effectiveness and safety of the proposed triple therapy, a validated
and efficient analytical method is required for their quantitative analysis [18]. Herein, a
validated method was developed using design of experiments (DOE) software, version 11,
to select the optimum conditions for drug separations. This design is a statistical design
called a factorial experiment, which allows the researcher to study the impact of each factor
and the interaction between them on the selected responses [19]. In addition, DOE aligns
with the principles of green analytical chemistry by decreasing the solvent consumption,
costs, and number of experiments required for optimum drug separation [20]. In addition,
the development of environmentally friendly analytical methods using green solvents is
required to dismiss potential harmful influences on the environment [21]. This was achieved
through avoiding the usage of conventional organic solvents like acetonitrile, which can
have a hazardous impact on the environment. Therefore, methanol was used as an organic
solvent to optimize UPLC, owing to the reported safety in the environment [22,23].

The novelty of this study is the focus on two purposes. First, it is to develop a simple,
sensitive, and valid UPLC analytical method that analyzes Rosuvastatin Calcium (RC;
antilipidemic), Glibenclamide (GB; antidiabetic), and Candesartan Cilexetil (CC; antihy-
pertensive) simultaneously in bulk and in the pharmaceutical-dosage form. These APIs
are routinely utilized for the same patient separately for the management of metabolic
syndrome symptoms (diabetes, hypertension, and hyperlipidemia). Therefore, there is a
need to formulate them in one dosage form. So, the simultaneous analysis of these three
APIs comes as a prior step.

The second purpose of this study is to determine the applicability of this method.
Therefore, a Self-Nanoemulsifying Drug-Delivery System (SNEDDs) dosage form loaded
with the three mentioned drugs has been formulated. Therefore, the availability of this
dosage form could be beneficial for elderly people and for those patients who administer
these drugs concurrently [24].

2. Materials and Methods
2.1. Materials

Glibenclamide (GB) was obtained from SPIMACO (Qassim, KSA) Rosuvastatin cal-
cium (RC) was purchased from Beijing Mesochem Technology Co., Ltd. (Beijing, China).
Candesartan cilexetil (CC) was kindly supplied by Riyadh Pharma (Riyadh, Saudi Ara-
bia). HPLC-grade methanol (Riedelde Haën Laboratory Chemicals, Selzer, Germany).
Ammonium formate was acquired from Sigma-Aldrich (St. Louis, MO, USA). Surfac-
tant (Kolliphor-EL) and co-surfactant (Kollisolv PEG 400) were acquired from BASF
(Ludwigshafen, Germany). Oil (Capmual MCM) was obtained from Abitec Corporation
(Janesville, WI, USA).

2.2. Experimental
2.2.1. Design of Experiment (DoE)

A 32 full factorial design was employed, a statistical method that analyzes and op-
timizes the effects of two independent analytical parameters by evaluating all possible
combinations on the concurrent determination of RC, GB, and CC’s analytical character-
istics. A 32 means that there are two independent factors involved in this study, each
with 3 levels. In this experiment, the impact of two independent factors including column
temperature (A) and mobile phase flow rate (B), each available at 3 level, were evaluated
on the analytical attributes (responses), which were retention time, peak area, and peak
asymmetry for the three APIs, in addition to the resolution between RC-GB and CC-GB
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peaks, as shown in Table 1. Data analysis was proceeded by using Stat-Ease®360 software,
version11. Nine analytical runs were created according to the statistical design, based on
varying column temperature and flow rate.

Table 1. Design of the experiment (DoE) for simultaneous analysis of RC, GB, and CC using UPLC.

