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ABSTRACT

Objective: This study focuses on the development and evaluation of gastro-retentive multi-unit particulate systems (MUPS) by utilizing fluidized
bed coater, for the oral delivery of rivaroxaban, a direct oral anticoagulant (DOAC).

Methods: The method involves coating of three layers comprising the drug layer, effervescent layer, and polymer layer, each layer containing
specific ingredients. These solutions were magnetically stirred, filtered, and coated onto sugar spheres (sucrose) using a Fluidized bed coater (FBC)
(P+AM Glatt). The coated pellets were evaluated for parameters like particle size, friability, buoyancy, in vitro drug release, swelling studies
differential scanning calorimetry (DSC) analysis, scanning electron microscopy (SEM), and capsule filling performance. The method is designed in
order to optimize the coating process and to assess the quality of pellets and enhance the drug delivery of rivaroxaban.

Results: Batch N-IV (4% Eudragit NM 30D) achieved 84.8% sustained drug release over 24 h with minimal burst (20.85% at 1 h), fitting the
Korsmeyer-Peppas model (R?=0.995, n=0.647). This formulation floated rapidly (2.15 min lag time) for>24 h, and exhibited excellent physical
properties (friability: less than 1%; Carr’s index: 0.842%; Hausner ratio: 1.008), with high drug loading (17.11 mg/250 mg pellets), and high coating
efficiency (98.6%).

Conclusion: Compared to immediate-release formulations, the MUPS-based approach improved gastric retention, provide sustain release and
improve dissolution profile along with a reduction in dosing frequency.
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INTRODUCTION

Rivaroxaban (marketed as Xarelto®) is an oral anticoagulant
medication utilized to prevent blood clotting. In contrast to
traditional blood thinners such as warfarin, which disrupt vitamin
K-dependent clotting factors, rivaroxaban directly targets factor Xa,
an essential enzyme in the blood coagulation process. Marketed as
Xarelto®it only comes in an immediate-release film-coated tablet
and oral suspension (for pediatric and patients having swallowing
difficulties). Xarelto’s absorption is dose-dependent and affected by
food with low gastric retention [1-5]. Studies shows that the
sustained-release formulation of rivaroxaban displays a higher
bioavailability as compared to the marketed formulation Xarelto®
[6]. Studies shows that XARELTO should not be released in distal
part of the stomach to work properly. If it's released further down in
the intestines, absorption will be reduced, and the drug will be less
effective [7-10].

The immediate release dosage form of rivaroxaban suffers from the
drawback of needing of frequent dosing (poor compliance), sharp
plasma peaks (increased bleeding risk) and, low bioavailability of
higher doses due to poor solubility and short retention in gastric
media [11].

Gastro-retentive drug delivery system (GRDDS) system stays long in
the gastric media, where the drug is released slowly and the
maximum drug absorption is facilitated from the absorption window
[12]. The release of medication can be sustained by developing
various kinds of GRDDS [13-17]. GRDDS are ideal for drugs requiring
absorption in the stomach (e. g, rivaroxaban), pH-sensitive
degradation (e. g, antacids), or for drugs having short absorption
windows (e. g, vitamins) [15]. They enhance bioavailability, reduce
dosing frequency, prevent rapid metabolism, and enable sustained
release, improving treatment efficacy and patient compliance.
GRDDS include various types which are designed to prolong gastric
residence time: floating systems that levitate on gastric fluid,
mucoadhesive systems that stick to the stomach lining, expandable

systems that swell to resist gastric emptying, high-density systems
that sink and remain stationary and magnetic systems retained by
external magnetic fields. Each type ensures sustained drug release
by delaying transit through the stomach [13, 18]. Various factors
affect the retention of medication in the stomach. Age and gender
play significant roles in gastric retention time. Interestingly, women
tend to have slower stomach emptying rates than men, regardless of
differences in body size or weight. Additionally, gastric retention
increases with age, individuals over 70 years of age experience
longer gastric retention time compared to younger adults. In
contrast, newborns show much faster gastric emptying than elderly
populations [19-21].

Fluidized bed coater is utilized for coating various formulations to
deliver uniform coating, modified drug release, higher coating
efficiency, low dust generation, and flexibility. By suspending
particles in an air stream, it ensures complete, even coating without
agglomeration, while minimizing waste and maximizing yield. Major
advantage of utilizing FBC is that it can develop a formulation in
which technology transfer can be done with less effort, making it
suitable for product development [22-29].

There are various core materials, including powder, pellets,
granules, etc. Modern pharmaceutical pellet technology utilizes tiny
spheres (0.5-2 mm) which are coated to enhance drug delivery,
offering formulations such as slow-release pellets for controlled
dosing, instant-release pellets for rapid effect, flavor-concealing
pellets to improve taste, and stomach-retaining pellets for targeted
absorption, all designed to optimize drug efficacy, patient
compliance, and therapeutic outcomes [30, 31].

