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ABSTRACT 

 

 
Background and Objectives: The main cause of mortality in burn patients is infection from burns. Drug-resistant bacteria 

are the main causes of wound infection, so alternative antibiotic therapies hold significant importance. The objective of this 

study was to examine the impact of a collagen hydrogel that contains a nanoemulsion of Lavandula essential oil on the heal- 

ing process of infected burn wounds. 

Materials and Methods: In this experimental study, 20 rats were randomly divided after applying burns with a 10 mm 

diameter hot plate and infecting the wounds with multidrug-resistant Pseudomonas aeruginosa into four groups, including a 

positive control, a negative control, the first experiment (collagen hydrogel), and the second experiment (collagen hydrogel 

containing Lavandula essential oil nanoemulsion). On the 4th, 11th, and 18th  days, tissue samples were taken for pathology 

studies. The important parameters in burn wound healing with hematoxylin and eosin and Masson's trichrome staining meth- 

ods were investigated and scored according to Abramov’s method. 

Results: Based on the pathology findings, experimental groups 1 and 2 compared to the negative and positive control groups 

were effective in rat infection wound healing. The hydrogel scaffold in the experimental groups increased fibroblasts and an- 

giogenesis compared to the control groups. Epithelization was noticed only in the hydrogel group containing nanoemulsion. 

Conclusion: The study findings suggest that the use of collagen hydrogel with Lavandula essential oil nanoemulsion has 

potential as a wound dressing. This is because it has the potential to effectively promote healing and act as an antibacterial 

agent to prevent infections. 
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INTRODUCTION 

 
More than 265,000 cases of burn injuries result in 

fatalities each year. Burn wound infection not only 

increases the death rate among hospitalized patients 

but also delays the healing process. The primary 

therapeutic approaches for treating burn wounds in- 

volve the use of artificial dermal replacements and 

dressing care. The use of common antibiotics has de- 

clined due to the persistent rise of multidrug-resistant 

(MDR) microorganisms (1). Handling wound burn 

infections caused by MDR bacteria will surely lead 

to improved healthcare on a global level. The rise of 

multidrug-resistant Gram-negative bacteria poses a 

significant threat to the effectiveness of therapies in 

both industrialized and poor countries. Pseudomo- 

nas aeruginosa, for instance, is a highly problematic 

bacteria that poses a global concern (2). 

Flexible, biodegradable, and adequately gas-per- 

meable wound dressing materials are necessary to 

reduce the rate of infection (3). The capacity to stick 

and having control over how much exudate a wound 

can absorb are important additional factors. Tradi- 

tional dressings, however, are typically arid and dif- 

ficult to use (4). Natural biopolymers are utilized as 

wound dressings due to their  biocompatibility, bio- 

degradability, and resemblance to the extracellular 

matrix (ECM), which allows cell attachment due to 

their microporous structure (5). 

Hydrogels  are  polymer  networks  that  have  a 

three-dimensional structure and are hydrophilic, al- 

lowing them to absorb large amounts of liquid. These 

compounds can absorb several times the polymer's 

weight of water without disintegrating. Hydrogels 

have a flexible and elastic nature, exhibiting physical 

and chemical characteristics that closely resemble 

those of biological tissues. Hydrogels are biocom- 

patible,  controlled,  biodegradable,  and  hydrating 

for burn wounds, but they can also transport drugs. 

Hydrogels absorb wound exudate better than oth- 

er dressing materials (6). Collagen is a protein that 

maintains the structural integrity of cells and tissues. 

Myofibroblasts and fibroblasts produce collagen in 

the skin. Collagen is arranged in the form of fibrils 

and is constantly exposed to tension and shear forces 

in the skin, tendons, and bones. This protein exhibits 

low immunogenicity, exceptional biocompatibility, 

and biodegradability and promotes cellular adhesion, 

proliferation, and growth. So it is an exceedingly ap- 

propriate choice for tissue engineering scaffolds (7). 

Nanoemulsions (NEs) are a distinct approach to 

medication delivery that involves using carrier sys- 

tems  for  the  encapsulation  of  active  substances. 

