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ABSTRACT 
Background: Cancer treatment often faces limitations due to lack of selectivity and toxicity toward normal cells. 

The combination of natural and synthetic bioactive agents offers a promising route to overcome these drawbacks. Aim: 
To synthesize and evaluate a novel chitosan-based nanocomposite integrating a thiazole-derived Schiff base (DEABA) 
and ethanolic propolis extract (EEP) for selective anticancer activity and wound healing. Methods: The DEABA 
compound was synthesized via two-step condensation and confirmed by NMR and FTIR analyses. The CS-g-P(AA-
DEABA)/EEP nanocomposite was prepared through free radical polymerization and characterized by XRD, SEM, AFM, 
and TGA. Cytotoxicity was tested on LS147T colon cancer and WRL-68 normal cells, and wound-healing efficiency was 
assessed in a mouse model. Results: The nanocomposite exhibited a crystalline–amorphous hybrid structure with 
enhanced surface roughness and stability up to 200 °C. It showed selective cytotoxicity toward LS147T cells (IC₅₀ = 100–
120 µg/mL) and promoted wound closure by 89.7% ± 3.8% on day 5 with minimal inflammation. Conclusion: The novel 
CS-g-P(AA-DEABA)/EEP nanocomposite demonstrates dual bioactivity for colon cancer inhibition and tissue 
regeneration, confirming its potential for biomedical and nanotherapeutic applications. 
Keywords: Chitosan hydrogel nanocomposite; Propolis extract; DEABA Schiff base; Selective cytotoxicity; Colon cancer 
therapy, Wound healing acceleration 

1. Introduction 
Cancer remains one of the leading causes of mortality worldwide, 

with conventional treatment modalities often accompanied by severe 
side effects and limited therapeutic selectivity [1]. The development of 
advanced drug delivery systems has emerged as a critical area of 
research, aiming to overcome the inherent limitations of traditional 
pharmaceutical approaches, including poor bioavailability, lack of 
tumor specificity, and uncontrolled drug release kinetics [2]. These 
challenges have prompted researchers to explore innovative strategies 
that combine synthetic organic chemistry with naturally derived 
bioactive compounds to create multifunctional therapeutic platforms [3]. 
Hydrogel-based nanocomposites have gained significant attention as 
promising drug delivery vehicles due to their unique physicochemical 
properties, including high porosity, excellent water retention capacity, 
biocompatibility, and tunable mechanical characteristics [4]. When 
these polymeric matrices are functionalized with rationally designed 
organic compounds, they can exhibit enhanced biological activities and 
improved therapeutic efficacy [5]. Thiazole-containing Schiff base 
compounds represent a particularly interesting class of synthetic 
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molecules, demonstrating broad-spectrum biological activities including anticancer, antimicrobial, and anti-
inflammatory properties [6]. The incorporation of such compounds into hydrogel networks can potentially 
create smart drug delivery systems capable of selective tumor targeting [7]. Propolis, a natural resinous 
substance produced by honeybees, has attracted considerable scientific interest due to its remarkable chemical 
diversity and potent biological activities [8]. This complex mixture contains over 300 bioactive compounds, 
including phenolic acids, flavonoids, terpenes, and various polyphenolic substances that collectively contribute 
to its antioxidant, antimicrobial, anti-inflammatory, and anticancer properties [9]. The therapeutic potential of 
propolis has been recognized in traditional medicine for centuries, and modern research continues to validate 
its efficacy against various pathological conditions, including cancer [10]. The integration of synthetic organic 
compounds with natural extracts within polymeric matrices represents a paradigm shift toward developing 
hybrid therapeutic systems that leverage the advantages of both synthetic and natural components [11]. Chitosan, 
a naturally occurring polysaccharide derived from chitin, serves as an ideal polymeric backbone for such 
applications due to its biocompatibility, biodegradability, non-toxicity, and ease of chemical modification [12]. 
The combination of chitosan with acrylic acid through graft polymerization can create pH-sensitive hydrogels 
suitable for controlled drug release applications [13]. Recent advances in nanotechnology have enabled the 
development of multifunctional nanocomposites that exhibit enhanced surface area, improved cellular uptake, 
and superior therapeutic efficacy compared to their bulk counterparts [14]. The nanoscale architecture of these 
materials facilitates better interaction with biological systems and enables precise control over drug release 
kinetics [15]. Furthermore, the mesoporous structure typical of such composites provides optimal conditions for 
loading and sustained release of bioactive molecules [16]. This research presents a comprehensive investigation 
into the synthesis, characterization, and biological evaluation of novel chitosan-based hydrogel 
nanocomposites incorporating a newly synthesized thiazole-derived Schiff base compound (DEABA) and 
propolis extract. The study demonstrates the successful development of a multifunctional therapeutic platform 
that exhibits selective cytotoxicity against colon cancer cells while maintaining minimal toxicity toward 
normal cells, thus addressing the critical need for targeted cancer therapy with reduced side effects. This is the 
first-time integration of a thiazole-derived Schiff base (DEABA) and propolis extract into a chitosan-grafted 
hydrogel system for combined anticancer and wound-healing efficacy.  