The purpose of this study was to develop MUPS-based gastro-
retentive formulation of rivaroxaban using FBC technique, with an
objective to achieve long gastric retention, to sustain the release of
drug for 24 h, to decrease the dosing frequency of rivaroxaban, and
improve dissolution profile of the same. MUPS by nature spread
evenly throughout the stomach and upper small intestine. This leads
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to a more consistent and predictable rate of drug absorption
compared to a single monolithic tablet like Xarelto®. To verify that the
coating process is optimal and controlled, coating was applied on the
core, various parameters like drug loading, process efficiency,
micromeritic properties, particle size distribution and, dissolution
studies were performed [32-34]. After analyzing the given parameters,
the optimized batch was then evaluated for drug release kinetics, SEM
and DSC, after which filling of coated pellets into capsules was done.

MATERIALS AND METHODS
Materials

Rivaroxaban was provided by Dr. Reddy’s laboratories Ltd.
Telangana (India), sugar beads were provided by JRS pharma
Nandasan, (India), Eudragit NM 30D was procured from Evonik
(Germany), Hydroxypropyl Methylcellulose E50 and E15 (HPMC E50
and HPMC E15) were provided by Colorcon Goa (India).
Polyethylene Glycol 6000 (PEG 6000), triacetin, and sodium
bicarbonate were received from Loba Chemie Pvt. Ltd. Mumbai,
(India), and tween 80 was purchased from Merck life science Pvt.
Ltd. Mumbai, (India). The solvents used in this experiment were
purchased from S D Fine-Chem Limited Mumbai, (India). The
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chemicals and solvents used during this work were of pure and
analytical grade.

Methods
Preparation of coating solution for drug layering

The coating solution was prepared by dissolving HPMC E50 in
mixture of isopropyl alcohol (IPA) and dichloromethane (DCM) in a
3:7 ratio under magnetic stirring at 1200 revolutions per minute
(RPM) for 5 min to form a clear solution. PEG 6000 was then added
and stirred for an additional 5 min to ensure homogeneity. Next,
rivaroxaban, was incorporated into the mixture and mixed for 10
min until a complete dispersion was achieved. Tartrazine yellow
was subsequently added, followed by another 5 min of stirring to
ensure uniform distribution. The final solution was filtered through
an American Society for Testing and Materials (ASTM) #100 mesh
sieve to remove any undissolved particles. To prevent the solution
from evaporating, the beaker was covered in aluminum foil and
continuously stirred using a magnetic stirrer to maintain
consistency. The entire preparation was carried out under
controlled conditions to maintain uniformity [35]. The composition
of the drug layering solution is mentioned in table 1.

Table 1: Composition of drug layering solution

S. No. Ingredients Function Percentage Quantity
1. Rivaroxaban Drug 8% 4 gm

2. HPMC E50 Binder 0.8% 400 mg
3. PEG 6000 Plasticizer 0.5% 250 mg
4. Tartrazine yellow Colorant 0.1% 50 mg

5. IPA: DCM (3:7) Solvent (g. s.) 100% 50 ml

Preparation of coating solution for effervescent layering

The effervescent layering solution was prepared by dissolving
HPMC E50 in a solvent blend of IPA and DCM in a 7:3 ratio under
continuous stirring until a clear solution was obtained. Sodium
bicarbonate was then dispersed into the mixture and stirred for 30
min to ensure uniform distribution. Triacetin was subsequently
added to enhance film flexibility and adhesion. The resulting
solution was filtered through an ASTM #100 mesh sieve to remove

any undissolved particles, ensuring a smooth and homogeneous
consistency. To prevent evaporation of solvent, the solution was
protected by covering the beaker with aluminum foil. Throughout
the entire process, continuous stirring was maintained using a
magnetic stirrer to prevent sedimentation and ensure uniformity.
This method produced a stable and well-dispersed effervescent
layering solution suitable for effervescent coating. The
composition of the effervescent layering solution is mentioned in
table 2.

Table 2: Composition of effervescent layering solution

S. No. Ingredients Function Quantity

B1I B II*
1. Sodium bicarbonate Effervescent agent 2gm 2gm
2. HPMC E50 Binder 400 mg 500 mg
3. Triacetin Plasticizer 250 mg 250 mg
4. IPA: DCM (7:3) Solvent (g. s.) 50 ml 50 ml
“Represents optimal formulation batch.

