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Summary

Cross-linked chitosan beads were prepared and evaluated in order to adsorptively isolate a pharmaceutical com-
pound (trimethoprim) from aqueous matrices.

Introduction

Pharmaceuticals are of scientific and public concern as newly recognized classes of environmental pollutants and
are receiving considerable attention with respect to their environmental fate and toxicological properties over the
last 15 years [1,2]. Trimethoprim (TMP), a dihydropteroatesynthetase inhibitor, is commonly used in combination
with sulfonamides for broad-spectrum antimicrobial therapy. It blocks the folic acid metabolism, and thus produces
a synergistic antibacterial activity. The residue of TMP in manure andsoils may affect soil microbial and enzyme ac-
tivities. Adsorption is a potential technique to remove TMP and overcome the pollution ofantibiotics in the environ-
ment. As adsorbent material, a polymeric super-adsorbent has been synthesized namely chitosan. Chitosan
(poly-β-(1�4)-2-amino-2-deoxy-D-glucose) is an amino-polysaccharide, a cationic polymer produced by the N-
deacetylation of chitin. Due to its molecular structure, chitosan exhibits many characteristics that have been the
cause of much recent attention, since the range of its applications has enormously expanded in various fields includ-
ing biotechnology, water-treatment, medicine and veterinary medicine, membranes, cosmetics and food industry.
Chitosan presents high swelling degree in aqueous matrices, which usually leads to plugging of columns. In order to
overcome this problem chitosan was cross-linked both covalently, by glutaraldehyde (GLA) and ionically, by a polyan-
ion such as tripolyphosphate sodium (TPP).

Synthesis of cross-linked chitosan beads (CCB)

CCB were prepared by initially dissolving chitosan (1.41x10-6 moles) in 50 mL of aqueous solution of acetic acid (2%
v/v). The solution was added dropwise from a pipette into an aqueous solution of glutaraldheyde (5x10-2 mol/L),
which also contained tripolyphosphate (1.36x10-3 moles) at pH=6, adjusted with an aqueous HCl solution. The formed
gelled beads were stirred overnight at room temperature in the aforementioned solution. Then, after filtration and
purification by extraction with water in a Soxhlet apparatus for 24 h, a conventional drying at 60 °C was realized. The
resulting beads, (CCB) were used for the adsorption experiments.

HPLC Analysis

Identification and quantification of trimethoprim was accomplished with HPLC-DAD and CNW Athena C18, 120 A�,
4.6mm *250mm, 5 μm column. Binary gradient mobile phases were used, with water as solvent A and methanol as
solvent B.  The elution started with 70% methanol and 30% water. All the other parameters remained stable, flow-
rate was 1 mL/min, the column temperature was 40 oC and the injection volume was 20 μL. The detection wavelength
was set at 287 nm. Further analysis was conducted for linearity, LOD and LOQ, repeatability and reproducibility. The
UV spectra and the retention time of trimethoprim standard were used for the identification.



Results and Discussion

SEM showed that Trimethoprim adsorbed on chitosan modified beads wasabout 5μm in size and seemed to be in
amorphous phase. This observation noted also from XRD patterns, which showed that Trimethoprim adsorbed is
mainly in its amorphous form. However, there are four peaks of the drug present at the adsorbed matrix at 2theta
34.02, 37.84, 39.57 and 44.06 deg indicating that the drug is not completely amorphous. FT-IR was used to examine
if bonds between drug and matrix were formed. The spectra of TMP exhibited bands at 3470 and 3319 cm-1 corre-
sponds to v(N.H)asy and v(N.H)sy, respectively. These bands were sifted at 3445 and 3262 cm-1 respectively showing
that hydrogen bonds with hydroxyl groups of matrix were formed.

Figure 1. SEM photos of TMP adsorbed.

The experiments for the pH effect showed that the optimum value was at alkaline conditions (pH=10), while the
maximum theoretical adsorption capacity was found to be 112 mg/g at 25 oC. The latter was found after fitting to
the combinational isotherm model of Langmuir-Freundlich. The adsorption was reached at equilibrium very quickly
(~80 min) after testing the optimum adsorption contact time. 

