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ABSTRACT
Chitosan microparticles were synthesized by crosslinking chitosan and glycidyl trimethylammonium
chloride modified chitosan inside the reverse micelles of Span and Tween 80. The particles were of uniform
size with the average diameter of 10 μm. The particles swelled almost twice the original size in 20 min when
dispersed in a buffer solution of pH 7.4. The feasibility of chitosan microparticles as drug sequestrant was
tested using propafenone as the model drug. The particles sequestered free propafenone from a buffer
solution of pH 7.4. In 20 min unmodified chitosan and modified chitosan microparticles sequestered 53%
and 51.5% of the free drug respectively. The amount of drug sequestered increased with increase in the
initial free drug concentration. The presence of normal saline also improved propafenone sequestration.
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INTRODUCTION
Drug intoxication, developed as a result of accidental
overdosing or of suicide attempts, is a serious health
problem. Hence novel methods to remedy drug
overdose are continuously being developed in order
to make treatment simpler and more effective. The
common methods used to counter drug overdosing
are via mechanical pumping of the stomach, oral
administration of copious amounts of activated
charcoal, or the intake of an appropriate antidote
depending on the nature of the drug ingested. Apart
from these existing methods, use of porous polymeric
network for sequestration of overdosed drug is also
getting investigated. Polymers and liposomes in the
form of nanoparticles and nanocapsules have been
explored for drug sequestration (Morey et al. 2004;
Chakraborty & Somasundaran, 2006; Dhanikula et
al. 2007).
Among various types of sequestrants, subsized nano
and micro polymeric particles, owing to their porous

structure and large surface area will facilitate intense
interaction between the polymer and the drug,
allowing the drug to get sequestered in the porous
polymeric network.
In recent years chitosan, an abundant natural
polysaccharide obtained from crustacean exoskeletons
has been extensively studied for drug delivery
applications in the form of micro and nanoparticles,
(Sinha et al. 2004, Hu et al. 2007; Papadimitriou et
al. 2008; Bernkop-Schnürch & Dünnhaupt 2012;
Tian et al. 2016; Kong et al. 2017). Chitosan has
been studied for tissue engineering (Hua et al. 2008,
Bhardwaj et al. 2011; Sivashankari et al. 2016) and
wound healing (Bae et al. 2009; Bano et al. 2017)
applications. The benefits of chitosan based dietary
foods has also been reported (Muzzarelli 1996; Li et
al. 2013)
Since chitosan has been extensively studied for
various applications where chitosan is ingested
or implanted and proven to be benign, it can be
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explored for effective extraction of drugs from bulk
media and to serve as scavengers for overdosed drugs.
The reported work aimed at synthesis of subsized
chitosan particles by a novel approach and to
investigate their potential towards the sequestration
of drugs. The subsized particles were synthesized
inside the reverse micelles of benign surfactants Span
80 and Tween 80. The prototype drug of choice was
propafenone. Propafenone is an anti-arrhythmic
drug, used to treat atrial and ventricular fibrillation.
An acute overdose of this drug can lead to severe
cardiac toxicity within 30 minutes to two hours of
ingestion. Hence there is a need to find a remedy for
its overdosing effects. The structure of propafenone
is shown in Figure 1. It is hypothesized that one
of the significant interactions of propafenone with
chitosan will be through formation of hydrogen
bonding.
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SEM Analysis. The size range and morphology of the
particles was determined using JSM-5310 Scanning
microscope at 10kV. The particles were placed on
a copper wafer in vacuum and then sputter-coated
with a gold layer before viewing.
UV Analysis. The amount of drug sequestered
by the chitosan particles was quantified using
UV-Vis analysis with a Shimadzu 2401 PC UV
Spectrophotometer at 250 nm.
Methodology. Modification of Chitosan with Glycidyl
Trimethyl Ammonium Chloride (Quat 188). To
prepare Quat 188-modified chitosan, 0.6g (3.75 ×
10–³ mol per unit) chitosan was placed in a round
bottom flask. To it 0.3525 g (1.88 × 10–³ mol) of
Quat 188 was added along with 10 mL of deionized
water. The pH of the mixture was adjusted to
pH 9 by the dropwise addition of 1M NaOH to
convert Quat 188 to its epoxide form. The flask
was sealed, purged with nitrogen and the reaction
was performed at 70° for 48 hours with continuous
stirring. After the reaction, system was neutralized
to pH 7 and centrifuged to remove excess water.
Quat 188-modified chitosan was further freeze dried
using LABCONCO FREEZE DRY SYSTEM/
FREEZONE 45 freeze drier.
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Figure 1. Chemical Structure of Propafenone, the AntiInflammatory Drug Used in the Present Study.
Apart from chitosan, Quat188 (glycidyl
trimethylammonium chloride) modified chitosan
has also been used for drug sequestration. Quat
188 is proven to enhance antimicrobial properties
of chitosan(Kim et al. 2003). It also improves
the interaction of chitosan with water due to the
presence of quaternary ammonium ion. In this study
Quat 188 was used to facilitate swelling of chitosan.