NEs possess a composition and structure that allow 

them to include a larger quantity of pharmacologi- 

cal content in comparison to other topical products, 

including ointments, creams, gels, and lotions. Even- 

tually, the dispersed oil droplet phase of NEs can en- 

hance the solubility of hydrophobic medicines with 

low water solubility. Due to the composition of NEs, 

the medicine will effectively penetrate the deeper 

skin layers;, more precisely, the stratum germina- 

tivum and dermis are the specific areas where wound 

healing and angiogenesis occur. This treatment can 

effectively promote collagen deposition and regener- 

ate skin tissue. Nanoparticles' (NP) size allows them 

to enter the wound and engage target molecules, re- 

leasing drugs or bioactive substances locally and af- 

fecting healing. NEs are specifically engineered to 

effectively cure burn injuries and have been scientif- 

ically demonstrated to possess extensive antibacte- 

rial and antifungal characteristics. These emulsions 

chemically bond with the lipid layer of microbial 

outer membranes, causing the membranes to become 

unstable and resulting in the destruction of patho- 

gens. Nanomaterials expedite the process of wound 

healing because of their high surface area-to-volume 

ratio and ability to provide medication (8-11). 

Essential oils (EOs), recognized as volatile oils, 

represent highly complicated mixtures. These liq- 

uids are volatile, aromatic, and greasy. They are ob- 

tained from different parts of plants and are used in 

numerous industries. They have attracted consider- 

able study because of their antibacterial, antifungal, 

anti-inflammatory, and antioxidant properties. They 

have attracted considerable attention and are a prom- 

ising alternative to synthetic drugs (12, 13). 

Lavandula officinalis essential oil (LEO) has been 

shown to accelerate wound contraction and exhibit 

antibacterial properties, making it a promising can- 

didate for topical therapy (14, 15). According to the 

points  mentioned  about  NEs,  the  effectiveness of 

EOs can be enhanced by incorporating them into an 

appropriate nanocarrier. The aim of this study was to 

study the effect of lavandula essential oil nanoemul- 

sion (LEO-NE) loaded into a collagen hydrogel scaf- 

fold on the healing of burn wounds infected with 

MDR P. aeruginosa in an animal model. This inves- 

tigation aimed to fill the need for research about the 

effects of LEO on P. aeruginosa infection wounds. 
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MATERIALS AND METHODS 

 
Material selection. LEO was purchased from Barij 

Co. (Kashan, Iran). Tween 80 and Span 60 (Merck, 

Germany) were used. P. aeruginosa, isolated from a 

burn patient and used in this study. Antibiotic disks 

(Mast Group Co., UK) were used. 20 male Wistar rats 

(250-270 g) were obtained from the Animal Center of 

Mazandaran University of Medical Sciences (Mazan- 

daran, Iran). This study was conducted in the Microbi- 

ology Department, Faculty of Medicine, Mazandaran 

University of Medical Sciences, Mazandaran, Iran. 

 
Gas Chromatography/Mass Spectroscopy (GC/ 

MS) analysis of the essential oil. The GC/MS analy- 

sis was conducted using a Hewlett-Packard 6890/5972 

system equipped with a DB-5 capillary column mea- 

suring 30 m in length and 0.25 mm in diameter, with 

a film thickness of 0.25 μm. The samples were car- 

ried using helium as the carrier gas at a flow rate of 

2 mL/min in the present investigation. 70 eV electron 

energy was employed for the execution of mass spec- 

trometry. The mass scan range spanned from 40 to 

400 m/z, with a sampling rate of 1.0 scans per sec- 

ond. Quantitative data were achieved by electronical- 

ly integrating the FID peak areas. The constituents 

of the oil were discovered by utilizing the retention 

time, retention indices relative to C9-C28n-alkanes, 

and computer matching with the Wiley 275.L. li- 

brary. The acquired mass spectra were compared to 

the actual samples and data documented in the liter- 

ature (16). The percentage composition of EOs was 

determined by calculating the ratio of the peak area 

obtained from GC analysis without making any ad- 

justments or corrections. 

