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A literature survey revealed no suitable “reversed phase-high performance thin layer chromatography (RP-

HPTLC)” method for the analysis of rivaroxaban in nanoparticle (NP) formulations. Therefore, a novel rapid,

simple, economical and environment friendly RP-HPTLC method has been established for the

quantification of rivaroxaban in NP formulations and commercial tablets. RP-HPTLC analysis of

rivaroxaban was performed using “RP-18 silica gel 60 F254S HPTLC plates”. The binary mixture of green

solvents ethanol : water (7 : 3 v/v) was utilized as the mobile phase. The quantification of rivaroxaban was

carried out in densitometric mode at lmax ¼ 253 nm. Rivaroxaban peaks from NP formulations was

confirmed by comparing its single spot at Rf ¼ 0.71 � 0.02 with that of the standard. The proposed RP-

HPTLC method was found to be linear in the range of 50–600 ng per band with R2 ¼ 0.9994. The

equation for linear regression analysis was obtained as Y ¼ 13.28x + 1189.4. The proposed RP-HPTLC

technique was validated for “precision, accuracy, robustness and sensitivity”. The accuracy of the method

was obtained as 97.97–99.67%. The % RSD in repeatability and intermediate precision was recorded as

0.46–0.64 and 0.48–0.86%, respectively. The LOD and LOQ for rivaroxaban were obtained as 18.45 and

55.35 ng per spot, respectively. The % content of rivaroxaban in marketed tablets and NPs was recorded

as 99.20 and 98.08%, respectively. The proposed RP-HPTLC technique could be successfully applied for

the pharmaceutical assay of rivaroxaban in NPs, marketed tablets and related formulations.
Introduction

Rivaroxaban, an oral anticoagulant, acts at the crucial points
to stop the formation of blood clots.1 It has been reported as
a potent, selective and direct inhibitor of factor Xa which
prevents thromboembolism during surgical operations.1,2 It
has been proposed as practically insoluble in water and freely
soluble in organic solvents.3 It is rapidly absorbed from the gut
and produces maximum inhibition of factor Xa within 4 h of
oral administration.4,5 It does not exert direct effects on
platelets.5 In the literature, many “high-performance liquid
chromatography (HPLC)” methods are available for the
quantication of rivaroxaban in its dosage forms especially
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tablet dosage forms.3,6–19 Some HPLC methods are also avail-
able for the analysis of rivaroxaban in human or rat plasma.6,20

Some “high-performance thin layer chromatography
(HPTLC)”3,11,21 and spectrophotometric methods11,22,23 have
also been proposed for the analysis of rivaroxaban in its tablet
formulations. A “liquid chromatography-mass spectrometry
(LC-MS)”method has also been proposed for pharmacokinetic
assessment of rivaroxaban in humans.20 A TLC-densitometry,
HPLC and LC-MS method had also been applied to study the
degradation products of rivaroxaban.3 Square-wave voltam-
metry method has also been used for the electrochemical
determination of rivaroxaban in pharmaceutical dosage
forms.24 Most of the routine analytical methods mentioned
above for the analysis of rivaroxaban used toxic solvents as the
mobile phase. Because not a single method using green
solvents as the mobile has been reported for the analysis of
rivaroxaban in literature, we have considered our method as
the eco-friendly one. Recently, there is an issue in the
sustainability of the pharmaceutical industries due to the
huge use of toxic solvents in pharmaceutical and biomedical
analysis. Most of the chemicals/solvents or their combinations
used for the analysis of drugs and pharmaceutics are highly
toxic to the environment. Moreover, a little attention had been
RSC Adv., 2020, 10, 2133–2140 | 2133
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paid towards the environmental effects of analytical
methods.25 In recent years, the research reports available in
the literature related to “clean analytical chemistry or
environmentally-benign analytical methods” have been
increased substantially.26–28

Despite various favorable characteristics like “non-toxic,
non-volatility, non-inammable, non-aggressiveness, high
biodegradability and cost effectiveness”, the complete potential
of environmentally safe solvents either alone or in combina-
tions as an eluent for HPTLC analysis of drugs and pharma-
ceuticals had not been fully utilized.29–31