EXPERIMENTAL
Chemicals. Chitosan, sorbitan monooleate
(Span80), Polyethylene glycol sorbitan monooleate
(Tween80), toluene, acetone and Propafenone
hydrochloride were purchased from Sigma-Aldrich.
Glacial acetic acid was purchased from Fischer.
Glutaraldehyde from Fluka and Quat 188 was
obtained from Rohm and Haas Company.
Instruments. ¹H NMR Analysis. ¹H NMR spectrum
was recorded at 25 °C on a JEOL Lambda 400
MHz spectrometer. ¹H NMR chemical shifts in
parts per million (ppm) were referenced relative
to tetramethylsilane (TMS). 8.0 wt % of samples
were dissolved in deuterated water (D₂O). A trace
amount of acetic acid was added to the sample to
make chitosan soluble in D₂O.

Fabrication of Microparticles of Chitosan and
Quat188-modified Chitosan. The chitosan particles
were fabricated inside the reverse micelle of Tween80
and Span80. The chitosan solution was prepared by
dissolving 2 g of chitosan in 200 mL of 2% (w/w)
acetic acid solution. 100 mL hexane, 2.6 g of Tween80
and 3.4 g of Span80 were placed in a round bottom
flask. To it 2 mL of above chitosan solution was
added drop wise under constant stirring. The system
was allowed to stir for 1h followed by dropwise
addition of 0.1 mL glutaraldehyde stock solution
(1.2 g glutaraldehyde/100 mL water). The system
was further stirred for another 2h. Throughout
this process the solution remained clear, and phase
separation did not occur. After 2h hexane was
removed under reduced pressure by using a rotary
evaporator. The product was washed several times
with acetone to remove the surfactants. The particles
were recovered by centrifugation. The particles were
further freeze dried using LABCONCO FREEZE
DRY SYSTEM/FREEZONE 45 freeze drier. A
similar procedure was adopted to fabricate Quat188modified chitosan particles.
Sequestration Studies as a Function of Time, Initial
Concentration, and Normal Saline. Drug sequestration
studies were performed at 37 °C in pH 7.4 buffer to
simulate the physiological condition of the human
body. To study the sequestration of propafenone, a
propafenone solution of certain concentration was
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added to 1mL dispersion of chitosan particles (2mg/
mL of pH 7.4 phosphate buffer). The system was
equilibrated at 37 °C. The particles were separated
from the drug solution system by filtration. The
dispersion was filtered five times using a 0.2 μm
syringe filter to remove all the chitosan subparticles.
The filtrate was subjected to UV-Vis analysis.
Sequestration experiments were done as a function
of equilibration time and the initial free drug
concentration. Experiments were carried out in
triplicate to determine the standard deviation.

RESULTS AND DISCUSSION
Modification of Chitosan with (Quat 188) and
Synthesis of Microparticles. A novel methodology
was developed for the fabrication of modified and
unmodified chitosan particles. Though various
methods have been reported for the fabrication of
chitosan micro and nanparticles (Liu et al. 2007; Wu
et al. 2005; Dini et al. 2003), synthesis of chitosan
microparticles by reverse microemulsion technique
has not been reported yet.
Though attempts were made to disperse the droplets
of chitosan solutions in nonsolvents such as toluene,
olive oil, hexane etc. followed by crosslinking,
micron size chitosan particles were not obtained by
these methods.
Figure 2 shows the ¹H NMR spectrum of Quat 188modified chitosan in D₂O. ¹H NMR in D₂O (in
ppm): 4.3–4.25 [a: CH-O- of chitosan], 2.7–2.85
[b: CH-NH₂ of chitosan], 3.6–4.25 [c: CH-OH; d:
-O-CH; e: CH-CH₂OH; f: CH₂OH of chitosan],
3.4–3.5 [1:-NH-CH₂- of Quat 188], 4.3–4.25 [2:
CH-OH of Quat 188], 3.55–3.6 [3: CH₂-N+(CH₃)
of Quat 188], 3.0–3.3 [4: (CH₃)₃-N+ of Quat 188].

SEM images as shown in Figures 3 reveals that the
both chitosan and Quat 188-modified Chitosan
particles were spherical, uniform in size with the
average size of 10 μm.

