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As a hydrogel, the wound dressings made of polymers and Frankness 

Oil (Frank) can work incredibly well. The goal of the current study is to 

prepare Frank sponge hydrogels with fatty N-hexadecanyl chitosan derivatives 

as an antibacterial agent into polyvinyl alcohol (PVA). The bioactivity and 

physicochemical performance of PVA/Frank-based polymeric hydrogels were 

assessed. The polymeric interactions, surface morphology, water absorption 

capability, thermal stability, thrombogenicity and hemocompatibility were 

investigated by FT-IR, SEM, swelling ratio, and DSC. SEM photographs show 

that the PVA sponge hydrogel has a characteristic porosity structure and a 

noticeably lamellar appears and DSC demonstrates the thermal stability of the 

hydrogels. Furthermore, they demonstrated fast bleeding control because of 

their high-water absorption, with the PVA/Frank hydrogel having the highest 

water uptake efficiency (383.5%). The findings also demonstrate that Frank oil 

significantly impacts the degradation rate, with the PVA/Frank/DNHD-CS 

hydrogel exhibiting the greatest weight loss of up to 35%. The antibacterial 

activity was examined, and the antioxidants were tested using the DPPH assay. 

According to the results, PVA/Frank/CS had the strongest antibacterial activity 

against B. cereus (80%).  Using Frank oil in sponges with PVA/Frank 

hydrogel resulted in a considerable increase in ABTS
•+

 radical scavenging 

activity, reaching 46% (g GAE/g film). All sponge hydrogels had hemolysis 

rates of less than 2%, indicating good blood compatibility and suitability for 

intravenous injection.  

These findings suggest that the hydrogels containing Frank have potential use 

as an antibacterial and antioxidant agent for wound care, as well as for 

developing novel biomaterials for dressings. 
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Introduction 

Wound healing is a well-known 

physiological process that the skin goes 

through in response to injury and is 

distinguished by the interaction of 

numerous interconnected stages, including 

haemostasis, inflammation, cellular 

proliferation, and tissue remodeling 

(Berthet et al., 2017; Tamer et al., 2018). 

The body starts vascular contraction and 

blood coagulation procedures after a skin 

wound, which stops continuous bleeding 

and prevent the invasion of dangerous 

germs. Additionally, blood clots act as a 

framework that supports dermal cell 

migration to the site of injury, promoting 

wound healing and subsequent tissue 

remodeling (Pereira et al., 2016; 

Gurtner et al., 2008). However, over an 

extended period, hemorrhaging has 

repeatedly emerged as the major cause of 

fatality among both non-combatants and 

military people. Trauma victims are more 

likely to die during the first hour of an 

event (King, 2019; Alarhayem et al., 

2016), highlighting the critical importance 

of quick hemorrhage control using blood 

clotting-promoting therapies. 

Uncontrolled bleeding can have serious 

consequences, including site inflammation 

and susceptibility to microbial infections 

(Ma et al., 2020), both of which slow 

down the healing process. Membranes, 

electro-spun nanofibers, and hydrogel are 

wide used as wound dressings, each with 

their own unique compositions (Guo et al., 

2021; Wang et al., 2017). Hydrogel-based 

wound dressings, however, provide a few 

unique benefits over other types of 

dressings, such as the ability to absorb 

excessive wound exudates, create a cool 

environment on the wound surface to 

reduce discomfort, and maintain the 

optimal moisture level in the wound bed. 

These features facilitate the migration and 

multiplication of dermal cells (Wang et 

al., 2019; Zhao et al., 2020). Hydrogels 

are also frequently used as hemostatic 

dressings in cases of severe bleeding 

because of the noteworthy adhesive 

qualities they display (Peng et al., 2021; 

Zhao et al., 2018; Ren et al., 2020). 

Injuries with non-compressible visceral 

bleeding and wounds with uneven 

geometries can be efficiently filled and 

sealed with hydrogels. Under normal 

coagulation conditions, adhesive 

hydrogels function effectively compared 

to conventional hemostatic materials that 

contain fibrin (Chan et al., 2015; Baylis 

et al., 2015). These hydrogels interact 

with the surrounding tissue to quickly 

create a blockage that stops future 

bleeding, principally relying on the 

presence of thrombin and fibrinogen in the 

blood (Kim et al., 2021). Although 

injectable hydrogels have the ability to 
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operate as hemostatic agents (Zhao et al., 

2018), their application is constrained by 

the poor mechanical qualities of these 

materials. The suffering associated with 

the replacement or removal of injectable 

hydrogels is the potential downside for 

patients, especially those who have 

sustained major wounds (Sultana et al., 

2021). Because of their unique 

architecture, which provide them a certain 

level of mechanical stability, 3D sponges 

with antibacterial, hemostatic, and 

antioxidant capabilities are therefore 

useful. Furthermore, it is essential to stress 

that structural dimensionality plays a 

critical function in aiding the adhesion and 

proliferation of cells that are recruited to 

aid in the process of wound healing 

(Shefe et al., 2017). Various formulations 

for sponge hydrogel wound dressings with 

antibacterial and antioxidant properties 

have been developed which augmented 

with either natural extracts or antibacterial 

and anti-inflammatory drugs (Haidari et 

al., 2020; Haidari, et al., 2021). They 

showed how effective they were at 

slowing down the growth of several 

dangerous bacteria and accelerating the 

healing of infected wounds. Cheng et al 

have prepared a wound dressing with 

potent hemostatic and antimicrobial 

characteristics by developing a hydrogel 

based tannic acid and polyvinyl alcohol 

(PVA) (Cheng et al., 2022). Recent 

studies have shown that PVA and chitosan 

hydrogels are excellent at accelerating the 

healing of damaged skin due to their 

antibacterial, antioxidant, and hemostatic 

qualities, as well as their adhesive and 

self-healing properties (He et al., 2022; 

