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Abstract

The management of rheumatoid arthritis (RA) using methotrexate (MTX) is limited by poor oral
bioavailability, dose-dependent toxicity, and gastrointestinal side effects. This study aimed to
formulate and evaluate a methotrexate floating drug delivery system (FDDS) using Manihot esculenta
(cassava) starch as a natural polymer to enhance gastric retention and sustain drug release. Cassava
starch was extracted and characterized before its use in the preparation of floating microspheres via
the ionic gelation method. Microspheres were formulated using pregelatinized cassava starch and
sodium alginate with varying polymer ratios (1:1 and 1:2) and stirring speeds (300 and 600 rpm).
The microspheres were evaluated for physicochemical and micromeritic properties, buoyancy,
swelling index, floating lag time, total floating duration, entrapment efficiency, and in vitro drug
release kinetics. All formulations exhibited good flow and spherical morphology. Floating lag times
ranged from 2.8 to 4.4 min, with total floating durations exceeding 19 h. Entrapment efficiencies
ranged from 57% to 81%, and swelling indices from 152% to 259%. In-vitro drug release profiles
indicated sustained release over 18 h, best fitting the zero-order (R* = 0.992-0.997) and Korsmeyer-
Peppas (R? = 0.986-0.993) models, suggesting super case-II transport dominated by polymer
relaxation and erosion. Optimized cassava starch-based floating microspheres demonstrated
prolonged gastric retention and sustained MTX release, highlighting the potential of Manihot
esculenta starch as a biodegradable, cost-effective polymer for enhancing oral methotrexate therapy
in RA management.
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Introduction

Oral drug delivery is the most preferred route of administration due to its convenience, patient compliance,
and cost-effectiveness [1]. However, conventional oral dosage forms are often limited by short gastric
residence time and variable drug absorption, particularly for drugs with narrow absorption windows or poor
solubility [2]. Floating drug delivery systems (FDDS) have emerged as an effective gastroprotective approach
designed to prolong gastric retention, enhance drug bioavailability, and achieve sustained release profiles
[3].

Methotrexate, a folate antagonist widely used in the management of Rheumatoid Arthritis (RA), Multiple
Sclerosis, Vasculitis, Systemic Lupus Erythematosus, Psoriasis, Inflammatory Bowel Disease, and Juvenile
Idiopathic Arthritis [4]. The various clinical applications of methotrexate are limited by some intrinsic
features of the molecule, thereby impeding its clinical potential [5]. The aqueous solubility of methotrexate
is low (<0.001 mg/mL) and has a low permeability across biological membranes, resulting in decreased
systemic bioavailability with increasing doses.

In clinical practice, adverse effects are a common reason for dose reduction or discontinuation of
methotrexate therapy. Many studies report that intolerance or toxicity is among the leading causes of
methotrexate withdrawal in long-term treatment [6]. Formulating an FDDS could help mitigate these
challenges of low solubility, erratic absorption, dosing frequency, therapeutic inefficacy, and dose-dependent
side effects [7].

Natural polymers are increasingly gaining attention as drug excipients because they are safe, biodegradable,
and cost-effective excipients in drug delivery [8]. Cassava (Manihot esculenta) is a shrubby plant belonging
to the family Euphorbiaceae. Cassava is extensively cultivated as an annual crop in tropical and subtropical
regions for its edible starchy tuberous root, a major source of carbohydrates [9]. Starch isolated from
Manihot esculenta (cassava) is abundant, biocompatible, and has been reported to exhibit favorable
physicochemical properties, making it suitable for sustained-release formulations [10]. Its application in
floating systems not only offers a novel use of indigenous biopolymers but also aligns with the global drive
for eco-friendly and sustainable pharmaceutical excipients.

