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Abstract

The importance of the binary mixtures of the novel oral anticoagulants (NOACs): apixaban (APX), edoxaban tosylate (EDX)
and rivaroxaban (RIV) with the lipid-lowering statin, rosuvastatin calcium (ROS) is highly emerging to save lives of cardio-
vascular patients as these combinations are used in prophylaxis from stroke. A high-performance thin-layer chromatography
(HPTLC) method was developed for the quantitative assay of these life-saving mixtures in tablets and human plasma. Two
mobile phases were developed for the assay in bulk and tablets; the first one: toluene—ethyl acetate—methanol—25% ammonia
(3.5:4.5:2:0.2, V/V) (method I) used for the three mixtures, and the second one: methanol—25% ammonia (9.95:0.05, V/V)
(method IT) used for EDX/ROS mixture only. For analysis in human plasma, APX was used as internal standard in RIV/
ROS and EDX/ROS mixtures using methods I and II, respectively, while RIV was used as internal standard in APX/ROS
mixture using method I; the methods were validated according to the Food and Drug Administration (FDA) regulation for
analysis in biological fluids. The method selectivity was demonstrated by its ability to simultaneously analyze the drugs in
the presence of dosage form excipients and in the presence of plasma interferences (analysis in biological fluid) at single
wavelength (291 nm) by use of the internal standard.

Keywords Novel oral anticoagulants - Rosuvastatin - High-performance thin-layer chromatography (HPTLC) - Stroke -
Human plasma

1 Introduction

One of the important protocols for prophylaxis in cardio-
vascular patients to prevent stroke is the combination of
novel oral anticoagulants (NOACs) (direct factor Xa inhibi-
tors) with lipid-lowering drugs as statins [1]. According to
the World Health Organization (WHO) [2], cardiovascular
patients are of very high risk to recurrent stroke that may
lead to death and this needs early detection and manage-
ment [1]. NOACs are indicated for the prevention of recur-
rent stroke in patients with non-valvular atrial fibrillation
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[1]. Treatment with a statin is recommended for the primary
prevention of ischemic stroke in patients estimated to have
a high risk for cardiovascular events [1]. NOACs as apixa-
ban (APX) (Fig. 1a), edoxaban tosylate (EDX) (Fig. 1b) and
rivaroxaban (RIV) (Fig. 1c) are direct factor Xa inhibitors in
the coagulation cascade, they are used in approved treatment
of venous thromboembolism and in the prophylaxis from
stroke for patients suffering from atrial fibrillation and pul-
monary embolism [, , 1, 3, 4]. Rosuvastatin calcium (ROS)
(Fig. 1d) is an antihyperlipidemic drug that belongs to the
statin class of medications that competitively inhibits the
enzyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase [4]. Statins are used to lower the risk of
cardiovascular disease and manage elevated lipid levels,
by inhibiting the endogenous production of cholesterol in
the liver, thus treatment of hypercholesterolemia and stroke
prophylaxis [, 1, 5]. Pharmacovigilance studies and real
studies on NOAC:s are revealing a high incidence of serious
bleeding events that often require hospitalization and this
demands regular plasma monitoring of NOACs [6].
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Fig. 1 The chemical structures
of a apixaban, b edoxaban
tosylate, ¢ rivaroxaban and d
rosuvastatin calcium
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Some high-performance thin-layer chromatography
(HPTLC) methods are reported for the assay of NOACs and
ROS either alone or in combination with other drugs in bulk
& pharmaceutical formulations [, , ,,,,,7,8,9, 10, 11, 12,
13, 14]. RIV is assayed using HPTLC in human plasma [15]
and also HPTLC is used to quantify ROS in rabbit plasma
[16]. Most bioanalytical techniques available in the literature
to quantify NOACs are based on liquid chromatography in
human plasma; using ultra-performance liquid chromatogra-
phy—tandem mass spectrometry (UPLC-MS/MS) [, 17, 18],
high-performance liquid chromatography—tandem mass spec-
trometry (HPLC-MS/MS) [, , 19, 20, 21], high-performance
liquid chromatography—mass spectrometry (HPLC-MS) [22]
and high-performance liquid chromatography—diode array
detector (HPLC-DAD) [23].