 

Preparation and analysis of LEO-NE. LEO-NE 

was created using the high-pressure homogenization 

technique for EOs. To prepare the LEO-NE (1% v/w) 

was dispersed in a lipophilic surfactant. (Span 60, 1% 

v/w). The EO (1% v/w) was distributed in a heated 

aqueous solution containing surfactant containing 2% 

v/w Tween 80. Then the homogenization of the mix- 

dynamic light scattering (DLS) with a Zetasizer Nano 

instrument manufactured by Malvern Instruments. 

The measurements were conducted at a temperature of 

65 degrees Celsius and at an angle of 27 degrees (16). 

 
Preparation of collagen/LEO-NE hydrogel. A 

solution of rat tail collagen was prepared by dissolv- 

ing it in 1.8 mL of acetic acid (0.02 N) while stirring 

magnetically. The resulting solution was transparent 

and had a collagen concentration of 3.8 mg/mL. Fol- 

lowing that, a volume of 1.8 mL of phosphate-buffered 

saline (PBS) with a pH of 7.4, containing LEO-NE at 

a concentration of 1% by weight, was introduced into 

the collagen solution. The pH of the solution was then 

brought to 7.4 by adding a solution of 0.5 M NaOH. 

The collagen solution was prepared and neutralized 

on ice. To induce collagen fibrillation and hydrogel 

formation, the solution was subjected to incubation at 

a temperature of 37°C for a duration of 2 hours (17). 

 
Hydrogel characterization: gelation time mea- 

surement. The gelation time was determined by con- 

ducting a vial inversion test, following the method- 

ology outlined by Gupta et al. In this procedure, the 

hydrogel solution was not subjected to vial inversion 

to determine the gelation time. The duration of colla- 

gen transmission in the sol-gel was measured by ro- 

tating the vial every 10 seconds. A gelation time was 

measured when the collagen solution did not remain 

buoyant after the vial was returned. Each sample was 

recorded with an average value of three duplicates (18). 

 

Hydrolytic degradation. The lyophilized hy- 

drogel samples were precisely weighed and there- 

after submerged in 10 mL of PBS at various time 

intervals for a maximum duration of 21 days, with 

the solution being replaced every 2 days. Following 

each time point, the samples were extracted from 

PBS and rinsed with deionized water. Subsequent- 

ly, they were subjected to freezing, lyophilization, 

and weighing. The weight loss % (degradation) was 

determined by comparing the dry mass of samples 

before  and  after  immersion,  using  the  equation: 

ture was performed by a high-shear homogenizer (D- where W represents the initial dry weight of lyo- 

91126 Schwabach, Heidolph, Germany) for 1 minute philized hydrogel, and W represents the dry weight 

at 8000 rpm. The obtained pre-emulsion was homog- 

enized using an APV Micron Lab 40 (APV Systems, 

Unna, Germany) at high pressure (3 cycles, 500 bar). 

The Z-average mean particle size, polydispersity in- 

dex (PDI), and Zeta potential were determined using 

of lyophilized hydrogel after each time interval. 

Three specimens from each hydrogel group were 

assessed, and the mean value was documented (19). 

 
Weight loss% = (w - w )/w × 100 

1          2        1 
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Swelling ratio. The swelling properties were as- 

signed to evaluate the hydrophilic scaffolds. In sum- 

mary, the lyophilized samples (W ) were placed in 

PBS (pH 7.4) and kept at a temperature of 37°C for 

a period of time. After 30 minutes, the weight of the 

samples when they were wet (W ) was measured. The 

percentage of swelling was determined by applying 

the following equation: where Wd represents the orig- 

the first tube where no visible signs of growth were 

observed. The controls consisted of MHB plus NE 

and MHB plus solvent. The MBC value was deter- 

mined by measuring the concentration of NE that 

effectively suppressed bacterial growth, resulting in 

the absence of colonies on the Mueller-Hinton Agar 

plate (21). This test was done with three repetitions. 

inal dry weight and W represents the wet weight of Animals. The animals remained in a controlled en- 

the samples. The equation was used to get the average 

of three values for each sample (17). 
 