Guo et al., 2022). Other studies showed 

that multifunctional hydrogel wound 

dressings, made of carboxymethyl 

chitosan and oxidized dextran/sodium 

alginate, are essential for promoting 

wound closure in wounds contaminated 

with dangerous bacteria (Zhou et al., 

2022; Xie et al., 2022). 

According to earlier investigations 

(Fang et al., 2019), porous sponges with 

extraordinary mechanical properties and 

exceptional biocompatibility were 

prepared using PVA as the basis material. 

Physical cross-linking techniques may be 

used in the manufacture of PVA sponges 

to reduce the potential negative 

consequences of using hazardous 

chemical cross-linking agents in critical 

applications. In this case, a sequential 

freeze-thaw process can be used to cross-

link PVA-based sponges, with the 

crystalline clusters serving as the network 

nodes (Qi et al., 2015; Chen et al., 2016). 

The second most prevalent polymer after 

cellulose, chitosan (CS), a naturally 

occurring polymer has numerous 

biological features, including antibacterial 

activities (Kenawy et al., 2019; Omar et 

al., 2019), anticancer activity (Tian et al., 

2021; Shaban et al., 2019), antioxidant 
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properties (Abdelrazik et al., 2016), 

hemostatic activity (Lestari et al., 2020), 

drug carriers (Mohy Eldin et al., 2015), 

and wound healing (Tamer et al., 2020; 

Hassan et al., 2021; Raafat et al., 2009; 

Li et al., 2016). Therefore, the use of 

chemical modifications to CS's functional 

groups holds enormous promise for the 

preparation of novel materials with 

enhanced properties (Le-Vinh et al., 

2019). 

Frankincense (Frank), which refers 

to the exudates made from the periderm of 

arboreal specimens associated with the 

Boswellia taxonomic classification, is an 

example of a product obtained from a 

botanical (Hamedpur et al., 2013; 

Sharma et al., 2009). As a natural 

alternative to conventional medicine, 

Frank has been used to treat a variety of 

ailments, including cancer, arthritis, 

asthma, chronic pain syndrome, and 

cognitive impairments (Bekana et al., 

2014) and also has calming analgesic and 

antibacterial properties (Khalifa et al., 

2023; Bakhit et al., 2021; Yagi et al., 

2016). Additionally, earlier research has 

shown that Frank resin extract is excellent 

at reducing skin irritability and redness 

while also promoting consistent skin 

pigmentation. By using this material, the 

texture of the skin may be improved and a 

variety of skin problems, such as wrinkles, 

skin infections, irritation, wounds, dry lips, 

acne, scars, and cold sores can be treated 

(Saied et al., 2020; Han et al., 2017; Zhu 

et al., 2017; Guan et al., 2017; Cao et al., 

2019).  

In the present study, CS, mono-N-

hexadecanyl (MNHD-CS) and di-N-

hexadecanyl chitosan derivatives (DNHD-

CS) (Mansour et al., 2022) (Scheme 1) 

are used in a synergistic manner with 

Frank with the goal is to increase the 

hydrogels' biological effectiveness and to 

use as wound healing materials with 

hemostatic, antibacterial, and antioxidant 

properties.  

        

Frank                CS 

 

MNH-CS 

DNH-CS 

Scheme (1): Structure representation of Frank, 

CS, MNH-CS, and DNH-CS. 
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By using a freezing and thawing 

procedure on PVA and taking inspiration 

from CS, MNHD-CS and DNHD-CS as 

well as Frank, novel cross linked three-

dimensional network sponges were 

prepared. To assess their potential as 

effective wound dressings, sponges' 

physicochemical and biological properties 

were also evaluated. 

Materials and methods  

 Materials and Bacterial Strains 

PVA (Mw = 72 kDa) and CS (MW. 

100,000–300,000 Dalton) were obtained 

from Across Organics (New Jersey, USA). 

MNHD-CS and DNHD-CS derivatives 

have been prepared in our laboratory as 

reported previously (Mansour et al., 

2022). Frank, sodium hydroxide, dimethyl 

sulfoxide (DMSO), and acid citrate 

dextrose solution (ACD), folin–ciocalteu, 

gallic acid, 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), and 2,20-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid 

(ABTS) were acquired from Sigma-

Aldrich Co., Ltd. in St. Louis, Missouri, 

United States. Gibco was acquired by 

Dulbecco's Modified Eagle Medium 

(DMEM) and trypsin (ThermoFisher 

Scientific, Waltham, MA, USA). Bioshop 

supplied yeast extract, tryptone, and 

sodium chloride (Canada Inc., Ontario, 

CA, Canada). Gram-positive and Gram-

negative bacteria, Escherichia coli (E. 

coli), Pseudomonas aeruginosa (P. 

aeruginosa), Staphylococcus aureus (S. 

aureus), and Bacillus cereus (B. cereus), 

were used to test the antibacterial abilities 

of the produced dressings. The bacterial 

strains were inoculated into LB medium 

with 10 g/L NaCl, 10 g/L peptone, and 5 

g/L yeast extract prior to the antibacterial 

experiment, and they were then incubated 

at 37°C at 150 rpm for 18 hours. 