Table 3: Composition of polymer coating solution
S. No. Ingredient Function Quantity in different batches
N-1I N-I N-II N-IV N-V N-VI

1. Eudragit NM 30D Sustain release polymer (ml) 0.5 1 1.5 2 2.5 5
2. HPMC E15 Binder (mg) 250 250 250 250 250 250
3. Tween 80 Plasticizer (mg) 250 250 250 250 250 250
4. Magnesium stearate Anti-adherent (mg) 250 250 250 250 250 250
5. Talc Anti-tacking agent (mg) 500 500 500 500 500 500
6. Sunset yellow Colorant (mg) 100 100 100 100 100 100
7. [PA: DCM (7:3) Solvent (ml) (g.s.) 50 50 50 50 50 50

Preparation of coating solution for polymer layering

The coating solution was prepared by first adding Eudragit NM 30D
into a beaker, followed by the incorporation of sunset yellow dye as
a colorant. [IPA was then introduced and mixed under magnetic

stirring at 1200 rpm for 5 min to achieve a clear, homogeneous
mixture. DCM was subsequently added to adjust the solubility of
HPMC E15 prior adding it into the solution. Next, tween 80 (a
surfactant) and talc (an anti-tacking agent) were added, and the
mixture was stirred for an additional 10 min to ensure complete
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dissolution of all components except talc, which remained
suspended. The final solution was filtered through an ASTM #100
mesh sieve to remove any undissolved particles, ensuring a smooth
and uniform coating suspension. To prevent evaporation of solvent,
the solution was protected by covering the beaker with aluminum
foil. Throughout the process, continuous stirring was maintained to
prevent sedimentation and addition of magnesium stearate was
done in the interval of 60 min to prevent adhesion of coated pellets
with the surroundings. The composition of the polymer layering
solution is mentioned in table 3.

Process optimization

The air suspension coating process was optimized across three
critical stages: drug layering, effervescent layering, and polymer coat
layering, to ensure uniform coating deposition and optimal product
performance. Sugar pellets (sucrose) were selected as the core
material for coating as they have an optimal size (600 pm) and their
inherent mass requires the effervescent layer to generate sufficient
gas volume (dictated by its thickness/composition) to achieve the
critical density reduction (<1.0 g/cm®) necessary for reliable
buoyancy.

For drug layering, the process was started with system preheating at
35 °C, using an initial fluidization pressure of 0.09 MPa and
atomization pressure of 0.65 MPa to establish stable bed
fluidization. The spray rate was gradually increased from 0.3 to 0.5
rpm while adjusting fluidization pressure (0.09-0.11 MPa) and an
atomization pressure (0.7-1.2 MPa) over a 130 min period. This
incremental optimization prevented over-wetting while ensuring
homogeneous drug distribution. The stage concluded with
controlled drying to stabilize the drug-loaded cores before
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subsequent layering.

Effervescent layering was employed using a modified parameter
which, was set to accommodate the unique properties of
effervescent components. While maintaining the same temperature
profile (35 °C inlet), higher atomization pressures (0.8-1.3 MPa)
were used to achieve finer droplet formation. Fluidization pressure
was also elevated (0.11-0.13 MPa) to maintain adequate particle
mobility and prevent agglomeration. These adjustments were
critical in preserving the effervescent functionality while achieving a
defect-free layer.

The final polymer coating was implemented to sustain the drug
release. Using standardized conditions across all batches (N- I to N-
VI),with strict control over inlet temperature (35 °C) and product
temperature (33-34 °C). Spray rates were maintained between 0.1-
0.5 rpm, while fluidization (0.09-0.15 MPa) and atomization
pressures (0.8-1.8° MPa) were scaled according to polymer
concentration. Addition of magnesium stearate was done every 60
min to prevent sticking of pellets. This flexibility ensured optimal
film formation across different formulations while maintaining
coating integrity.

Process efficiency

The process efficiency of Eudragit NM 30D-coated pellets was
determined on the basis of the theoretical yield and the practical
yield of coated pellets.

0 . _ _Practical Yield

%Process efficiency = Theoreticalvield = 100
Theoretical and practical yields along with process efficiency of all
formulated batches are shown in table 4.

Table 4: Theoretical and practical yields of all batches and their process efficiency

S. No. Formulation batch Yield (gm) Weight loss after sieving (mg) Process efficiency (%)
Theoretical yield Practical yield

1. N-I (1%) 55.45 55.34 110 99.80

2. N-1TI (2%) 55.60 55.10 500 99.10

3. N-1II (3%) 55.75 54.95 800 98.56

4. N-IV (4%) 55.90 55.12 780 98.60

5. N-V (5%) 56.05 55.35 700 98.75

6. N-VI(10%) 56.80 55.57 1230 97.83

Drug loading Drug loading of Eudragit NM30D-coated pellets was determined by

To determine drug loading on the primary layer, 250 mg of layered
pellets were dissolved in 500 ml of acetate buffer (pH 4.5)+0.5% SLS
and mixed for 1 h. 1 ml of this solution was diluted 10 times and
filtered in order to analyze it on a UV spectrophotometer (Shimadzu
1700), and the concentration was found to be 3.774 gm for 50 gm
and 18.87 mg for a dose of 250 mg.

The process efficiency in the drug layering stage was calculated
using the formula:

Practical yield

% Coating efficiency = x 100

Theoretical yield
Where,

Practical yield =53.2 g

Theoretical yield = 54.7 g

The process efficiency in the drug layering stage was found to be
97.25%.

dividing the theoretical amount of drug by the total weight of pellets
after polymer coating. Further dividing the value by four gives the
concentration of the drug present in a dose of 250 mg.