Swelling ratio % =  × 100 

 

Isolation, identification, and antimicrobial sus- 

ceptibility testing. With the aim of isolating MDR 

bacteria, wound swabs were collected from patients 

experiencing burn injuries. with signs of infection at 

Zare Hospital. The swab specimens were cultured on 

Tryptic Soy Broth (TSB) to initiate growth, and the 

initial isolation was performed on blood agar. The 

conventional techniques were employed to identify P. 

aeruginosa, which encompassed gram staining, anal- 

ysis of colony shape, growth at 44°C, catalase, oxi- 

dase, and Triple Sugar Iron (TSI) fermentation tests. 

The disk diffusion method was implemented follow- 

ing the standards suggested by the Clinical and Labo- 

ratory Standards Institute (CLSI) to ascertain the an- 

timicrobial susceptibility. The antibiotic disks (Mast 

Group Co, UK) used in this study included cefepime 

(30 μg), piperacillin-tazobactam (100/10 µg), mero- 

penem (10 µg), imipenem (10 µg), aztreonam (30 µg), 

piperacilin (100 µg), Gentamicin (10 µg), Tobramycin 

(10 µg), Amikacin (30 µg), Ceftazidime (30 µg) and 

ciprofloxacin (5 µg). An isolate that is resistant to at 

least three classes of antibacterial agents is classified 

as MDR (20). 

 

Determination of minimum inhibitory concen- 

tration (MIC) and minimum bactericidal con- 

centration (MBC). The MIC values were calculated 

using the micro-broth dilution method recommended 

by the CLSI. This approach involved using Muel- 

ler-Hinton broth (MHB) medium and overnight bac- 

terial cultures with a concentration of 5 × 105  colo- 

vironment at a temperature range of 22-25°C. They 

were exposed to a 12-hour cycle of light and darkness 

and had free access to water and food. The rats equip- 

ment was sterilized using an autoclave. In addition, 

the cages were sterilized using a 10% povidone-io- 

dine solution in order to enhance the accuracy of 

bacterial assessments. The experimental techniques 

were authorized by the ethical committee of Mazan- 

daran University of Medical Sciences in compliance 

with the requirements for the welfare and utilization 

of laboratory animals. Animals were anesthetized 

with ketamine (80 mg/kg, i.p.) and xylazine (10 mg/ 

kg, i.p.). After shaving the back hair and cleaning the 

skin with 70% ethanol, a full-thickness circular skin 

wound (diameter 10 mm) was created in the midline 

of the back of each animal by a cylindrical iron rod 

previously placed on a flame. Burns were performed 

by induction of the second-degree burn model (22). 

The rats were then randomly divided into four groups 

of five rats each: negative control (serum physiology), 

positive control (silver sulfadiazine cream), collagen 

hydrogel, and collagen hydrogel-containing LEO- 

NE. After the burn site had cooled, the wounds were 

infected with 100 microliters of P. aeruginosa 0.5 

McFarland. A bacterial culture was done to be sure 

the wound was infected. For the control groups, the 

treatment was done every day, and for the hydrogels, 

the treatment was done all at once (23). 

 

Wound closure measurement. Wound closure 

measures were taken on days 4, 11, and 18. The mean 

wound size was measured using a caliper. The percent- 

age of wound closure was determined by calculating 

the ratio of the difference between the primary wound 

area (A ) and the area of the wound at the time of mea- 

surement (A ) to the original wound area (A ) (24). 

ny-forming units per milliliter (CFU/mL). Various 

quantities of NEs were added to 1 mL tubes contain- 

t 

 
Percentage of wound closure = (A -A )/A 

0 

 
× 100 

ing MHB and standard bacterial suspensions. The 

mixtures were then incubated at 37°C for 18 hours. 

The MIC value was defined as the concentration of 

0       t        0 

 
Histological analysis.  On  the  4th,  11th,  and  18th

 

days, the skin burn site biopsy samples were pre- 
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served in a formalin 10% solution and made ready 