Methodology  

Preparation of Sponges 

A freezing-thawing cycle 

methodology was used to produce the 

PVA sponge composites in accordance 

with reported procedures with slight 

modification (Tamer et al., 2021; Tamer 

et al., 2022). Briefly; 20 ml of 5% (w/v) 

PVA, 0.5 ml of Frank, and 0.3 g/5 ml of 

CS and CS derivatives were thoroughly 

mixed before being subjected to 

sonication and stirred for an hour. The 

mixture was then put into Petri plates and 

put through five cycles of -20 °C freezing 

for 18 hours and -25 °C thawing for 6 

hours. Along with a PVA control sponge, 

samples of sponges with varied amounts 

of Frank and CS derivatives were 

identified as PVA, PVA/Frank, PVA/CS, 

PVA/Frank/CS, PVA/MNHD-CS, 

PVA/Frank/MNHD-CS, PVA/DNHD-CS, 

and PVA/Frank/DNHD-CS, respectively. 

The produced sponges were lyophilized 

after being flash-frozen in liquid nitrogen 

for ten minutes. 
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Characterization of the Sponges 

FT-IR (KBr) apparatus (Shimadzu 

8400S, Kyoto, Japan) was set up to do a 

total of forty scans on each sponge 

between the wavelengths of 400 and 4000 

cm
-1

 Each sample was coated with a thin 

layer of gold under vacuum before being 

examined using SEM (Joel Jsm 6360LA, 

Tokyo, Japan) to look at the 

morphological alterations of the produced 

sponges. Thermal gravimetric analyzer 

(TGA) (Shimadzu 50/50H, Kyoto, Japan) 

with a heating rate of 10 °C/min and a 

nitrogen flow of 30 mL/min was used to 

measure 5 mg of each film in the 

temperature range of 20-600 °C. Sponge 

dried for 24 hours at 50 °C in a vacuum 

oven before being weighed to determine 

the gel fraction. After that, the sponges 

were re-swollen in distilled water for 24 

hours until the equilibrium swelling 

threshold for eliminating soluble PVA 

was attained. The sponges were then 

weighed and dried in a vacuum oven at 

50 °C. Each experiment was conducted 

five times, and the gel fractions were 

calculated using the following Equation: 

Gel fraction (%) =    (1)   

Where We and Wi refer to the weights of 

the dried sponge and swollen sponge, 

respectively. The sponges' capacity to 

swell was determined by weighing them 

after being immersed in water for a while. 

500 ml of distilled water were added after 

1 g of dry sponge was dipped into them. 

Dynamic Swelling was done at 25 °C until 

equilibrium was reached. Each swelled 

sample was removed at regular intervals 

and weighed after any water that had 

gathered on the surface had been carefully 

wiped away with filter sheets. The 

swelling ratios were calculated using the 

following equation five times for each 

experiment: 

Swelling ratio (%) =        (2)            

Where Ws denotes the weight of the 

swollen sponge, while Wd refers to the 

weight of the sponge at the initial time. 

The measurements were performed in 

accordance with the procedure outlined by 

Yin et al to estimate the porosity of the 

sponges (Yin et al., 2007). The dried 

weights of the sponges were calculated 

following a two-hour drying process at 

50 °C in a vacuum oven. The samples 

were then submerged in 100% ethanol for 

four hours. The expanded sponges were 

wiped with filter paper to remove extra 

ethanol before being weighed. Following 

that, five times through the porosity 

analyses, Equation was used to determine 

porosity: 

Porosity (%) =            (3)            

Where W1 and W2 represent the weight of 

the sponge before and after immersion in 
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absolute ethanol, V represents the volume 

of the sponge, and ρ represents the density 

of absolute ethanol. Dry sponges were 

weighed, dipped in 3 mL PBS (0.1 M, pH 

7.4), kept at 37 °C, and removed at 

intervals to be gently cleaned with soft 

papers to remove excess water from their 

surfaces. The samples were then gently 

dried under vacuum conditions before 

being weighed. All experiments were 

carried out with five independent 

replications. 

Antibacterial Assay  

The antibacterial assessment of the 

sponges was determined by measuring 

optical densities and colony-forming units 

(CFU) per ml. First, overnight bacteria 

strains cultures were diluted in LB 

medium before and their turbidities were 

adapted in accordance with the McFarland 

0.5 standard at 625 nm with 2x10
8 

CFU/ml (Hasan et al., 2019; Hassan et 

al., 2022). Next, 100 mL of the diluted 

bacterial cultures were then added to 10 

mL LB medium containing 50 mg of 

tested sponges, followed by 18 hours of 

incubation at 37°C with shaking 

conditions at 150 rpm. As a comparison, 

bacterial cultures without sponges were 

used as controls. After incubation, the 

antibacterial ability was tested by 

measuring of bacterial growth inhibition 

using a spectrophotometer at 600 nm, and 

then the ratio of bacterial growth 

inhibition was calculated using Equation 

(4): 

Bacterial growth inhibition (%) =  

Where ODc and ODi are the optical 

densities of untreated and treated bacterial 

cultures, respectively.  