This study, therefore, focuses on the formulation and evaluation of a floating drug delivery system for
sustained release delivery of methotrexate using Manihot esculenta starch as a natural polymeric matrix.
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Materials and Methods

Materials

Methotrexate BP (API Rochem International Inc USA), Sodium bicarbonate (Sisco Research Laboratories Pvt
Ltd, Mumbai India), Calcium carbonate (Chemie Pvt, Ltd, Mumbai India), Sodium alginate (BDH Ltd, Poole
England), Sodium metabisulfite (BDH Chemicals Ltd, Poole, England), and Sodium Hydroxide (Finar
Chemicals Ltd., Ahmedabad, India).

Methods

Collection and Identification of Plants

Tubers of Manihot esculenta were collected from the Kara Area, Sokoto, Sokoto State, and identified at the
Herbarium, Usmanu Danfodiyo University, Sokoto. Herbarium with Number UDUH/ANS/0615.

Extraction of Cassava Starch

The procedure described in the literature was adopted with little modification. The cassava tuber was peeled
and cut into cubes, and 20 Kg was weighed. The cassava tubers were then separately soaked in 10 liters
0.0075 % of sodium metabisulfite solution overnight to avoid oxidation. The mixture was then milled, stirred,
and filtered using double-fold clean cheesecloth. This was allowed to settle while the starch sediments
completely. This was followed by decanting the water and centrifuging the suspension at 4000 rpm for 5
min using a Lab centrifuge. After centrifugation, the starch was separated from water and non-water
constituents. Finally, the pure starch obtained from centrifugation was air-dried in a hot oven (Nurve FNO55
oven, Germany), size-reduced with a grinder (Super Master Co. Ltd. SMB-3377), and sifted through Sethi
standard sieves. The flour cassava starch was then packed into an airtight container and stored at room
temperature for further analysis and characterization [11].

Formulation Studies

Pregelatinized cassava starch was prepared using the method of Odeku et al. (2019). Aqueous starch slurry
(20 % w/v) was heated over a water bath with continuous stirring for 15 min until a clear paste was formed.
Formulation studies were carried out to determine the ability of pregelatinized cassava starch in combination
with sodium alginate to form stable spherical microspheres. Several formulations were prepared using
varying ratios of freshly pregelatinized cassava starch in combination with sodium alginate, chelating agents
(calcium chloride) at 2% w/v concentration, stirring speed (300/600 rpm), and curing time (30 min) until
stable microspheres were formed with gel blends of pregelatinized cassava [12,13].

Table 1. Formulation Design

Formulations Ratio of Sodium alginate to Speed of
Sodium bicarbonate Rotation

F3 1:2 300

F2 1:1 600

F4 1:2 600

Fl 1:1 300

Preparation of Methotrexate Microspheres

Cassava starch, 50 g, and 25 g of methotrexate were weighed and poured into a clean, dry beaker. Freshly
prepared polymer blend of sodium alginate and (2% w/w) of sodium bicarbonate was prepared in a ratio
of 1:1 and 1:2, respectively. The admixture was thoroughly mixed with a sufficient quantity of water to
make a paste. The resulting dispersion was extruded into a beaker containing calcium chloride solution
(2% w/v) using a 21G syringe needle at a stirring speed of 300/600 rpm. The formed microspheres were
allowed to stand for 30 min for curing and then left to stand for 1 hour to allow further crosslinking of the
polymers. The microspheres were collected by decantation, washed with distilled water, and then dried for
24 h in a hot air oven at 40 °C [14,15].

Characterization of Microspheres

Flow Characterization

The flow properties of prepared microspheres were investigated by measuring the bulk density, tapped
density, and Carr’s index. The bulk and tapped densities were measured in a 100 ml graduated measuring
cylinder. The sample contained in the measuring cylinder was tapped. The initial bulk volume and final
tapped volume were noted, from which their respective densities were calculated [16].

Bulk density & Tapped density

A 20.0 g quantity of each of the powder samples was placed in a 100 ml clean, dry measuring cylinder, and
the volume, V,, occupied by each of the samples without tapping was determined. After 200 taps occupied
volumes, Vaoo, were determined. The bulk and tap densities were calculated as the ratio of weight to volume
(Vo and Voo, respectively). The density (Bulk and tapped) was then determined using the expression below.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 10-10-2025 - Accepted: 08-12-2025 - Published: 16-12-2025 2852


https://doi.org/10.54361/ajmas.2584110

Alqalam Journal of Medical and Applied Sciences. 2025;8(4):2851-2857
https://doi.org/10.54361/ajmas.2584110

Pr = m ...................... (2)

Where Pr is the tapped density, and Psg is the bulk density [17].

