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ABSTRACT
Objective: Development of urea and magnetite-based chitin adsorbents for the removal of amlodipine besylate.

Methods: Amlodipine is a calcium channel blocker widely used to treat hypertension and angina. However, it is important to treat the residues
before disposal so they do not pollute the effluent water sources. The amlodipine sorption property of chitin-based subtract (CBS) was improved by
treatment with magnetite and urea, followed by pyrolysis at 500 °C. The FT-IR characterization, elemental composition, pore properties, and
sorption isotherms were also assessed.

Results: The sorption capacity of amlodipine increased from 4.6 to 9.3 mg/g for the urea and magnetite-treated products, respectively. Further,
modified chitin products showed a pore volume (micro and mesopore composition), pore percentage, and roughness of 0.01 cm3g, 0.02 cm3g?, 32%
and 68%, and 1.2, respectively. The CBS and derivatives did not present Langmurian behavior, indicating a characteristic heterogeneous surface and the

presence of energetically distinct sorption sites. The sorption equilibrium was achieved within 5 min, resulting in a net physical sorption.

Conclusion: The insertion of nitrogen and iron moieties on the surface of chitin improved the adsorption capacity of amlodipine.
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INTRODUCTION

Currently, the pharmaceutical industry is becoming one of the major
contributors to the pollution of aquatic ecosystems due to the
disposal of untreated or unused drugs. Most of these molecules are
not biodegradable and cause serious disorders in aquatic organisms.
Amlodipine besylate (AB) is one of those drugs that qualifies as an
emergent pollutant. It is highly prescribed and used to treat angina
and hypertension [1]. Its mechanism of action is related to the
inhibition of the initial entry of calcium, which decreases the
contractile activity of arterial smooth muscle cells and produces
vasodilation. These vasodilator effects lead to a decrease in blood
pressure [2]. It is estimated that 30% and 44% of the US and EU
populations suffer from hypertension, respectively. Further, it is
expected that by 2025, about 1.5 billion people will suffer from
hypertension. However, one part of AB is partially metabolized,
whereas 6% is excreted unchanged in urine [3]. This drug is
partially eliminated in wastewater treatment plants, resulting in low
amounts in soil, surface, and ground waters. For instance, AB has
been found in waste water from Portugal at levels of 14.9-85.7 ng/],
whereas in effluent waters from hospitals, it was larger (45.5-195
ng/l). Interestingly, in developed countries such as the USA and
Canada, it has been found at dangerous levels of 22.9 mg/1 [4]. It is
also known that levels larger than 10 mg/] cause inhibition of the
regeneration of hypostome tentacles and feet in Hydra vulgaris [5].
Many types of technologies, such as ion exchange, precipitation,
adsorption, reverse osmosis, and solvent, are available to treat
wastewater of industrial origin. However, adsorption is still the
simplest and most economical technique to undertake since it does
not produce any further metabolites. Adsorption implies the
accumulation of substances on the surface of a solid or liquid
material. Some approaches have been carried out for the production
of cheaper and more efficient adsorbents from waste from
agricultural production as an adsorbent surface in the purification
processes of contaminated water to reduce drug levels [6].

Among these, polysaccharides such as chitin, cellulose, and lignin
show remarkable interest. These polymers exhibit special

physicochemical properties, good chemical stability, and particular
selectivity towards complex drugs due to the presence of moieties
that create ionic interactions with the polymer chains [7]. Further,
cellulose and chitin are the two most abundant biopolymers in
nature, being renewable and biodegradable. Particularly, chitin,
which is obtained from shrimp waste, possesses an acetamide
moiety and can be employed for the removal of complex drugs such
as AB. Furthermore, it has some advantages over other materials
since this natural polymer has favorable characteristics such as
biodegradability, non-toxicity, and contaminant adsorption [8].
There is a recent study on the adsorption of AB onto the surface of
tosyl carbon nanoparticles containing sulfonate moieties [9]. To our
knowledge, there have been no studies conducted on the chemical
derivatization of chitin isolated from shrimp waste for the
adsorption of AB. Such derivatizations are important to enhance the
sorption capacity of chitin.