for pathology tests. The sections (4 μm) underwent 

deparaffinization and  rehydration  for  hematoxylin 

Table 1. Main chemical substances (more than 4%) of La- 

vandula officinalis essential oil 

and eosin (H&E) staining. After staining, the import- Compounds RIa GC region (%) 
ant parameters in the burn process of wound healing 1 α-Pinene 932 4.53 
were examined, and the degree of epithelialization, 2 β-pinene 974 5.78 
fibroblast, proliferation, angiogenesis, formation of 3 1,8-cineole 1026 22.29 
collagen fibers, and presence of inflammatory cells 4 Linalool 1095 11.22 
were evaluated. Trichrome staining of tissue samples 5 Campher 1141 7.88 
was done to check the degree of collagen deposition 6 Borneol 1165 4.03 
(25). The pathologist examined the skin tissues and 7 Terpinen-4-ol 1174 4.19 
assessed them using Abramov's grading system. Each 8 α-terpineol 1186 4.85 
section was assigned a score between 0 and 3. Scores 9 Other compounds  32.23 
ranged from 0 to 3, including 0 = no attendance, 1 = Total   64.77 
low, 2 = moderate, and 3 = high (26).     

 
Statistical analysis. The percentage of wound clo- 

sure was quantified as the average value ± the stan- 

dard deviation. The groups were compared using the 

Kruskal-Wallis test, whereas the comparison of two 

groups was conducted using the Mann-Whitney test. 

P value <0.05 was considered significant. The analy- 

ses were conducted using SPSS 21.0. 

 
Ethical  approval.  This  study  was  confirmed 

by the Ethics committee of Aja university of med- 

ical sciences. Confirmation code: IR.AJAUMS. 

REC.1401.212(2023.02.19). 
 

 
 

RESULTS 

 
Composition of LEO. The GC/MS spectrum results 

from this research, out of 101 compounds in LEO, 

there were eight major compounds with an amount 

greater than 4%, which is equivalent to 64.77% of the 

whole compositions, all of which are monoterpenes 

(Table 1). As can be seen in the Table, these eight items 

are in order of abundance: 1,8-cineole (22.29%), Lin- 

alool (11.22%), Camphor (7.88%), β-pinene (5.78%), 

α-terpineol (4.85%), α-Pinene (4.53%), Terpinen-4-ol 

(4.19%), and Borneol (4.03%). 

 
Characterization of LEO-NE. The particle size 

analysis of all formulations was done with Zetasizer. 

Fig. 1b shows the zeta potential of LEO-NE, which 

measured -9.82 ± 6 mV. The average zeta potential 

of LEO-NEs was -16.18 ± 1.03 mV . The mean ± SD 

diameter of LEO-NE was found to be 105.6 ± 7.875 

nm, with a PDI of 0.331 ± 0.055. The entirety of the 

RIa: Retention indices on DB-5 column. 

 
system exhibits a preference for a negative charge, 

which promotes heightened stability through the re- 

pellent effect of like charges. Fig. 1a presents data on 

the particle size and PDI of an individual formulation. 

The findings have verified that the NPs exhibit a na- 

noscale dimension with a distinct and singular peak, 

consequently supporting the uniformity of the NPs 

with a narrow spectrum of particle size distribution. 

The assessment of the stability of NE relies on the 

analysis of droplet size and size distribution, which 

can serve as indicators of drug release and absorption 

within these formulations. 

 
Hydrogel characterization: gelation time. Colla- 

gen hydrogels were created by altering the pH and 

temperature of solutions containing collagen and 

collagen/LEO-NE hydrogels. The fibrillation and ge- 

lation of collagen take place when the pH and tem- 

perature of the acidic collagen solution approach 7.4 

and 37°C, respectively. Alterations in the composition 

of the hydrogel solution can potentially influence the 

gelation time of collagen. In order to assess the impact 

of including LEO-NE on the gelation time of colla- 

gen hydrogel, we conducted a vial inversion test. The 

gelation periods of collagen and collagen/LEO-NE 

hydrogel solutions are displayed in Fig. 2. According 

to the figure, the inclusion of LEO-NE in the collagen 

solution resulted in a longer time for the gel to form. 

The collagen solution lacking LEO-NE did form a gel 

within 30 ± 1 seconds, but the gelation time for Col/ 

LEO-NE was 57 ± 24 seconds. The late gelation of the 

collagen/LEO-NE solution may have been caused by 

potential interactions between collagen and LEO-NE. 
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Fig. 1. The Z-average size, poly-dispersity index (PDI) (1a), and Zeta potential (1b) of a specific LEO-NE 

a. The Z-average size and poly-dispersity index (PDI) L EO-NE 

b. Zeta potential of a specific L EO-NE 

 

 
 

Fig. 2. Time needed for collagen and collagen/LEO-NE to gel. 