Most recent assays of ROS either alone or in combination
with other drugs include reversed-phase high-performance
liquid chromatography (RP-HPLC) in pharmaceutical prep-
arations [, , , 24, 25, 26, 27] and biological fluids [27] and
HPLC-MS/MS in both pharmaceutical preparations and bio-
logical fluids [27].

The main objective of the present work is to develop the
first high-performance thin-layer chromatography (HPTLC)
method for the simultaneous assay of ROS with APX (mixture
1), with EDX (mixture 2) and with RIV (mixture 3) in pharma-
ceutical preparations and human plasma. The validation of the
assay in plasma is in accordance with the available guidelines
of the Food and Drug Administration (FDA) [28] and the assay
in bulk and pharmaceutical preparations is validated according
to the guidelines of the International Council for Harmoniza-
tion (ICH) [29].
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2 Experimental
2.1 Instrumentation

TLC plates (20 % 20 cm, aluminum plates with 250-pum thick-
ness, pre-coated with silica gel 60 F,s,) were purchased from
E. Merck (Darmstadt, Germany). The samples were applied
to the plates using a 100-uL. CAMAG (Muttenz, Switzerland)
microsyringe (Hamilton, Bonaduz, Switzerland) in the form
of bands using a Linomat IV applicator (CAMAG). The slit
dimension was kept at 5.00x0.45 mm, and 20 mm s7! scan-
ning speed was employed. Ascending development of the
mobile phase was carried out in a CAMAG 20 cm X 20 cm
twin-trough glass chamber. The optimized chamber satu-
ration time for mobile phase was 10 min at room tempera-
ture (25+2 °C). Densitometric scanning was performed at
291 nm on a CAMAG TLC Scanner 3 operated in the reflec-
tance—absorbance mode and controlled by CAMAG CATS
software (V 3.15). The source of radiation utilized was a mer-
cury lamp emitting a continuous ultraviolet (UV) spectrum
between 200 and 400 nm.

2.2 Materials and reagents

Analytical grades of APX, EDX and RIV were kindly supplied
by the European Egyptian Pharmaceutical Industries (Alex-
andria, Egypt) and ROS was kindly supplied by Pharaonia
Pharmaceuticals (Cairo, Egypt) with purity % not less than
99.00%. Ammonia (25%) (Adwik El Nasr Chemicals, Giza,
Egypt), toluene (Fisher Chemical, Waltham, MA, USA; HPLC
grade), ethyl acetate (Adwik El Nasr Chemicals) and metha-
nol (Fisher Chemical, HPLC grade) were used. Fresh blood
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plasma was supplied from El Madina El Tebya Hospital by the
Blood Bank (Sharkya Governerate, Egypt).

2.3 Preparation of standard solutions
2.3.1 Preparation of stock solutions

Standard solutions containing 500 pg mL~"! of each of APX,
EDX, RIV and ROS were separately prepared by dissolving
the reference materials in methanol and adjusting the vol-
umes. The stock solutions were stored at 4 °C in amber glass
vessels and were found to be stable for at least 10 days. All
ROS solutions were protected from light.

2.3.2 Preparation of working solutions for assessment
of linearity

The working solutions were prepared by dilution of the cor-
responding stock solutions with methanol. Different volumes
from each drug stock solution (ranging from 0.1 to 0.9 mL
in 0.1 mL increments) were diluted with methanol in 10-mL
volumetric flasks to prepare calibration working solutions in
the range of 5—45 pg mL~! for the four drugs.

2.4 General procedure and HPTLC conditions
for construction of calibration curves

The TLC plates were divided into two halves to obtain plates
with dimensions 20 cm X 10 cm. Two different methods were
developed for the separation. From each working standard
solution, 20-pL portions were spotted on the plates as sepa-
rate compact bands of 5 mm width, 5 mm apart, 10 mm from
the bottom of the plates and 5 mm indented from each side,
to obtain final concentrations of 5—45 pg mL~! for APX
and ROS (mixture 1), RIV and ROS (mixture 3) which were
analyzed using method I and for EDX and ROS (mixture 2)
assayed using both methods I and II. Triplicate applications
were made for each solution and the plates were allowed
to air dry for 5 min. The sample-loaded plates were then
developed using toluene—ethyl acetate—methanol—25%
ammonia (3.5:4.5:2:0.2, V/V) as the mobile phase (method
I) for the three mixtures and using methanol—25% ammonia
(9.95:0.05, V/V) (method II) for mixture 2. The plates were
developed with the mobile phases over a distance of 93 mm
in the usual ascending manner. After development, the plates
were air-dried for 5 min and scanned at 291 nm. The peak
areas were plotted against the corresponding concentrations
to generate the calibration graphs for each compound.