Compressibility Index CI

The CI of the powder was determined from the bulk and tap density as follows:
(Tapped density—bulk density) x

Percentage Compressibility =
[18,19].

Tapped density

Hausner’s ratio

This was calculated as the ratio of tap density to bulk density of the samples using the equation below

. Tapped densit
Hausner’s ratio = —ee - Y 4)

Bulk Density
[20,21].

Angle of repose
The static angle of repose was determined using the Vanier scale method, where a stopper and a cylindrical
aluminum tube were coupled together, and 5 g of the powder was poured into the cylinder, after which the
cylinder was removed to allow the powder to flow on the stopper, forming a cone at the top. The hypotenuse
was measured using the Vanier scale, and the angle of repose was calculated using the equation:

Tan 0 =222 o, (5)

Adj= L (6)

In Equation 5, opp is the distance exhibited by the powder from the base of the stopper to the tip of
the powder heap, and Adj is the diameter of the stopper.

In Equation 6: Adj is the diameter formed by the powder divided by two (2).

[22].

Size and morphology

The particle size of the microspheres was determined usingaVamr caliper. The surface morphology of the
microsphere was analyzed by scanning electron microscopy. The microspheres were sputtered with gold,
and their morphology and surface characteristics were analyzed using scanning electron microscopy at an
accelerating voltage of 25 KV [23,24].

Buoyancy studies

The floating capability of the microspheres was determined by placing the microspheres in a dissolution
apparatus containing 900 mL of 0.1 N HCIl, pH 1.2. The floating lag time (FLT) is the time for the
microspheres to rise to the surface and float, while the total floating time (TFT) is the duration the
microspheres remained on the surface of the medium [23].

Swelling index
Microspheres (100 mg) were soaked in 20 mL of phosphate buffer, pH 6.8, and the final weight after 3hours
was determined. The swelling index was calculated using equation 7, [25,26].

Swelling Index (%) = Shangeinwelsht img) x 10, ... veeeiiiiieeiiiennnn. (7)

original weight (mg)

Determination of Entrapment Efficiency
The entrapment efficiency was determined by accurately weighing 50 mg of microspheres into a glass mortar
and crushing them with a pestle. The crushed microspheres were suspended in 10 mL of phosphate buffer,
pH 6.8. After 24hrs., the solution was filtered, and the filtrate was appropriately diluted using phosphate
buffer, pH 6.8, and analyzed spectrophotometrically at 303 nm using a UV spectrophotometer [24].

The drug entrapment efficiency (E) was calculated using the formula

— _Practical drug content (mg)
B = qracticsldmg content (8 ¢ 100.........c0oveorinennnn. (8)

Determination of drug release mechanism

The in-vitro dissolution studies were carried out using the paddle method, rotated at 50 rpm in 900 mL of
phosphate buffer, pH 6.8, maintained at 37 + 0.5°C. The microspheres (100 mg) were placed in the
dissolution medium, and samples (5 ml) were withdrawn at different intervals and replaced with equal
amounts of fresh medium. The sample was diluted, and the amount of methotrexate released was
determined at a wavelength of 303 nm, using a UV/Visible spectrophotometer [24,27].
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Table 2. Physicochemical properties of extracted starch from Manihot esculenta

Parameters Cassava Starch
Yield Value (%) 43.10
Taste Slight characteristic taste
Odour No characteristic odour
Colour White
Identification Turns violet-blue with iodinated zinc chloride
Solubility insoluble in cold water, soluble in hot water
Table 3. Flow characterization of the optimized microsphere
S/N Formulations | Angle of | Bulk Tapped Hausner Carr’s
repose 0 density density ratio Index
g/cm? g/cm3 %
1 F1 26.93+0.11 | 0.57+0.01 0.71£0.04 1.24+0.01 19.72
2 F2 24.90+0.41 | 0.55+0.02 0.67£0.03 1.22+0.02 17.91
3 F3 25.83+0.28 | 0.55+0.01 0.70£0.01 1.27+0.03 21.43
4 F4 25.46+0.32 | 0.54+0.03 0.73+0.03 1.35+0.01 26.03