Hydrolytic degradation. The weight loss of the hy- 

drogel was examined by measuring the weight of the 

immersed scaffolds in PBS at various time intervals, 

up to a maximum of 21 days. The proportion of re- 

sidual weight was determined by comparing the dry 

mass of the samples before and after immersion. The 

proportion of weight reduction for each scaffold is dis- 

played in Fig. 3. Based on the figure, the pure collagen 

scaffold exhibited more weight loss at all time inter- 

vals compared to collagen/LEO-NE. After a duration 

of 1 week, the weight loss percentage for pure collagen 

was approximately 75%, whereas for collagen/LEO- 

NE it was around 43%. The pure collagen scaffold 
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saw a weight loss of approximately 79% after 21 days, 

whereas the collagen/LEO-NE composite exhibited 

a weight reduction of around 62% during the same 

period. The presence of stronger bonding contacts 

between collagen and LEO-NE may result in a reduced 

erosion rate of the collagen/LEO-NE composite. 

 
Swelling ratio. Fig. 4 shows the swelling ratio of 

pure  collagen  and  collagen/LEO-NE  scaffolds  af- 

ter immersing in PBS (pH 7.4) for 30 minutes. The 

swelling ratio of pure collagen was approximately 

5.6 ± 0.24 g. The addition of LEO-NE to collagen 

hydrogels led to an increase in the swelling ratio. As 

the content of LEO-NE increased, the swelling ratios 

of the hydrogels also increased. The swelling ratio for 

collagen/LEO-NE was 20 g ± 4 g. The structure and 
 

 

 
 

Fig. 3. Weight loss of scaffolds in PBS (pH 7.4) at various 

time intervals. 

 

 
Fig. 4. Swelling properties of the scaffolds collagen and 

LEO-NE after immersing them in PBS (pH 7.4) for 30 min- 

utes. 

hydrophilic properties of the scaffold material influ- 

ence the amount of swelling. 

 
Antibiotic resistance. P. aeruginosa was subjected 

to antimicrobial susceptibility testing to evaluate the 

resistance pattern (Table 2), and MDR was determined 

based on the results, which was resistant to all antibi- 

otics except cefepime and piperacillin-tazobactam and 

showed intermediate resistance to imipenem. 

 
Determination of minimum inhibitory concen- 

tration (MIC) and minimum bactericidal concen- 

tration (MBC). As indicated in the Table 3, the MIC 

of LEO-NE against P. aeruginosa and S. aureus were 

156 and 156 µg/mL, and the MBC were 312 and 2500 

µg/mL, in the order mentioned. In addition, according 

to the MIC and MBC of the bacteria, LEO-NE had a 

bacteriostatic effect on both bacteria, but it had a bac- 

tericidal effect on P. aeruginosa and a bacteriostatic 

effect on S. aureus. 

 
Wound closure. Fig. 5 shows the comparative graph 

of wound closure percentage among the study groups 

on the 4th, 11th, and 18th days. Table 4 presents the aver- 

age percentage of wound closure for the four groups. 

The Kruskal-Wallis test revealed a significant differ- 

ence between the groups in terms of the percentage of 

wound closure (P-value <0.05). 

Upon pairwise analysis of the groups using the 

Mann-Whitney U test, a notable distinction was seen 

between the second experimental group and the oth- 

ers (collagen hydrogel containing LEO-NE) and the 

positive control (silver sulfadiazine ointment) on the 

fourth day. There was a notable disparity between the 

second experimental group and the negative control 

group on the 4th  day (P-value = 0.032) and 11th  day 

(P-value = 0.032). Also, according to the Mann-Whit- 

ney test, There was a notable disparity between the 

negative control group (collagen hydrogel) and the 

first and second trial group (LEO-NE) on the day 

(P-value = 0.032). On the 18th day, due to the decrease 

in the number of rats due to death, the results of paired 

group analysis and the Mann-Whitney test did not 

show significant differences (P-value >0.05). 