Green HPTLC technique offers several advantages over
routine HPTLC in the analysis of drugs or pharmaceutical
compounds.32–34 Interestingly, no eco-friendly analytical
methodology had been applied yet for the analysis of rivarox-
aban in pharmaceutical formulations or biological uids.
Moreover, no reports on the determination of rivaroxaban
biomarker in nanoparticles (NPs) formulation utilizing the RP-
HPLC technique are available in the literature so far. In the
view of these facts, the objective of the present work was to
develop and validate an ecofriendly, simple, precise, accurate,
robust and sensitive RP-HPTLC technique for the analysis of
rivaroxaban in NPs formulation utilizing RP18 silica gel plates.
The proposed green analytical methodology was also validated
as per “International Conference on Harmonization (ICH)”
guidelines.35

Experimental section
Materials

Rivaroxaban and chloroform were obtained from “Sigma
Aldrich (St. Louis, MO, USA)”. Chromatography grade ethanol
was procured from “E-Merck (Darmstadt, Germany)”. Chro-
matography grade water was obtained from “Milli-Q unit”.
Marketed tablets of rivaroxaban were purchased from local
market in “Riyadh, Saudi Arabia”. NPs formulation of rivar-
oxaban was prepared and characterized in Pharmaceutics
Laboratory in Prince Sattam bin Abdulaziz University. All the
solvents or reagents used were of analytical/pharmaceutical
grades.

Calibration curve of rivaroxaban

Standard stock solution of rivaroxaban was prepared by dis-
solving 10 mg of drug in 10 mL of chloroform. About 1 mL of
this solution was taken and diluted with mobile phase to obtain
the nal concentration of 100 mg mL�1 (stock solution of
rivaroxaban). Various volumes of stock solution i.e., 0.5, 1, 2, 3,
4, 5 and 6 mL (50, 100, 200, 300, 400, 500, and 600 ng, respec-
tively) were applied on TLC. The peak area of rivaroxaban at
each concentration was recorded and calibration curve was
plotted in the range of 50–600 ng per spot.

Sample preparation for the estimation of rivaroxaban in
marketed tablets

Ten marketed tablets (each containing 10 mg of rivaroxaban)
were weighed and the average weight was calculated. The
2134 | RSC Adv., 2020, 10, 2133–2140
tablets were then crushed using pestle and mortar and nely
powdered. A weight of the powder equivalent to 10 mg of
rivaroxaban was dispersed in chloroform and diluted with
mobile phase to get 100 mL stock solution. The obtained
solution was ltered to remove undissolved materials and
sonicated for 10 min. About 1.0 mL of this stock was taken and
diluted suitably with mobile phase. The diluted solution was
analyzed for the content of rivaroxaban in marketed tablets by
the proposed RP-HPTLC method.

Preparation of rivaroxaban loaded PLGA NPs

“Emulsion solvent evaporation method” was used for the
preparation rivaroxaban loaded PLGA NPs.36 Briey, an accu-
rately weighed amount of rivaroxaban (20 mg) was dissolved in
4 mL of PLGA polymeric solution in dichloromethane (DCM).
Separately, aqueous phases were prepared by dissolving the
required amount of polyvinyl alcohol (PVA) (500 mg) in distilled
water (8 mL). Furthermore, the prepared organic phase was
emulsied with the aqueous phase dropwise under probe
sonication for 3 min at 60% voltage efficiency using “Probe
Sonicator (Fisher Scientic, USA)” with 10 s on–off pulse. The
dispersion was subsequently placed over a “Magnetic Stirrer
(Labtec, Korea)” for 24 h at 700 rpm to evaporate the organic
phase. Aer complete evaporation, the dispersion was centri-
fuged “(Hermle Labort Echnik, Germany)” at 14 000 � g for
15 min. To remove the adsorbed drug as well as the excessive
PVA, the sediment was washed thrice with Milli-Q water; both
the supernatant and ltrate were preserved for drug content
estimations. Prepared NPs were characterized well for physi-
cochemical properties. The concentrated NPs were lyophilized
and preserved for further analysis.