Bioactive evaluation of the Sponges 

Phenolic contents determination 

Phenolic contents of the sponges 

were determined by reducing the yellow 

Folin-Ciocalteu reagent to a blue 

compound. First, 50 mg of each 

membrane was immersed in 5 ml of 

ethanol in order to extract the frank oil 

content. 0.5 mL of sponge supernatant 

was then added to 2.0 ml of Folin–

Ciocalteu reagent (10%, v/v), followed by 

the addition of 2 ml of sodium carbonate 

solution (7.5%, w/v). The mixture was 

kept at 50 
o
C for 5 minutes, after which 

the absorbance was measured at 760 nm 

using a spectrophotometer. The 

measurements were repeated five times 

and compared to the stranded curve for 

gallic acid (0–100 g) solutions. 

Antioxidant activity evaluation 

ABTS assay was carried out for this 

study through generation of radical 

cations by the reaction of an aqueous 

K2S2O8 (3.30 mg) in 5 ml water solution 

with 17.2 mg ABTS. The resulting bluish-

green radical cation solution was then 

stored overnight below 0 degrees Celsius 

and in the dark. Afterward, 1 ml of the 
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solution was diluted to a final volume of 

60 mL with deionized water and labelled 

as the ABTS
•+

 solution. For the 

measurement of total phenolic content, the 

samples were extracted as described 

above. Then, 0.1 mL of leachate from 

each sponge was added to 2.0 ml of 

ABTS
•+ 

solution. The ABTS
•+

 

examination was conducted five times, 

and the absorbance at 730 nm was 

evaluated at several time periods. 

Hemolysis experiments 

Hemolysis evaluation of the sponges was 

carried out with a few minor 

modifications as previously reported by 

Yuan (Yuan et al., 2024). To do this 

assessment, anticoagulated blood 9 ml of 

blood was mixed with 1 ml of 

anticoagulant acid citrate dextrose 

solution (ACD). About 1 cm
2
 of each film 

was submerged in phosphate buffer 

solution (PBS, pH 7.0) for 72 hours at 

37 °C prior to the tested membranes being 

exposed to blood. The sponges were then 

submerged in 1 ml of ACD blood for three 

hours at 37 °C after the PBS had been 

removed. Comparable amounts of ACD 

blood were mixed with 7 ml of PBS and 

water to get the negative and positive 

control tubes. For proper blood-film 

contact, the tubes were carefully inverted 

three times every 30 minutes. The liquids 

were then transferred to new tubes and 

centrifuged for 15 minutes at 200 rpm to 

remove any remaining material. The 

wavelength of the haemoglobin produced 

during hemolysis was determined using a 

spectrophotometer (Model Ultrospec 

2000). Five duplicates of each 

measurement were used throughout, and 

Equation 5 was used to calculate the 

hemolysis ratio. 

Hemolysis (%) =  

Where ODm represents the absorbance of 

a tested sponge, ODn represents the 

absorbance of the negative control, and 

ODp represents the absorbance of the 

positive control. 

Thrombogenicity tests 

Thrombogenicity experiments were 

done using a gravimetric method to 

estimate how much thrombus was present 

on the surface of the synthetic sponges. 

ACD blood was created as previously 

demonstrated. For 48 hours, membranes 

were submerged in PBS at 37 °C. 

Following the incubation period, the PBS 

was removed, and the ACD blood was 

applied over the components that had 

undergone inspection. A positive control 

was also created at the same time by 

introducing the same quantity of ACD 

blood to an empty Petri dish. To 

encourage the blood clotting response, 20 

ml of a 10 M calcium chloride solution 

was sprayed onto the sponges. 5 ml of 

water was added to cease the reactions 

after 45 minutes. Following this, the clots 

were joined with an additional 5 ml of a 
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36% formaldehyde solution, dried, and 

weighed. Five further thrombogenicity 

tests were reported. 

Result and discussion  

Characterization and Functional Group 

Analysis 

In the current study, novel 

crosslinked three-dimensional sponges 

were developed by freezing and thawing 

PVA and drawing inspiration from Frank, 

CS, MNHD-CS, and DNHD-CS. Fig. (1) 

showed FT-IR spectra of the composite 

sponge hydrogels. The predominant 

reason of the PVA sponge's hydrophilic 

characteristics is the presence of hydroxyl 

groups in the PVA chains, which are 

characterized by stretching vibration 

bands between 3200 and 3400 cm
−1

 

(Mansur et al., 2004; Mansur et al., 

2008). Furthermore, at 2922 cm
−1

, methyl 

groups are appeared with both 

symmetrical and asymmetrical CH 

stretching vibrations. Characteristic bands 

at 2841 and 1643 cm
−1

 correspond to the 

vibration of the -CH2 group and the acetyl 

carbonyl groups, respectively. Moreover, 

at 1444 cm
−1

, the asymmetrical and 

symmetrical CH bending vibrations of the 

methyl group were seen. The band at 

around 1460 cm
−1

 corresponds to NH 

bending vibration is present in the sponges 

containing CS and MNHDCS. Peaks at 

1315 and 1076 cm
−1

 are assigned to CN 

and COH groups stretching, 

respectively. In addition to the pre-

existing bands assigned in PVA sponges, 

the addition of Frank leads to the 

appearance of a separate peak around 

1445 cm
−1

. A broad band between 3650 

cm
−1

 and 3100 cm
−1

, associated with the 

stretch of the O–H bonds, was clearly 

observed. As shown in the gravimetric 

analysis, the hydrogels were hygroscopic 

and had a great tendency to absorb water. 

