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ABSTRACT

Research subject: This study focuses on the development and evaluation of mucoadhesive nanoparticles containing midazolam, formulated using a
polymer blend of carbomer 934P (Cb) and hydroxypropyl methylcellulose (HPMC) for pediatric epilepsy treatment. Epilepsy, being one of the most
prevalent neurological disorders in children, necessitates advanced drug delivery systems to enhance therapeutic outcomes.

Research approach: This study employed the emulsion-solvent evaporation technique to develop mucoadhesive nanoparticles using a polymer blend
of Cb and HPMC. The formulation parameters were systematically optimized to achieve the desired physicochemical properties. Comprehensive
characterization was performed, including evaluation of particle morphology, size distribution, zeta potential, drug encapsulation efficiency, and loading
capacity. Functional properties such as swelling behavior in physiological conditions, mucoadhesive strength, and in vitro drug release profile were
thoroughly investigated to ensure optimal performance for pediatric epilepsy treatment.

Main results: Results of the evaluation of mucoadhesive nanoparticles containing midazolam demonstrated that the optimized formulation with a 2%
Cb and 1% HPMC ratio exhibited an ideal nanostructure with an average size of 661 nm and uniform size distribution (PDI of 0.25). The drug delivery
system showed excellent drug loading capacity with 60% encapsulation efficiency and 27% drug loading. Functional characterization revealed
remarkable swelling capacity (up to 750%) under physiological conditions and significant mucoadhesive strength (8560 N/m2). Drug release studies
demonstrated a controlled and sustained release pattern over 4 hours. Scanning electron microscopy (SEM) images confirmed the spherical and uniform
morphology of the nanoparticles. These unique characteristics make the developed drug delivery system an outstanding candidate for pediatric epilepsy
treatment, as it both prolongs drug effect through enhanced mucosal contact time and improves treatment compliance by reducing dosing frequency via
controlled release properties.
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Figure 1 The schematic diagram of the method used to measure
the concentration of drug released from the mucosa
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Table 1 Composition of mucoadhesive nanoparticles

Samples Cb(mg) HFm'\g)C Drug(mg)
H2C1 16.66 33.33 25
HiC1 25 25 25
HiC2 33.33 16.66 25
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Table 2 Production yield, EE, and LC in mucoadhesive
nanoparticles

samples P};‘;ﬂ;"g%” EE (%) LC (%)
H.C: | 85664352 | 4100:0.04 | 16.00+L60
HiCi | 8133348 | 47.00:002 | 19.00+0.94
HiC: | 74004720 | 60.000.03 55.1042.7
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Table 3 Size of mucoadhesive nanoparticles
Samples Particles size(nm) Pdl
H2C1 293.6 0.12
HiCs 416.3 0.21
HiCz 661 0.25
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Table 4 Results of fitting H1C, nanoparticle release data with experimental models

Higuchi Peppas-Sahlin Peppas-Krosmeyer
AIC r2 k AIC r2 m ko k1 AIC r? n k
51.990 0.9595 | 4.843 | 21.5049 | 0.9990 | 0.534 | 0.103 | 2.494 | 23.3711 | 0.9985 | 0.720 | 1.586
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Figure 2 Average size diagrams of mucoadhesive nanoparticles

a @H2C1I  ©@HICI  @HIC2 b —+—H2Cl —+HICl -=HIC2 C ——H2C1 ——HICl ——HIC2
7 1200 100
= %
6 1000 T g
5 e
Z 800 £
4 g @
Z 5 E’ 600 g 50
£ P
2 & 400 £ 30
=
1 200 g 0
g 10
0 - 0 S,
120 0 50 100 150 200 250 30 0 50 100 150 200 250
Time (min) Time (min) Time (min)
5 —+—H2C1 ——HIC] ——HIC2
10000
120
9000 =
o~
3
:‘E 000 T 100
-z:’ 7000 g 80
8 6000 o
: R
£ s000 =
c o
% 4000 = 40
o =
£ 3000 =
3 . E 20
2 g,
1000 o > >
e HicL e 0 50 100 150 200 50 300
Time (min)

300

gH1C1 H2C1 )30 51 5 1o crazs Giule, (B g (Siewz (59,5 (0 conlsdinnds (55,00 duo 0 (€ op g5 doyo (0 PH Ol yoss (B slologes ¥ &

HiC2

Figure 3 Graphs of (a) pH changes, (b) swelling percentage, (c) percentage of eluted drug, (d) adhesive force, and (e) cumulative drug release

from H2C1, HiCy, and HiCz nanoparticles
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Figure 4 Characterization of HiCz nanoparticles: (a) FE-SEM micrographs showing nanoparticle morphology at two magnifications (5,000x and
70,000x); (b) XRD patterns comparing crystalline midazolam with drug-free H:C2 nanoparticles and drug-loaded HiCz nanoparticles; (c) DSC
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ey S Ve il ()3 L ulad (90 (@) eg S Vv i bie ()35 L ulad o () 1aisS blre (s3edgiliginn gl & SIS
Figure 5 Histopathological images of buccal mucosa: (a) treated, scale bars: 1000 um. (b) no treat, scale bars: 1000 um
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