Table 4. Determination of the particle size, swelling index, floating lag time, floating time, and

the entrapment efficiency of the optimized microsphere

S/N Formulation | Particle Swelling Floating Floating Entrapment
size index lag time time Efficiency

1 F1 3.01+0.26 | 259+16.09 | 2.80+0.30 | 23.30+0.26 | 57.00%0.5

2 F2 3.85£0.35 | 166+£12.88 | 4.31+£0.07 | 20.70£0.26 | 79.20+0.6

3 F3 3.25+0.24 | 227+15.06 | 3.28+0.13 | 22.40£0.40 | 68.20+0.2

4 F4 3.89+0.59 | 152+12.31 | 4.37%+0.08 19.90£0.15 | 81.40+0.1

Fig 1. SEM image showing the shape and the surface characteristics of a floating microsphere
containing cassava starch, sodium alginate, 1:1 sodium bicarbonate, speed rotation of 300 and
600

Fig 2. SEM image showing the shape and the surface characteristics of a floating microsphere
containing cassava starch, sodium alginate, 1:2 sodium bicarbonate, speed rotation of 300 and
600
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Figure 3. In-vitro Drug Release of microsphere

Table 5. Shows the kinetic model of the release of drugs from the microsphere

Formulations Model

Zero Order First Order Korsmeyer Higuchi

Peppas

Ko R2 Ki R2 N R2 Ku R2
F1 1.767 0.992 0.103 | 0.559 1.300 |0.987 | 7.857 0.910
F2 2.915 0.997 ]10.103 | 0.545 1.254 ]0.988 |13.130 | 0.911
F3 2.366 0.995 |0.103 | 0.545 1.280 [0.993 | 10.720 | 0.919
F4 3.250 0.995 ]10.103 | 0.545 1.274 10.986 | 14.600 | 0.905

Results and Discussion

The yield of Manihot esculenta starch obtained was 43.10%, as shown in Table 2. This falls within the well-
established range of 40-50%, consistent with earlier reports in the literature [28].

This further confirms the efficiency of the adapted extraction method and supports the fact that cassava is
a cost-effective and abundant starch source. The slight taste and absence of odour also justify the suitability
of this starch for oral delivery systems such as floating drug-delivery systems (FDDS), where patient
compliance is influenced by taste, smell, and colour. The cassava starch produced a blue-black coloration
with iodine solution, indicating the presence of amylose, a linear polymer responsible for swelling and gelling
properties, thereby making it an appropriate polymer for FDDS [29]. The cold-water insolubility and high
swelling index observed for the starch are ideal characteristics for disintegrants and may promote rapid
tablet disintegration in the oral cavity [30].

Table 3 shows the flow properties of the formulated microspheres. All formulations (F1, F2, F3, and F4)
displayed good flow properties, with angles of repose below 27°, consistent with Aulton and Taylor (2018),
who reported that an angle of repose below 30° indicates good flowability. F1 had the highest bulk density
(0.57 £ 0.01 g/cm?®), suggesting better initial packing efficiency compared to the other formulations [16]. F4
exhibited the highest tapped density (0.73 + 0.03 g/cm?), indicating good compressibility potential, while F2
showed a lower tapped density (0.67 + 0.03 g/cm?®) [16]. Regarding Hausner’s ratio, F1 (1.24 £ 0.01) and F2
(1.22 £ 0.02) demonstrated good flowability, whereas F3 (1.27 £ 0.03) and F4 (1.35 = 0.01) showed poorer
flow characteristics due to their higher Hausner’s ratio values (Hausner, 1967). The Carr’s index values for
F1, F2, and F3 were 9.72%, 17.91%, and 21.43%, respectively (Table 4), indicating acceptable flow
properties. F4, with a Carr’s index of 26%, exceeded the 25% threshold and thus demonstrated poor flow
[8,17].

