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Abstract 
This study was carried out to prepare ZnO nanoparticles incorporated acryla-
mide grafted chitosan composite film for possible biomedical application es-
pecially drug loading in wound healing. ZnO nanoparticles were prepared by 
co-precipitation method from zinc acetate di-hydrate and incorporated in 
acrylamide grafted chitosan. FT-IR and TGA of the prepared composite film 
confirmed the successful incorporation of ZnO nanoparticles in the acryla-
mide-grafted polymer matrix. SEM images showed that the ZnO nanoparti-
cles were homogeneously distributed on the porous matrix of the composite 
film. Water uptake and buffer uptake analysis revealed that the composite 
film could hold water and buffer sufficiently, which facilitated the absorption 
of exudate from the wound site. Amoxicillin was loaded in the prepared com-
posite film and the maximum loading efficiency was found to be 67.33% with 
drug concentration of 300 ppm. In vitro studies showed greater antimicrobial 
activity of drug-loaded composite film compared to both pure film and stan-
dard antibiotic disc. Finally, the In vivo mouse model showed maximum heal-
ing efficiency compared to conventional gauge bandages because the loading 
of antibiotic in the film produced a synergistic effect and healing time was re-
duced. 
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1. Introduction 

Wounds are injuries that damage the skin, either due to external factors like ac-
cidents or internal factors like metabolic disorders. They are divided according 
to how severe they are and how long it takes for them to recover. Chronic wounds, 
such as skin ulcers, take longer to heal due to imbalances in cell production and 
degradation, while acute wounds, like knife cuts, heal more quickly and efficiently 
[1]. To repair injured tissue and replace missing tissue, the healing process in-
volves several overlapping and interdependent steps involving different cellular 
and matrix components [2] [3]. In biology, wound healing is a subprocess of the 
more general phenomena of cell proliferation and tissue repair. That is why, re-
generating damaged tissue during a wound requires a web of interconnected 
molecular and biological processes [4]. 

Currently, polymers are playing an important role in all biomedical applica-
tions. There has been increasing interest in the use of natural polymers in the 
last two decades, especially since many notable advances in technology have fol-
lowed the exploitation of the properties offered by new polymeric materials like 
blends and composites. Wound dressings are made using several types of poly-
mers, including synthetic, inert, and bioactive polymers. Not only are bioactive 
polymers biocompatible and biodegradable, but they also actively aid in the heal-
ing process at one or more points in the cycle, making them a popular choice. 
Many of these substances are either intrinsic to the body’s matrix or include 
physiologically active components that aid in wound healing [5]. Chitosan, as a 
partially deacetylated derivative of chitin, is a unique compound in the prepara-
tion of biomaterials for biomedical applications, mainly due to its abundance, 
biocompatibility, biodegradability, non-toxicity, and antibacterial properties [6]. 
It is a polysaccharide that has a linear structure and carries a positive charge 
which is characterized by a combination of β-(1-4)-linked D-glucosamine (deace-
tylated unit) and N-acetyl-D-glucosamine (acetylated unit) [7] [8] [9]. Chitosan 
exhibits a broad variety of properties, including various degrees of deacetylation 
(ranging from 75% - 95%), viscosities, pKa values, and molecular weights (rang-
ing from 50 - 2000 kDa) [10] [11]. It has -NH2 and -OH groups that can create 
hydrogen and covalent bonds which opens up a wide range of possibilities for 
chitosan chemical derivatization [12] [13]. The -OH groups at the C-6 position 
of chitosan function as Michael donors in alkaline media [14] [15] [16] [17] thus 
chitosan can tolerate various functional groups, high conversion rates, and fa-
vorable reaction rates [18] which enables chitosan to react with acrylonitrile, 
hydroxyethyl and hydroxypropyl acrylate (two esters of acrylic acid), and acryla-
mide (AAm), a wide variety of acryl reagents. Moreover, chitosan is one of the 
most abundant polysaccharides in nature that could be obtained from the shell 
of crab, shrimp, insects, algae and bacterial cell walls. 