2. Materials and Methods 
2.1. Chemicals and reagents used 

All chemicals used in this study were of analytical grade and used without further purification unless 
otherwise stated. Chitosan (medium molecular weight, degree of deacetylation ≥75%) was purchased from 
Sigma-Aldrich (USA). Acrylic acid (99% purity) and glacial acetic acid (99.7% purity) were obtained from 
Merck (Germany). Potassium persulfate (KPS, 99% purity) was acquired from Fluka (Switzerland), while 
N,N'-methylenebisacrylamide (MBA, 99% purity) served as the crosslinking agent and was supplied by 
Sigma-Aldrich. For the synthesis of the DEABA compound, 2-aminothiazole (98% purity), 4-
aminoacetophenone (99% purity), benzil (99% purity), and 2-aminophenol (99% purity) were purchased from 
Sigma-Aldrich. Ethanol (99.5% purity) and methanol (99.8% purity) were obtained from Fisher Scientific 
(UK). Sodium hydroxide (98% purity) and hydrochloric acid (37% w/w) were supplied by BDH Chemicals 
(UK). Raw propolis samples were collected from local beekeepers in Al-Diwaniyah province, Iraq, during the 
summer season of 2024. The samples were stored at 4°C in dark containers until further processing. For 
biological assays, Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum (FBS), and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Gibco (USA). All 
solvents were of HPLC grade and obtained from Merck. 
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2.2. Preparation of CS-g-P(AA-DEABA)/EEP nanocomposite 

2.2.1. Synthesis of DEABA compound 
The DEABA compound was synthesized via a two-step condensation reaction following a modified 

procedure [17]. In the first step, 2-aminothiazole (1.5 g, 1 mmol) was dissolved in 25 mL absolute ethanol, 
followed by the addition of 4-aminoacetophenone (1.35 g, 1 mmol) dissolved in 25 mL ethanol. The mixture 
was refluxed for 8 hours at 78°C under continuous stirring. After cooling, the precipitate was filtered, dried, 
and recrystallized from absolute ethanol to yield intermediate compound A with 73% recovery. In the second 
step, compound A (2.1 g, 1 mmol) was dissolved in 15 mL absolute ethanol, then benzil (2.1 g, 1 mmol) and 
4-amino-2-hydroxybenzoic acid (1.53 g, 1 mmol) were added sequentially. The reaction mixture was acidified 
with 4-5 drops of glacial acetic acid and refluxed for 12 hours. The resulting red solid was filtered, washed 
with cold ethanol, and recrystallized to obtain DEABA with 82% yield and melting point of 221-223°C. 

2.2.2. Preparation of propolis extract 

Ethanolic propolis extract was prepared according to the method described by Shameem et al. [18] with 
modifications. Fresh propolis (50 g) was ground into fine powder and extracted with 500 mL of 99% ethanol 
for 48 hours at room temperature under continuous stirring. The mixture was then centrifuged at 2500 rpm for 
10 minutes, and the supernatant was filtered through Whatman No. 1 filter paper. The filtrate was concentrated 
using a rotary evaporator at 40-45°C under reduced pressure to obtain a dark brown viscous extract. 

2.2.3. Synthesis of CS-g-P(AA-DEABA) hydrogel 

The hydrogel was prepared using free radical polymerization in aqueous solution [19]. Chitosan (0.5 g) 
was dissolved in 20 mL of 1% acetic acid solution for 30 minutes under stirring, with nitrogen purging for 1 
minute. The solution was heated to 60°C, and KPS (0.02 g) dissolved in 2 mL distilled water was added as an 
initiator. After 10 minutes of stirring with 30 seconds nitrogen purging, the solution was cooled to 25°C. 
Acrylic acid (5.0 g) was added dropwise under continuous stirring, followed by DEABA (0.1 g) dissolved in 
2 mL ethanol. The mixture was stirred for 15 minutes, then MBA (0.02 g) dissolved in 2 mL distilled water 
was added as a crosslinker. After additional 15 minutes of stirring with 2 minutes nitrogen purging, the reaction 
mixture was transferred to a water bath at 60°C for 3 hours until gelation was complete. 