Total drugin mg

Drug loading per 250 mg =

Total weight gain of pellets after polymer layer coatingx4
#Total drug = 3774 mg

Drug loading in all batches is summarized in table 5.

Evaluation of prepared MUPS

Particle size distribution

Sieve analysis was performed to determine the size of coated MUPS.
50 gm of the coated pellets were weighed and then transferred onto
a stacked series of sieves. A mechanical shaker (Retsch AS-200) was
then used to shake these sieves for 10 min at an amplitude of 50.
Following shaking, each sieve's retained pellets were weighed
independently [36, 37].

Table 5: Drug loading of eudragit NM 30D-coated pellets

S. No. Formulation batch Practical yield (gm) Drug loading of coated pellets (per 250 mg)
1. N- I (1%) 55.34 17.04 mg
2. N-1I (2%) 55.10 17.12 mg
3. N-II (3%) 54.95 17.17 mg
4. N-IV(4%) 55.12 17.11 mg
5. N-V (5%) 55.35 17.04 mg
6. N-VI(10%) 55.57 16.97 mg
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Friability

The friability of Eudragit NM 30D-coated pellets was evaluated using
FBC and Roche friabilator apparatus. For determining friability in FBC,
50 gm of coated pellets were suspended in a Wurster chamber for 30
min under specific parameters (0.40 bar fluidizing air pressure, 1.20 bar
atomization air pressure, and 35 °C inlet air temperature). For Roche
friability testing, 10 gm of coated pellets were tumbled in a friabilator at
25 rpm for 100 revolutions, then sieved through an ASTM #24 mesh
sieve [37-39]. Pellets generally tolerate higher friability than tablets due
to their larger surface area and processing dynamics.

The percentage friability (%F) was calculated as:
0_
F% = [ x 100

where W, is the initial pellet weight and W: is the weight retained
after sieving.

Micromeritics properties (tapped and bulk density)

To assess pellet micromeritics properties, bulk density was
determined by weighing 50 gm of Eudragit NM 30D-coated pellets
and then transferring them into a 100 ml measuring cylinder, and
bulk density was calculated as weight divided by settled volume.
Tapped density was measured using United States Pharmacopeia
(USP) II method with an Electrolab ETD 1020x tester, where the
same sample was tapped, and the volume recorded, with tapped
density calculated as weight over tapped volume. From these values,
Carr’s compressibility index and Hausner ratio were derived to
evaluate flowability, which helps assess pellet characteristics such as
cohesiveness, particle size, and surface properties [40-42].

(Tapped density — Bulk density).
Carr’s Index = [ PP v - Yy
Tapped density

1 100

and,
Hausner ratio = Tapped density/Bulk density
Buoyancy (floating lag time and floating time)

The buoyancy behavior of Eudragit NM 30D-coated pellets was
evaluated using USP type II dissolution apparatus (Electrolab) with
acetate buffer (pH 4.5) and 0.5% SLS at 75 rpm [43].

In vitro drug release (using USP type 2 paddle apparatus)

The drug release study of coated pellets (n=3) was performed using a
USP Type II dissolution apparatus (Electrolab) with 900 ml of acetate
buffer (pH 4.5) and 0.5% SLS as the medium, maintained at 37+0.5 °C
with 75 rpm agitation. The acetate buffer (pH 4.5) and 0.5% SLS was
selected as a dissolution media to dissolve a sufficient amount of
rivaroxaban and to maintain the sink conditions [44]. The 24 h test
compared sustained-release pellets (250 mg samples) from
experimental batches against the commercial product Xarelto® with 10
ml samples collected at scheduled intervals and replaced with fresh
medium to maintain sink conditions. Rivaroxaban release was quantified
using UV spectrophotometry (Shimadzu 1700) at 248 nm [45].

Drug release Kinetics

To elaborate on how rivaroxaban is released from Eudragit NM 30D-
coated pellets, the in vitro release data were assessed by utilizing
multiple release models to identify the fundamental process of
medication discharge. This included five kinetic models: zero-order,
first-order, Hixson-Crowell, Korsmeyer-Peppas, Weibull, and Higuchi
[46-49].
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Swelling studies

The swelling behavior of the coated pellets was investigated using
light microscopy to provide a direct visual assessment of the film's
performance in a physiologically relevant environment. For this
analysis, individual pellets were mounted on a grooved glass slide,
and a drop of 0.IN HCl was introduced to simulate the acidic
conditions of the stomach. This setup allowed for the real-time
observation of critical phenomena such as the initiation of swelling,
the rate of fluid penetration, the physical expansion of the pellet
core, and the integrity and potential rupture of the functional
coating as it interacted with the acidic medium.