Acrylamide, a vinyl-substituted primary amide (CONH2) precursor to poly-
acrylamides, has excellent biocompatibility and antibacterial properties. Poly-
mers grafted with acrylamide yield in highly hydrophilic materials and tunable 
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scaffolds for drug delivery systems due to the presence of pendant amide groups. 
In other words, acrylamide-based composites make excellent wound dressings 
due to their ability to retain large volumes of water and water-soluble drugs 
loaded into their matrix [19]. 

The major problem of wounds is infections which delay wound healing. Nano-
materials show antibacterial activity against these bacteria causing infection in 
wounds. Metal oxide nanoparticles with tuned size and structure are potential as 
antibacterial substances and have been of great interest in various biomedical 
applications [20]. Zinc Oxide (ZnO), an important metal oxide is non-toxic, has 
large surface area, thermally stable, capable to kill microbes and compatible with 
biological system. Therefore, bio-nanocomposites made of ZnO nanoparticles 
might have excellent potential for various biomedical applications and is prom-
ising for wound healing [21]. On top of that, combined effect of antibiotic like 
amoxicillin with metal oxide nanocomposite to cure wound infections could trig-
gered the susceptible bacteria with exceptional efficacy.  

This study focused on synthesis, characterization, and application of novel 
multifunctional composite, having a specific composition optimized according 
to the targeted applications. The novelty of this work is using biodegradable 
polymer chitosan for incorporating ZnO nanoparticles obtained from available 
renewable resources e.g. prawn shells which was low cost and minimal effect on 
skin upon changing the dressings. Again, in our research, the Michael reaction 
between chitosan and AAm was performed using an aqueous alkali-urea solu-
tion, as opposed to a traditional acidic solution. This specific solution, originally 
formulated by Zhang et al. which was unique for composite preparation [22] 
[23]. Our findings demonstrated that chitosan’s degradation rate in this alkali- 
urea solution is significantly slower compared to its degradation in acidic envi-
ronments. In addition, ZnO nanoparticles, which are a key factor in accelerated 
wound healing and in cellular recognition and adhesion, were conjugated with 
the grafted polymer network in order to modulate their interaction with various 
fluids and contact with cells. The influence of different components on the abil-
ity of composite to respond to relevant biological media was also investigated. 
Moreover, the composite capacity to act as a drug carrier and self-healing per-
formance was evaluated by studying the release profiles of amoxicillin, a penicil-
lin-type antibiotic.  

2. Experimental 
2.1. Resources 

A prawn hatchery located in the Satkhira district of the Khulna division in Bang-
ladesh provided the prawn shells used as ingredients to prepare Chitosan flake. 
Zinc acetate dihydrate (Zn(CH3COO)2·2H2O, >98%), Urea (H2NCONH2), Lith-
ium hydroxide monohydrate (LiOH·H2O), Hydrochloric acid (HCl), Acetic 
acid (CH3COOH), Acrylamide (C3H5NO, >99%), Ammonium Hydroxide  
(NH4OH, >98%), Sodium hydroxide (NaOH, >98%), were obtained from pur-
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chased from Sigma-Aldrich, Germany. All other chemicals and solvents were of 
analytical grades and used directly without further purification. 

2.2. Methods 
2.2.1. Chitosan Extraction and Zinc Oxide Nanoparticles Synthesis 
The process of obtaining chitosan from discarded prawn shells was conducted 
using the methodology followed by Rashid et al. [24] with some minor adjust-
ments to the process. The waste prawn shells were rinsed with distilled water 
under 50˚C - 60˚C temperature for an hour, dried at 100˚C in an oven and 
crushed in a milling machine. The protein was removed from the crushed prawn 
shell by treating it with a 4% aqueous NaOH solution at a 1:16 (w/w) ratio under 
70˚C for 3 hours. Then after filtration washed the residue with water and dried 
at 105˚C for 24 hours using a natural convection oven. The dried sample stirred 
with 1:16 (w/w) 1 N HCl for 3 hours, washed and deacetylated through boiling 
in the 50% (w/w) NaOH solution at a proportion of 1:20 (wt%), under high 
temperature conditions (80˚C - 100˚C) for 4 hours. The resultant product, chi-
tosan, was rinsed comprehensively using distilled water till it reached a neutral 
pH and then dried in an oven. Figure 1 showed the condition of the different 
phases of yielding chitosan. 