Conclusions

The synthesis of CCB was effectively acted for the isolation (removal) of TMP compound from aqueous matrices, pre-
senting 112 mg/g maximum theoretical adsorption capacity.
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SEM was used to examine the morphology of the drug after
adsorption. It was found that trimethoprim adsorbed on chitosan
modified beads was about 5μm in size and seemed to be in
amorphous phase.

Introduction

Pharmaceuticals are of scientific and public concern as newly recognized classes of environmental pollutants and are receiving considerable attention with respect to
their environmental fate and toxicological properties over the last 15 years [1,2]. Trimethoprim (TMP), a dihydropteroatesynthetase inhibitor, is commonly used in
combination with sulfonamides for broad-spectrum antimicrobial therapy. It blocks the folic acid metabolism, and thus produces a synergistic antibacterial activity.
The residue of TMP in manure andsoils may affect soil microbial and enzyme activities. Adsorption is a potential technique to remove TMP and overcome the
pollution ofantibiotics in the environment. As adsorbent material, a polymeric super-adsorbent has been synthesized namely chitosan. Chitosan (poly-β-(1→4)-2-
amino-2-deoxy-D-glucose) is an amino-polysaccharide, a cationic polymer produced by the N-deacetylation of chitin. Due to its molecular structure, chitosan exhibits
many characteristics that have been the cause of much recent attention, since the range of its applications has enormously expanded in various fields including
biotechnology, water-treatment, medicine and veterinary medicine, membranes, cosmetics and food industry. Chitosan presents high swelling degree in aqueous
matrices, which usually leads to plugging of columns. In order to overcome this problem chitosan was cross-linked both covalently, by glutaraldehyde (GLA) and
ionically, by a polyanion such as tripolyphosphate sodium (TPP).

Synthesis of cross-linked chitosan beads (CCB)

CCB were prepared by initially dissolving chitosan (1.41x10-6 moles) in 50 mL of aqueous solution of acetic acid (2% v/v). The solution was added dropwise from a
pipette into an aqueous solution of glutaraldheyde (5x10-2 mol/L), which also contained tripolyphosphate (1.36x10-3 moles) at pH=6, adjusted with an aqueous HCl
solution. The formed gelled beads were stirred overnight at room temperature in the aforementioned solution. Then, after filtration and purification by extraction with
water in a Soxhlet apparatus for 24 h, a conventional drying at 60 °C was realized. The resulting beads, (CCB) were used for the adsorption experiments.

SEM micrographs of trimethoprim adsorbed

Adsorption experimental procedure

Experiments were carried out using 1 g/L of adsorbent each time and samples were taken
at predetermined time intervals and filtered using 50 μm pore size filtration membrane.

 For the pH-effect experiments the solution pH was initially adjusted with aqueous
solutions of acid or base (0.01 mol/L of HCl and/or 0.01 mol/L NaOH) to reach pH
values of 2-12.

The experiments for the pH effect showed that the optimum value was at alkaline
conditions (pH=10), while the maximum theoretical adsorption capacity was found to be
112 mg/g at 25 oC. The latter was found after fitting to the combinational isotherm model
of Langmuir-Freundlich. The adsorption was reached at equilibrium very quickly (~80
min) after testing the optimum adsorption contact time.

FT-IR spectra of the trimethoprime adsorbed
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FT-IR spectra of trimethoprim adsorbed showed that amino
groups of the drug forms hydrogen bonds with hydroxyl groups
of polymer matrix during adsorption studies.
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HPLC Analysis
Identification and quantification of trimethoprim was accomplished with HPLC-DAD and CNW
Athena C18, 120 Å, 4.6mm *250mm, 5 μm column. Binary gradient mobile phases were used,
with water as solvent A and methanol as solvent B. The elution started with 70% methanol and
30% water. All the other parameters remained stable, flow-rate was 1 mL/min, the column
temperature was 40 oC and the injection volume was 20 μL. The detection wavelength was set at
287 nm. Further analysis was conducted for linearity, LOD and LOQ, repeatability and
reproducibility. The UV spectra and the retention time of trimethoprim standard were used for the
identification.
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