Scanning electron microscopy (SEM) and cross-sectional light
microscopy

A small quantity of layered pellets was placed on an aluminum pin stub
with the help of carbon conductive double-faced adhesive tape, and
morphological images of the pellets were observed under a field
emission scanning electron microscope (FE-SEM). The scanning electron
microscopy of 4% Eudragit NM 30D-coated pellets was performed using
Zeiss Gemini SEM 360 [50]. A light microscopy was also performed using
light microscope for the cross-sectional view of coated pellet.

Differential scanning calorimetric analysis (DSC)

The thermal analysis of Eudragit NM 30D-coated MUPS, sugar beads,
sodium bicarbonate, HPMC, PEG 6000, rivaroxaban and their physical
mixture (sugar beads+sodium bicarbonate+HPMC+PEG
6000+rivaroxaban) was performed using a differential scanning
calorimeter (Perkin Elmer 6000, Waltham, MA, USA). Approximately 3
mg samples were weighed, then sealed in an aluminum pan, and it was
then placed in the sample holder; likewise, a blank aluminum pan was
also placed as a reference. Then it was further heated at a temperature
range of 50 °C to 300 °C at a rate of 40 °C/min in a nitrogen environment
[51-53]. The thermograms were recorded between 50 °C and 300 °C
taking empty aluminum pan as reference [54].

Filling of coated pellets into capsules

The selection of a suitable capsule was done on the basis of their
capacity to hold a specific quantity of pellets. The capsules were
loaded manually, which involved dividing the cap and base of each
empty capsule. Disintegration test of selected capsules was
performed using disintegration test apparatus (Electrolab USP ED
2L), and in vitro drug release from capsules (n=3) was determined
using USP Type II dissolution apparatus (Electrolab) [55-57].

RESULTS AND DISCUSSION
Particle size distribution

The size distribution of uncoated core particles (plane spheres) and
Eudragit NM 30D coated pellets is summarized in table 6 and shown
in fig. 1. Uncoated cores ranged between 600-850 pm in diameter,
while all coated pellets exceeded 850 pm, confirming that the
coating process significantly increases particle size.

The results demonstrate a direct relationship between coating
concentration and pellet growth, which implies that increasing the
Eudragit NM 30D concentration will result in proportionally thicker
layers and larger final pellet diameters.

Importantly, the Eudragit NM 30D coated pellets showed minimal
size variation, indicating excellent process control and uniformity.
This narrow size distribution suggests highly consistent coating
thickness across all formulations.

Table 6: Sieve analysis of core pellets and Eudragit NM 30D coated pellets of rivaroxaban

S. Sieve no. Pore size % Weight retained*

No. (passed/retained) (um) Plain sphere  N-1I N-II N-II N-IV N-V N-VI

1. Above 20 More than ~ 10.2+0.98 90.27+2.97 91.43+1.05 92.23+1.35 92.87+0.43 93.25+0.74 96.42+1.34
850

2. 20/30 600-850 89.89+1.29 9.23+1.10 8.2+0.35 6.76+0.08 6.22+0.19 5.31+0.08 3.92+0.67

3. 30/40 425-600 - - - - - - -

4. 40/60 250-425 - - - - - - -

5. 60/80 180-250 - - - - - - -

6. 80/100 150-180 - - - - - - -

*Data presented as mean #SD (n=3)
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Fig. 1: Particle size distribution of coated and uncoated pellets by sieve analysis. Data plotted as mean +SD (n=3)

Friability

The friability of coated pellets was evaluated across six batches (N-I
to N-VI, representing 1%, 2%, 3%, 4%, 5% and 10% polymer
coating) using both a fluidized bed coater (FBC) and a Roche
friabilator apparatus and noted in table 7. Excellent mechanical
resistance was demonstrated by all batches, with percentage
friability values consistently recorded between 0.13% under both
test conditions. These values were observed to be significantly

below the standard acceptance criterion of 1.0% of tablets as well as
pellets [58].

Furthermore, the friability values obtained under the FBC method
were determined to be highly comparable to those measured under
the traditional Roche friabilator, indicating no significant difference
between the two testing methodologies. The minimal friability was
consistently exhibited across all coating levels and in both test
apparatuses, confirming high product integrity.

Table 7: Friability of Eudragit NM 30D coated pellets

S. No. Formulation batches Percentage friability
Under FBC Under roche friabilator

1. N-TI (1%) 0.11 0.10
2. N-1I (2%) 0.13 0.13
3. N-II(3%) 0.11 0.10
4. N-IV(4%) 0.13 0.12
5. N-V (5%) 0.11 0.13
6. N-VI(10%) 0.10 0.12

Micromeritics properties (tapped and bulk density)

The effect of increasing polymer coating levels on pellet flow
properties was assessed and noted in table 8. A progressive
increase in bulk density (from 0.817 to 0.868 g/cc) and tapped
density (from 0.821 to 0.879 g/cc) was observed with increasing
Eudragit NM 30D coating percentages. Consequently, the

compressibility index was also increased from 0.49% to 1.2%, and
the Hausner ratio was increased from 1.004 to 1.012. However, all
Carr’s compressibility index values were maintained well below
10%, and all Hausner ratios were kept less than 1.11. Excellent
flow characteristics were consistently demonstrated across all
batches, indicating that the increased coating did not compromise
pellet handling properties.