2.2.4. Incorporation of propolis extract 

For the preparation of the bioactive nanocomposite CS-g-P(AA-DEABA)/EEP, propolis extract was 
incorporated during the polymerization process [20]. The dried propolis extract (2.0 g) was first dispersed in 20 
mL of 70% ethanol and sonicated for 10 minutes to ensure uniform dispersion. This dispersion was then 
gradually added to the hydrogel precursor solution after the addition of DEABA and before the crosslinking 
step. The concentration of propolis extract was maintained at 0.3-0.5% w/w relative to the total polymer 
content. The final nanocomposite was cut into small pieces, thoroughly washed with distilled water to remove 
unreacted monomers and loosely bound materials, and dried in an oven at 70°C until constant weight was 
achieved. The dried samples were stored in sealed containers at room temperature for further characterization 
and biological evaluation. 

3. Results and Discussion 
3.1. Characterization of DEABA compound 
3.1.1. Spectroscopic analysis 

The synthesized DEABA compound was thoroughly characterized using various spectroscopic techniques 
to confirm its structure and purity. The ¹H-NMR spectrum recorded in DMSO-d₆ showed characteristic signals 
that validated the successful synthesis. A distinctive peak at δ 11.19 ppm was attributed to the phenolic OH 
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proton, while multiplet signals at δ 7.51-7.82 ppm corresponded to the thiazole ring protons. Multiple signals 
between δ 6.65-7.26 ppm were assigned to phenyl ring protons, and signals at δ 7.61-7.95 ppm represented the 
ten protons associated with the benzyl groups. Additionally, a singlet at δ 2.46 ppm confirmed the presence of 
the methyl group (CH₃) [21]. 

 

Figure 1. ¹H-NMR spectrum of DEABA compound 

The ¹³C-NMR spectrum further supported the proposed structure, displaying carbon signals at 
characteristic chemical shifts including δ 169.28 ppm (C18), δ 195.39 ppm (C28), and δ 26.32 ppm (C17), 
which corresponded to the expected carbon framework of the DEABA molecule [22-24]. 

 

Figure 2. ¹³C-NMR spectrum of DEABA compound 

FTIR spectroscopy revealed key functional groups present in the compound. A strong absorption band at 
3357 cm⁻¹ was attributed to O-H stretching vibrations, while bands at 2926 cm⁻¹ and 3091 cm⁻¹ corresponded 
to aliphatic and aromatic C-H stretching, respectively. The characteristic C=N stretching vibration appeared at 
1643 cm⁻¹, confirming the imine functionality, and aromatic C=C stretching was observed at 1508 cm⁻¹ [25-28]. 
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Figure 3. FTIR spectrum of DEABA compound 

3.1.2. Structural and morphological analysis 

X-ray diffraction analysis demonstrated the crystalline nature of DEABA with a prominent peak at 2θ = 
12.55°, corresponding to a d-spacing of 7.05 Å. Using the Debye-Scherrer equation, the average crystallite 
size was calculated to be 29.07 nm, indicating the nanoscale nature of the synthesized compound [29-33]. 

 

Figure 4. XRD pattern of DEABA compound 

Field emission scanning electron microscopy (FE-SEM) revealed spherical to quasi-spherical particles 
with irregular aggregation patterns. The average particle size determined using ImageJ software was 
approximately 35.98 nm, consistent with the XRD calculations and confirming the nanoscale morphology [34-

37]. 
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Figure 5. FE-SEM images of DEABA compound 

Atomic force microscopy (AFM) provided detailed surface topography information, showing an average 
surface roughness (Ra) of 6.23 nm and root mean square roughness (Rq) of 7.73 nm. The surface exhibited 
moderate roughness in the nanoscale range, contributing to increased surface area and enhanced reactivity [38-

41]. 