2.5 Analysis of laboratory prepared synthetic
mixtures

Five mixtures containing different ratios of the cited drugs
were prepared by transferring accurate aliquots from their
working solutions into three series of 10-mL volumetric
flasks and then the volumes were adjusted to the mark with
methanol to reach concentration ranges 5—45 pg mL~!. The
procedure was then completed as mentioned under "Gen-
eral procedures and HPTLC conditions for construction of
calibration curves".

2.6 Application of the proposed method
to pharmaceutical preparations

Accurately weighed amounts from powdered Eliquis® tab-
lets equivalent to 25 mg APX and from powdered Crestor®
tablets equivalent to 50 mg ROS were transferred to a 100-
mL volumetric flask using methanol. The flask was soni-
cated for 30 min, and the volume was adjusted to the mark
with the same solvent. The solution was filtered through
Whatman No. 1 filter paper.

Similarly, accurately weighed amounts from powdered
Lixiana® tablets equivalent to 45 mg EDX and from pow-
dered Crestor® tablets equivalent to 30 mg ROS were trans-
ferred to a 100-mL volumetric flask using methanol. The
flask was sonicated for 30 min, and the volume was adjusted
to the mark with the same solvent. The solution was filtered
through Whatman No. 1 filter paper.

Also, accurately weighed amounts from powdered
Xarelto® tablets equivalent to 50 mg RIV and from pow-
dered Crestor® tablets equivalent to 50 mg ROS were trans-
ferred to a 100-mL volumetric flask using methanol. The
flask was sonicated for 30 min and the volume was adjusted
to the mark with the same solvent. The solution was filtered
through Whatman No. 1 filter paper.

Different portions of the filtrate prepared from the three
different mixtures were assayed as specified under "General
Procedures and HPTLC conditions for construction of cali-
bration curves". Recovered concentrations were calculated
from the corresponding calibration graphs.

For standard addition assay, sample solutions from each
mixture extract were spiked with aliquots of standard of both
compounds to obtain total concentrations within the linear-
ity ranges, then treated as mentioned under "General Pro-
cedures and HPTLC conditions for construction of calibra-
tion curves". Recovered concentrations were calculated by
comparing the analyte response with the increment response
attained after the addition of standard.
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2.7 Application to spiked human plasma

2.7.1 Preparation of working solutions for linearity
in plasma

Accurately measured volumes of 1.2 to 2.8 mL (in 0.2 mL
increments) from the drugs stock solutions were transferred
to 10-mL volumetric flasks and the volumes were adjusted
with methanol.

2.7.2 Preparation of calibration and quality control
standards

In a series of disposable polypropylene microcentrifuge
tubes (1.5 mL), 25 pL from each working solution of APX
and ROS (mixturel) with the internal standard (IS) RIV
(25 pL from the working solution prepared using 2 mL),
of EDX and ROS working solutions (mixture 2) with the
IS APX (25 pL from the working solution prepared using
2 mL) and of RIV and ROS working solutions (mixture
3) with the IS APX (25 pL from the working solution pre-
pared using 2 mL) were spiked to 750 puL plasma, 0.5 mL
acetonitrile was added and then the solutions were mixed
in a vortex mixer for 10 min. The tubes were centrifuged
at 15 000 rpm for 30 min in a cooling centrifuge at —4 °C
and 20 pL from the clear supernatant layers were spot-
ted on TLC plates for separation. Triplicate applications
were made for each solution and calibration curves were
constructed.

