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Abstract: This research aims to evaluate the potential of spray-dried chitosan acetate 
(SCTA) and hydrochloride (SCTH) as novel tablet binders. Chitosan (MW 814 kDa, 
88 %DD) obtained from source available in Thailand was dissolved in acetic acid and 
hydrochloric acid at molar ratio 1:2 and 1:0.8, respectively and was further spray-
dried to obtain chitosan salts. Physicochemical and micromeritic properties of the 
salts were evaluated. The salts were spherical particles with rough surface. The 
particle size distribution mostly was under 75 m. SCTA was of an amorphous state 
and SCTH was of semi-crystalline form. FTIR and solid-state 13C NMR spectra 
exhibited the molecular structure of both salts as acetate and hydrochloride salts. 



Flowability of both salts was poor. However, flowability and strength of the granules 
and friability and hardness of the tablets using theophylline as a model drug and both 
salts as binders were closed to those using polyvinyl pyrrolidone, PVP K30. The 
approximate 100%-drug release within 24 h was obtained. It was concluded that the 
simple incorporation of spray-dried chitosan salts as tablet binders could give rise to 
controlled drug delivery systems exhibiting sustained release. 

Methodology: High viscosity grade of chitosan (MW 814 kDa, 88 %DD) obtained 
from source available in Thailand was dissolved in acetic acid and hydrochloric acid 
at molar ratio 1:2 and 1:0.8, respectively. The solution was further spray-dried to 
obtain chitosan salts. Physicochemical and micromeritic properties of both salts were 
investigated i.e., morphology, true density, particle size distribution, moisture sorption 
at various storage humidity; thermal behavior (DSC and TGA thermograms), 
crystallinity (PXRD patterns), molecular structure (FTIR and solid-state 13C NMR 
spectroscopy) and flowability using angle of repose, Hausner ratio and Carr’s index. 
Theophylline granules were prepared using lactose monohydrate as a diluent and both 
salts as binders at concentrations of 1, 2, 3% dry weight. Flowability and strength of 
granules were also investigated in comparison with those of the granules prepared by 
using a PVP K30, 2% dry weight. The granules were compressed into tablets using a 
hydrualic press at a fixed compression force. Tablet friability, hardness, thickness, 
disintegration and dissolution in distilled water were also evaluated. 

Results, discussion and conclusion: SEM photomicrograph of SCTA and SCTH 
exhibited the spherical particles with rather rough surface and particle size of under 
75 m. The true density was 1.48-1.58 g.cm-3. DSC thermograms of both salts 
showed broad endothermic peaks attributed to maximum water loss at 40-125 oC and 
degradation peaks at around 212-230 oC. PXRD patterns of both salts indicated that 
SCTA was an amorphous solid and SCTH was of a semi-crystalline state. FTIR 
spectrum of SCTA exhibited a strong asymmetric and a weak symmetric carboxylate 
anion stretching in the range of 1550-1600 cm-1 and near 1400 cm-1, respectively 
indicating an acetate functionality. The resonances assigned to CH3 carbon at 24 ppm 
and carbonyl carbon representing acetate functionality at 180 ppm were observed in 
the 13C-NMR spectrum of SCTA. FTIR spectrum of SCTH showed an asymmetrical 
and a symmetrical NH+3 bending at 1633 cm-1 and 1519 cm-1, respectively. The peaks 
were associated with a hydrochloride salt of amino acid. Angle of repose, Hausner 
ratio, and Carr’s index of both salts indicated that they possessed poor flowability. 
Theophylline granules using both salts as binders at all concentrations performed a 
good flowability and the granule strength was closed to that of the granules using PVP 
K30 as binder. Friability and hardness of theophylline tablets using both salts as 
binders, especially at high concentrations, were closed to those of the tablets using 
PVP K30 as a binder. The disintegration time all tablets using both salts was more 
than 3 h whereas that of the tablets using PVP K30 was around 3 min. The release of 
theophylline from the tablets using both salts at concentrations of 3% dry weight was 
about 100% within 24 h (Figure 1). It was concluded that the simple incorporation of 
both salts as tablet binders could give rise to controlled drug delivery systems 
exhibiting sustained drug release. 



Figure 1. Drug release profiles of theophylline in distilled water from the tablets using 
(a) SCTA and (b) SCTH as binders at 1, 2 and 3% w/w in comparison with those 
using PVP K30, 2% w/w (n=6).
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