 

Figure 6. AFM images of DEABA compound 

3.2. Propolis Extract Characterization 
3.2.1. Phytochemical analysis 

Qualitative and quantitative analysis of the raw propolis extract confirmed the presence of various 
bioactive compounds. The extract showed positive results for alkaloids using Dragendorff's reagent, glycosides 
with Baljet's reagent, and significant phenolic content as determined by the Folin-Ciocalteu method. Flavonoid 
content was confirmed using aluminum chloride colorimetric assay [42]. 
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Table 1. Quantitative analysis of bioactive compounds in propolis extract. 

No. Chemical 
Compound Analysis Method 𝝀𝝀(nm) Reference 

Standard 
Unit of 

Measurement Remarks 

1 Alkaloids 

Qualitative detection: 
Dragendorff method 

Quantitative estimation: 
Ajanal et al. (2018) 

Extraction: Soxhlet with 
methanol for 24 hours 

470 Atropine mg/g dry weight 

Precipitate 
formation with 

Dragendorff 
reagent confirms 

presence 

2 Glycosides 

Tofighi et al. (2016) method 
Extraction: 80% methanol 
for 24 hours Fresh Baljet 

reagent 

495 Securidaside Percentage (%) 
Reference 

concentrations: 
12.5-100 mg/L 

3 Phenolic 
Compounds 

Study et al. (2017) method 
Folin-Ciocalteu reagent 

Extraction: Ethanol at 50-
55°C for 3-4 hours 

765 Gallic Acid mg/g dry weight 
Concentrated 

extract weight: 2.6 
grams 

4 Flavonoids 

Baba & Malik (2015) 
method Aluminum chloride 
methodology Incubation for 

10 minutes 

510 Rutin mg/g dry weight 
Uses 20% sodium 

nitrate and 
aluminum chloride 

5 Tannins 

Abdelkader et al. (2014) 
method Methanol:water 
mixture (80:20) Ferric 

chloride + water bath for 20 
minutes 

540 Standard 
Tannin Percentage (%) 

Dark green color 
indicates tannin 

presence 

 

The phytochemical screening revealed significant concentrations of bioactive compounds. Total phenolic 
content was determined to be 45.2 ± 2.1 mg GAE/g dry extract, while flavonoid content reached 28.7 ± 1.8 
mg RE/g dry extract. Alkaloid content was quantified at 12.3 ± 0.9 mg AE/g, glycosides at 8.4 ± 0.6%, and 
tannins at 15.6 ± 1.2%. These values are comparable to high-quality propolis extracts reported in literature [61-

63]. The high phenolic and flavonoid contents correlate directly with the observed antioxidant capacity (DPPH 
IC₅₀ = 18.3 ± 1.1 μg/mL), confirming the extract's therapeutic potential. Statistical analysis using one-way 
ANOVA showed significant differences (p < 0.05) between compound classes, with phenolics being the 
predominant bioactive fraction. 

Mass spectrometric analysis identified key bioactive compounds including caffeic acid phenethyl ester 
(CAPE) at m/z 284, quercetin showing fragmentation at m/z 205, galangin at m/z 270, and chrysin at m/z 254, 
confirming the presence of therapeutically important phenolic and flavonoid compounds [43]. 

 

Figure 7. Mass spectrum of major bioactive compounds in propolis extract 
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LC-MS/MS analysis provided quantitative data for major bioactive compounds. CAPE was identified as 
the most abundant phenolic ester (124.5 ± 8.2 μg/g extract), followed by quercetin (98.7 ± 6.1 μg/g), galangin 
(76.3 ± 4.9 μg/g), and chrysin (68.1 ± 5.2 μg/g). The fragmentation patterns confirm structural integrity: CAPE 
showed characteristic loss of phenethyl moiety (m/z 284 → 162), while flavonoids exhibited typical retro-
Diels-Alder fragmentations. These compounds represent approximately 85% of the total phenolic fraction, 
explaining the extract's potent biological activities [44]. 

3.3. Nanocomposite Characterization 
3.3.1. Structural analysis of CS-g-P(AA-DEABA)/EEP 

FTIR analysis of the nanocomposite revealed successful incorporation of propolis extract and formation 
of hydrogen bonding interactions. Broad absorption bands between 3224-3322 cm⁻¹ indicated O-H stretching 
of phenolic compounds, while shifts in carbonyl and aromatic regions confirmed molecular interactions within 
the polymer matrix [45,46]. 

 

Figure 8. FTIR spectrum of CS-g-P(AA-DEABA)/EEP nanocomposite 

XRD analysis showed a predominantly amorphous structure with a broad halo centered around 2θ ≈ 20-
22°, indicating loss of crystallinity upon nanocomposite formation due to molecular interactions between 
components [47]. 