Quality controls are used to assess the precision and accu-
racy of an assay and the stability of the samples. Sponsors
should prepare QCs in the same matrix as the study samples
to be assayed with the validated method. Freshly prepared
QCs are recommended for precision and accuracy analyses
during method development, as stability data are generally
not available at this time. During method validation, QCs
evaluate the performance of a method and the stability of an
analyte. Performance QCs are included in validation runs to
determine the precision and accuracy of the method. Stabil-
ity QCs evaluate the stability of an analyte under various
stress conditions. The LLOQ (lower limit of quantification)
defines the method sensitivity and should be determined dur-
ing method development. The method should be developed
and validated such that it will be able to meet the require-
ments necessary for the intended study samples. The LLOQ
evaluation can be done separately or as part of the precision
and accuracy assessment for the calibration range [28].

The calibration and quality control (QC) standards were
prepared by spiking plasma with standard solutions. Cali-
bration standards for mixture 1 using method I were pre-
pared at 1.132, 1.32, 2.075, 2.264, 2.45 and 2.64 pg mL™!
for both ROS and APX. QC standards were prepared at
1.1320 (LLOQ), 1.320 (low quality control, LQC), 1.887
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(medium quality control, MQC) and 2.64 pg mL~! (high
quality control, HQC) for both APX and ROS. Calibration
standards for mixture 3 using method I were prepared at
1.132, 1.32, 1.509, 1.698, 1.8867, 2.075, 2.264, 2.45 and
2.64 pg mL~! for both ROS and RIV. QC standards were
prepared at 1.1320 (LLOQ), 1.320 (LQC), 1.8867 (MQC)
and 2.64 pg mL~! (HQC) for both RIV and ROS. Finally,
for mixture 2, using method II, calibration standards
were prepared at 1.132, 1.32, 2.075, 2.264, 2.4, 2.64 and
2.83 ug mL~! for both ROS and EDX. QC standards were
prepared at 1.1320 (LLOQ), 1.320 (LQC), 2.264 (MQC) and
2.83 pg mL~! (HQC) for both ROS and EDX.

3 Results and discussion
3.1 Optimization of HPTLC conditions

The experimental conditions for the HPTLC method such
as mobile phase composition and wavelength of detection
were optimized to provide accurate, precise, reproducible
and compact flat bands for the three drug mixtures.

3.1.1 Solvent system

The mobile phase is regarded as the most important factor
that controls the peak shape and resolution; therefore, differ-
ent solvent systems with different proportions were investi-
gated before reaching the optimum mobile phase. Greener
systems were first tried such as methanol with a little pro-
portion of ammonia (9.95:0.05, V/V), but poor resolution
was observed for mixtures 1 and 3, while well-separated and
well-defined peaks were obtained for mixture 2. A system
consisting of ethanol—chloroform in different proportions
was tried, but overlapped and distorted peaks were obtained.
Increasing the ratio of chloroform led to poor resolution,
while increasing the ratio of ethanol resulted in more distor-
tion of the peaks, so, there was no improvement by changing
the ratio of these two solvents. Finally, sharp and symmetric
peaks were obtained for the three mixtures using toluene—
ethyl acetate—methanol—25% ammonia (3.5:4.5:2:0.2, V/V)).
The distance traveled by the developed APX, EDX, RIV
and ROS bands increased by adding very small volumes
of ammonia, thus, the differences between the retardation
factor (Rp) values of the APX and ROS bands and the RIV
and ROS bands increased to reach values of about 0.50 and
0.60, respectively; in addition, the incorporation of ammonia
helped in decreasing the tailing effect.

Well-defined bands for the two drugs in each mixture
were obtained when the chamber was saturated with the
mobile phase at room temperature for at least 30 min. It
was required to eliminate the edge effect and to avoid une-
qual solvent evaporation losses from the developing plate
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that could lead to behavior resulting in a lack of Ry values
reproducibility.

3.1.2 Scanning and detection wavelength

Different scanning wavelengths were investigated and
291 nm was chosen for the three mixtures, as it gave rea-
sonable response with all of them. The optimum bandwidth
chosen was 5 nm, taking into consideration the range of
concentrations applied and number of tracks. All tracks were
scanned efficiently at the same wavelength (291 nm) for the
three mixtures.