Zinc oxide nanoparticles were synthesized with minor modifications to Chen 
et al.’s direct co-precipitation method [25]. To dissolve zinc acetate dihydrate, 50 
ml of a 0.5 M HCl mixture was made, and a dropwise addition of 0.5 M NH4OH 
solution was carried out under vigorous agitation and maintained pH of 9. The 
solution was aged for 5 hours at 85˚C and centrifuged at 5000 rpm for 10 - 15 
minutes to isolate the particles. The isolated particles were then repeatedly rinsed 
with distilled water to eliminate any by-products. Finally, the particles were heated 
to 100˚C for 5 hours in an oven to dry them.  

2.2.2. Chitosan-Acrylamide Michael Reaction 
0.5 g of Chitosan was mixed in a water-based mixture having 4.8 wt% LiOH and 
8 wt% urea in 50 mL of solvent. The solution was then freeze thawed at −20˚C 
for 24 hours which gave clear transparent solution [14]. Two equivalent/NH2 
acrylamide was added under continuous stirring and HCl was added to neutral-
ize the mixture. Finally, grafted chitosan was collected by centrifugation and 
then oven-dried at 40˚C [26]. Grafting percentage was determined using follow-
ing equation- 

( ) ( )2 1 1Grafting % 100W W W= − ×    

where, W1 represents the initial mass of dry chitosan and W2 represents the dry 
mass of grafted chitosan.  

2.2.3. Preparation of Composite Film 
A solution of acrylamide grafted chitosan-ZnO nanoparticles composite film was 
prepared by combining acrylamide grafted chitosan and ZnO nanoparticles in a 
proportion of 1:0.06 (grafted chitosan to ZnO). The grafted chitosan was first  
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Figure 1. Chitosan yielding phases and their conditions. 
 

dissolved in a solution of 1% acetic acid and ZnO nanoparticles were introduced 
into the grafted chitosan solution under constant stirring with a magnetic agita-
tor for 20 minutes and poured into a Petri dish. The films produced by simple 
solvent casting undergo drying at 40˚C. 

2.3. Characterization 

The size of the crystals of ZnO nanoparticles was determined via a Rigaku Ul-
tima IV X-ray diffractometer, Japan equipped with Cu-Kα radiation, scanning 
diffraction angles of 2θ and scan rates of 5˚/min within the temperature range of 
10˚C to 80˚C. The FT-IR 8400S spectrophotometer from Shimadzu Corporation, 
Japan, was utilized to measure the Fourier transform infrared (FTIR) spectra 
(transmission) of the individual and composite film specimens within the 4000 - 
400 cm−1 range. Appropriate quantities of KBr and powdered samples were mixed 
by grinding them in an agate mortar pellet. The KBr disc-formatted material 
spectra were obtained in the same spectral range with a 4 cm−1 resolution and 30 
scans were performed in total. A thermogravimetric analyzer (TGA-50, Shima-
dzu, Japan) was utilized to assess the film sample’s thermal stabilities. The de-
vice, featuring an alumina cell and operating under a nitrogen flow of 50 cm3/min, 
was capable of detecting temperatures up to 800˚C, with a heating increment of 
10˚C /min. To examine external fractures and obtain a profound intellect of the 
morphological aspects of the composite film, a JEOL JSM-6490LA scanning elec-
tron microscope (SEM) was employed, functioning at a voltage acceleration of 
20 kV. Before observing, the film exterior was covered with a delicate layer of 
platinum to boost image clarity. 