Independent Factors
Level

Dependent Factors (Response)
−1 0 +1

A: Temperature (◦C)
B: Flow rate (mL/min)

30
0.2

40
0.3

50
0.4

RC

Y1: Retention time (min)

Y2: Peak area (mAU/min)

Y3: Peak Asymmetry

GB

Y4: Retention time (min)

Y5: Peak area (mAU/min)

Y6: Peak Asymmetry

Y7: Resolution of RC-GB Peaks

CC

Y8: Retention time (min)

Y9: Peak area (mAU/min)

Y10: Peak Asymmetry

Y11: Resolution of GB-CC Peaks

2.2.2. Analytical Procedures and Conditions

The experimental procedures for the concurrent analysis of RC, GB, and CC were used
with a very sensitive UPLC system (Ultimate 3000® binary solvent manager), using an
Acquity® UHPLC HSS T3 1.8 µm (2.1 × 50 mm) column, which was connected with an
automated sampler and a Photodiode Array (PDA) detector. A working solution containing
50 ppm in methanol was prepared. The simultaneous separation procedure of the three
APIs was achieved by reverse-phase isocratic elution by using a mobile phase composition
as follows: At the first 2 min, for the separation of both RC and GB, a mobile phase (65%
methanol:35% aqueous solution containing 10 mM ammonium formate buffer) was run at
different column temperatures and different flow rates, as described in the design; Table 1.
After that, the mobile-phase composition was changed to 90% methanol–10% aqueous
solution containing 10 mM ammonium formate buffer to allow for the separation of CC.
The analytical separation of RC, GB, and CC was carried out at wavelengths of 244 nm,
225 nm, and 258 nm, respectively, and the total run time was 10.0 min.

2.2.3. Method Validation

The validation and eligibility of the developed analytical assay for the three com-
ponents has been examined according to linearity accuracy, precision, limit of detection
(LOD), limit of quantification (LOQ), and robustness. All the tests and specifications were
conducted based on the international conference of Harmonization guidelines (ICH Q2
R1) [25].

Linearity

A calibration curve was constructed for GB, RC, and CC. The linearity was determined
for each API in a range of 0.5 to 50 ppm. The average response of a triple run was carried
out and the peak area was plotted against the change in the drug concentration to estimate
the line equation using a linear regression analysis [25–27].

Accuracy and Precision

The closeness between the measurement values and the standard value is called
accuracy. The accuracy was detected by calculating the % recovery. Two levels of precision



Separations 2024, 11, 113 4 of 16

assay were determined. For intraday precision, 3 levels of concentrations for GB, RC, and
CC (low (2), medium (20 ppm), and high levels of 50 ppm) were injected in triplicate at
3 different times on the same day. For inter-day precision determination, the samples were
injected on 3 different days. The suitability of the results was determined by calculating the
RSD. The RSD should be not more than 2% [27].

Limit of Detection (LOD) and Limit of Quantification (LOQ)

LOD and LOQ were specified using the standard deviation and slope method as per
the following equation [28].

LOD =
3.3 × SD

slope

LOQ =
10 × SD

slope

Robustness

The reliability of the developed analytical assay was demonstrated by studying the
impact of some critical and tiny changes in the analytical condition. These changes include
changes in column temperature (50 ± 2 ◦C) and the absorbance wavelength 258 ± 2 ◦C for
CC, 225 ± 2 ◦C for GB and 244 ± 2 ◦C for RC. The instrument response was detected in
terms of peak area and retention time.

2.2.4. Preparation and Characterization of SNEDDS Formulation

Kolliphor EL, Kollisolv PEG 400, and Capmul MCM were accurately weighed in a ratio
of 4:3:3 to prepare the SNEDDS formulation. To ensure uniformity, the formulation was
subjected to vortex mixing. To prepare the drug-loaded SNEDDS formulation, candesartan,
glibenclamide, and rosuvastatin were loaded based on their therapeutic doses (8 mg, 2.5 mg,
and 5 mg, respectively), and mixed using a magnetic stirrer. The prepared formulation was
subjected to dilution using distilled water in a ratio of 1:1000 [29].

Application of the Developed UPLC Method

To ensure the accuracy of the developed UPLC method, the drugs content within the
prepared formulation was calculated. An accurately weighted amount of drugs-loaded
SNEDDS was placed in an epindorph tube, then diluted with acetonitrile and subjected
to sonication to ensure complete drug extraction. Following appropriate dilution, drug
concentrations were estimated using the developed UPLC method [30]. The accuracy of
the method was achieved through the calculation of the percent drug recovery using the
following equation:

Perent drug recovery =
Acual drug content

Theoretical drug content
∗ 100

3. Results
3.1. Effect of Analytical Conditions on the Simultaneous Separation of the Three APIs
3.1.1. Rosuvastatin Calcium (RC)

Table 2 shows the ANOVA results for the effect of individual parameters (column
temperature: A, and mobile phase flow rate: B) and their quadratic effects as well as
interactive effect (AB) on the analytical attributes of RC.
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Table 2. ANOVA data for the effects of independent analytical factors on the analytical responses of
RC, GB, and CC.