The optimized chromatographic conditions gave com-
pact spots for the cited drugs at the specific R values which
were found to be 0.65 +0.01 for APX, 0.20+0.01 for EDX,
0.75+0.02 for RIV and 0.10+0.01 for ROS using method
I and 0.40+0.02 for EDX and 0.90 +0.02 for ROS using
method II. Typical densitograms obtained from the analysis
of the mentioned mixtures at the selected wavelength using
the proposed methods are shown in Figs. 2, 3, 4, and 5.

3.2 Method validation

For the analysis of the mixtures in bulk and in dosage forms
the methods were validated according to the ICH guidelines
[29], while for the quantitation of the drugs spiked in human
plasma, validation was done according to the FDA guide-
lines (2001): Guidance for Industry on Bioanalytical Method
Validation [28].
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Fig.2 A typical TLC chromatogram of 0.3 pg band™' (15 pg mL.™")
of rosuvastatin calcium (ROS) and apixaban (APX) in their mixture
using 20-pL band volume and toluene—ethyl acetate—methanol—25%
ammonia (3.5:4.5:2:0.2, V/V) as the mobile phase (method I)
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Fig.3 A typical TLC chromatogram of 0.3 pg band™' (15 pg mL.™")
of edoxaban tosylate (EDX) and rosuvastatin calcium (ROS) in their
mixture using 20-pL band volume and toluene—ethyl acetate—metha-
nol—25% ammonia (3.5:4.5:2:0.2, V/V) as the mobile phase (method
D

3.2.1 Analysis in bulk form and tablets

3.2.1.1 Linearity Linearity was evaluated by analyzing
a series of different concentrations of each of APX and
ROS (mixture 1) and RIV and ROS (mixture 3) by apply-
ing method I and mixture 2 (EDX and ROS) by applying
both methods I and II. Under the experimental conditions
previously described, the graphs obtained by plotting peak
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Fig.4 A typical TLC chromatogram of 0.3 pg band™' (15 pg mL.™")
of rosuvastatin calcium (ROS) and rivaroxaban (RIV) in their mixture
using 20-pL band volume and toluene—ethyl acetate—methanol—25%
ammonia (3.5:4.5:2:0.2, V/V) as the mobile phase (method I)
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Fig.5 A typical TLC chro- 500 -
matogram of 0.5 pg band™! "
(25 pg mL.™") of rosuvastatin 450 -
calcium (ROS) and edoxaban
tosylate (EDX) in their mixture
using 20-pL band volume

and methanol—25% ammonia
(9.95:0.05, V/V) as the mobile
phase (method II)
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areas of the drugs versus concentrations in the ranges stated
in Table 1 showed linear relationships. The slopes, inter-
cepts and correlation coefficients obtained by the linear
least-squares regression treatment of the results are also
given. The smaller the standard error of the estimate ()
obtained, the closer the points are to the straight line. The
high values of correlation coefficients and F indicate the
good linearity of the calibration curves.

3.2.1.2 Limit of detection and limit of quantitation The
limit of detection (LOD) is considered as the concentration
which has a signal-to noise ratio of 3:1. For the limit of quan-
titation (LOQ), the ratio considered is 10:1 [30]. Using the

T T T T
040 060 080 1.00

proposed methods, LOD and LOQ for each compound were
calculated and are presented in Table 1. These values were
calculated using the signal-to-noise ratio method. Both LOD
and LOQ values indicate that the proposed method showed
low noise levels along with the high drugs responses which
enable the quantitation and detection of low concentrations.
The LOD and LOQ values ranged from 0.0022-0.0282 to
0.0074-0.094 pg band ™!, respectively.

3.2.1.3 Accuracy and precision Accuracies either with
intra-day or inter-day precision were evaluated using three
concentration levels (n=3) within the same day or on three
consecutive days, respectively. The percentage relative