The swelling behavior of composite film was observed by dipping it in a 
phosphate buffer solution (PBS) with a pH of 7.4 and the water. To mimic 
real-life conditions, a simulating model using a Petri dish with an absorbent 
foam representing a wound’s surface was created. The sponge’s uneven surface 
was similar to that of a wound. A delicate layer of liquid was created on the top 
exterior of the sponge by soaking it in about 20 ml of PBS and 20 ml of water. 
Film samples (1 cm × 1 cm) were cut and weighed up (W0), and then positioned 
on the top exterior of the model. A constant temperature of 37˚C and time in-
terval was applied [27] [28]. The below equation was used to assess the swelling 
ratio- 

( ) ( )0 0Swelling % 100tW W W = − ×   
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where, Wt represents the weights when swollen and W0 represents the weights 
when dry. The swelling ratio was calculated by averaging the results of three 
separate experiments. 

The efficiency of the drug loading process was ascertained by UV-visible spec-
trophotometry (Shimadzu Corporation’s UV-1800, Japan) at a wavenumber of 
212 nm, enabling precise quantification of the drug concentration. This effi-
ciency, expressed as a percentage, was computed using the methodology out-
lined using study of Islam et al. [29]. 

The antibacterial assessment study was carried out by Mueller Hinton Agar 
diffusion method using S. typhi and E. coli bacteria as test organisms. Bacterial 
suspension of in colony forming units (CFU)/mL was evenly spread over the 
surface of the solid agar plates, followed by placing sterilized disk specimens (6 
mm diameter) onto them. The plates were incubated at 37˚C for 24 h and then 
the diameters of the inhibition zones were measured with transparent ruler. A 
cytotoxicity assay was performed using both Vero cells and BHK-21 cells to 
evaluate the effects of a bio-nanocomposite in triplicates. 

2.4. In Vivo Analysis 

An experiment was conducted to evaluate the ability of a prepared bio nano-
composite to heal wounds in male mice weighing 25 - 30 grams. This experi-
ment was conducted in full compliance with the European Community Guide-
lines for animal experimentation and received approval from the University of 
Dhaka’s Institutional Animal Ethics Committee. The mice were kept in a care-
fully regulated environment, with access to water and subjected to a 12-hour 
circadian rhythm while being fed a standard pellet diet. The experimental pro-
cedure commenced with the administration of ketaride (10 mg/kg) intraperito-
neally, inducing anesthesia in the mice for approximately 15 minutes [30]. By 
shaving the dorsal fur of mice’s interscapular region, a cut measuring 1 mm in 
depth and 1 cm in diameter was made positioned 5 mm from their ears. By re-
moving the epidermal and dermal layers simultaneously, a full-thickness inci-
sion was made with minimum bleeding [31]. Treatments included applying 1.5 
cm × 1.5 cm patches of drug-infused bio nanocomposite and a typical gauze 
strip as a control. The surgical procedure was meticulously replicated thrice for 
each approach, maintaining consistency in wound size. Wound healing assess-
ment encompassed observing re-epithelialization, wound contraction, and wound 
morphology through concurrent photography. The reduction in wound size was 
regularly documented, with photographs taken at various stages. The efficiency 
of wound healing was calculated using a specific formula [32]. 

( ) [ ]Healing efficiency % Total healedarea Total wound area 100= ×  

3. Results and Discussion  
3.1. XRD Analysis ZnO Nanoparticles 

XRD analysis was conducted to evaluate the crystalline structure of the synthe-
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sized ZnO nanoparticles. Figure 2 showed the diffraction patterns of ZnO 
nanoparticles which exhibit intense diffraction peaks at specific angles, namely: 
31.72˚ (100), 34.24˚ (002), 36.21˚ (101), 47.49˚ (102), 56.51˚ (110), 62.76˚ (103), 
66.32˚ (200), 67.87˚ (130), 69˚ (201), 72.55˚ (004), and 78˚ (202). The spectrum 
of the synthesized ZnO nanoparticles closely aligns with JCPDS Card No. 36- 
1451’s bulk ZnO, confirming their sole crystalline nature and wurtzite hexagonal 
structure [33]. By using the Scherrer approximation from the FWHM of the 
(101) plane reflection, the crystallite size was determined to be 36 nm. The in-
tense and sharp peaks observed in the XRD pattern indicate excellent crystallin-
ity. Furthermore, the ZnO nanoparticles are phase-pure, as no characteristic 
XRD peaks other than those of ZnO were detected [34]. 