Figure 3. Scanning Electron Micrograph of a) Chitosan
b) Quat 188-modified Chitosan Microparticles.
Swelling Behavior of the Particles.
Since the particles are intended for overdose
drug sequestration, swelling is desirable for the
encapsulation of the sequestrant, however swelling
to a very large extent might cause release of the
sequestrant from the substrate and hence increase
the concentration of the free drug. To monitor the
extent of swelling, 0.01 g of each type of particles
were placed in 5 mL of a pH 7.4 phosphate buffer
maintained at 37 °C for certain time period. The
particles were then centrifuged, and subjected to
SEM analysis after pat drying. As shown in Figures 4
and 5, the SEM images show that the surface of the
particles from both native and Quat 188-modified
chitosan deformed upon exposure to the buffer
solution for 10min. The surface crinkled more as
the immersion time was extended to 2h and swelled
to almost twice the original size. Since the particles
softened and swelled in limitation, they remain
conducive for the drug sequestration application.

Figure 4. Scanning Electron Micrograph of a) Chitosan
b) Quat 188-modified Chitosan Swelled for 10 min.

Figure 5. Scanning Electron Micrograph of a) Chitosan
b) Quat 188-modified Chitosan Swelled for 2h.
Figure 2. 1H NMR Spectrum of Quat 188-modified
Chitosan.
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Sequestration as a Function of Time. The sequestration
of propafenone by chitosan and Quat 188-modified
chitosan can be attributed to the interaction between
propafenone and chitosan through hydrogen
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bonding and also to the diffusion of propafenone
into the porous structure of the microparticles due
to their swelling.
Drug sequestration experiments were performed at
37 °C in pH 7.4 buffer to simulate the physiological
condition of the human body. Figure 6 shows the
effect of equilibration time on drug sequestration by
keeping the initial drug concentration constant.

Figure 7. Effect of Initial Propafenone Concentration
on Sequestration by Quat 188-Modified and
Unmodified Chitosan Microparticles, Equilibration
Time: 20 Min

Figure 6. Effect of Equilibration Time on Propafenone
Sequestration by Quat 188-modified and Unmodified
Chitosan Microparticles.
It was observed that sequestration of drug by the
chitosan microparticles increased as the equilibration
time of the micro particles in contact with drug was
increased from 5 to 20 minutes. In 5 min unmodified
chitosan sequestered 19 mg of propafenone, with
time the amount sequestered enhanced to 27 mg in 20
minutes which corresponds to 53% of the initial free
drug. However, on further increase of equilibration
time no improvement in the sequestration potential
was observed. Particles might have swelled to the
maximum extent within 20 min of immersion and
hence facilitated maximum sequestration. Similar
sequestration trend was observed for the Quat
188-modified chitosan microparticles. In 20 min
Quat 188-modified chitosan sequestered 26 mg of
the initial free drug.
Sequestration Studies as a Function of Initial
Concentration. The effect of the initial concentration
variable on drug sequestration is seen in Figure
7. The trend reflects that increasing the free drug
concentration from 50mg/L to 200mg/L increased
the amount of drug sequestered by the particles in
both modified and unmodified form. However, the
amount of drug sequestered relative to the initial
free drug concentration remained almost constant.

Sequestration in the Presence of Normal Saline. Since
human blood contains 0.9% w/v NaCl (normal
saline), the sequestration of propafenone in the
presence of normal saline was investigated. In this
case 0.9% w/v NaCl was added to the buffer while
performing the drug sequestration experiment as
mentioned above. As seen in Fig 8, the addition of
normal saline improved the binding interaction of
the microparticles and propafenone.

Figure 8. Sequestration of Propafenone in Normal
Saline by Quat188-Modified and Unmodified
Chitosan Particles, Initial Drug Concentration: 100
mg/mL, Equilibration Time: 20 Min.
Improved binding interaction can be attributed to
enhanced swelling of the particles in the presence
of normal saline. The cross-linked microspheres
act as semi-permeable membranes. At pH 7.2, the
negatively charged acrylate ions drew free Na+ ion
inside the microspheres and induced a concentration
imbalance in counterions between the inside of
the microsphere and the surrounding solution. In
order to minimize this chemical imbalance, water
penetrated the microparticles resulting in swelling
of the network.
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It can be observed that chitosan microparticles
performed marginally better than Quat
188-modified chitosan particles towards propafenone
sequestration. Quat 188-modification might have
reduced the H-bonding sites between propafenone
and chitosan and reduced sequestration.

CONCLUSIONS
This study explored the feasibility of fabrication
of chitosan microparticles in the reverse micelles
of benign surfactants of Span 80 and Tween 80
and investigated the scope of utilizing them as
drug sequestrant. The microparticles of Quat
188-modified chitosan and unmodified chitosan,
fabricated by reverse micelle method were spherical
and 10 μm in diameter. The micron sized particles
swelled and sequesterd propafenone. More than
50% of free drug was sequestered in 20 min both
by modified and unmodified chitosan. Since the
chitosan particles can bind to the free drug under
physiological conditions, and the surfactants used
for the synthesis is also benign, chitosan subparticles
synthesized by this novel approach can be further
studied for the sequestration drugs with similar
structures such as serotonin, acetaminophen etc.
which are intentionally consumed in excess in
suicidal attempts.
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