Response RT Peak Area Peak Assym. Resolution of
Next Peak

RC

Source p Values F Value p Values F Value p Values F Value p Values * F Value

A—Temperature 0.0002 528.19 0.1965 2.74 0.0396 5.08 0.0730 311.48

B—Flow rate <0.0001 11,826.65 <0.0001 1.461 × 105 0.0017 21.81 0.0004 10.06

AB 0.0095 35.49 0.5175 0.5350 0.4890 1.73 0.2095 3.67

A² 0.6568 0.2415 0.2890 1.65 0.6294 0.6246 0.0249 1.01

B² 0.0001 624.66 <0.0001 5314.20 0.6294 10.90 0.9611 0.3797

GB

Source p Values F Value p Values F Value p Values F Value p Values ** F Value

A—Temperature 0.0003 376.67 0.1061 5.24 0.0266 16.65 0.0730 7.36

B—Flow rate <0.0001 1531.53 <0.0001 1.03 × 105 0.0027 85.23 0.0004 322.28

AB 0.0085 38.41 0.5070 0.5646 0.0607 8.62 0.2095 2.54

A² 0.1531 3.62 0.3027 1.54 0.5632 0.4197 0.0249 17.49

B² 0.0043 62.01 <0.0001 3802.92 0.0084 38.61 0.9611 0.0028

CC

Source p Values F Value p Values F Value p Values F Value

A—Temperature <0.0001 2385.74 0.058 9.02 0.0396 25.90

B—Flow rate 0.0002 558.60 6.507 486.21 0.0017 12.23

AB <0.0001 10,937.10 0.667 0.227 0.4890 116.10

A² 0.216 33.42 0.077 7.04 0.6294 0.6187

B² 0.0003 2.44 <0.0001 18,308.96 0.6294 0.2868

* Resolution of RC-GB peaks. ** Resolution of GB-CC peaks.

Regarding RC-peak retention time, the results revealed that all tested independent
parameters showed significant effects (p values were less than 0.001) of RC-peak retention
time, except the quadratic effect of column temperature (p = 0.6568). In addition, the
standardized Pareto chart presented on the left side of Figure 1 showed that column
temperature and flow rate exhibited significant antagonistic effects on the drug peak-
retention time, while their quadratic effects exerted agonistic effects on the response.
Moreover, the contour plot (Figure 1, right side) and Table 3 indicate that the shortest
retention time (0.573 min) was observed upon using the highest column temperature
(50 ◦C) along with the fastest flow rate (0.4 mL/min), while the use of the lowest column
temperature (30 ◦C) with the slowest flow rate (0.2 mL/min) resulted in the prolongation
of the drug peak-retention time (1.299 min).

For the RC peak area, as seen from ANOVA Table 2 and the standardized Pareto
chart in Figure 1, the individual effect of flow rate showed a significant antagonistic effect
(p < 0.0001), while the quadratic flow rate effect showed significant agonistic effect on the
response (p < 0.0001). In addition, the contour diagram and Table 3 indicate that the highest
values of peak area (21.22, 21.32, and 21.30 mAu) were recorded in case of using the slowest
flow rate (0.2 mL/min) along with all tested temperatures, but in case of using the fastest
flow rate (0.4 mL/min), a pronounced reduction in RC peak area was exhibited.
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Figure 1. Standardized Pareto chart (left side) and contour plot for the effects of independent
parameters on the analytical responses of RC.