Table 8: Micromeritics properties of coated pellets

S. No. Formulation code Parameter

Bulk density (g/cc) Tapped density (g/cc) Carr’s index (%) Hausner ratio
1. N- I (1%) 0.817 0.821 0.49 1.004
2. N-1II (2%) 0.818 0.823 0.607 1.006
3. N-1II (3%) 0.822 0.828 0.72 1.007
4. N-IV (4%) 0.824 0.831 0.842 1.008
5. N-V (5%) 0.830 0.839 1.07 1.010
6. N-VI(10%) 0.868 0.879 1.2 1.012

Table 9: Buoyancy study of developed pellets

S. No. Formulation code Floating lag time (min)
1. N-I (1%) 1.14
2. N-1TI (2%) 1.32
3. N-1II(3%) 1.54
4. N-IV (4%) 2.15
5. N-V (5%) 3.28
6. N-VI(10%) 7.23
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Fig. 2: Floating lag time of N- I (1%), N- I (2%), N-IL(3%), N-IV (4%), N-V (5%), and N-VI(10%) Eudragit NM 30D coated pellets

Buoyancy (floating lag time and floating time)

Buoyancy study of all batches are mentioned in table 9 and
represented in fig. 2. Study displays that floating lag time increases
as the polymer (Eudragit N30 D) concentration increases. The
floating time of coated pellets was seen for 24 h; all the coated
pellets (100%) were seen floating except pellets coated with 1%
Eudragit NM 30 D.

In vitro drug release (using USP type 2 paddle apparatus)

In vitro drug release was performed and results are shown in table
10 and graphically presented in fig. 3. The release of N-1 (1%
Eudragit NM 30D coated pellets) shows a burst release along with

minimal floating time of pellets, while the other formulations N- I
(2% Eudragit NM 30D coated pellets), N-II (3% Eudragit NM 30D
coated pellets) and N-VI(4% Eudragit NM 30D coated pellets) show
a sustained release over 24 h. All batches were seen floating above
the dissolution media for 24 h, except batch N- I. Formulations N-V
and N-VIshow a sustained release (>80% drug release) for 30 and
48 h, respectively.

This indicates that the percentage drug release of prepared
formulations is directly proportional to the concentration of the
polymer (Eudragit NM 30D), which implies that the erosion of
Eudragit NM 30D is pH independent and can sustain the drug
release over a prolonged time period.

Table 10: In vitro drug release data of different batches of Eudragit NM 30D-coated pellets

S. No. Time % Cumulative drug release* Marketed
(h) N-TI (1%) N-1II (2%) N-II (3%) N-IV (4%) N-V (5%) N-VI(10%) product
1. 1 66.63+3.62 31.43+6.17 29.09+3.13 20.85+3.60 17.66+1.94 3.34+1.28 99.88+0.41
2. 2 73.27+4.00 44.32+6.63 38.49+4.11 31.43+3.00 23.57+4.77 7.12+1.33 99.11+0.57
3. 4 79.32+3.75 54.08+5.70 50.25+3.99 42.48+3.24 29.08+3.38 11.41+1.78 99.27+0.04
4. 6 81.25+2.22 59.50+1.14 55.20+1.09 48.50+0.86 34.90+1.53 15.70+0.66 99.31+0.02
5. 8 83.18+4.78 64.60+4.67 58.69+4.55 53.53+1.26 39.69+3.79 18.65+1.49 97.52+0.85
6. 12 98.95+0.66 98.45+1.35 71.30+0.74 63.83+2.15 46.82+1.28 24.34x1.71 97.43£0.27
7. 24 99.63+0.28 98.26+1.38 92.90+2.90 84.80+2.15 55.29+4.61 33.00%3.63 96.51+0.52
*Data presented as mean *SD (n=3)
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Fig. 3: In vitro drug release profile of different batches of Eudragit NM 30D-coated pellets of rivaroxaban. Data plotted as mean+SD; (n=3)
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Swelling studies

The swelling studies were performed using light microscopy and
the results are shown in fig. 4. The images were taken at different

A

Scanning electron microscopy (SEM) and cross-sectional light
microscopy

Scanning electron microscopy (SEM) of Eudragit NM30D-coated
pellets, processed via fluidized bed coater, was performed at 5.00 kV
accelerating voltage and 9.0 mm working distance. A uniform,
smooth polymeric film was observed across pellet surfaces at both
42X and 79X magnifications using secondary electron (SE2)
detection.

