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ABSTRACT

ypothesis: In recent years, scientists and researchers have been looking for
Hnew and advanced materials for use in various fields, including drug delivery
and biotechnology. One of the attractive materials that has been considered
in this field is chitosan-based bionanocomposite hydrogel beads. Chitosan-based
bionanocomposite hydrogel beads have attracted attention as carriers in drug delivery
systems due to their inherent properties such as excellent biocompatibility, high
swelling, and high storage capacities.
Methods: First graphene quantum dots (GQDs) were prepared by the pyrolysis
method, and then their magnetic properties were obtained using iron nanoparticles
(MGQD). Next they were coated with chitosan hydrogel (CS-MGQD) and finally
loaded with methotrexate (MTX/CS-MGQD). This unique combination of the
properties of chitosan hydrogel, the magnetic properties of graphene quantum dots,
and the ability to adjust drug release has been able to create an important milestone in
the field of drug delivery research and the compatibility of drugs with the biological
environment. Through various analyses, including FTIR to analyze the spectra of the
functional groups, XRD to identify the crystal structure, and SEM to examine the
hydrogel beads, morphology of the samples, the success of the synthesis and formation of the desired
compound was confirmed.
Findings: The fabricated CS and CS-MGQD hydrogel beads were loaded with about
magnetic graphene 84% and 64% MTX, respectively. The results of the swelling behavior and drug
quantum dot, release behavior showed that the hydrogel beads experience pH-dependent swelling
: and release of MTX. In addition, investigating the effect of MGQD concentration on
drug delivery swelling behavior and drug release showed that CS-MGQD has favorable stability and
controllable drug release in an acid environment. Also, the Weibull kinetic model was
found to be the best-fitting model for the release of MTX from CS-MGQD at pH 5.
These findings suggest that the prepared magnetic bionanocomposite hydrogel beads
have a good potential for pH-sensitive implantable drug delivery in the treatment of
cancerous tissue.
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Fig. 7. Drug release behavior of MTX/CS and MTX/CS-MGQD.

120
pH=5 -+ MTX/CS -e- MTX/CS-MGQD

100
=~ 80
e
£ 601
=
.20
= 40

201

0 5 10 15 20 25 30 35 40 45 50
Time (h)

MTX/CS-MGQD s MTX/CS (sladis,dks oy s —F IS

pH: O L
Fig. 6. Degradation behavior of MTX/CS and MTX/CS-
MGQD at pH 5.

55 MTX/CS 51 MTX ilay s o ool S350 03580
Sl Ll boaslis s PH=V/Y) (055558 glalass
MTX/CS o5 50alS 56 51 515 5L iola, s 550 5 (pH=D)
Jdis & Olgie | MTX/CS-MGQD o 5uelS 56 4 o
5 b3S Lad e MTX/CS 3 500lS 56 53 55 5l 6,138 50
S A (Sl gl Glad gl 53 CS (sl >«
03 S se | 05,5 el 058l s e QLIS 1y 5yls yilay
ST s gl Ll s (90 L pKa i L) CS
Loojsa) 25 g0 e oo S DS 5 5 a8 5,8 e B
L] (sl Jas o Sl s gzl oo 5L 5 Aol pH @ 4 5
b 53 2 5o OS5l b by e onl 05
sdlid 28 Shala,y s, s adsl bl ulay ( oLG 5 s
Sila et Sladllas b men s 0L |y el cnl 51 s
sl il lay gl 8l S-ole iS sbaalele 31 50
O b oasdlles pl (Ao e SRR AR PSS
Sty 5ol A ol Ol 28 a3 D356 03558 e
sdad 1S Julay Slyd gl 0553l Lol OLis pH=0 3 )l
OIS0 555 n Palsdl o Ol oo 1y oo dy A sdalie )ls
a8 s DS (S paky Slanis 2wl glaey S
PH=V/T Ll 5 53 [¥F] 508 o0 omie oo Lol 352 1158
sl DLy sl Gl Lila, slals sel ey s pelS it
05,835dows 5 55l b s e Sl 55l se 0l BBl 4 ol
Sl Sl (PH=VY) Oh (Sidpd ko 5 b

VEY OUT- o & o )Losh sty ww JUus rask 5391935 5 ke spale Alzo &y



e ObwgiaS— ublise (3155 509198 Alois s jorels gilicaums ) 3934 (SLAAIS 3 3 LS 9 jiiuw

Table 1. The results of drug release kinetics.
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