MATERIALS AND METHODS
Materials

Shrimp waste was obtained from fishermen on the Pacific coast of
Tumaco; sodium hypochlorite and hydrochloric acid were obtained
from Qumicos LM (Medelln, Columbia). Nitrogen (99.995% purity)
was obtained from Cryogas (Medelln, Colombia). Magnetite was
purchased from Sigma Aldrich (St. Louis, Missouri, USA). Acetic acid
and potassium hydroxide were obtained from Merck (Darmstadt,
Germany), whereas urea was purchased from Supelco (St. Louis,
Missouri, USA). Na2CO3 and NaHCO3 were purchased from Qumicos
LM (Medelln, Columbia).

Preparation of bioadsorbents

Shrimp waste (500 g) was dried and milled using a knife mill (Willey
Arthur Thomas Co., Philadelphia, USA) until a particle size of less
than 150 m was obtained. It was then treated with 15% sodium
hypochlorite for 5 d to prevent microbial growth. The dispersion
was then washed, neutralized with 1.0 mol/l HCl, washed with
distilled water, and sonicated at 40 °C for 30 min (E 15H, ELMA,
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Elmasonic, Germany) under constant stirring. The material was then
vacuum filtered and dried at 100 °C for 24 h in an oven
(U30Memmert, Schwabach, Germany). The dried material was
passed through a 200 mesh sieve (75 m size) and labeled as CBS.

Pyrolysis of CBS was conducted on a muffle furnace (KSY-6D-16B,
Electric Furnace Factory, France) coupled to a 99.995% purity
nitrogen source and heated at a rate of 5.0 °C/min up to 500 °C. This
temperature remained constant for 2 h under a nitrogen
atmosphere pumped at 240 ml/min. Subsequently, the muffle
furnace was cooled down, maintaining a constant flow of nitrogen to
avoid oxidation of the sample. The resulting material was passed
through a 200 mesh (75um). Approximately, 5 g of magnetite was
diluted in 0.5 1 of deionized water. Concomitantly, a suspension of
10 g of the pyrolyzed material was dispersed in 0.05 1 of CH3COOH
1% and added to the magnetite dispersion. This dispersion was then
sonicated (Vibra Cell model, Sonics brand, Church Hill Rd,
Newtown, Connecticut, USA) in a Rosett homogenization cell at a
frequency of 24 kHz and amplitude of 40% in five cycles of 4 min
each. The suspension was washed with distilled water, vacuum
filtered and the resulting material was submitted to pyrolysis at 500
°C as described previously and labeled as CAM [10].

In a separate experiment, the modified method of Qiao and
collaborators was employed for the functionalization of CBS with
urea [11]. Approximately 5g of pyrolyzed material was poured into
a crucible and mixed with ~15g of urea previously dissolved in
0.050 1 of a 5% CH3COOH solution under constant stirring. A lid was
placed on top of the crucible and introduced into the muffle furnace
that was operated under the same conditions as described above.
The resulting material was neutralized with 0.1 N KOH to eliminate
the excess urea. The material was then washed with hot water,
vacuum filtered, dried in an oven at 100 °C for 48 h, passed through
200 mesh sieve (75um), and labeled as CA1:3U.

Chemical characterization of bioadsorbents

The Boehm titration was conducted on ~0.1 g of each sample and
0.025 1 of 0.1 mol/1 NaOH; 0.05 mol/l Na2CO3, 0.05 mol/l NaHCO3
and 0.1 mol/1 HCl were then added separately. Subsequently, each
solution was shaken for 24 h using a shaker (E 15H, Elmasonic,
ELMA, Germany) and 0.005 1 aliquots were taken and filtered using
a 0.45 pm filter. NaOH and carbonate-treated solutions were titrated
with 0.1 mol/1 HCI using phenolphthalein and bromocresol green as
indicators, respectively. The 0.1 mol/1 HCI solution was titrated with
0.05 mol/I NaOH using phenolphthalein as indicator [12].

The IR characterization was conducted on a FT-IR spectro-
photometer (Nicolet, Thermo Fisher Scientific, Waltham,
Massachusetts, USA) coupled with ATR (Attenuated Total
Reflectance) device with readings in a range between 2000 and 600
cm-1 and 16 Scans. Each sample was placed directly on the sample
port without any previous treatment.