Concerning RC peak symmetry, the individual effects (column temperature and mo-
bile phase flow rate) are the only significantly affecting factors on the response by an
antagonizing manner (p values were 0.0396 and 0.0017, respectively). From Table 3 and
the contour plot (Figure 1 right side), the peak asymmetry factors were in the range of
1.24–1.45. The results showed that the narrow peak asymmetry values were found in the
case of applying higher column temperatures with slow flow rates.
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Table 3. Analytical data for the simultaneous separation of Rosuvastatin calcium, Glibencamide, and
Candisartan cilextil.
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30 0.2 1.299 ± 0.06 21.22 ± 1.23 1.43 ± 0.004 14.557 ± 0.07 3.3 ± 0.008 34.51 ± 0.54 1.12 ± 0.002 4.59 ± 0.02 7.8 ± 0.21 19.55 ± 0.98 1.44 ± 0.008

40 0.4 0.62 ± 0.03 10.7093 ± 0.56 1.533 ± 0.002 20.94 ± 0.02 1.45 ± 0.007 17.22 ± 1.21 1.31 ± 0.001 4.03 ± 0.07 4.71 ± 0.09 9.67 ± 0.21 1.25 ± 0.009

30 0.3 0.861 ± 0.04 14.230 ± 1.12 1.637 ± 0.002 16.713 ± 0.05 2.22 ± 0.006 22.99 ± 0.98 1.25 ± 0.007 4.46 ± 0.07 5.86 ± 0.21 12.94 ± 0.09 1.39 ± 0.003

50 0.4 0.573 ± 0.008 10.7494 ± o.98 1.543 ± 0.003 19.987 ± 0.05 1.24 ± 0.0001 17.31 ± 1.51 1.39 ± 0.001 3.39 ± 0.01 4.43 ± 0.09 9.70 ± 0.21 1.25 ± 0.007

50 0.3 0.743 ± 0.012 14.2546 ± 0.87 1.543 ± 0.005 17.967 ± 0.03 1.61 ± 0.003 23.10 ± 0.94 1.38 ± 0.004 3.25 ± 0.03 5.30 ± 0.21 13.00 ± 0.41 1.31 ± 0.001

40 0.2 1.2167 ± 0.016 21.32 ± 0.98 1.06 ± 0.001 15.783 ± 0.02 2.73 ± 0.002 34.76 ± 1.52 1.11 ± 0.008 3.67 ± 0.09 7.42 ± 0.12 19.53 ± 0.87 1.45 ± 0.005

30 0.4 0.663 ± 0.006 10.718 ± 0.21 1.643 ± 0.004 20.023 ± 0.009 1.67 ± 0.004 17.22 ± 0.87 1.24 ± 0.01 4.57 ± 0.04 4.89 ± 0.09 9.67 ± 0.13 1.27 ± 0.001

40 0.3 0.79 ± 0.003 14.294 ± 0.87 1.67 ± 0.007 18.73 ± 0.02 1.84 ± 0.005 23.10 ± 1.14 1.36 ± 0.009 3.81 ± 0.09 5.61 ± 0.14 12.95 1.35 ± 0.007

50 0.2 1.129 ± 0.07 21.30 ± 0.48 1.067 ± 0.001 15.607 ± 0.08 2.35 ± 0.007 34.70 ± 0.79 1.11 ± 0.02 3.06 ± 0.05 6.98 ± 0.23 19.61 1.39 ± 0.001

The effects of independent factors on the resolution of the RC peak and the adjacent
GB peak are displayed in the ANOVA in Table 2 and the standardized Pareto chart in
Figure 1. It is evident that the flow rate exhibited a highly significant agonistic effect
(p = 0.0004), while the quadratic effect of column temperature (AA) showed a significant
antagonistic impact on the response (p = 0.0249). Table 3 and the contour plot (Figure 1
right side) show that the range of resolutions between RC and GB peaks is 3.06–4.5, which
could be considered a reasonable value to prevent peak overlap [31].

3.1.2. GB Separation

The individual factors (temperature: A and flow rate: B) showed a highly significant
antagonistic effect on GB peal retention time (p values were 0.0003 and <0.0001, respec-
tively), as indicated from the ANOVA in Table 2 and the Pareto chart, Figure 2 on the left
side. In addition, the quadratic effects of flow rate (BB) and the interactive effect (AB)
showed agonistic effects on the response (p values were 0.0043 and 0.0085, respectively).
The recorded shortest retention time (1.24 min) was exhibited in the analytical condition
based on applying the highest column temperature along with the fastest flow rate, while a
long retention time (3.3 min) was observed in the case of the lowest column temperature
with the slowest flow rate, as displayed in Table 3 and the contour plot (Figure 2, right side).