Sample preparation for analysis of rivaroxaban in PLGA NPs

Accurately weighed 1.0 g of NPs (containing 10 mg of rivarox-
aban) was dispersed in chloroform and diluted with mobile
phase to get 100 mL stock solution. The obtained solution was
ltered to remove undissolved materials and sonicated for
10 min. About 1.0 mL of this stock was taken and diluted
suitably with mobile phase. The diluted solution was analyzed
for the content of rivaroxaban in NPs by the proposed RP-
HPTLC method.

Chromatographic conditions

Densitometric RP-HPTLC quantication of rivaroxaban was
carried out on 10 � 20 cm glass-backed plates coated with
0.2 mm layers of “RP-18 silica gel 60 F254S (E-Merck, Ger-
many)”. Various concentrations of rivaroxaban were applied on
the TLC plates as 6 mm bands with the help of a “CAMAG
Automatic TLC Sampler 4 (ATS4) sample applicator (Geneva,
Switzerland)” tted with a “CAMAG microliter syringe”. The
sample application rate was kept constant at 150 nL s�1. The
TLC plates were developed at linear ascending mode at
a distance of 80 mm with ethanol : water 7 : 3 (%, v/v) as
a mobile phase in a “CAMAG Automatic Developing Chamber 2
(ADC2)”. The chamber was previously saturated with mobile
phase vapor for 30 min at 22 �C.
This journal is © The Royal Society of Chemistry 2020
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Validation of RP-HPTLC method

RP-HPTLC densitometric method was validated for “linearity,
precision, accuracy, robustness, sensitivity and specicity”
using the guidelines of ICH.35 The linearity of RP-HPTLC
method for rivaroxaban was studied by plotting the concentra-
tion against measured peak area of rivaroxaban. The linearity
was evaluated in the range of 50–600 ng per band.

The accuracy (as percent of recovery) was estimated using
standard addition technique. In this technique, previously
analyzed sample of rivaroxaban (200 ng per spot) was spiked
with extra 0, 50, 100 and 150% contents of rivaroxaban. These
mixtures were analyzed again by the proposed RP-HPTLC
technique. The % recovery for rivaroxaban at each concentra-
tion level was estimated.

Precision of the proposed RP-HPTLC technique was ob-
tained in terms of “repeatability and intermediate precision”.
Repeatability (intra-day precision) was obtained by the analysis
of samples on the same day at three different concentrations
i.e., 200, 300 and 400 ng per spot in 6 replicates. Intermediate
precision (inter-day precision) was obtained by the analysis of
samples on three different days at 200, 300 and 400 ng per spot
in 6 replicates.

Robustness of the proposed RP-HPTLC method was ob-
tained by changing in the mobile phase composition during the
estimation of rivaroxaban.

Detection (LOD) and quantication (LOQ) limits of the RP-
HPTLC technique were obtained using standard deviation
(SD) method. LOD and LOQ were calculated by applying eqn (1)
and (2):

LOD ¼ 3:3� SD

S
(1)

LOQ ¼ 10� SD

S
(2)

In which, S is the slope of the calibration curve.
The specicity of the proposed RP-HPTLC technique was

evaluated by comparing the Rf values and ultra-violet (UV)
spectra of the rivaroxaban in the samples with that of the
standard.
Estimation of rivaroxaban in marketed tablets and NPs
formulation

The samples of marketed tablets and NPs were applied and
chromatograms were recorded under the same conditions as
for analysis of standard rivaroxaban. The peak area of
Table 1 Formulation composition and physicochemical characterization

Formulation composition C

Rivaroxaban (mg) 20 P
PLGA (mg) 125 P
PVA (mg) 500 Z

E

This journal is © The Royal Society of Chemistry 2020
rivaroxaban in commercial tablets and prepared NPs was
recorded. The amount of rivaroxaban present in both
formulations was obtained from the calibration curve of
standard rivaroxaban.
Results and discussion
Preparation and characterization of rivaroxaban loaded PLGA
NPs