Specific surface area and pore size distribution

A quantasorb equipment (Nova 1200e, Quantachrome, Boynton
Beach, USA) was employed with nitrogen gas as adsorbate. Samples
were subjected to 250 °C for 4 h, except for CBS, which was
subjected to 150 °C under vacuum (15 mmHg). The sorption
isotherms were used to determine the total pore volume Vtot
(calculated from nitrogen uptake at the relative pressure of 0.95),
total micropore and mesopore volumes according to the
Distribution Functional Theory method. Pore size distribution and
pore radius were also determined. Further, the fractal dimension
(DF) was calculated by the Frenkel-Halsey-Hill (FHH) method on
the desorption isotherms [13].

Point of zero charge

Approximately 0.01 g of each material was weighed separately in
0.01 1 of different aqueous solutions having several pH values (i. e, 2,
4.3, 6.6,8.2,10.3, and 12.0). The readings were made on a ZetaSizer
(Nano-ZS90 Series, Malvern Instruments Ltd., UK) using the
ZetaSizer software, version 7.10. Quantification was done in
triplicate at 25 °C with an equilibrium time of 2 min. The PZC was
calculated by plotting the pH of each sample as a function of mV. The
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PZC corresponds to the point where the curve intercepts the X axis,
reaching a neutral surface charge [14].

Amlodipine besylate (AB) adsorption measurements

Approximately 0.02 g of each material was taken and 0.02510fa 4.1,
16.4, 25 and 35 mg/1 solutions of AB was added. Samples were then
stirred for 1 h at 300 rpm at room temperature and settled down for
30 min, followed by filtration with a 0.22 pm filter. Adsorption data
were fitted to several non-linear sorption models. The Elovich
isotherm establishes that sorption increases exponentially with the
adsorption sites through a type of multilayer adsorption [15]. This
model is expressed as follows:

Qe
Qe=A*KxCexexp 2 (1)

Where, A corresponds to the maximum adsorption capacity (mg/g)
and K (Lg1) corresponds to the adsorption constant.

The Freundlich model shown in equation 2 also explains the
adsorption process for a heterogeneous surface, where the high
energy adsorption sites are occupied first, forming multilayers [16].

Where, Qe is the equilibrium adsorption, K (mg/g) and 1/n
correspond to the adsorption capacity and the relative distribution of
energy (heterogeneity) of the adsorbent sites. Thus, 1/n>1 indicates
cooperative adsorption, 1/n<1 corresponds to a normal adsorption
and 1<n<10 indicates a favorable adsorption process [17].

The Dubinin-Radushkevich model is used to predict whether the
adsorption is physisorption or chemisorption by calculating the
activation energy. This model was developed to quantify the effect
of the pore structure of the adsorbents and assumes that the
adsorption process is related to the filling of the micropore volume,
as opposed to layer-by-layer adsorption on the pore walls [18]. This
model does not consider a homogeneous surface and is expressed as
follows:

Qe = Qmaxe_(g*uz) ...... 3)

Where Qe is the amount of adsorbent adsorbed per unit mass of
adsorbent at equilibrium (mg g-1), Qmax corresponds to the
saturation adsorption capacity (mg g-1), B is a constant related to
the free adsorption energy (mol22kJand € is the Polanyi
adsorption potential (k] mol-1) and it is expressed as:

€=RTIN(1+2) e (4)

Where Ce is the equilibrium adsorbate concentration in solution. R
corresponds to the universal gas constant (8.314 Jmol-1 K-1) and T
is the absolute temperature (298.15K). The mean adsorption energy
is found by:

If this activation energy is less than 8 kjmol-1 the process is
physical, but values between 8 and 16 k] mol-1 correspond to
chemisorption [19, 20].

The adsorption rates and the corresponding parameters were found
by the pseudo-second and Avrami models. The pseudo-second-
order kinetic model describes that the rate of occupancy of
adsorption sites is proportional to the square of the number of
unoccupied active adsorption sites, as follows:

Qt = Qe [1 - ulew)] ............. 6)

Where Kk is the pseudo-second-order adsorption constant (g mg-1
min-1). The Avrami kinetics applies to reaction and crystallization
kinetics. This model is expressed as follows:

Qt = Qe[1l —e7 X" ........... (7

Where k (min-1) corresponds to the Kinetics rate and depends on
the geometry of the sorption site, whereas the time exponent
indicates the change in the adsorption mechanism. N is equal to 0.5
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for diffusion-driven processes, whereas for a phase boundary
adsorption, nis ~ 1.