Concerning the GB peak area, the results from the ANOVA in Table 2 and the Pareto
chart (Figure 2) indicated that the flow rate exerted a highly antagonistic effect, and its
quadratic effect showed a highly agonistic effect on the drug peak area (p values in both
cases were <0.0001). The highest areas of the GB peak (around 34.5 mAu) were observed in
the case of using the slowest flow rate with all levels of column temperature: Table 3 and
the contour diagram in Figure 2, right side.

The symmetry of the GB peak was influenced significantly by column temperature
and flow rate, which exhibited agonistic effects on the response (p values were 0.027 and
0.003, respectively), while the quadratic effect of the mobile phase flow rate showed a
highly significant antagonistic effect on GB peak symmetry (p = 0.0084). Moreover, the
peak symmetry value around 1.1 was exhibited in the case of the slowest flow rate with all
levels of column temperature: the contour diagram in Figure 2, right side, and Table 3.

The resolution between the GB peak and the next CC peak was found to be significantly
agonisted by the mobile phase flow rate (p = 0.0004) and antagonized by the quadratic
effect of column temperature (p = 0.0249), as seen from the Pareto chart (Figure 2 left) and
the ANOVA in Table 2. In contrast, other parameters did exert significant effects on the
response. In addition, from Table 3 and the contour plot (Figure 2 right), high resolution
values were detected in the case of using the lowest column temperature (30 C) with all
flow rates.
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parameters on the analytical responses of GB.

3.1.3. CC Separation

The effects of independent analytical parameters (column temperature: A, flow rate:
B, their quadratic effects and interactive effect) on the retention time of CC are displayed
in the ANOVA in Table 2 as well as being illustrated in the Pareto chart on the left side of
Figure 3. The flow rate and column temperature had highly significant antagonistic effects
on the retention time of the CC peak (p values were <0.0001 and 0.0002, respectively), while
the quadratic effect of flow rate and interactive effect (AB) exhibited agonistic effects on the
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response (p values were 0.0003 and 0.013, respectively). From Table 3 and the contour plot
(Figure 3 right side), the shortest retention times (4.89, 4.71, and 4.42 min) were attained in
the analytical in case of applying the fastest flow rate (0.4 mL/min) along with all column
temperatures, while a prolonged retention time (7.8 min) was observed in case of the lowest
column temperature with the slowest flow rate.
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Concerning the impacts of analytical independent factors on the peak area of CC, the
flow rate exerted a greatly antagonistic effect, and its quadratic effect showed a highly
agonistic effect on the drug peak area (p values in both cases were <0.0001), as shown in the
ANOVA in Table 2 and the Pareto chart (Figure 3). This indicated that the smallest values of
CC peak area (around 9.67 mAu) were found in the case of using the fastest mobile phase
flow rate (0.4 mL/min) with all studied temperature ranges, while the highest areas of
the drug peak (about 19.67 mAu) were noticed in the case of using the slowest flow rate
with all levels of column temperature, as displayed in Table 3 and the contour diagram in
Figure 3, right side.

The symmetry of the CC peak was controlled significantly by flow rate, which exhib-
ited antagonistic effects on the response (p values were 0.0017). At the same time, column
temperature had a significant antagonistic effect on GB peak symmetry (p = 0.04). In
addition, the symmetry range of CC peaks was between 1.25 and 1.45.