Rivaroxaban loaded PLGA NPs formulation was prepared by
solvent evaporation technique.36 The formulation composition
and characterization parameters of prepared NPs are summa-
rized in Table 1. The purpose of preparation of PLGA NPs was to
apply the proposed analytical methodology for the determina-
tion of rivaroxaban in NPs formulation. Only tablets of rivar-
oxaban are available in the market. Therefore, NPs formulation
was prepared additionally in order to increase the application of
proposed analytical methodology. DCM was used as the solvent
for the preparation of rivaroxaban PLGA NPs because both
polymer (PLGA) as well as rivaroxaban are soluble in DCM.
PLGA NPs were prepared by solvent evaporation method and
hence the used of organic solvent in which both drug as well as
polymer are soluble is recommended.36 Moreover, the solvent
DCM was evaporated in order to get solid PLGA NPs. Hence in
nal formulation, DCM was not present. In this way, prepared
PLGA NPs are safe and non-toxic to human beings. The particle
size and polydispersity index of PLGA NPs were obtained as
496 nm and 0.47, respectively. The zeta potential and entrap-
ment efficiency of formulation were recorded as�18.41 mV and
87.91%, respectively. The physicochemical parameters recorded
in this study suggested the formation of polymeric NPs of
rivaroxaban.
Method development

According to literature survey, there is no report on the deter-
mination of rivaroxaban in NPs using RP-HPTLC method.
Therefore, attempts were made to develop and validate a cost
effective, economical and environment friendly method for the
determination of rivaroxaban. In RP-HPTLC technique, the
mobile phase was prepared by the simple mixture of water and
ethanol (green solvent) as compared to normal phase HPTLC
technique. The adaptation of reverse phase methodology over
normal phase helped in avoiding the non-polar fractions from
the sample in the TLC, which gives a very clear elution pattern.
Moreover, it helped in avoiding the interference due to impu-
rities in the chromatograms, formation of compact spot and
of PLGA NPs of rivaroxaban (n ¼ 3)

haracterization parameter

article size � SD (nm) 496.00 � 8.50
olydispersity index 0.47
eta potential � SD (mV) �18.41 � 3.14
ntrapment efficiency � SD (%) 87.91 � 8.60

RSC Adv., 2020, 10, 2133–2140 | 2135
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Fig. 1 Picture of developed TLC plate.

Fig. 2 HPTLC densitogram of standard rivaroxaban.

Table 2 Linear regression data for the calibration curve of rivaroxaban
(n ¼ 6)

Linearity range (ng per spot) 50–600
Regression equation Y ¼ 13.28x + 1189.4
R2 0.9994
Slope � SD 13.28 � 0.75
Intercept � SD 1189.40 � 52.21
Standard error of slope 0.30
Standard error of intercept 21.39
95% condence interval of slope 11.98–14.57
95% condence interval of intercept 1097.38–1281.41
LOD � SD (ng per spot) 18.45 � 1.87
LOQ � SD (ng per spot) 55.35 � 5.61
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detection clarity.37 Eco-friendly RP-HPTLC method for the
analysis of rivaroxaban will reduce the environmental toxicity
caused by routine toxic solvents used in routine pharmaceutical
analysis.33,34 Our research work gave a very good analytical
technique for the estimation of the rivaroxaban in NPs
formulation.
Table 3 Accuracy of the proposed method (n ¼ 6)

Excess drug added
to analyte (%) Theoretical content (ng) C

0 200 19
50 300 29
100 400 39
150 500 48

2136 | RSC Adv., 2020, 10, 2133–2140
In this study, the composition of mobile phase was opti-
mized to develop a suitable band for densitometric RP-HPTLC
technique. The chromatogram was obtained for standard
rivaroxaban under chamber saturation conditions using eco-
friendly mobile phase ethanol : water 7 : 3 (%, v/v) as the green
solvent system (Fig. 1). The densitometric estimation of rivar-
oxaban was carried out at 253 nm in the reectance/absorbance
mode. The mobile phase composed of ethanol : water 7 : 3 (%,
v/v) presented a compact, symmetrical and well resolved peak at
Rf value of 0.71 � 0.02 (Fig. 2). The spectra of the bands were
measured and maximum HPTLC response under reectance/
absorbance mode was obtained at the wavelength of 253 nm.
Method validation

