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Green synthesis of AgNPs using spent coffee grounds extract

for drug delivery applications based on hydrogel beads
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Abstract

In the context of oral drug administration, it is generally understood that
pharmaceuticals reside in the stomach for approximately 1 to 2 hours before their
absorption in the small intestine. To address the challenges associated with drug loss
within the gastric milieu and to enhance the delivery efficacy to the small intestine,
this research focused on the synthesis of pH-responsive hydrogel nanocomposite
beads, designated as HB-AgNPs, specifically designed for drug delivery within the
gastrointestinal tract. The base polymers utilized in this synthesis were sodium
Alginate (SA) and carboxymethyl cellulose (CMC), with embedded silver nanoparticles
(AgNPs), which were synthesized through a green synthesis approach by using spent
coffee ground extract as a bioreducing agent. The findings indicated that the optimal
SA:CMC ratio of 1:1 by weight per volume. Specifically, this ratio demonstrated a
maximum swelling value of 1,795.97 + 315.42, coupled with the best stability in
alkaline environments. In relation to the synthesis of AgNPs, it was observed that
increasing the concentration of silver nitrate (AgNO3) from 50 mM to 200 mM resulted
in a proportional increase in AgNPs yield, with the optimal reaction time determined
to be 1 hours. Fourier-transform infrared spectroscopy (FT-IR) analysis confirmed the
physical interactions between the synthesized AgNPs and the polymer matrix.
Notably, the HB-AgNPs-150 formulation exhibited a remarkably higher rate of active
compound release at pH 7.4 and pH 1.2 compared to HB-AgNPs-0, suggesting that the
incorporation of AgNPs within the polymer matrix substantially facilitated the release
of active compounds under basic conditions. Nevertheless, the cumulative release

profiles of phenolic compounds in simulated gastrointestinal pH conditions indicated



that both HB-AgNPs-150 and HB-AgNPs-0 underwent rapid degradation, with
degradation occurring within 2.5 hours and 3 hours, respectively. Despite this, both
formulations demonstrated pH-responsive behavior, indicating potential applicability
for the targeted delivery of active ingredients to the small intestine. However, further
efforts are needed to enhance the stability of the nanocomposite hydrogel beads,

which remain a significant challenge for future research initiatives.