RESULTS AND DISCUSSION

The FT-IR spectra of all materials are depicted in fig. 1. The different
signals and their respective wave number allow assigning the
functional groups present in the adsorbent and determining the
changes that occur in the materials after each physicochemical
modification [21]. The CBS shows two bands at 1191 cm-1 and 895
cm-1, which are common for chitin samples having a small degree of
deacetylation, and these two bands correspond to the 3 1-4 linkage.
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The bands at 1650 cm-1 and 1557 cm-1 correspond to the
acetamide group of type I amide and type II NH torsion. Likewise,
the bands at 1329 cm-1 and 1377 cm-1 are typical of type III amide
and stretching vibrations of the methyl group of the acetamide
groups. The peak at 1427 cm-1 is attributed to the symmetrical
bending of CH2, whereas the peak at 1255 cm-1 corresponds to the
C-O-H bending, and the peak at 1161 cm-1 corresponds to the
symmetrical stretching C-O-C (f-glycosidic linkage). The peak at
1063 cm-1 is due to C-O/C-C stretching and the band at 895 cm-1
corresponds to the asymmetric out-of-plane stretching of the -
glycosidic carbon.
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Fig. 1: FT-IR infrared spectra of different adsorbents. (A) Chitin-based substrate, CBS (B) urea-treated material, CA1:3U, (C) magnetite-
treated material, CAM, (D) commercial activated carbon, CAC

The pyrolysis process along with urea activation, decreased the
macrostructure of chitin as depicted in fig. 1b since the-CH2
stretching at 1400 cm-1 and the C-O-C signal at ~ 850 cm-1
decreased. The loss of carbon could also be associated to the loss of
hydrogen, oxygen, and nitrogen as CO2 or NO2, leaving behind a
rigid carbon skeleton. Further, treatment with urea led to the
disappearance of the signals related to the C=0 and C=N stretching
at 1680 cm-1 and 1590 cm-1, respectively, as observed in the CBS.
Similarly, a 6-fold increase was observed for the C-O and C-N bands.

Fig. 1c depicts the FT-IR spectrum of the magnetite-treated material.
Sonication allowed for particle disaggregation and breakdown of
particulate matter. Once pyrolysis took place, iron (III) was
deposited on the surface of the carbonaceous structure. Thus, new
signals emerged at 1200 cm-1 corresponding to the C-O stretching.
The band at 1113 cm-1 corresponded to the C-O-C linkage; whereas
those bands at 720 cm-1 and 790 cm-1 are attributed to the Fe-O
vibrations. Further, the band at 1645 cm-1 is attributed to Fe-OH
stretching. The peak at 610 cm-1 is assigned to Fe-O of iron oxide

are related to C-C stretching [22]. Even though the starting material
was magnetite, the resulting modified product showed the presence
of hematite-type ferric oxide, which indicates oxidation during the
pyrolysis process. On the other hand, the FT-IR spectrum of
commercial activated carbon (fig. 1d), showed bands between 1640-
1750 cm-1 which are attributed to C=0 and C-O of the phenolic ester
and conjugated ketone structures. Likewise, the intensity of the CH2
band at ~1400 cm-1 shows that cyclic structures predominate in
this material. Further, several bands related to aromatic rings were
also observed between 700 and 900 cm-1[23].

Table 1 shows the physicochemical properties of the materials. The
alkaline nature of chitin increased in the resulting functionalized
materials. Further, the number of acid moieties also increased,
whereas the phenolic groups tend to decrease. The resulting pH of
the aqueous solution of these materials was alkaline in nature.
Functionalization with urea and magnetite also contributed to the
increase in surface area and led to a decrease in particle size,
possibly due to the synergistic effect of pyrolysis. Except for CAC, the

(Fe203). The weak bands at 1502 cm-1 and 1415 cm-1 correspond specific surface area of CBS and its derivatives had little
to the C=C stretch, whereas those peaks at 815 cm-1 and 675 cm-1 contribution to the adsorption capability.
Table 1: Physicochemical characterization of the adsorbents