Table 1 Parameters of the

. ! Parameters Method I Method II

regression equations for the

determination of APX, EDX APX EDX RIV ROS EDX ROS

and RIV with ROS mixtures

using the proposed HPTLC Linearity range (ug mL™!) 545 5-45 5-45 5-45 5-45 5-45

methods (methods I and II) LOD? (ug mL™) 0.11 1.31 1.21 0.35 1.41 0.36
LOQ" (ug mL™) 0.37 4.37 4.03 1.17 4.70 1.20
Intercept (a) -0.13 201.65 69.73 21.01 655.25 1491.69
Slope (b) 374.31 113.81 408.64 187.37 425.89 135.79
Correlation coefficient (r)  0.9992 0.9993 0.9991 0.9992 0.9990 0.9991
S 9.79 46.54 207.68 17.95 209.98 16.54
5,9 0.59 1.65 10.26 0.64 10.37 0.78
Sy 9.34 60.20 212.69 23.22 215.05 12.33
F 401,619.7 4754.23 1587.35 86,612.47  1686.55 30,343.97
Significant F 8.66x107° 6.72x10° 3.48x107° 8.65x10°% 3.18x107° 4.17x107

4Limit of detection

°Limit of quantitation

“Standard deviation of intercept
dStandard deviation of slope

¢Standard deviation of residuals
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standard deviation (RSD%) and percentage relative error
(Er%) did not exceed 2.0% proving the high repeatability
and accuracy of the developed method for the estimation of
the analytes in their bulk form (Tables S1—S4).

3.2.1.4 Selectivity Method selectivity was checked by ana-
lyzing the laboratory-prepared synthetic mixtures contain-
ing different ratios of drugs in each mixture, where good
percentage recoveries were obtained indicating that they did
not interfere with each other (Tables S5—S7). In addition,
the selectivity of each of the proposed methods was con-
firmed by the absence of interference from adjuvants during
the application to the analysis of pharmaceutical prepara-
tions. Figures S8—S11 present TLC densitograms of the
prepared tablet extracts for the three mixtures recorded at
291 nm. These densitograms showed no interfering peaks
from the added excipients thus confirming the specificity of
the proposed HPTLC methods.

3.2.1.5 Robustness The robustness of the proposed method
was assessed by slightly varying some parameters such as
the time of saturation (30 min+2 min) and the detection
wavelength (2 nm). It was found that small deliberate vari-
ations in the above parameters had no significant influence
on the determination of any of the drugs using the proposed
method. The low values of RSD% of the peak areas along
with nearly unchanged Ry, values obtained after introducing
small deliberate changes in the method parameters indicated
the robustness of the developed method.

3.2.1.6 Stability of solutions The stability of the standard
solutions was investigated over 4 h, where the Ry values
and the peak areas were unchanged throughout the analysis
time. In addition, no extra peaks were observed in the den-
sitograms, confirming the stability of the working solutions.
Also, the methanolic stock solutions of the four drugs were
found to be stable for at least one week when refrigerated
at4 °C.

3.2.2 Analysis in spiked human plasma

3.2.2.1 Linearity and LLOQ Method I

For mixtures 1 and 3, the calibration curves of the drugs
were constructed from a blank sample (plasma sample
processed without IS) (Figs. 6a and 7a), a zero calibrator
sample (plasma sample processed with IS) (Figs. 6b and
7b) and non-zero calibration standards encompassing the
entire range including LLOQ (Figs. 6¢ and 7c). Linear-
ity was assessed by the IS method. The calibration curves
were linear and the data of regression analysis showed good
linearity as the correlation coefficient values were higher
than 0.998. Regression equations were Y= —0.13 +0.60X
and Y=0.09+0.05X, for APX and ROS (mixture 1) and

Y=-0.08+0.27X and Y=0.06+0.13X, for RIV and ROS
(mixture 3), respectively (Y is the peak area ratio of drug; X
is the drug concentration in pg mL™).

Method 2

For mixture 2, the calibration curves of the drugs were
constructed from a blank sample (plasma sample processed
without IS) (Fig. 8a), a zero calibrator sample (plasma sam-
ple processed with IS) (Fig. 8b) and non-zero calibration
standards encompassing the entire range including LLOQ
(Fig. 8c). Linearity was assessed by the IS method. The
calibration curves were linear and the data of regression
analysis showed good linearity as the correlation coefficient
values were higher than 0.998. Regression equations were:
Y=1.30+1.05X and Y=0.30+0.13X, for EDX and ROS
(mixture 2), respectively (Y is the peak area ratio of drug; X
is the drug concentration in pg mL™).