3.2. FTIR and TGA Analysis of Composite Film 

According to Figure 3, the absorption spectrum at 1658.78 cm−1 in acrylamide 
moved to 1643.35 cm−1 and spectrum at 1654 cm−1 in chitosan moved to 1531 
cm−1, correspondingly with a concurrent decrease in peak intensity. While this 
was happening, the absorption spectrum corresponding to the Oxygen-Hydrogen 
bond stretching that overlapped the Nitrogen-Hydrogen bond stretching of the 
main amine moved to a smaller number of 2993 cm−1. This peak also broadened, 
spanning 2900 to 3600 cm−1. These observations suggested an encouraging boost 
in bonds of hydrogen among acrylamide’s -OH chain and chitosan’s -NH2 and 
-OH chains. The presence of these changes indicated a promising level of inter-
actions between molecules and molecular harmony within chitosan and acryla-
mide. Additionally, the absorption spectrums at 686 cm−1 and 586 cm−1, due to 
amine class’s connection to ZnO nanoparticles and the Zn-O stretching mode, 
respectively, altered significantly. The Zn-O stretching mode moved from 560 
cm−1 to 586 cm−1 upon integration into chitosan-acrylamide network. Given the 
negative charge on the surface of Zinc oxide nanoparticles, there was an electro-
static interaction involving both the charged positive polar class NH3+ of chito-
san and the charged negative zinc oxide nanoparticles.  

Thermogravimetric analysis was employed to evaluate the heat resistance of 
individual and composite film. The TGA thermogram for ZnO nanoparticles, 
bio nanocomposite film, and Chitosan provided both qualitative and quantita-
tive insights into volatile components shown in Figure 4. From 23˚C to 800˚C, 
ZnO nanoparticles exhibited a minimal weight loss of 1.13%, underscoring their 
high-temperature stability as they barely degraded at 800˚C. The TGA curve of 
the ZnO nanoparticles incorporated bio nanocomposite film showed decrease in 
primary weight under 150˚C, attributed to the expulsion of both chemically and 
physically absorbed fluid [35]. The film began decomposing at a lower tempera-
ture than chitosan due to moisture loss. The main chains of acrylamide grafted 
chitosan started degrading around 230˚C, with final decomposition occurring 
near 800˚C. The analysis revealed that the majority of the organic layer of the 
chitosan film (67.85%) decomposed as CO2 at elevated temperatures. The resid-
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ual mass of the film was 16%, indicative of the presence of an inorganic zinc ox-
ide nanoparticle layer. Pure chitosan decomposed completely by 800˚C, with no 
further degradation beyond 600˚C. These outcomes demonstrated thermal equi-
librium of the bio nanocomposite film, which was enhanced by the incorpora-
tion of ZnO, due to the heat-resistant nature of the inorganic ZnO nanoparticles, 
highlighting the film’s potential properties for dressing applications. 

 

 

Figure 2. XRD spectra of ZnO nanoparticle. 
 

 

Figure 3. FTIR characterization of composite film, Acrylamide, ZnO 
nanoparticles, and chitosan. 
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Figure 4. TGA spectra of (a) ZnO nanoparticles, (b) Composite 
film, (c) Chitosan. 

3.3. Morphology and Swelling Behavior 

Figure 5 depicted the SEM images of both the bio nanocomposite film and the 
pure ZnO nanoparticles. SEM image of Zinc oxide nanoparticles (Figure 5(a)) 
showed predominantly monodispersed particles, characterized by spherical shapes. 
Furthermore, the particle size was discernibly less than 10 µm in comparison to 
the provided scale. Notably, the ZnO nanoparticles were evenly distributed 
across the film’s surface, exhibiting minimal aggregation (Figure 5(b)) and clearly 
displayed a smooth surface texture, with the ZnO nanoparticles presenting a 
characteristic spherical-like appearance which confirmed the successful incor-
poration of ZnO nanoparticles on acryl amide grafted chitosan. 