1100 prm EHT= 5004V Signel A = SEZ Date: 26 Apr 2025 ﬂ

WO = 8.0 mm Meg= THX Tirme: 10:18:31

200 pm EHT = 5.00 AW Signal A = SEZ Deate: 26 Ape 2024
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time points with A at 10 s, B at 30 s, and C at 1 min. The image
clearly shows the swelling nature of Eudragit NM 30D and HPMC
when they come into contact with gastric media ie. 0.1 N
hydrochloric acid.

C
Fig. 4: Observation swelling studies of 4 % Eudragit NM 30D coated pellets

The SEM images are shown in fig. 5a, confirming that the pellets
were evenly coated and the surface of the layered pellets is mostly
smooth with no sign of aggregation. The layered pellets are evenly
coated and have a size of above 850 pm. A surface without defects
such as cracks, pores, or agglomeration was seen, confirming
effective film formation. The integrity of the coating layer was
verified, supporting successful atomization and drying during
processing. Consistent film quality across samples was evidenced by
standardized analytical conditions and defect-free surfaces.

WO = §0mm Mags 22X Time: 101903

Fig. 5a: Scanning electron microscopic image of 4% Eudragit NM 30D-coated pellets

Fig. 5b: Cross-sectional light microscopy
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Drug release Kinetic

The kinetics of coated pellets (4% Eudragit NM 30D coated pellets)
of rivaroxaban was analyzed with different kinetic models are
displayed in fig. 6. The different values of R? determined by various
kinetic models are shown in table 11. The release profile shows the
highest compliance for the Korsmeyer-Peppas model of drug release
because it is close to the regression equation and shows the highest

Int ] App Pharm, Vol 18, Issue 1, 2026, 175-186

value of RZ i.e. 0.995. Furthermore, the value of release exponent ‘n’
is 0.6476, and it was concluded that the medication N-IV (4%
Eudragit NM 30D coated pellets) follows anomalous (non-fickian)
transport (0.45<n<0.89), which means that the release method is
both diffusion and polymer breakdown [59]. To understand the
release kinetics of this formulation, model fitting was performed on
2% and 3% also, and both of them showed a high compliance for the
Korsmeyer-Peppas model for drug release.

Table 11: Drug release kinetic models of batch N-IV (4% Eudragit NM 30D coating)

S. No. Drug release kinetic model Equation K R?

1. Zero-order Qt= Qo+kot 0.050 0.797
2. First-order LogQ =1ogQo — kt/2.303 0.001 0.978
3. Hixson-Crowell Qo'/3-Q¢1/3=kt 0.001 0.939
4. Korsmeyer-Peppas LogQ-LogQo = Logk+nLogt 1.03 0.995
5. Higuchi Qo-Qe=kvt 2.221 0.987
6. Weibull In[-In(1-F)]=BIn(t-Ti)-Bln(a) 0.001 0.976

Where: Qo = Initial drug concentration, Q@ = Amount of drug remaining at time t, t= Time, k = Rate constant, F = fractional drug release (Mt/Mo), a
= scale parameter (time constant), 8 = shape parameter (mechanism indicator).

Zero order First order
100 .
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Fig. 6: The drug release kinetic model plots of batch N-1V (4% Eudragit NM 30D coated pellets) of rivaroxaban

Differential scanning calorimetric analysis (DSC)

A DSC thermograph was plotted to characterize the nature of the
drugs and excipients, and also to study the drug-excipient interaction.
The DSC thermographs of coated MUPS, sugar beads, sodium
bicarbonate, HPMC, PEG6000, rivaroxaban and their physical mixture
(sugar beads+sodium bicarbonate+HPMC+PEG6000+rivaroxaban) are
plotted as shown in fig. 7. An endothermic peak of rivaroxaban at
232.71 °C, sugar beads at 194.37 °C and 251.2 °C, PEG 6000 at 69.25 °C

and sodium bicarbonate at 113.15 °C and 161.86 °C confirmed its
crystalline nature. The absence of a peak in the HPMC thermograph
indicates its amorphous nature. The absence of a peak in the
formulation indicates its amorphous nature due to the successful
encapsulation of the rivaroxaban. The presence of sharp endothermic
peaks of the drug and excipients in the physical mixture depicts no
chemical interaction that might lead to any degradation of the
formulation. As per the obtained thermogram, it was concluded drug
and excipients were pure and free from impurities.
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Fig. 7: DSC thermogram of rivaroxaban, excipient, coated MUPS, and physical mixture of drug with excipients

Filling of coated pellets into capsules

Capsule size was selected according to their capacity to hold a certain
volume. Size-2 capsules were selected for further processing.
Calculation were done on the basis of filling capacity of various
capsules along with the quantity of pellets that can be filled in various
capsule on the basis of tapped density (0.831 g/cc) of 4 % coated
pellets, and are detailed in table 12. It was observed that capsule size 2

accommodated the exact and sufficient quantity of coated pellets
required by specifications, with some residual space remaining after
filling. The disintegration time of the filled size-2 capsules was
determined to be 5 min and 32 s in a 0.1N HCI solution. Furthermore,
the in vitro release profile of the capsule contents, as presented in table
13 and fig. 8, was found to be identical to that exhibited by 4%
Eudragit NM 30 D coated pellets. This confirmed that the desired
release characteristics were maintained after encapsulation.