Material Total Boehm titration (umol g1) Total Surface PZC Yield pH Conductivity Particle

acidity Phenol Lactone  Acid groups alkalinity Area (m2g?) value (%) (1S cm) size (um)
CBS 3960 3960 0 0 5850 10.2 2.5 81.7 9.1 271 36.5
CA1:3U 10610 3880 0 6720 9970 229 2.3 97.7 9.1 167 7.5
CAM 9120 2370 0 6730 9820 20.2 2.3 84.1 87 74 5.8
CAC 4320 4320 0 0 950 243.0 3.8 N/A 7.0 3268 12.2
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Fig. 2 shows SEM micrographs of the materials at, 2000x
magnification. The CBS shows an irregular morphology of particles
with slightly rough and planar surfaces, where some small crystals
of sodium chloride appear on the surface and were not completely
removed during the washing processes. CAM was composed of
regular particles with a very rough surface composed essentially of
ferric oxide (III) nanoparticles, whereas CA1:3U was composed of
irregular particles similar to those of CBS where the surface was
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A. CBS (Chitin-based substrate

D. CAC (Commercial activated carbon)

Int ] Pharm Pharm Sci, Vol 15, Issue 9, 24-31

slightly rough. The iron nanoparticles exhibited a snowflake shape,
having~ 50-100 nm in size. On the other hand, the CAC was composed
of particles with a greater number of edges and flat surfaces. These
morphological characteristics allow it to be classified as the most
important adsorbent in nature, which can house many chemical
compounds, such as drugs, heavy metals, dyes, among others. In
addition, these properties allow its use in the pharmaceutical field,
and it is used as an antidote in drug poisoning [24].

X2,000 1opm

X3,000  5pm

20kV X2,000 10pm

20KV X2.000 10pum

Fig. 2: SEM micrographs of CBS (A), CAM (B), CA1:3U (C) and CAC (D)

The N2 sorption isotherms are depicted in fig. 3. The adsorbed
volume of nitrogen was much higher in the CAC followed by

CAM, whereas the CBS and CA1:3U did not show significant
differences.
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Fig. 3: Nz isotherms of the adsorbents

The CAC showed a type I isotherm shape, which is limited to
adsorption in monomolecular layers, especially for microporous
materials having high adsorption at low pressures. The other
three materials showed a type II isotherm shape common for
materials having monolayers and multilayers with an inflection

point where the completion of the monolayer occurs. Pore
characterization parameters are listed in table 2. The
functionalized material with iron had a drastic change in the pore
structure, having a more microporous system similar to that of
CAC.

Table 2: Pore size characterization

Property Parameter CBS CAM CA1:3U CAC
Accumulated pore volume (cm3g-1) Micropore (<20A4) 0.01 0.02 0.01 0.08
Mesopore (20-5004) 0.02 0.06 0.02 0.16
Pore amount (%) Micropore (<204) 46.9 32.1 32.4 35.8
Mesopore (20-5004) 53.1 67.9 67.6 64.2
Functional distribution theory (DFT) Pore volume (cm3g-1) 0.03 0.07 0.04 0.22
Pore diameter (A) 14.5 13.9 22.7 6.4
Fractal dimension (D) Excluding surface tension effects 0.7 1.2 1.5 2.3
Including surface tension effects 2.2 2.4 2.5 2.8

The fractal dimension (FD) describes the topography of the surfaces
and quantifies the actual surface roughness showing the following
trend: CAC>CAM>CA1:3U>CBS, which agrees with the ranking of
pore volume and pore diameter. It is also observed that the values of
FD, including the surface tension of N2 were larger in magnitude.

Table 3 and fig. 4 show data fitting to the adsorption kinetics of AB.
Functionalized materials such as CAM and CA1:3U showed the best
fit to the pseudo-second-order model, which describes that the rate
of occupation of the adsorption sites is related to the square of the
number of unoccupied adsorption sites. This means a fast initial rate
of k values of ~0.84 mg g! min-!, whereas reported values for nano
adsorbents such as Ag-TiO2 showed values of 2.35 mg g! min’,
requiring longer treatment times [25]. Usually, materials having
good fit to such kinetic model involve small and simple adsorbate
species because they tend to diffuse rapidly in solution, adopting
different molecular conformations within tiny pore spaces in

fractions of seconds. In this case only such collisions that imply
collisions with two unoccupied sites at once are taken into account,
resulting in sticking [26]. It is possible that sticking takes place at
individual sites composed of two or more functional groups at the
surface of the adsorbents, such as Fe (III) and N.