Moreover, bio nanocomposite film demonstrated a marked increase in ab-
sorption at 37˚C in both PBS solution with pH 7.4 and distilled water with pH 
5.8. In the initial hour, water usage surged, reaching approximately 483% in the 
buffer solution and about 131% in distilled water shown in Figure 6(a), Figure 
6(b). After 10 hours of immersion, both scenarios achieved a state of equilib-
rium in water capacity. The swelling behavior of a chitosan-based composite 
film was influenced by factors such as crosslinking, hydrophilicity, and tem-
perature. Particularly at higher pH levels (pH 7.4), the formation of ionic and 
hydrogen bonds with water molecules played a pivotal role in the film’s swelling. 
These hydrogen bonds contributed to the film’s pronounced fluid retention ca-
pacity. Notably, the film remained intact, not dissolving. The presence of graft-
ing agents ensured the film maintained its structural integrity post-swelling [36] 
[37]. Enhanced water uptake in the bio nanocomposite film could be due to the 
hydronation of NH2 groupings. Remarkably, the film preserved its form even af-
ter 32 hours of immersion in swelling solutions, showing great promise for 
wound healing applications, particularly in environments mimicking body tem-
perature (37˚C) and blood pH (7.4) [38] [39]. 
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Figure 5. Scanning Electron Microscope image of (a) ZnO nanoparticles, (b) ZnO incor-
porated grafted film. 

 

 
 

 

Figure 6. Swelling behavior of bio nanocomposite film in (a) Phosphate buffer and 
(b) Water. 

3.4. Antibacterial Property and Cytotoxicity 

The antibacterial efficacy of drug-free and drug-loaded composites were assessed 
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by calculating their inhibition zones and comparing these findings with a con-
ventional amoxicillin disc. The zones of inhibition measured for the amoxicillin 
disc, the bio nanocomposite alone, and the amoxicillin-infused bio nanocompo-
site were 22, 21, and 26 mm against S. typhi; and 19, 17, and 23 mm against E. 
coli, respectively (Figure 7). The bio nanocomposite, even without the drug, ex-
hibited antibacterial properties, attributed to the release of ZnO nanoparticles, 
albeit with a slightly lesser effect compared to the amoxicillin disc. However, the 
bio nanocomposite loaded with amoxicillin showed the largest inhibition zone in 
opposition to both types of bacteria which resulted from the combined action of 
the ZnO nanoparticles and amoxicillin. 

On the other hand, cell lines BHK-21 and Vero were used in vitro to evaluate 
the cytotoxicity of bio nanocomposite. Both the control and examined materials 
did not exhibit any cytotoxicity. The cell lines showed a cell survival rate of 
above 95% (Table 1). To further evaluate biocompatibility, the samples were 
cultivated using the Vero cells and BHK-21 fibroblast cell line, with normal cul-
ture medium serving as the control. Both cell lines were visible in the optical 
microscopy pictures (Figure 8) after 48 hours of culture. There was a remarkable 
improvement as compared to the control in cell viability using the bio nanocom-
posite, suggesting that it might encourage cell proliferation. Wound repair relies 
heavily on fibroblasts, and the creation of extracellular matrix proteins which is a 
valuable step in synchronizing the various stages of wound healing by means of 
cytokines and growth components [40]. That’s why prepared bio nanocomposite 
showed excellent biocompatibility and exceptional potential for wound dressing 
film. 

 

 

Figure 7. Inhibition zone against S. typhi and E. coli (a) Drug loaded bio-film, (b) Bio-film 
(c) Drug. 
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Figure 8. Vero cells and BHK-21 cells under Optical micro-
scope. 

 
Table 1. Cytotoxicity study of prepared bio-nanocomposite. 

Trials 
Survival percentage 

Control Composite film 

Vero cells 100% >95% 

BHK-21 cells 100% >95% 

Observations Cytotoxicity not detected. Cytotoxicity not detected. 