3.2.2.2 Accuracy and precision The validation batch used
consisted of one set of calibration standards and six repli-
cates (n = 6) of quality control samples at four levels (LLOQ,
LQC, MQC and HQC). Accuracy and precision were evalu-
ated as described under analysis in bulk form and tablets
(RSD%) ranging between 1.00-1.89% and 1.21-2.44% for
APX and ROS, respectively (mixture 1); between 0.48-
2.90% and 1.24-2.44% for EDX and ROS, respectively
(mixture 2); and between 1.16-2.41% and 1.53-2.75% for
RIV and ROS, respectively (mixture 3) (Table 2).

3.2.2.3 Specificity The specificity of the proposed methods
was evaluated by processing control plasma from six dif-
ferent packets. The plasma samples were spiked with lower
limit of quantification (LLOQ) working solutions along
with IS to confirm the lack of interference at their Rg values.
No interfering peaks from endogenous plasma compounds
were observed in blank plasma at the Ry of analytes and IS.
Typical chromatograms for the blank plasma, and plasma
spiked with the drugs forming each mixture along with the
corresponding internal standard are shown in Figs. 6, 7, and
8.

3.2.2.4 Stability studies Stability experiments were per-
formed to evaluate the analyte stability in plasma samples
(LQC and HQC, n=6) under different sample analysis con-
ditions. Long-term stability was evaluated after storage of
the samples at—70 °C for 45 days. Short-term stability was
assessed after storage of spiked QC samples at ambient tem-
perature for 6 h. Post-preparative stability was assessed after
storage at 5 °C for 24 h. Freeze—thaw stability was assessed
by analyzing spiked QC samples after five freeze—thaw
cycles. For all the stability experiments of analytes and IS in
control plasma, excellent % recovery (97.14-103.90%) and
RSD% (less than 2.52%) values for mixture 1; % recovery

@ Springer



526 JPC - Journal of Planar Chromatography — Modern TLC (2022) 35:519-532

@ -
(b) °s -
o SO0
450
400
250
200
200
200
150
100
=0
€ °s

Fig.6 Typical TLC chromatograms of 20-pLvolume of a blank apixaban (APX) and rosuvastatin calcium (ROS) with RIV (IS) in
human plasma, b zero calibrator of human plasma spiked with rivar- human plasma using method I
oxaban (RIV) (IS) only, ¢ lower limit of quantification (LLOQ) of

(97.31-103.28%) and RSD% (less than 2.82%) values for  (less than 2.51%) values for mixture 3 were obtained, thus
mixture 2; and % recovery (97.44-103.89%) and RSD% indicating their stability under different conditions (Table 3).
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Fig.7 Typical TLC chromatograms of 20-pLvolume of a blank oxaban (RIV) and rosuvastatin calcium (ROS) with APX (IS) in
human plasma, b zero calibrator of human plasma spiked with apixa- human plasma using method I
ban (APX) (IS) only, ¢ lower limit of quantification (LLOQ) of rivar-
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Fig.8 Typical TLC chromatograms of 20-pLvolume a blank human tosylate (EDX) and rosuvastatin calcium (ROS) with APX (IS) in
plasma, b zero calibrator of human plasma spiked with apixaban human plasma using method II
(APX) (IS) only, ¢ lower limit of quantification (LLOQ) of edoxaban
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TabI(l-:.Z Evaluation of the Concentration (ug mL™") Mean % recovery + SD? RSD%" Er%°

precision and accuracy of the

proposed HPTLC methods for QC STDS APX ROS APX ROS APX ROS APX ROS

the determination of the three

mixtures in spiked human Accuracy and intra-day precision (repeatability)