This signal includes both Frank and 

chitosan O–H structure and water in its 

different strengths due to the hydrogen 

bonds formed. Because most important 

Frank signals overlap with important 

bands in the hydrogels, it is difficult to 

appreciate significant changes, although 

variations in signal intensities indicate the 

presence of Frank in the hydrogels. 

 

Fig. (1): FT-IR spectra of composite sponge 

hydrogels  
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Surface Morphology 

To examine the microstructures of 

the prepared sponges, SEM technique was 

used (Fig. 2). Pure PVA sponges have a 

morphological surface with fewer pores 

but when combined with Frank, CS, 

MNHD-CS and DNHD-CS, the PVA 

hydrogel composites' three-dimensional 

structures were found to have 

asymmetrical patterns and rough 

connecting structures, as shown in (Fig. 2). 

Contrarily, in order to efficiently absorb 

excessive exudate and interact with blood, 

which facilitates the desired haemostatic 

outcome; haemostatic wound dressings 

must forge a strong link with the injuries 

(Zhou et al., 2021; Fan et al., 2020). 

 

Fig. (2): SEM images reveal the surface 

morphologies of composite sponges. 

Thermal Analysis 

The examination of biomaterials'thermal 

characteristics is crucial for determining 

whether they are commercially viable for 

use in medicine (Liu et al., 2019; Li et al., 

2014). TGA and DSC experiments were 

therefore used to examine the PVA 

composite hydrogel's thermal behavior. 

TGA results for the composite hydrogels 

are shown in Fig. (3). In all of the 

hydrogel samples, three different weight 

decreases were noticed. When the 

temperature of the composite sponge 

hydrogel was raised from room 

temperature to 200 °C, the weight of the 

hydrogel first decreased, dropping by 

7.48% in comparison to the weight of the 

pure hydrogel made of PVA. This 

occurrence is caused by water trapped by 

hydrophilic hydroxyl groups inside the 

polymer matrix evaporating. The recorded 

percentages for the different combinations 

are 8.1%, 11.76% 10.94%, 8.64%, 

12.77%, 11.94%, and 9.14% for 

PVA/Frank, PVA/CS, PVA/Frank/CS, 

PVA/MNHD-CS, PVA/Frank/MNHD-CS, 

PVA/DNHD-CS, and PVA/Frank/DNHD-

CS, respectively which show an upward 

trend. Within the temperature range of 

220 to 350 °C, the hydrogels as a whole 

showed a following notable loss in weight, 

which may be due to the removal of 

hydroxyl groups and the emergence of 

polyene macromolecules. The presence of 

chitin or chitin derivatives at this stage 
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affects the weight loss because it takes 

place in the same area as the damaging 

breakdown of the CS pyranose ring. Table 

(1) simply presents the important data 

regarding the value and T50 of the stages 

of degradation. 

 

Fig. (3): TGA graphs of different of 

composite sponge hydrogels 
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Table (1): Thermal parameter of different 

formulated sponge hydrogels 

Sponge hydrogels 

M
o

is
tu

re
 

co
n

te
n

t 
(%

) 

1
st
 s

ta
g

e 

2
n
d
 s

ta
g

e 

T
5
0
 (

o
C

) 

PVA 7.5 70.9 16.9 330.4 

PVA/Frank 8.1 69.9 16.3 333.5 

PVA/CS 11.8 64.3 14.1 310.2 

PVA/Frank/CS 10.9 66.9 19.6 352.9 

PVA/MNHD-CS 8.64 53.2 21.5 289.4 

PVA/Frank/MNHD-CS 12.8 56.9 22.6 295.5 

PVA/Di-NHD-CS 11.9 60.8 7.9 285.2 

PVA/Frank/DNHD-CS 9.1 61.3 19.0 284.4 

Figure 4 shows the differential scanning 

calorimetry (DSC) results for composite 

PVA hydrogels. Wide endothermic peaks 

can be seen in the DSC curves in the 70–

80 °C temperature range. The release of 

moisture that was held inside the hydrogel 

molecules is responsible for these peaks. 

The findings of this analysis are 

completely congruent with the authors' 

earlier work (Mohamed et al., 2018). The 

relaxation phenomena linked to the 

hydrogel's crystalline regions is thought to 

be the cause of the exothermic peaks seen 

between 105 and 180 °C (Liu et al., 2001). 

The presence of endothermic peaks in 

PVA at 217 °C implies the melting of 

PVA and the subsequent distortion of its 

crystal structure, which is consistent with 

the results of a prior study (Gupta et al., 

2017). Additionally, the observed 

decrease in the transition temperature (Tm) 

of different PVA composite hydrogels 

raises the possibility that crystallization is 

impacted by the crosslinking of PVA with 

CS derivatives or Frank (Senkevich et al., 

2007). The next exothermic peak is 

caused by the heat-induced breakdown of 

PVA, which is followed by the loss of 

water molecules from the polymer's 

backbone. 