The data for linear regression analysis of calibration curve of
rivaroxaban is tabulated in Table 2. The calibration curve of
rivaroxaban was found to linear in the range 50–600 ng per spot.
Linear regression analysis showed good linear relationship
(Table 2). The coefficient of determination (R2) was recorded as
0.9994 and found to be signicant (P < 0.05). The equation for
regression line was obtained as Y ¼ 13.28x + 1189.4, in which Y
represents the peak area and x is the concentration of rivarox-
aban. The values of slope and intercept were obtained as 13.28
� 0.75 and 1189.40 � 52.21, respectively. The values for 95%
condence interval of slope and intercept were recorded as
11.98–14.57 and 1097.38–1281.41, respectively. The values of
slope and intercept depend on x-axis and y-axis values, respec-
tively. The values in x-axis are the concentrations of rivaroxaban
which were ranged as 50–600 ng per spot. However, the values
in y-axis are the measured HPTLC area of rivaroxaban which
were obtained in the range of 1791–9025. It is obvious that the
values of HPTLC response are much higher than concentration
and hence intercept value is much higher than slope of the
calibration curve.

Accuracy of the proposed RP-HPTLC method is expressed as
the % recovery. The % recovery of the rivaroxaban for the
proposed analytical methodology was recorded as 97.97–
99.67% (Table 3). The % RSD for the recovery studies was ob-
tained as 0.55–0.93%. The higher values of % recovery and
lower % RSD values suggested the accuracy of the proposed
analytical methodology.

Precision of the proposed RP-HPTLC method is expressed as
% RSD of the measured concentrations for rivaroxaban. The
precision was determined as repeatability and intermediate
precision and results are tabulated in Table 4. The % RSD for
repeatability was obtained as 0.46–0.64%. However, the % RSD
onc. found (ng) � SD Recovery (%) RSD (%)

9.33 � 1.51 99.67 0.76
4.50 � 2.74 98.17 0.93
5.00 � 2.19 98.75 0.55
9.83 � 4.40 97.97 0.90

This journal is © The Royal Society of Chemistry 2020
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Table 4 Precision of the proposed method (n ¼ 6)

Conc. (ng per
spot)

Repeatability (intraday precision) Intermediate precision (interday)

Area � SD (n ¼ 6) Standard error % RSD Area � SD (n ¼ 6) Standard error % RSD

200 3891.20 � 18.63 7.63 0.48 3895.20 � 22.78 9.33 0.58
300 5273.60 � 33.49 13.72 0.64 5291.60 � 45.69 18.72 0.86
400 6546.40 � 29.80 12.21 0.46 6544.40 � 31.51 12.91 0.48

Table 5 Robustness of the proposed HPTLC method (n ¼ 6)

Conc. (ng per
spot)

Mobile phase composition (ethanol : water) Results

Original Used Area � SD (n ¼ 6) % RSD Rf

7.2 : 2.8 +0.2 3900.83 � 25.59 0.66 0.72
300 7 : 3 7 : 3 0.0 3902.50 � 28.71 0.74 0.71

6.8 : 3.2 �0.2 3904.17 � 32.05 0.82 0.68
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for intermediate precision was recorded as 0.48–0.86%. The
values of standard error for repeatability and intermediate
precision were obtained as 7.63–13.72 and 9.33–18.72, respec-
tively. The lower RSD values indicated the precision of the
proposed analytical methodology.

Results of robustness for the proposed RP-HPTLC method
are tabulated in Table 5. The values of % RSD aer introducing
small changes in mobile phase composition were obtained as
0.66–0.82%. The Rf value for rivaroxaban aer this small
deliberate change was obtained in the range of 0.68–0.72. These
observations suggested that small deliberate changes into the
densitometric TLC procedure proved the robustness of the
proposed HPTLC technique. The sensitivity of the HPTLC
technique was estimated in terms of LOD and LOQ. The values
of LOD and LOD are tabulated in Table 2. The LOD and LOQ of
the RP-HPTLC technique were recorded as 18.45 and 55.35 ng
per spot, respectively for rivaroxaban. This observation sug-
gested that the proposed RP-HPTLC technique had good
Fig. 3 Overlay UV absorption spectra of standard rivaroxaban and their

This journal is © The Royal Society of Chemistry 2020
sensitivity which could be applied in wide range for detection
and quantication of rivaroxaban effectively.