Table 12: Capacity of various capsule according to their size

Capsule size Filling capacity Quantity of pellets filled in the
mg (for average-density powder) ml (volume capacity) capsules (mg)
000 700-1,000 mg 1.37 1138
00 500-600 mg 0.90 748
0 300-500 mg 0.68 565
1 200-400 mg 0.48 399
2 150-300 mg 0.36 298
3 100-200 mg 0.27 224
4 75-150 mg 0.20 166
5 50-100 mg 0.13 108
Table 13: In vitro drug release data of capsule filled with N-IVbatch
S. No. Time (h) Cumulative % drug release Average cumulative % drug release*
C1 c2 c3
1. 1 20.12 21.47 18.14 19.91+1.67
2. 2 31.57 32.86 28.17 30.87+2.42
3. 4 40.58 41.62 35.40 39.20+3.33
4. 8 53.10 55.87 48.24 52.40+3.86
5. 24 85.03 85.97 81.15 84.05+2.55

*Data presented as mean *+SD (n=3)
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Fig. 8: In vitro drug release profile of capsule filled with N-IVbatch. Data plotted as mean +SD (n=3)

DISCUSSION

The successful development of a gastro-retentive multi-unit
particulate system (MUPS) for rivaroxaban using fluidized bed
coating technology represents a significant advancement over
conventional immediate-release formulations. The optimized batch
(N-1V, coated with 4% Eudragit NM 30D) demonstrated sustained
drug release over 24 h, with only 20.85% release within the first
hour, indicating a minimal burst effect. This sustain release profile is
critical for rivaroxaban, which requires administration before the
distal part of stomach for optimal bioavailability as per the Xarelto
FDA label [10]. The release kinetics followed the Korsmeyer-Peppas
model (R? = 0.995, n = 0.647), suggesting an anomalous (non-
Fickian) diffusion mechanism, where drug release is governed by
both diffusion through the polymeric matrix and polymer erosion as
stated by previous studies [60]. This aligns with the pH-independent
erosion properties of Eudragit NM 30D, making it suitable for
sustained release in the variable pH environment of the
gastrointestinal tract.

The floating behavior of the MUPS was another key achievement.
Batch N-IV exhibited a short floating lag time of 2.15 min and
maintained buoyancy for over 24 h, ensuring prolonged gastric
retention. This is attributable to the effervescent layer, which
generates gas upon contact with gastric fluid, reducing the density of
the pellets below that of gastric contents. The swelling studies also
shows that the polymer Eudragit Nm 30D and HPMC swell in presence
of gastric media and the release was sustained by the same. The
uniform coating, as confirmed by SEM, showed a smooth, defect-free
surface, which is essential for consistent drug release and buoyancy.
The excellent micromeritic properties Carr’s index of 0.842% and
Hausner ratio of 1.008 indicate superior flow characteristics, which
are crucial for industrial capsule-filling processes as suggested by
studies [40]. The high process efficiency (98.6%) and consistent drug
loading (17.11 mg/250 mg pellets) further underscore the
performance of the fluidized bed coating process.

Compared to the marketed immediate-release product (Xarelto®),
this MUPS formulation offers several advantages: reduced dosing
frequency, minimized peak-trough fluctuations, and improved
patient compliance. The successful encapsulation into size-2
capsules without altering the release profile confirms the
formulation’s practicality for oral administration. Moreover, the DSC
results confirmed the absence of drug-excipient interactions,
ensuring stability and purity.

CONCLUSION

In conclusion, this study successfully developed a novel gastro-
retentive multi-unit particulate system (MUPS) for the sustained
oral delivery of rivaroxaban using fluidized bed coating technology.
The optimized formulation demonstrated excellent sustained
release characteristics, effectively prolonging drug delivery over 24
h while minimizing the initial burst release. The system exhibited
rapid and prolonged buoyancy, ensuring extended gastric retention
crucial for the optimal absorption of rivaroxaban. Comprehensive

evaluation confirmed superior physical properties, including high
drug loading, excellent coating efficiency, and desirable micromeritic
properties for efficient capsule filling. The release kinetics indicated
a combination of diffusion and polymer erosion mechanisms.
Compared to conventional immediate-release tablets, this MUPS-
based approach offers significant therapeutic advantages, including
reduced dosing frequency, more stable plasma levels, and
potentially improved patient compliance. The successful
encapsulation into hard gelatin capsules without altering the release
profile further underscores the formulation's practicality. This
research establishes gastro-retentive MUPS as a viable and
promising strategy to enhance the therapeutic efficacy and patient
acceptability of rivaroxaban.
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