 

 

Fig. (4): DSC analysis of different formulated 

PVA sponge hydrogels 
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Gel Fraction 

Different hydrogel compositions' 

effects were evaluated and PVA was 

found to have an initial gel fraction of 

94.84 ± 4.74%. Similarly, the gel fractions 

of PVA/CS, PVA/MNHD-CS, and 

PVA/DNHD-CS were reported to be 

93.62 ± 4.68%, 86.80 ± 4.34%, and 85.95 

± 4.30%, respectively. The observed 

phenomena can be linked to 

polysaccharides' distortion of the PVA 

crystal structure. The decrease in fractions 

that follow the replacement of the N-alkyl 

group with CS raises the possibility that 

the lipophilic group on the side chain of 

the CS is a substantial contributor to this 

outcome. Similar to the results shown in 

Table 2, the loading of hydrogels 

improves the aforementioned impact.  

This shows that PVA experiences 

considerable cross-linking when Frank oil 

or CS components are absent (Sung et al., 

2010). However, the cross-linking of PVA 

is reduced when mixed with Frank oil or 

CS derivatives, leading to an increase in 

the swelling capabilities of the PVA 

composite sponges. These features show 

that the manufactured sponges quickly 

absorb blood and wound exudate when 

used. Additionally, a drop in gel % is 

positively correlated with a decrease in gel 

strength as well as flexibility. Previous 

research (Ajji et al., 2005; Kim et al., 

2008) support the conclusions described 

above. 

Swelling behavior 

The hydrophilic functional groups 

of sponges with three-dimensional 

structures have long been recognized for 

their capacity to improve the swelling 

characteristics of the sponges (He et al., 

2020). The PVA composite hydrogels' in 

vitro swelling capabilities were the subject 

of the experiment, as shown in Table 2 

and Figure 5b. When CS was mixed, the 

swelling ratios showed noticeably 

decreased water capacity, and this decline 

was made even worse by N-hexadecanyl 

CS's increased hydrophobicity. According 

to these results, the PVA sponge's ability 

to absorb water was evaluated in the 

following order: PVA/Frank > 

PVA/Frank/CS > PVA/CS > PVA > 

PVA/MNHD-CS > PVA/DNHD-CS. 

However, when compared to the control 

combination, the addition of Frank led to a 

noticeable improvement in water capacity. 

The study's findings support the proactive 

use of pre-made sponge hydrogels for the 

purpose of accelerating wound healing. 

In Vitro Degradation 

By immersing PVA composite 

sponge hydrogels in phosphate-buffered 

saline (PBS) at a temperature of 37 °C for 

set periods of time, the in vitro 

degradation of the hydrogels was studied. 

As shown in Fig. (6), after 72 hours of 

incubation, the sponge hydrogels that had 

been treated with Frank and CS 
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derivatives showed weight losses of up to 

35%. When contrasting the two groups, it 

was shown that the PVA group's body 

weight decreased by 28.08 1.40%. The 

findings of this study show that Frank oil 

has a considerable impact on the rate of 

degradation seen in sponges. According to 

this study, the hydrolytic breakdown in 

vitro may have an effect on the drug 

release found in this investigation, 

particularly with regard to Frank oil (Liu 

et al., 2022; Omer et al., 2021). 

 

 

Table (2): Porosity of different composite 

sponge hydrogels 

 

 

 

 

 

Fig. (5): (a) gel fraction, and (b) water 

uptakes of different composite sponge 

hydrogels 

 

Fig. (6): In vitro hydro-degradation of 

different composite sponge hydrogels 

Antibacterial Activity 

Wounds are extremely prone to 

infection in a catastrophic disaster 

situation.  Thus, it is imperative that the 

tissue adhesive have high bactericidal 

 Porosity (%) 

PVA 
54.2± 2.7 

PVA/Frank 
54.2± 2.7 

PVA/CS 
15.6± 0.8 

PVA/Frank/CS 
11.6± 0.6 

PVA/MNHD-CS 
15.9± 0.8 

PVA/Frank/MNHD-CS 
19.8± 1.0 

PVA/DNHD-CS 
11.2± 0.6 

PVA/Frank/DNHD-CS 
14.7± 0.7 
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properties.  We carried out the zone of 

inhibition test to assess the sponges' 

antibacterial properties.  Gram-positive 

bacteria (B. cereus and S. aureus) and 

Gram-negative bacteria (E. coli and P. 

aeruginosa) formed distinct inhibitory 

zones with different widths in all of the 

sponges (Fig. 7). The greatest inhibitory 

zone was seen against B. cereus for all 

prepared sponges, with E. coli and S. 

Aureus coming in second and third.  

Notably, PVA/Frank/CS showed the 

highest bacterial inhibition (80 %) across 

all bacterial strains, followed by 

PVA/Frank/DNHD-CS (76%), and 

PVA/Frank/DNHD-CS (70%).   When put 

together, the findings showed that the 

Frank oil-containing sponges had strong 

antibacterial action, enabling the use of 

the substance to stop wound infections. 