3.2. Optimization of UPLC Conditions for Simultaneous Analysis of RC, GB, and CC

The procedure of optimizing the analytical independent factors (column temperature:
A and mobile phase flow rate: B) for the simultaneous separation of the three tested APIs
was built on the statistical analysis of all tested responses. This was created in accordance
with the following analytical desirability conditions: minimized retention time, maximized
peak area, and peak asymmetry in the range of 1–1.4 for all APIs. Also, the resolution
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between the RC peak and GB peak was selected in the range of 3.06–4.59, while the reso-
lution between GB and CC peaks was in the range of 14.56–20.94. Based on the previous
desirability parameters, the statistical program suggested the use of a column tempera-
ture of 50 C with a flow rate of 0.26 mL/min as optimized analytical conditions. These
optimized conditions were applied for the simultaneous separation of the APIs, and the
UPLC chromatogram is presented in Figure 4. In addition, the optimum conditions for the
analysis of RC, GB, and CC chromatograms using UPLC comparing the predicted and ob-
served analytical values are listed in Table 4. The results revealed that RC was separated at
0.837 ± 0.013 × 10−14 min with a peak area of 17.003 ± 0.033 mAU/min, a peak asymme-
try factor of 1.59 ± 0.006, and a resolution with a GB peak of 3.08 ± 0.01. In addition, the
GB peak was separated at 1.8 ± 0.004 min with a peak area of 27.18 ± 0.0.08 mAU/min, a
peak asymmetry factor of 1.36 ± 0.012, and a resolution with a GB peak of 17.07 ± 0.044.
Moreover, the late peak of CC was detected at 5.80 ± 0.005 min with a peak area of
15.35 ± 0.08 mAU/min and a peak asymmetry factor of 1.32 ± 0.01. These obtained data
were found to be closer to the predicted values.
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Table 4. The optimum conditions for the analysis of RC, GB, and CC chromatograms using UPLC
comparing the predicted and observed analytical values.

Optimized
Independent
Parameters

Response

Type Desirability Predicted Observed

Temperature (A): 50 ◦C
(B): Flow rate
0.26 mL/min

RC

Y1: Retention time (min) Minimum 0.866 0.837 ± 0.013 × 10−14

Y2: Peak area (mAU/min) Maximum 16.67 17.003 ± 0.033

Y3: Peak Asymmetry In range 1.4 1.59 ± 0.006

Y4: RC-GB Peak Resolution In range 3.13 3.08 ± 0.01

GB

Y5: Retention time (min) Minimum 1.83 1.8 ± 0.004

Y6: Peak area (mAU/min) Maximum 27.07 27.18 ± 0.0.08

Y7: Peak Asymmetry In range 1.3 1.36 ± 0.012

Y8: GB-CC Peak Resolution In range 16.95 17.07 ± 0.044

CC

Y9: Retention time (min) Minimum 5.85 5.80 ± 0.005

Y10: Peak area (mAU/min) Maximum 15.25 15.35 ± 0.08

Y11: Peak Asymmetry In range 1.35 1.32 ± 0.01
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3.3. Method’s Validation
3.3.1. Linearity

The instrument response to different concentrations of the API was determined by
constructing a peak area–drug concentration curve. The standard calibration curves for
CC, GB, and RC are shown in the figures. The correlation coefficient (r2), calculated from
the regression line, was 0.999 which for all indicates the goodness of fit. Table 5 shows the
linear regression data for CC, GB, and RC.

Table 5. Linear regression data for CC, GB, and RC.

Parameters CC GB RC
Linearity range 2–50 ppm 2–50 ppm 2–50 ppm
Line equation Y = 0.342x − 0.1644 Y = 0.581x − 0.257 Y = 0.459x − 0.203
Regression coefficient (r2) 0.999 ± 0 0.999 ± 0 0.999 ± 0
Slope 0.342 ± 0.0007 0.581 ± 0.00121 0.459 ± 0.00129
Standard error of the slope 0.00026 0.00046 0.00049
Intercept 0.1644 ± 0.0027 0.257 ± 0.00442 0.257 ± 0.0057
Standard error of the slope 0.00130 0.00167 0.00218

3.3.2. Limit of Detection (LOD) and Limit of Quantification (LOQ)

The lowest detected concentration (LOD) by the developed UPLC method was mea-
sured based on the slope of the standard curve. The LOD was 0.0067, 0.0069, and 0.0093 ppm
for CC, GB, and RC, respectively. The reliably detected quantity (LOQ) for CC, GB, and RC
was 0.0205, 0.0209, and 0.0282 ppm, respectively.