The specicity and peak purity of rivaroxaban was evaluated
by comparing the overlaid spectra of rivaroxaban in sample and
standard. The overlaid spectra of rivaroxaban in standard and
prepared NPs formulation are presented in Fig. 3. The
maximum HPTLC densitometric response of rivaroxaban in
standard and NPs sample were obtained at the wavelength of
253 nm under reectance/absorbance mode. The x-axis in Fig. 3
represents the wavelength (nm) and y-axis represents the
HPTLC densitometric area instead of UV absorbance. In simple
UV spectra, y-axis value is absorbance and x-axis value is the
concentration. However, in case of HPTLC-densitometry anal-
ysis, the y-axis value represents the HPTLC area against the
wavelength in x-axis. This HPTLC area is expressed in percent
when we record UV absorption spectra using HPTLC-
densitometry. Overall, the results presented in Fig. 3 sug-
gested the specicity of the proposed RP-HPTLC technique.
NPs formulation.

RSC Adv., 2020, 10, 2133–2140 | 2137
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Fig. 4 HPTLC densitogram of standard rivaroxaban in marketed formulation.

Fig. 5 HPTLC densitogram of standard rivaroxaban in prepared NPs.

Table 6 Quantification of rivaroxaban in marketed tablets and
prepared NPs formulations (n ¼ 3)

Samples
Theoretical content
(mg)

Content found
(ng) � SD

Content
(%)

Marketed tablets 10 9.92 � 0.86 99.20
NPs 10 9.80 � 1.07 98.08

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
Ja

nu
ar

y 
20

20
. D

ow
nl

oa
de

d 
on

 1
0/

30
/2

02
5 

9:
24

:2
5 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
Quantication of rivaroxaban in marketed tablets and NPs
formulation

No green analytical methodology has been reported for the
estimation of rivaroxaban in commercial formulations.
However, green analytical technologies have already been
applied for the estimation of drugs and pharmaceuticals.38,39

Low dimensional un-doped iron oxide NPs prepared by a solu-
tion method were applied as a green analytical technique in the
analysis of antiemetic drug aprepitant.38 Hydrothermally
prepared inorganic NPs were used as a green analytical tech-
nique for the electrochemical detection of olmesartan medox-
omil in tablet dosage forms.39 Both methods were found
sensitive for the determination of aprepitant and olmesartan
medoxomil. Hence, green analytical methods could be the
alternative approach for the determination of drugs and phar-
maceuticals in commercial formulation. Rivaroxaban peaks
from marketed tablet (Fig. 4) and NPs formulation (Fig. 5) were
identied by comparing their single spot at Rf ¼ 0.71 � 0.02
with that of standard rivaroxaban under the same analytical
conditions. The amount of rivaroxaban in marketed tablets and
prepared NPs was calculated using the linear regression
2138 | RSC Adv., 2020, 10, 2133–2140
equation of the calibration curve of rivaroxaban. The results of
the quantication of rivaroxaban in marketed tablets and
prepared NPs are tabulated in Table 6. The amount of rivarox-
aban in marketed tablets was found as 9.92 � 0.86 mg out of
10 mg of theoretical drug content. However, the amount of
rivaroxaban in prepared NPs was recorded as 9.80� 1.07mg out
of 10mg of theoretical drug content. The% assay of rivaroxaban
in marketed tablets and prepared NPs was obtained as 99.20
and 98.08%, respectively. These results showed that the
proposed RP-HPTLC technique could be successfully used for
the pharmaceutical assay of rivaroxaban in pharmaceutical
formulations containing rivaroxaban as an active ingredient.
This journal is © The Royal Society of Chemistry 2020
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Conclusion

The RP-HPTLC technique developed for the estimation of
rivaroxaban was found to be simple, accurate, precise, robust,
sensitive and specic. It is applicable in the quantication of
rivaroxaban in a wide variety of pharmaceutical products con-
taining rivaroxaban as one of the ingredient. The proposed RP-
HPTLC methodology is the rst validated technique for the
analysis of rivaroxaban in NPs formulation using RP-18 silica
gel. The results of this study prove that the method is selective
for the estimation of rivaroxaban with added advantages of
“short time, environmental friendly, minimal sample prepara-
tion in addition to the low cost”. The proposed RP-HPTLC
technique could be successfully utilized for the assay of rivar-
oxaban in pharmaceutical products containing rivaroxaban as
one of the ingredient.
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