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Abstract: Sodium alginate (SA), brown seaweed algae, and Lignosulphonic acid (LS), a plant product, are
biodegradable polymers extensively investigated for drug-controlled release. The Hydroxychloroquine sulphate
(HCQ) drug, an antimalarial drug, was extensively used in the initial periods of COVID situations. The HCQ drug
release from SALS beads is investigated for its control release in a simulated medium (pH1.2 and pH7.4) using
different crosslinking agents such as Calcium chloride, Barium chloride and Aluminum chloride. The HCQ release
has better controlled in Barium crosslinked beads. They are found to be relatively intact and stable and release the
drug for more than 180 minutes in the simulated medium. Further drug entrapment studies prove very high for Ba
crosslinked SALS beads. Whereas Aluminum crosslinked beads showed, inferior crosslinking and drug retention in
beads is very low and starts degrading in simulated fluids. Drug release kinetics were analyzed using various kinetic
model equations to discuss the order of reaction and drug-polymer mechanism. FT-IR investigations of beads show
chemical interactions between crosslinking ion and alginate blends.
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1. INTRODUCTION

Alginate is a carbohydrate polymer obtained as a
seaweed product. It is a polymeric biomaterial
consisting of 1-4 linked a-L-guluronic acid (G)
and p-D-mannuronic acid (M) arranged
alternatively [1-3]. It is a non-toxic,
biodegradable,  gel-forming  agent used
extensively in drug delivery applications in the
pharmaceutical industry. Control drug release is
the technique used to slow the release of drugs in
the physiological medium administered orally. SA
is blended with LS to improve its strength.
Lignosulphonic acid is a plant product obtained
from the production of wood pulp using sulphite
pulping. It is a biodegradable polymer and very
well known as a super plasticiser used extensively
in the cement industry [4].

HCQ drug is a very well-known antimalarial
drug. HCQ is also widely used as it effectively
controls  dermatological complications in
Systemic Lupus Erythematosus, an auto-immune
disease [5-6]. It was one of the life-saving drugs
used in 2020 during the COVID-19 pandemic.
There was a worldwide demand for this drug to
save people suffering, and an HCQ drug was
prescribed to treat COVID-19 infections.
Unfortunately, several reports showed side effects
leading to death in patients suffering heart-related

ailments. If HCQ is taken in optimum doses, it is
safe, although its safety margin is limited, and a
single higher amount may lead to fatal side effects
[5]. Therefore, there is a need for randomised,
controlled release studies with this drug to prove
its efficiency. The present study focuses on the
treatment strategy to a controlled release of HCQ
as a model therapeutics using SA/LS blends.
Whereas SA/LS blends prepared are water-
soluble start degrading in simulated fluids. But
crosslinking is a prominent feature used to cure
the beads their ability to change the volume of
alginates beads by many folds in an appropriate
solvent medium. Exhaustive research has been
reported about chemically crosslinked polymers'
swelling and drug release  behaviour
experimentally and theoretically [7-8].

On the contrary, the swelling behaviour of
physically cross-linked alginate [9] has not been
fully explored. However, it is believed to
significantly affect many properties, such as the
ability to establish bioadhesion interactions [10-
11], mechanical strength [12], drug release ability
[13-14], permeability [15-16]. One of the
essential properties of alginate is its affinity
towards multivalent cations such as Ca®', Ba**,
and AI’" can bind those ions. This process leads
to the formation of ionically (i.e. physically)
cross-linked alginate gels and makes them
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insoluble in an aqueous medium. The affinity of
alginates towards ions generally depends on the
chemical composition and specifically on the
number and length of the guluronate residues (G-
blocks) [17].

In this study, the swelling behaviour of SALS
loaded with HCQ drug was characterised
experimentally at various crosslinking agents
such as bivalent Ca?* and Ba*" and trivalent AI**
ions for different intervals. HCQ drug entrapment
efficiency is investigated to the amount of drug
trapped within blend composite beads. Also, the
stability and behaviour of the various crosslinked
beads in simulated fluids of gastric and blood pH
mediums are explored. Further FT-IR
characterisation of beads was used to investigate
the crosslinking density of Ca®', Ba*', and AI*
ions with SALS leading to stability of beads for
solvent uptake and correlating with drug release.

2. MATERIALS AND METHODS
2.1. Materials

The alginic acid sodium salt (SA), whose
viscosity ranges from 20000-40000 cps, is used
in this experiment. It is a seaweed product
obtained from brown algae commercially called
sodium alginate (SA), and sodium salt of
Lignosulphonic acid (LS) [Mw ~52000], a plant
by-product, is obtained from Sigma Aldrich,
Germany.