Likewise, the CBS and CAC materials presented the best fit to the
Avrami model. In this case, the adsorption process might have a rapid
initial fast first stage due to a mass transfer of adsorbate from the
aqueous solution to the material surface followed by a slow phase
where migration of the drug within the pores and capillary spaces of
the sorbent took place. Independent of the model used, CBS presented
the lowest Qe values, indicating that chemical modification improved
the adsorption of AB. Further, a rapid AB was also observed, indicating
in most cases that Qe was reached within 5 min. Further, the time-
related constants such as “K” and “n” did not show major differences
among all materials due to the rapid adsorption process.

Table 3: Parameters resulting from amlodipine adsorption Kkinetics models

Model Parameter CBS CAM CA1:3U CAC
Qe (mgg-1) 4.3 8.6 8.5 8.5
Avrami K (min-1) 3 3 3 3
n 1 1 1 1
r2 Adjusted 0.90 0.91 0.88 0.90
Qe (mgg-1) 4.6 9.3 9.3 9.2
Pseudo 2n Order K (mg g-1 min-1) 0.82 0.84 0.84 0.84
r2 Adjusted 0.80 0.98 0.98 0.87

Table 5 and fig. 5 show the parameters resulted from the adsorption
isotherms. CBS shows the best fit to the Freundlich model, which
states that the adsorption sites on the surface of the adsorbent are
energetically heterogeneous, with those with the highest energy
being occupied first and the possible formation of multilayers.
Similar studies conducted on carbon nanotubes and lipophilic drugs
such as betamethasone showed “n” and “k” values of 0.7 and 5.1 mg

g-1, respectively. This could be explained by the large surface area
and hydrophobic character of the carbon nanotubes [27]. On the
other hand, CAC and CAM presented a good fit to the Elovich model,
which describes that the adsorption increases exponentially with
the available multilayer adsorption sites [28]. CA1:3U presented the
best data fit to the Dubinin-RadushKevich model, which also applies
to heterogeneous surfaces.
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Table 5: Parameters resulting from amlodipine isotherm models

Model Parameter EE CAM CA1:3U CAC
Freundlich k (mgg-1) 0.14 0.38 0.14 0.77
n 0.63 0.75 0.63 0.88
r2 Adjusted 1.000 0.890 0.769 0.9540
Elovich A (mgg-1) 525.6 548.2 524.8 536.7
K(Lg-1) 0.002 0.002 0.002 0.002
r2 Adjusted 0.584 0.994 0.421 0.995
Dubinin-RadushKevich Qmax (mg g-1) 43.2 42.3 42.7 67.2
B (mol2 k]-%) 14.7 29.8 28.8 73.8
E (k] molt) 0.19 0.23 0.13 0.08
r2 Adjusted 0.531 0.680 0.791 0.536

Fig. 6 shows the infrared spectra of each of the materials after
carrying out the AB adsorption process. These results proved
these materials interact with AB via ionic interactions and
hydrogen bonding through physisorption. Further, the Dubinin-
RadushKevich model also proved that adsorption took place by a
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physical process since values of energy were lower than 8 k] mol-1.
AB exhibits a high pKa of ~8.6, and at experimental conditions, the
amine group should be positively charged, easing the formation of
ionic interactions with materials having PZC values<3.8.
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Fig. 6: Infrared spectra of the bioadsorbents after the adsorption test. AB (A), AB and CBS (B), AB and CAC (C), AB and CAM (D), AB and
CA1:3U (E)

CONCLUSION

The chemical modifications conducted of chitin introduced amine
and iron oxide groups on the surface, which was reflected on the
sorption capacity of AB as seen by the Qe values. The kinetics
models showed that Qe was reached within 5 min. Likewise, the
isotherm modes showed a non-Langmurian sorption behavior,
indicating the prevalence of a heterogeneous surface along with the

formation of multilayers. The sorption process suited to a physical
process which was reversible in nature.
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