The antibacterial properties of the sponges 

could perhaps be derived from Frank oil, 

which has both carboxyl and hydroxyl 

groups. Frank can adsorb on bacterial 

cells and interact with the capsular 

polysaccharide, lipopolysaccharide, and 

teichoic acid on the bacterial surface, 

which can cause malfunction or even 

rupture of the bacterial plasma membrane. 

Additionally, Frank may enter the cell and 

met an alkaline substance, which would 

cause flocculation and disrupt the 

physiological processes of the cell (Ma et 

al., 2017).  According to our findings, the 

sponges worked better against Gram-

positive bacteria than Gram-negative ones 

(Fig. 7).  This could be because the outer 

lipopolysaccharide layer of P. aeruginosa 

and E. coli bacteria's cell walls function as 

a possible barrier against macromolecules, 

while the cell walls of Gram-positive 

bacteria, such as S. aureus, are made 

entirely of peptidoglycan (Qin et al., 2004; 

Zhao et al., 2015). 

 

Fig. (7): Antibacterial evaluation of different 

sponge hydrogels against Gram positive and 

Gram negative bacterial strains. 

Bioactivity investigation 

The quantity of phenolic 

components in essential oils is what 

gives them their beneficial properties. 

These molecules provide organisms 

with vital biological functions, 

including antioxidant capacities that 

allow them to neutralise reactive 

oxygen species (ROS). After being 

submerged in ethanol, the phenolic 

content of the sponges under evaluation 

was measured. The goal of this test was 

to ascertain how well the formed 
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sponge hydrogels would release the 

phenolic-rich Frank oil into the 

medium. To release the required 

phenolic combinations, the sponges' 

structural integrity was used. The PVA 

sponge used as a negative control in the 

experiment is shown in (Fig. 8a) to be 

free of phenolic chemicals. On the 

other hand, a clear pattern shows that 

when Frank oil is added to the hydrogel 

formulation, the phenolic content rises. 

Figure 8b shows the time evolution of 

the PVA and other sponge hydrogels' 

ethanol extracts' ability to decolorize 

the ABTS
•+

 cationic radical. When it 

came to the ABTS
•+

 radical, the PVA 

hydrogel and other hydrogels without 

Frank showed a modest level of 

scavenging effect. The presence of 

hydroxyl groups in the PVA sponge's 

backbone is most likely the cause of 

this action. However, the ABTS
•+

 

radical scavenging activity was 

significantly increased when Frank oil 

was used in sponges. Insofar as they 

relate to the quantification of total 

phenolic content, the findings of this 

study are consistent with the 

recommendations made in the 

preceding section. The phenolic 

chemicals included in Frank oil have 

the potential to donate electrons, which 

causes the reduction of ABTS
•+

 and 

subsequent decolourization, which 

results in its transformation into a 

neutral state (Dunnill et al., 2017). 

 

 

Fig. (8): (a) Total phenolic compounds 

released from different hydrogels, (b) time-

dependent decolourization of ABTS
•+ 

dye by 

different hydrogels. 

A fundamental quality that is crucial 

in wound dressings is thought to be blood 

compatibility (Tamer et al., 2018). This 

study's goal was to determine whether red 

blood cells (RBCs) might undergo 

haemolysis by assessing the 

hemocompatibility of sponge hydrogels 

made for this purpose as well as PVA. 

The haemolytic percentages of the 

sponges under examination are shown in 

Figure 9a. In terms of haemolysis, there 

were no statistically significant 

differences between PVA supported by 
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CS derivatives and frankincense oil. But 

according to the statistical analysis, there 

were no appreciable differences in PVA 

between the PVA/Frank hydrogels and 

other samples. According to the American 

Society for Testing and Materials' (ASTM) 

safety criteria, none of the sponge 

hydrogels produced haemolysis levels 

greater than 2%. In Fig. (9b), the inquiry 

into the thrombogenicity of hydrogels was 

shown. When compared to blood control, 

PVA sponges have a lower propensity for 

thrombus development because to their 

hydrophilic characteristics. On the other 

hand, thrombus development was 

significantly increased when CS 

derivatives and Frank oil were added to 

PVA hydrogels. This is explained by CS's 

haemostatic characteristics, which 

encourage blood clotting. 

 

 

Fig. (9): A) Hemocompatibility, (B) 

thrombogenicity of different sponge hydrogels 

Conclusions 

As a conclusion, new sponges based 

on PVA and enhanced with chitosan and 

its alkyl derivatives as well as 

frankincense oil were developed to 

preclude hemorrhage and bacterial 

infections. The PVA/Frank-based 

polymeric hydrogels' physicochemical, 

antioxidant, and antibacterial properties 

were evaluated. FTIR, SEM, swelling 

ratio, and DSC were used to examine the 

polymeric interactions, surface 

morphology, water absorption capacity, 

thermal stability, thrombogenicity, and 

hemocompatibility. The existence of 

molecular interaction between the various 

components was confirmed by FTIR. 

The PVA sponge hydrogel has a distinct 

porosity structure and a distinctly lamellar 

appearance, as demonstrated by SEM 

images. Frank was utilized to improve the 

porosity of the sponges together with PVA 

and derivatives of N-hexadecyl CS. 