These biodegradable polymers are used as
received without any further purification.
Calcium chloride, Barium chloride and
Aluminium chloride were obtained from SD fine
chemicals. Different buffer solutions, pH 1.2 as
simulated gastric fluids (SGF) and pH 7.4 as
simulated phosphate buffer (SPB), .and are
prepared to mimic the physiological medium.
HCQ sulphate drug was received as a gift sample.
All the experiments are performed using
deionised water.

2.2. Preparation of drug-loaded SALS-HCQ
beads

The polymeric drug-loaded beads are prepared
using the solution casting and evaporation
method. The brief procedure is discussed as
follows. Sodium alginate (4 %w/v) was dissolved
in double-distilled water. The SA and LS
polymers are mixed in 80/20 proportion; then, the
mixture is sonicated using an Ultrasonic bath

sonicator for 30 min.

The mixture is stirred to obtain a homogeneous
mixture without any bubbles in a 50ml beaker
at room temperature. 5% HCQ drug solution
(Img/1ml) was added to this mixture and
mixed thoroughly using a magnetic stirrer for
30mins.

2.3. Preparation of SALS-HCQ crosslinked
beads

Typically, the alginate hydrogels in an aqueous
solution could be produced in the solution of
divalent and trivalent cations such as Ca?",
Mg and AI’* etc., as the ionic crosslinking
agent. Because of the optimal conditions used
in the gel formation, the pendant carboxylic
acid group of G block chelate di or trivalent
ions forms a hydrogel. In this hydrogel,
substances such as drugs, proteins, and cells can
be successfully entrapped whilst maintaining
their biological structure, conformation, and
interaction.

The homogeneous alginate mixture prepared was
added dropwise into 50 ml crosslinking solutions
using a 5 ml syringe (1 mL/min, flowrate). The
spherical drug-loaded beads obtained were kept in
the crosslinking solution for time intervals of 10
and 20 mins. After crosslinking, the beads are
transferred into Petri dishes (Fig 1) and dried in
the hot furnace at a temperature of 60°C for 5-6
hrs, as shown in Fig. 2.

2.4. METHODS

2.4.1. Drug encapsulation efficiency (DEE)

It has been observed that some HCQ drug is
leftover in supernatant solution during
crosslinking, and the total amount of drug
presence in the SALS blend is reduced. To
investigate the amount of HCQ drug presence
using DEE.

The DEE of beads was estimated by dividing
trapped HCQ in crosslinked SALS beads by the
total amount of HCQ while loading or the
theoretical value of HCQ quantity before
crosslinking. The crosslinking solution was
estimated for residual HCQ drug-using
UV/Visible spectrophotometer at 342 nm. The
DEE was calculated using the equation given
below:

Drug encapsulation efficiency (DEE) =

theotetical HCQ drug loaded — residual HCQ drug in the crosslinking solution

theoretical HCQ drug loaded
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Fig. 1. SALS-HCQ hydrogels formation in crosslinking solution
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Fig. 2. Crosslinked HCQ drug-loaded SALS beads (dry)

2.4.2. Drug release studies in simulated fluids
(SGF & SPB)

The SALS-HCQ drug crosslinked beads were
investigated to evaluate release profiles in the
SGF (pH 1.2) and SPB (pH 7.4) mediums using
UV visible spectroscopy. Initially, the beads are
immersed in 50 ml of buffer solution. After every
1 hr, an aliquot of the solution is measured for
absorbance of HCQ drug release and poured back
into the same solution. The drug release profiles
of' beads are evaluated for three hours in SGF and
SPB mediums. Using a Shimadzu 2600 UV-
Visible spectrophotometer, the obtained spectra
for aliquots were recorded at Amax 342 nm for
SGF and SPB, respectively.

2.4.3. Fourier Transform Infra-Red (FT-IR)
spectroscopy studies of SALS-HCQ beads

The SALS and HCQ loaded alginate crosslinked
beads, as shown in Fig .3, are investigated for
their extent of crosslinking with different
ions for chemical interaction using FT-IR
spectrophotometer, Shimadzu IR Spirit- L, Model
no. 206-31000-58. The beads are powdered along

with KBR, and pellets are made containing 2-4%
by weight of the sample. The specimens were
examined in the 400- 4000 cm™ absorption range.
The interferogram is generated using a frequency
of 45 scans at a resolution rate of 4cm™ utilising
LAB SOLUTION software.

3. RESULTS AND DISCUSSIONS

3.1. Control release studies of HCQ drug from
SALS beads using different -crosslinking
agents.

The HCQ drug loading in the SALS blend was
carried out by the solvent evaporation method.
Different electrolytes, so-called crosslinking
agents, crosslink the water-soluble beads. The
beads are crosslinked for 10 and 20 mins. The
DEE was estimated using the method shown
above.