3.3.3. Accuracy and Precision

The determination of the % recovery was used as a reflection of the developed assay’s
accuracy. The % recovery was determined for low (2 ppm), medium (10 ppm), and high
(50 ppm) concentration (Table 6). The % recovery for CC ranged from 99.09 to 107.50 with
an RSD% of 0.14 to 0.24%. For GB, the % recovery ranged from 97.4 to 105.34% with a %
RSD of 0.23 to 0.54%. In the case of RC, the % recovery ranged from 97.6 to 104.7% with a
%RSD of 0.26 to 0.30%.

Table 6. Percentage recovery of the triple-therapy components.

Theoretical Concentration
(ppm)

RC GB CC

%Recovery %RSD %Recovery %RSD %Recovery %RSD

2 104.761 0.268 105.347 0.548 107.507 0.141

10 97.609 0.305 97.419 0.313 99.094 0.240

50 100.850 0.301 100.678 0.231 102.735 0.222

The precision of the developed assay was estimated using intra-day and inter-day
precision analysis (Table 7). Good precision is always predicted by the %RSD. A %RSD
less than 2 indicates good precision of the developed assay. The calculated %RSD for all
components is less than 2, which indicates that the developed assay is precise.

3.3.4. Robustness

The capability of the analytical procedure to resist any tiny change in the assay param-
eters was tested by changing the UV wavelength and column temperature. Table 8 shows
the influence of changing the assay parameters on the peak area, retention time, peak sym-
metry, and resolution for the three components. The data were represented as %RSD. The
%RSD values for all parameters are less than 2, which complies with the ICH requirements.
Moreover, the small values of % RSD values reflect the capability of the developed assay to
analyze the triple-therapy components simultaneously with good endurance to change in
the wavelength and column temperature.
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Table 7. Intra-day and inter-day precision for the triple-therapy components.

Analytes Theoretical Concentration
(ppm)

Intra-Day
(Measured Concentration, RSD%)

Inter-Day (Measured Concentration, RSD%)

Day-1 Day-2 Day-3

RC

2 2.095; 0.268 2.095; 0.268 2.09; 0.094 2.121; 1.457

10 9.760; 0.305 9.760; 0.305 9.80; 0.071 9.849; 0.483

50 50.425; 0.301 50.425; 0.301 50.78; 0.185 51.061; 0.372

GB

2 2.106; 0.548 2.106; 0.548 2.104; 0.374 2.117; 0.274

10 9.741; 0.313 9.741; 0.313 9.78; 0.141 9.802; 0.157

50 5.033; 0.231 5.033; 0.231 50.62; 0.123 50.854; 0.284

CC

2 2.15; 0.141 2.15; 0.141 2.104; 0.175 2.115; 0.375

10 9.909; 0.240 9.909; 0.240 9.755; 0.167 9.779; 0.175

50 51.36; 0.222 51.36; 0.222 50.643; 0.162 50.979; 0.248

Table 8. Robustness validation of the developed analytical procedure to analyze the triple-therapy
components, represented as RSD%.

Parameters Rosuvastatin Calcium

UV Wavelength (nm) Peak Area Retention Time Peak Symmetry Resolution

242 0.523 0 0.911 0.745

244 0.303 0.263 1.024 0

246 0.048 0.601 1.683 0.211

Column temperature

48 0.661 0 1.274 0

50 0.303 0.263 1.024 0

52 0.409 0 1.266 0.439

Glibenclamide

UV Wavelength (nm) Peak Area Retention Time Peak Symmetry Resolution

223 0.495 0.123 1.202 0.428

225 0.232 0.278 1.711 0.156

227 0.246 0.217 1.078 0.321

Column temperature

48 0.853 0.398 2.192 0.763

50 0.232 0.28 1.711 0.156

52 0.451 0.420 1.418 1.244

Candesartan

UV Wavelength (nm) Peak Area Retention Time Peak Symmetry Resolution

256 0.516 0 1.142

258 0.223 0.086 1.727

260 0.594 1.9 × 10−14 1.503

Column temperature

48 0.872 0 1.545

50 0.223 0.086 1.727

52 0.461 0 0.441

3.4. Application of the Developed UPLC Method

The dispersed formulation showed good homogeneity with a transparent appearance,
as shown in Figure 5a. The particle size of dispersed SNEDDS formulation was in the
nanosize with a particle size of 83.31 nm. To validate the accuracy of the developed UPLC
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method, the drug content was determined. It was found that the actual drug contents
for rosuvastatin, glibenclamide, and candesartan were 10.00 ± 0.28, 4.84 ± 0.11, and
16.28 ± 0.43 mg/gm, respectively. The accuracy of the developed method was estimated,
and it was found that the percentage of actual to theoretical content was between 96.82 and
101.73, as shown in Figure 5b. This indicates that the developed method is reliable and
accurate in estimating the drug content in the proposed formulation. Figure 6 shows the
chromatogram of the three drugs extracted from the SNEDDs formulation.
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4. Discussion