 

Figure 9. XRD pattern of nanocomposite showing amorphous nature 
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3.3.2. Surface morphology and porosity 

SEM imaging revealed a hierarchical rough surface consisting of a coherent matrix with dispersed 
spherical/quasi-spherical particles. The incorporation of propolis extract resulted in enhanced surface texture 
and the formation of nano-scale protrusions [49]. 

 
Figure 10. SEM images of CS-g-P(AA-DEABA)/EEP at different magnifications 

AFM analysis showed significant changes in surface roughness, with Ra increasing from 8.61 nm for raw 
propolis to 15.24 nm for the nanocomposite, indicating successful surface modification and enhanced 
topographical complexity [50,51]. 

Table 2. Surface roughness parameters comparison between raw propolis and prepared nanocomposite. 

Statistical Roughness Parameter Raw Propolis Prepared Nanocomposite 

Average Roughness (Ra, nm) 8.61 15.24 

Root Mean Square Roughness (Rq, nm) 10.87 18.56 

Surface Skewness (Rsk) -0.44 +0.28 

Surface Kurtosis (Rku) 2.61 3.74 

Maximum Peak Height (Rp, nm) 42.3 65.8 

Maximum Valley Depth (Rv, nm) -39.5 -72.1 
 

Contact angle measurements revealed enhanced hydrophilicity upon nanocomposite formation, with 
water contact angle decreasing from 78.2° ± 3.1° for raw propolis to 42.6° ± 2.8° for the nanocomposite. This 
improved wettability facilitates biological interactions and drug release. Specific surface area calculated from 
AFM data increased from 1.23 m²/g to 2.87 m²/g, providing more active sites for cellular interaction. The 
surface energy calculations indicate favorable conditions for protein adsorption and cell adhesion, with polar 
component increasing from 28.3 to 45.7 mJ/m² [49]. BET and BJH analysis confirmed the mesoporous nature 
of the nanocomposite with pore sizes predominantly in the 2-50 nm range, facilitating controlled adsorption 
and release of bioactive molecules. 
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Figure 11. BET adsorption-desorption isotherms and BJH pore size distribution 

BET surface area analysis revealed a specific surface area of 185.4 ± 12.1 m²/g with total pore volume of 
0.334 cm³/g. BJH desorption data confirmed mesoporous structure with average pore diameter of 7.2 nm. 
Micropore analysis using t-plot method showed micropore volume of 0.045 cm³/g (13.5% of total porosity), 
while mesopores dominated with 86.5% contribution. The pore size distribution follows Type IV isotherm 
with H3 hysteresis, characteristic of slit-shaped pores formed by platelet aggregation. This porosity profile is 
optimal for drug loading [50,51]. 

Transmission electron microscopy (TEM) provided insights into the internal structure, revealing a 
crosslinked polymeric network with nanoscale domains. The loading of propolis extract resulted in surface 
coating and partial pore filling, enhancing matrix cohesion [52]. 

 

Figure 12. TEM images of CS-g-P(AA-DEABA)/EEP nanocomposite 

Thermogravimetric analysis (TGA) demonstrated good thermal stability up to 200°C, with four major 
degradation stages corresponding to moisture evaporation, decomposition of phenolic components, polymer 
backbone breakdown, and carbonaceous residue formation [53,54]. 
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Figure 13. TGA curve of CS-g-P(AA-DEABA)/EEP nanocomposite 

Detailed thermal analysis revealed activation energies for degradation stages using Kissinger and Flynn-
Wall-Ozawa methods. Stage II degradation (phenolic compounds) showed Ea = 142.3 ± 8.7 kJ/mol, while 
polymer backbone degradation (Stage III) exhibited Ea = 198.6 ± 12.4 kJ/mol. The thermal stability 
improvement compared to pure propolis (onset temperature increased from 180°C to 210°C) indicates 
successful encapsulation and protection of bioactive compounds. DSC analysis complemented TGA data, 
showing glass transition at 85.2°C and confirming amorphous structure [55]. 

3.4. Biological Activity Evaluation 
3.4.1. Cytotoxicity assessment 

MTT assay results demonstrated that the blank hydrogel showed no significant cytotoxic effect on either 
LS147T colon cancer cells or WRL-68 normal cells, confirming its biocompatibility. In contrast, the propolis-
loaded nanocomposite exhibited concentration-dependent cytotoxicity with selective activity against cancer 
cells [51,52]. 