The DEE of Ca-SALS-HCQ beads was 30+£5%
and 50+£5% in Ba-SALS-HCQ beads, whereas it
was 2015 in AI-SALS-HCQ beads. It is observed
that AI** beads start disintegrating, as shown in
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Ca-SALS-HCQ

Ba-SALS-HC

Fig. 3. KBR pellets of SALS-HCQ Crosslinked beads showing different colours.

The drug release behaviour of drug-loaded beads
in different buffer mediums such as SGF and SPB
for 3hrs is monitored using a UV-Visible
spectrophotometer to mimic the drug intake in the
physiological medium. The results are surprising
as we see different release behaviour concerning
crosslinking ions such as Ca®’, Ba*", and AI*".
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! Ba 10min
Ba 20min
0/5
¥ Al 10min
od ©— Al 20min
0 o/s 1/5 2/5 3 3/s
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Fig. 4. HCQ drug release in pH 1.2 from SALS
crosslinked Ca, Al and Ba beads.

It was observed that beads swelled very minimal
in SGF and affected the release of HCQ, as
evidenced in Fig 5. At the same time, an initial
outburst of the drug is high and releases up to 30-
50% drug till 3 hrs, as seen in Fig 4. The
behaviours of beads in the SGF are due to
repulsion between the H ion of the acidic
medium and H" of the carboxylate group in M
acid present in alginates. This results in lower
water uptake in these beads controlling the drug
release. The drug release in SPB was increased
due to hydrolysis in the neutral medium (Fig 6) as
this pH medium favours swelling of beads, as
observed in Fig 7, thereby releasing more drug
from beads. The complex behaviour of
crosslinked beads throughout the release in 3hrs
is discussed. Fig 7 indicates Ca-SALS-HCQ
beads showing the high release of drug, and the
solution turns turbid due dissolution of beads that
affects the drug release [18]. Whereas very

o B

minimal drug is observed in Ba-SALS-HCQ
beads, they are remarkably intact [19] and show
stable behaviour even after 3 hrs due to robust
binding capacity, as shown in Fig 7. At the same
time, AI-SALS-HCQ beads start disintegrating or
dispersed in simulated fluids, as observed in Fig
7 and release the entire drug within a short period.

Ca2+ Baz+ Al3+
Fig. 5. Stability of beads in SGF (pH 1.2) after 1 hr
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Fig. 6. HCQ drug release in pH 7.4 from SALS
crosslinked Ca, Al and Ba beads
Ca-SALS-HCQ Al-SALS-HCQ

Fig. 7. Stability of beads PBS (pH 7.4) after 1 hr

In contrast, Ba, more prominent in size, could
occupy more space between the carboxylic
groups present and resist complete hydrolysis or
swelling, making beads more compact and intact,
as seen in Fig 1 and Fig 7. It is reported that
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bivalent ions Ca, and Ba are bonded with
carboxylate ions in a two-dimensional manner
similar to the egg shape model [20]. AI-SALS-
HCQ beads being trivalent, forms a three-
dimensional structure, AI’** ion, smaller in size
than Ca’?" and Ba?" ions, can diffuse within the
alginate matrix without crosslinking, ultimately
resulting in poor crosslinking. Moreover, in Fig 4
and 7, Al crosslinked beads show reddish-brown
colour and degradation behaviour in simulated
fluids from the initial stages. At the same time,
Ca-SALS crosslinked beads show some stability
in SGF, whereas showing some effect of
degradation behaviour in the SPB medium.

3.2. Kinetics of HCQ drug release from SALS
beads

The drug release values are discussed to study the

drug release kinetics in different pH solutions of
SGF and SIF from SALS blends crosslinked for
Ca?', Ba?" and AI** ions. Various kinetic models
were used in order to discuss the mechanism of
drug release. In-vitro HCQ drug release kinetics in
two different pH mediums were discussed by
plotting cumulative drug release (CDR) versus
time. The Zero order, First order, and Higuchi
equation [23] used are listed in Table 1. The
correlation coefficient, and rate constants values
obtained by the best fitting method are furnished in
Table 2. From Table 1, the HCQ drug release data
values, as seen in Fig 8 and Fig 9 obtained by best
fit method attributes for First-order and Higuchi
model for 20 min Ba** and Ca** crosslinked beads
in both media. The release in the First order and
Higuchi model are in the range of 2-5% /hr, and the
coefficient of correlation was 0.98-0.99%.

Table 1. Kinetic model equations used to evaluate drug diffusion and polymer relaxation mechanism.