The mean particle sizes of the microspheres for the various cassava-based formulations, presented in Table
4 and Figures 1 and 2, ranged between 3.00 mm and 3.44 mm. The smaller particle sizes of F1 and F2 may
enhance buoyancy and hydration rate, thereby shortening the floating lag time (Odeku et al., 2018).
Morphological evaluation revealed spherical, compact microspheres. A cassava-sodium alginate blend (1:1)
with sodium bicarbonate produced larger particles at a lower rotation speed (300 rpm) compared to the
smaller particles obtained at a higher rotation speed (600 rpm) using a 1:2 alginate—bicarbonate ratio. This
demonstrates that rotation speed significantly influences microsphere size distribution; specifically,
increasing propeller speed results in smaller average particle sizes. The highest swelling index was observed
in F1, at 259% (Table 4). This enhanced matrix expansion contributes to prolonged floating time, increased
gastric retention, and improved drug release [3].
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All four formulations floated for more than 19 hours, with F1 exhibiting the longest floating duration of 23.3
hours—exceeding the commonly cited 12-hour benchmark for FDDS. Such extended floating time supports
enhanced bioavailability for drugs preferentially absorbed in the upper gastrointestinal tract due to
prolonged buoyancy [3,30]. The microspheres were also evaluated for floating lag time (FLT). F1
demonstrated the shortest lag time of 2.8 minutes, indicating rapid buoyancy onset—an important attribute
for immediate gastric retention. Literature consistently reports that an FLT of <5 minutes is optimal for
FDDS performance [31]. F2 and F4 achieved significantly higher (p < 0.05) drug-entrapment efficiencies
(79.2% and 81.4%, respectively), consistent with ideal FDDS characteristics for sustained release and
indicative of stable polymer—drug interactions [31].

Figure 3 presents the percentage cumulative drug release over time for the control and formulations (F1-
F4). All formulations showed significant, gradual, and sustained methotrexate release throughout the study
period, consistent with FDDS objectives. Entrapment efficiency and cumulative drug-release ranking
followed a similar pattern (F4 2 F2 2 F3 2 F1), in agreement with previous literature reports [32,33]. Prolonged
gastric retention enhances the bioavailability of drugs absorbed in the stomach or upper intestine and
reduces dosing frequency, thereby improving patient adherence.

Drug-release kinetics were analysed using zero-order, first-order, Higuchi, and Korsmeyer-Peppas models
(Table 5). All formulations demonstrated excellent zero-order fit (R? = 0.992-0.997), while first-order fits were
poor (R? = 0.545-0.559), indicating that the release rate is not solely concentration-dependent. The
Korsmeyer—Peppas model also provided a good fit (R? = 0.986-0.993), with diffusion exponents (n = 1.254-
1.300) exceeding 1.0. According to established criteria, n > 1 denotes super-case II transport, where drug
release is predominantly governed by polymer relaxation and erosion rather than simple Fickian diffusion
[34-38].

Conclusion

This study demonstrated that cassava (Manihot esculenta) starch is a suitable and efficient natural polymer
for the development of floating drug-delivery systems. The four formulations investigated exhibited
acceptable physicochemical characteristics, good flow properties, appropriate particle size distribution, and
favourable swelling behaviour. All formulations showed rapid floating onset and prolonged buoyancy
exceeding 19 hours, with F1 displaying the shortest floating lag time and longest total floating duration.
Entrapment efficiency and drug-release profiles revealed that F2 and F4 achieved the highest drug loading
and sustained-release behaviour, while kinetic modelling confirmed zero-order release and super-case II
transport across all formulations. These findings collectively establish F1, F2, F3, and F4 as promising
cassava-starch-based microsphere systems capable of enhancing gastric retention, improving methotrexate
bioavailability, and supporting better patient adherence in gastroretentive drug-delivery applications.

Conflict of interest. Nil
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