The analytical procedures designed for the analysis of the three APIs (RC, GB, and
CC) were successfully capable of separating the analytes’ peaks efficiently with reasonable
retention times, peak areas, peak symmetry, and resolution between adjacent peaks as well.

The peak of RC appeared at short retention times (around 1 min), while the GB peak
was detected within 3 min, and the long retention time was observed in the case of the CC
peak (about 6.0); Table 3. The variation of retention times for each API during all nine runs
is attributed to the effect of independent parameters on the response. At higher levels of
color temperatures, the APIs’ retention times were found to be significantly reduced. This
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might be attributed to the effect of raising column temperature on lowering the viscosity
of the mobile [32]. In such a case, the mobile phase diffusion was momentously higher,
and therefore, narrower peaks with short retention times would be attained. In addition,
accelerating the mobile phase flow rate resulted in reducing the retention times of the peaks
for the three tested analytes. This might be due to increasing the column pressure, which in
turn results in the fast separation of analytes.

The peak areas of Rc and GB were found to be affected antagonistically by the mobile
phase flow rate and its quadratic effect, while the CC peak area was significantly affected
by the flow rate quadratic effect. Hossain et al. [33] showed that the peak area of Cr(VI)-MP
and Cr(III)-PDC complexes decreased by raising the flow rate of the mobile phase.

The tailing of UPLC peaks takes place when the peak asymmetry factor (As) is higher
than 1.2. However, for our case, in which multiple peak separation is targeted, peaks
greater than 1.5 up to 2.0 could be acceptable according to the literature [27,34,35].

Peak resolution is an essential indicator of the performance of UPLC. It measures how
rapidly and how completely analytes in a sample separate during their passage through
the column. A resolution value of 1.5 or higher between two adjacent peaks could confirm
acceptable sample separation [36]. The results of the effects of independent parameters
on the separation between adjacent peaks (RC-GB and GB-CC) revealed that the flow rate
agonistically affected the resolution between the adjacent peaks, while column temperature
at its quadratic level retards the response. Kevin et al. [37] showed that the capability
to separate different analytes in the chromatographic analytical procedures is controlled
significantly by temperature and flow rate.

The validation of the developed UPLC method to analyze the triple therapy simulta-
neously is the outcome we expected to find. It showed that the method is linear, accurate,
and precise. Also, the method showed a good tolerance against condition changes.

The developed method can be categorized as a green analytical method. Methanol
is considered one of the greener solvents that can be used. Methanol has been used as a
green solvent to analyze metformin [38] and Fluvastatin [39]. Based on the green solvent
selection tool (GSST), in which the G value ranges from 1 to 10, and the highest G value
is the greenest solvent, the G value of methanol is 5.8 (category score: W = 4.0, H = 4.9,
E = 8.4, S = 7.1, where health is H, safety is S, environment is E, and waste disposal is W.
This value considers methanol a green solvent [40].

5. Conclusions

Recently, the application of an efficient and fast UPLC analysis in quality control be-
came of great importance. It reduces the solvent, energy, and time consumption. Therefore,
a developed UPLC for a triple therapy was performed. This triple therapy is composed of
drugs that manage the most common chronic disease, with RC as an antilipidemic agent,
GB as an antidiabetic agent, and CC as an antihypertensive agent.

The developed assay efficiently separates the three components and it reduces the
analysis time by 7 min. The developed method was tested for validation, and the results’
data showed that it is valid in terms of linearity, accuracy, and precision. The robustness
test showed that the analytical assay can tolerate any change in condition and separate the
analytes efficiently.
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