plasma LLOQ 1.132 1.132 100.89+1.85 101.03 +1.81 1.83 1.79 0.89 1.03
LQC 1.320 1.320 101.36+1.10 102.90+1.25 1.09 1.21 1.36 2.90
MQC 1.887 1.887 99.25+1.88 102.22+2.49 1.89 2.44 —0.75 222
HQC 2.640  2.640 102.51+1.03 99.30+1.97 1.00 1.98 2.51 —-0.70
Accuracy and inter-day precision
LLOQ 1.132 1.132 102.09+1.39 101.27+1.93 1.36 1.90 2.09 1.27
LQC 1.320 1.320 101.91+0.81 101.01+2.15 0.79 2.12 1.91 1.01
MQC 1.887 1.887 100.88 +1.35 102.35+1.29 1.34 1.26 0.88 2.35
HQC 2.640  2.640 102.59+1.79  97.73+2.26 1.74 2.31 2.59 -2.27
QC STDS EDX ROS EDX ROS EDX ROS EDX ROS
Accuracy and intra-day precision (repeatability)
LLOQ 1.132 1.132 101.39+1.93 102.43 +1.81 1.90 1.77 1.39 243
LQC 1.320 1.320 102.16 +1.90 101.20+1.25 1.86 1.24 2.16 1.20
MQC 2640  2.640  98.99+0.48 102.66 +2.49 0.48 243 -1.01 2.66
HQC 2.830  2.830 103.01+1.23 97.52+1.97 1.19 2.02 3.01 —-248
Accuracy and inter-day precision
LLOQ 1.132 1.132 102.89+2.99 101.87+1.93 2.90 1.89 2.89 1.87
LQC 1.320 1.320 100.31+1.51 102.09 +2.15 1.50 2.11 0.31 2.09
MQC 2.640 2.640  98.38+2.61 101.99+1.29 2.65 1.26 -1.62 1.99
HQC 2.830  2.830 102.89+1.59  99.12+2.42 1.55 2.44 2.89 —0.88
QC STDS RIV ROS RIV ROS RIV ROS RIV ROS
Accuracy and intra-day precision (repeatability)
LLOQ 1.132 1.132 102.39+2.35 102.01 +2.81 2.30 2.75 2.39 2.01
LQC 1.320 1.320 101.67+2.14 101.34+1.55 2.10 1.53 1.67 1.34
MQC 1.887 1.887 97.55+1.34 97.43+1.69 1.37 1.73 —245 -2.57
HQC 2,640  2.640 102.31+£2.09 99.83+1.79 2.04 1.79 2.31 -0.17
Accuracy and inter-day precision
LLOQ 1.132 1.132 101.49+2.45 102.87 +1.63 241 1.58 1.49 2.87
LQC 1.320 1.320 102.41+1.41 101.71+£2.53 1.38 2.49 241 1.71
MQC 1.887 1.887 102.18 +1.19 100.05+1.99 1.16 1.99 2.18 0.05
HQC 2.640  2.640 100.20+0.12 100.20+0.06  0.12 0.06 0.20 0.20

4Standard deviation

PPercentage relative standard deviation

“Percentage relative error

3.3 Application to the analysis of pharmaceutical
preparations

Due to the unavailability of commercial tablets containing
these binary mixtures, single component tablets of ROS
with each of the NOACs were mixed in ratios simulat-
ing their appropriate doses, and extracted with methanol,

then spotted on the TLC plates. The lack of foreign peaks
in the chromatograms confirmed that inactive ingredients
did not interfere in the analysis. Percentage recoveries
were calculated for three independently prepared solu-
tions each repeated three times and were found accept-
able (Table S12). Owing to the absence of any published
method for the determination of these binary mixtures, the
standard addition technique was applied by spiking the
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Table 4 Assessment of the greenness of the proposed HPTLC methods using two different assessment methods

Green Analytical Procedure Index (GAPI) [30]

Analytical GREEnness Metric Approach (AGREE) [31]

DS
<%

S

4 Conclusion

The proposed HPTLC methods developed for the determi-
nation of binary mixtures of the co-administered lipid-low-
ering agent ROS and the NOACs APX, EDX and RIV are
simple and sensitive. To the best of our knowledge, this is
the first validated HPTLC method developed to simultane-
ously quantify these three binary mixtures in pharmaceuti-
cal preparations and human plasma. Simplicity was dem-
onstrated by the absence of lengthy sample pretreatment
procedures. Sensitivity was confirmed by the ability of the
methods to analyze these mixtures in spiked plasma samples
in concentrations simulating the real ones, taking into con-
sideration the extensive binding to plasma proteins that these
drugs exhibit. The greenness of the method was proved by
two powerful metric scales, the GAPI and AGREE metric
methods. In addition, TLC, as analytical technique, provides
rapid and cost-effective analysis, thus allowing a high sam-
ple throughput in a single run and minimum consumption
of relatively cheap solvents.
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