Furthermore, DSC provided evidence of 

the hydrogels' thermal stability. Due to 

their strong water absorption, they also 

showed quick bleeding control; the 

PVA/Frank hydrogel had the highest 

water uptake efficiency (383.5%). The 

results also show that Frank oil has a 

substantial effect on the rate of 

deterioration; the hydrogel composed of 

PVA, Frank, and DNHDCS shows the 

largest weight loss, up to 35%. The 
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generated dressing's antibacterial activity 

was investigated, and the DPPH assay was 

used to measure the antioxidant activity. 

The results showed that PVA/Frank/CS 

had the highest antibacterial activity (80%) 

against B. cereus. The ABTS
•+

 radical 

scavenging activity of sponges containing 

PVA/Frank hydrogel increased 

significantly when Frank oil was added, 

reaching 46% (g GAE/g film). Hemolysis 

rates of less than 2% were observed in all 

sponge hydrogels, indicating acceptable 

blood compatibility and appropriateness 

for intravenous injection. According to 

these results, the hydrogels containing 

Frank may be used as an effective way to 

create new biomaterials for dressings and 

as an antibacterial and antioxidant agent 

for wound care. 
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 الجرًح لشفاء المائية اليلاميات فينيل البٌلي/الدىني يحٌزانلكالمحمل علي ا اللبان زيث اجيةبثً ًخصائص جصنيع

جامر جامر
1

ينيو السج, سامي
2

, ساره شٌمان
2

, ىناء منصٌر
2* 

1
 مديحة الأبحاخ العلمية ً الحطبيقات الحكنٌلٌجية بالاسكندرية  
2

 كلية العلٌم جامعة كفر الشيخ 

. نهغاٚت جٛذ بشكم حعًم أٌ ًٚكٍ( فشاَك) انهباٌ ٔصٚج انبٕنًٛشاث يٍ انًظُٕعت انجشٔح ضًاداث فئٌ ْٛذسٔجٛم، باعخباسْا

 فٙ انذُْٛت hexadecanyl -Nٛخٕصاٌكان يشخقاث يع فشاَك الإسفُجٛت انًائٛت انٓلايٛاث حذضٛش ْٕ انذانٛت انذساست يٍ انٓذف

 انبٕنًٛشٚت نهٓٛذسٔجٛلاث انفٛضٕٚكًٛٛائٙ ٔالأداء انذٕٛ٘ انُشاط حقٛٛى حى .نهجشاثٛى يضاد كعايم  (PVA)فُٛٛم انبٕنٙ كذٕل

 ٔانثباث انًاء، ايخظاص عهٗ ٔانقذسة انسطذٙ، ٔانخشكم انبٕنًٛشٚت، انخفاعلاث دساست حًج  PVA/Frank.عهٗ انًعخًذة

  إسفُجت ْٛذسٔجٛم أٌ  SEMطٕس انخٕسو ٔحُظٓش َٔسبت ،IR-FT ، ٔSEM بٕاسطت انذيٕ٘ ٔانخٕافق ٔانخخثش انذشاس٘،

PVA ضهٙانخفا انضٕئٙ انًسخ كانٕسًٚخش ٔحُظٓش يهذٕظ، بشكم طفائذٛت طبقت ٔحظٓش يًٛضة يسايٛت بُٛت نٓا(DSC)  انثباث 

ًًا أظٓشٔا فقذ رنك، عهٗ علأة. نهٓٛذسٔجٛلاث انذشاس٘  ٚخًخع دٛث نهًاء، انعانٙ ايخظاطٓى بسبب انُضٚف فٙ سشٚعًا حذك

 كبٛش بشكم ٚؤثش فشاَك صٚج أٌ أٚضًا انُخائج حٕضخ%(. 3.3.5) انًاء ايخظاص فٙ كفاءة بأعهٗ  PVA/Frankْٛذسٔجٛم

 فذض حى%. 35 إنٗ حظم انٕصٌ فٙ خساسة أكبش CS -PVA/Frank/DNHDْٛذسٔجٛم أظٓش دٛث انخذهم، يعذل عهٗ

 أقٕٖ  PVA/Frank/CSنـ كاٌ نهُخائج، ٔفقا  DPPHيقاٚست باسخخذاو الأكسذة يضاداث اخخباس ٔحى نهبكخٛشٚا، انًضاد انُشاط

 صٚادة إنٗ ْٛذسٔجٛم  VA/Frank Pيع الإسفُج فٙ فشاَك صٚج اسخخذاو أدٖ.  B. cereus  (%80)ضذ نهجشاثٛى يضاد َشاط

 انًائٛت انٓلايٛاث جًٛع نذٖ كاٌ(. فٛهى جشاو  /GAEجشاو% )46 إنٗ ٔطم دٛث انجزس٘، انكسخ  ABTS++   َشاط فٙ كبٛشة

 أٌ إنٗ انُخائج ْزِ حشٛش .انٕسٚذ فٙ نهذقٍ ٔيلاءيخّ انجٛذ انذو حٕافق إنٗ ٚشٛش يًا ،٪2 يٍ أقم انذو اَذلال يعذلاث الإسفُجٛت

 ٔكزنك بانجشٔح، نهعُاٚت نلأكسذة  ٔيضاد نهبكخٛشٚا يضاد كعايم يذخًم اسخخذاو نٓا فشاَك عهٗ حذخٕ٘ انخٙ انًائٛت انٓلايٛاث

 ..نهضًاداث جذٚذة دٕٛٚت يٕاد نخطٕٚش