Parameters

Model Formula used
Zero-order model M/M.= kot @)
First order model Log(M/Muy=kit*  (2)

Higuchi model M/M..= kot 3)
Korsemeyer-Peppas model | M/M,= kt" (4)

M/M.,.= is a fraction of drug released,
ko, ki1, and k; are zero, and first, second-order
constants of a reaction.
n-diffusion exponent
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80

60

cDD

40

2 —@— Ca/20min
Ba/20min

Al/20min

0 1 2 3
Time(h)

Higuchi model

80

70

60

50

40

cbD

30

—@— Ca/20min
20
Ba/20min

Al/20min

0 0/5 1 1/5 2
Sq.root (T)

First order

1/8
1/6
1/4

1/2

a

a

O

oo

o

= 0/8
0/6 —@— Ca/20min
0/4 Ba/20min
0/2 |/ Al/20min
0

0 1 2 3

Time(h)

Korsmeyer -Peppas model

./—I

2

1/5

Log CDD
-

0o/5 —@— Ca/20min Ba/20min

Al/20min
0
0 0/1 0/2 0/3 0/4 0/5
LogT

Fig. 8. Plots for Kinetic models of HCQ drug release in SGF (pH 1.2)
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Zero order pH 7.4
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Fig. 9. Plots for Kinetic models of HCQ drug release in SIF (pH 7.4)

The self-assembled  alginate  framework,
associated with diffusion and swelling, erosion-
based drug release behaviours resulted in the
First-order ~and Higuchi model release
characteristics in SGF and SIF. Whereas the
values obtained for AI** ion crosslinked beads are
ignored because of the degradation shown by
beads. Also, the experimental data (Fig 8 and Fig
9) was used to estimate n and k values for the drug
release mechanism using Korsemeyer-Peppas
model [21] in both pH mediums, and these values
are listed in Table 2. It was reported that n’ values
with exponent= 0.45, the drug diffuses from the
polymer matrix which is said to be Fickian
diffusion, whereas n< 0.45 is Fickian or quasi
Fickian [21]. Anomalous behaviours are defined
as n' values between 0.45 and 1. Based on
experimental data using the best fit, the values of

n and k were found to be dependent on the degree
of crosslinking as well as the pH of the medium.
The values of n’ observed for Ba® ion crosslinked
beads in Table 2 are in the range of 0.54 to 0.64,
showing characteristics of anomalous transport.
These results indicate that HCQ drug release from
SALS (80/20) beads is swelling driven or
polymer relaxation controlled.

3.3. FT-IR studies of various crosslinking of
HCQ loaded blends

The previous section observed that the HCQ drug
release was very much controlled in Ba-SALS
crosslinked beads in simulated fluids. The
chemical interaction of various ions with SALS is
discussed in this section. The extent of
crosslinking is investigated using FT-IR for
chemical interaction and degree of interaction.

Table 2. Kinetic studies of HCQ control drug release from SALS Blends

Zero order First order Higuchi model Korsmeyer -Peppas model
Ko R? K1 R? Kz R? K n R?
SGE Ca | 050 | 0.823 | 1.38 0.99 0.35 0.99 0.38 0.39 0.998
Ba | 0.16 | 0.968 | 0.22 0.98 0.5 0.99 0.25 0.54 0.998
SIF Ca | 056 | 0.823 | 0.55 | 0.985 0.47 0.98 0.36 0.83 0.99
Ba | 0.56 | 0.876 | 1.52 0.98 0.41 0.99 0.36 0.64 0.99
o
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Our previous study [18] that the interaction
between drug and SALS blend shows HCQ drug
peaks, indicating its presence in the HCQ-SALS
matrix [23]. The flatness range of HCQ loaded
SALS beads between 990 and 1183 cm™! confirms
the drug’s presence.

In Fig 10, the spectrum of Ba-SALS crosslinked
beads shows strong absorption peaks, suggesting
the extent of crosslinking compared to Ca-SALS
and Al-SALS crosslinked beads. This supports
the fact that Ba ions crosslinked SALS is more
favourable for controlling the drug release.

4. CONCLUSION

The SALS blend composite loaded with HCQ
was prepared by the solution casting method. The
blends are crosslinked for different crosslinking
agents of Ca, Ba and Al for water uptake in
simulated mediums. It was noticed that Ba
crosslinked beads possess very high DEE, are
very stable compared to Ca-SALS beads and
release HCQ for a longer duration. AI-SALS-
HCQ beads being trivalent ions, could not provide
stability due to their interaction with monomers
present in SA. The FTIR study confirms the
extent of crosslinking between carboxylic acid

—.— HCQ
- = = HCQ-SA/LS
Ca-SA/LS
- === Ba-SA/LS
L e Al-SA/LS

...................................................... P

present in SA and crosslinking ions. It ensures
that the size of the Ba?* ion is the most suitable
crosslinking agent. The various Kinetic models
confirms the order of reaction for Ba-SALS beads
with experimental observations and also approve
the alginates behaviour for HCQ drug release is
anomalous which is swelling driven. The HCQ
was an antimalarial drug and prescribed during
COVID situations. Based on the results of this
study, it seems that SALS beads are the suitable
drug carriers for CDD applications with Barium
chloride as a crosslinking agent to carry HCQ
drugs, causing minimal side effects.
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