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A B S T R A C T   

Response surface methodology was successfully utilized to optimize the amounts of carboxymethyl cellulose 
(CMC) and gum Arab (GA) to fabricate hydrogel beads for the delivery of anticancer drugs. Drug encapsulation 
efficiency process (%DEE) and cumulative release (%R8h) of hydrogel beads were investigated with different 
amounts of CMC and GA with Fe (III) cross-linker. The numerical validation resulted in an optimized nano-
composite of CMC (99.61 mg) and GA (77.84 mg) with a DEE of 55.70 ± 2.15 % and R8h of 44.78 ± 0.27 %. The 
characterization approaches indicated the successful formation of this nanocomposite. The swelling behavior of 
the beads was triggered by pH change, and the drug release profile showed prolonged sustainable release that 
followed the Higuchi model with a non-Fickian mechanism. This nanocomposite could be a promising nano-
carrier for drug loading and its controlled delivery.   

1. Introduction 

The drug nanocarriers with a stimulus-responsive character is 
important in medical investigation, due to their drug controllable- 
release rate, enhanced therapeutic effectiveness and increased safety 
for cancer therapy [1–4]. For anticancer drug delivery, stimulus- 
responsive hydrogel is a perfect nanocarrier choice in terms of 
biocompatibility, biodegradability, non-toxicity, high water uptake, and 
strong mechanical properties. Specifically, these properties arise from 
the polymeric structures that form the three-dimensional (3D) nano-
composite matrix through a physical or chemical cross-linker [5,6]. 
These hydrogels could be prepared through various techniques, such as 
the ionotropic gelation technique [7–9], which has several advantages 

over conventional solution techniques, including reduction of organic 
solvents usage, dose frequency reduction, and enhanced therapeutic 
efficiency [8,10]. 

Natural polymer-based stimuli response hydrogel earns more 
consideration than a synthetic ones, most porbably due to the drug- 
controlled manners in various environmental conditions, such as tem-
perature and pH [11–15]. For example, alginate and carboxymethyl 
cellulose have been utilized in the drug delivery approach [16–18]. 
Nevertheless, some drawbacks result from such natural delivery sys-
tems, including weak mechanical properties and drug bursting during 
delivery, which cause rapid degradation and uncontrollable release. 
Moreover, using chemical cross-linkers may add a toxic issue to the 
matrix system, which unfavorably affects the drug release process 

Abbreviations: 5-FU, 5-Fluorouracil; CMC, carboxymethyl cellulose; GA, Gum Arab; FTIR, Fourier-transform infrared; XRD, X-ray diffraction; SEM, Scanning 
electron microscopy; CCD, Central composite design; DI, Deionized water; RSM, Response surface methodology; OFAT, One factor at a time; DEE, Drug encapsulation 
efficiency; DoE, Design of Expert; ANOVA, Analysis of Variance; HGB, Hydrogel beads; UV–Vis, Ultraviolet–visible; R8h, Drug release after 8h; R2, The coefficient of 
correlation; ICH, International conference on harmonization; HG-O, Hydrogel beads – optimized. 
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