3.5. Drug Loading and Release Efficiency  

The focus of this research was to investigate how effective a chitosan/acrylamide 
bio nanocomposite is at encapsulating amoxicillin. To determine the effective-
ness of the loading, the drug-free solution’s absorbance levels were monitored at 
predetermined intervals. Dilution and UV-spectrophotometry were employed to 
decide the absorbance values at 212 nm of the drug in the solution. Amoxicillin 
calibration curve at 212 nm was shown in Figure 9(a). A range of amoxicillin 
concentrations (100 - 1000 ppm) were examined, yielding loading efficiencies of 
65%, 63%, 67%, 59%, 46%, and 26%. The highest efficiency, 67%, was observed 
at an amoxicillin concentration of 300 µg/ml. The grafting process in the bio 
nanocomposite created cavities that facilitated drug entrapment. At lower drug 
concentrations, the bio nanocomposite was more effective in trapping mole-
cules, resulting in increased loading efficiency. However, as the concentration of 
the drug escalated, the entrapment sites reached saturation, leading to a decline 
in efficiency beyond the 300 µg/ml mark shown in Figure 9(b). The bio nano-
composite’s amoxicillin release profile demonstrated that 67% of the medication 
was discharged after a five-hour duration in PBS at the temperature of 37˚C 
shown in Figure 9(c). The release mechanisms comprised chitosan chain deg-
radation, acrylamide dissolution, and swelling of the bio nanocomposite. Acryla-
mide played a key role in hastening the drug’s release as it dissolved upon inter-
acting with PBS, thus aiding in the liberation of amoxicillin [14]. 
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Figure 9. (a) Amoxicillin Calibration Curve at 212 nm via Ultraviolet Spec-
troscopy, (b) Determining Optimal Loading Efficacy and (c) Amoxicillin 
Release from Bio-Nanocomposite in pH 7.4 Phosphate Buffer. 
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Figure 10. Representative images of wounds at various healing times. 
 

 

Figure 11. Healing efficiency compared to commercially available gauze bandage per 
time point per group. 

3.6. In Vivo Mouse Model 

During a 10-day experiment using a mouse model, the wound healing capabili-
ties of a bio nanocomposite film were assessed. The wounds on the mice were 
treated in groups with drug-infused bio nanocomposite, drug-free bio nano-
composite, and regular gauze for baseline comparison (Figure 10). By the fifth 
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day, the wounds covered with both the drug-loaded and drug-free bio nano-
composites exhibited noticeable wound contraction (50% and 60% respectively) 
and the formation of granulation tissue. In contrast, wounds treated with regular 
gauze showed indications of inflammation and minimal tissue formation. After 
10 days, wounds cured with the drug-loaded bio nanocomposite achieved com-
plete healing without any scar formation, while those treated with gauze showed 
clear signs of scarring. The skin treated with the drug-loaded composite ap-
peared smoother, with reduced scabbing, in comparison to both the bio nano-
composite and the control gauze treatments (Figure 10 and Figure 11). The 
enhanced healing observed with the drug-loaded bio nanocomposite was due to 
the combined actions of the antibacterial properties of amoxicillin and ZnO 
nanoparticles, combined with the inherent healing properties of chitosan. 

4. Conclusion 

In the present study, the composite film prepared by combining ZnO, chitosan, 
and acrylamide was made using a simple sequential solvent casting approach. 
Chitosan was extracted from discarded prawn shells, and ZnO nanoparticles 
were produced by co-precipitation. The FTIR and TGA analyses verified that the 
ZnO nanoparticles were equally dispersed throughout the material. The bio nano- 
composite showed excellent of water and buffer uptake capacity. At a medication 
concentration of 300 ppm, the film performed an optimum loading efficiency of 
67% for amoxicillin. In vitro testing revealed that the bio nanocomposite dem-
onstrated superior antibacterial activity compared to both regular amoxicillin 
and the bio nanocomposite alone when tested against S. typhi and E. coli. Drug- 
loaded bio nanocomposite speeded up wound healing In vivo more effectively 
than standard gauze dressing due to the synergistic actions of the medication 
and ZnO nanoparticles contained within the bio nanocomposite. Overall, pre-
pared occlusive bio nanocomposites film could be a potential wound dressings 
with excellent biocompatibility and healing capabilities. Hence, this study opens 
the door for future investigation and identification of the use multifunctional 
biodegradable polymers in wound dressing films to replace the non-biodegra- 
dable commercial gauge bandages to protect the environment from biohazards. 
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