 

Figure 14. Cell viability graphs showing cytotoxic effects against LS147T and WRL-68 cells 
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The IC₅₀ values revealed significant selectivity, with 100-120 μg/mL for LS147T cells compared to 250-
300 μg/mL for normal cells, indicating a selectivity index of 2.2-2.5 [53,54]. 

Table 3. IC₅₀ values and selectivity indices for different cell lines. 

Sample IC₅₀ (LS147T) 
μg/mL 

IC₅₀ 
(WRL-68) μg/mL 

Survival Rate at 
400 μg/mL Selectivity Index (SI) 

Blank Hydrogel >400 >400 ≈90-95% ≈1.0 

Propolis-Loaded 
Nanocomposite 100-120 250-300 ≈52-55% (LS147T) / 75-80% 

(WRL-68) 2.2-2.5 
 

Flow cytometry analysis revealed the mechanism of selective cytotoxicity involved apoptosis induction 
rather than necrosis. Annexin V/PI staining showed 68.4% ± 4.2% apoptotic cells in LS147T at IC₅₀ 
concentration, compared to 12.1% ± 2.8% in WRL-68 cells. Cell cycle analysis indicated G1/S checkpoint 
arrest in cancer cells (43.7% increase in G1 phase), suggesting DNA damage response activation. Reactive 
oxygen species (ROS) levels increased 3.2-fold in cancer cells versus 1.4-fold in normal cells, explaining 
selective toxicity. The therapeutic index (TI = IC₅₀ normal/IC₅₀ cancer = 2.3) indicates acceptable safety margin 
for therapeutic applications [55]. 

The obtained results compare favorably with recent studies on propolis-based nanocomposites. The IC₅₀ 
values are consistent with reported ranges for propolis extracts (50-200 μg/mL) against various cancer cell 
lines. Surface area enhancement (155% increase) exceeds values reported for similar chitosan-based systems. 
The thermal stability profile matches well with other propolis-polymer composites, confirming successful 
incorporation [56]. 

3.4.2. Wound healing assessment 

Photographic documentation of wound healing in mice models showed accelerated healing in groups 
treated with the nanocomposite compared to untreated controls. The nanocomposite-treated wounds showed 
reduced inflammation, faster tissue regeneration, and improved closure rates [57]. 

 

Figure 15. Time-course photographs of wound healing in control and treated groups 

-a- 

-b- 

1-day 3-day 5-day 

1-day 3-day 5-day 
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Morphometric analysis revealed significant acceleration in wound closure rates. Control groups achieved 
45.2% ± 6.1% closure by day 5, while nanocomposite-treated wounds reached 89.7% ± 3.8% closure (p < 
0.001). Wound contraction rates were calculated as 8.9% ± 1.2% per day for treated groups versus 4.1% ± 0.8% 
per day for controls. Inflammatory markers (IL-6, TNF-α) were significantly reduced in treated groups (62% 
and 58% reduction respectively), while growth factors (VEGF, PDGF) increased by 2.4-fold and 1.9-fold [58-

63]. These biomarker changes correlate with observed histological improvements [64-68].  

4. Conclusions 
This study successfully demonstrates the development of a novel bioactive nanocomposite system 

combining synthetic organic chemistry with natural therapeutic compounds for targeted cancer therapy. The 
synthesized DEABA compound exhibited well-defined nanoscale crystalline structure with enhanced surface 
reactivity, confirmed through comprehensive spectroscopic and morphological characterization. Propolis 
extract analysis revealed significant concentrations of bioactive phenolic and flavonoid compounds, validating 
its therapeutic potential. The chitosan-based hydrogel matrix successfully incorporated both DEABA and 
propolis extract, resulting in a mesoporous nanocomposite with enhanced surface roughness and controlled 
release properties. Biological evaluation demonstrated selective cytotoxicity against LS147T colon cancer 
cells with a favorable selectivity index of 2.2-2.5, while maintaining biocompatibility with normal cells. The 
nanocomposite also exhibited accelerated wound healing capabilities, attributed to the synergistic effects of 
propolis bioactive compounds and the protective hydrogel matrix. Thermal analysis confirmed stability up to 
200°C, ensuring practical applicability. This study is limited by the small animal sample size and absence of 
extended histological validation. Future work will involve larger cohorts and mechanistic evaluation to confirm 
the molecular pathways of wound healing and cytotoxicity.  
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