 
Histological analysis. In pathology studies, effective 

parameters for burn wound healing, including the for- 

mation of epithelium, fibroblasts, proliferation, angio- 

genesis, collagen fibers, and inflammatory cells, were 

evaluated. The above criteria were scored by H&E 
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Table 2. Result of antibiotic resistance of P. aeruginosa 

 

Cefepime Piperacillin-tazobactam Meropenem Imipenem Aztreonam Piperacilin 
S 

Gentamicin 

R 

S 

Tobramycin 

R 

R 

Amikacin 

R 

I 

Ceftazidime 

R 

R 

Ciprofloxacin 

R 

R 

 

Abbreviation R: resistance, S: susceptibility, I: intermediate 

 
Table 3. MIC and MBC of 1% LEO-NE in micrograms per 

milliliter 

fibrin deposition was high in all groups, but the treat- 

ment with LEO-NE and silver sulfadiazine groups 

                                                                                            had anti-inflammatory effects. Day 11: Chronic in- 
 

 
P. aeruginosa 

S. aureus 

MIC (µg/mL) 

156 

156 

MBC (µg/mL) 

312 

2500 

flammation was seen in negative control (serum) and, 

to a lesser extent, in the positive control (silver sul- 

fadiazine), while it was less common in the hydrogel 

collagen and hydrogel collagen-containing LEO-NE 

groups. Angiogenesis and fibroplasia were seen in the 

LEO-NE treatment group at a moderate level. Both 

treatment groups with hydrogel scaffolds had a moder- 

ate amount of collagen deposition. Epithelization was 

seen in any group due to high inflammation, but only 

in the hydrogel/LEO-NE group. In the positive control 

group, mild angiogenesis was seen with fibroblastic 

proliferation, and in the experimental group, moder- 

ate vascularization and fibroblastic proliferation were 

seen. Day 18: In the negative control group, there was 

chronic inflammation, mild chronic inflammation, and 

fibrosis in the positive control group, and modest col- 

Fig. 5. The graph of the average percentage of wound clo- 

sure in the groups on days 4, 11 and 18 

 
and trichrome staining with light microscopy. Under 

a microscope, the quantity of neutrophils revealed 

acute inflammation; chronic inflammation was mea- 

sured by counting the numeral of lymphocytes and 

macrophages. The number of vessels that formed in 

the inflamed area was the method used to assess an- 

giogenesis, and fibrosis was evaluated by the number 

of underlying fibroblasts. The results are shown based 

on the average score and as a graph in Fig. 6. Mas- 

son's trichrome staining was performed on day 18 to 

examine collagen deposition. The blue collagen bands 

in trichrome staining represent the deposition of col- 

lagen (Fig. 7). The negative control (serum) group has 

only mild deposition of collagen; the positive control 

(silver sulfadiazine) group has haphazardly arranged 

collagen bundles; the collagen group is less organized; 

and the collagen/LEO-NE group shows well-orga- 

nized parallel bundles. In preliminary investigations 

(day 4), the rate of acute inflammation, edema, and 

lagen deposition in the hydrogel groups (Fig. 8). 
 

 
 
DISCUSSION 

 
In this study, the wound healing effects of collagen 

hydrogel  scaffold and  collagen  hydrogel/LEO-NE 

on burn wounds (flame) infected with P. aerugino- 

sa MDR in an animal model (rat) were investigat- 

ed by examining pathological parameters. We have 

successfully produced a novel hydrogel formulation 

based on collagen, loaded with LEO-NE, to facilitate 

the recovery of infected burn wounds and prevent the 

emergence of pathogenic infections. Evaluation of 

EO composition showed main monoterpenes similar 

to previous studies (27). The results confirmed the 

beneficial effects of hydrogel and LEO-NE contain- 

ing hydrogel on wound healing. Hydrogel collagen/ 

LEO-NE was able to reduce inflammation, increase 

collagen production, and cause the wound to close 

faster, which is probably due to LEO's antibacterial 

and antioxidant properties. Of course, in this study 
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Table 4. Determination of significance between four groups with the Kruskal-Wallis test 

 
Day Control - Control + Collagen Collagen –LEO-NE P value 

Mean ± Std.Division 
4 0.00 ± 0.00 0.00 ± 0.00 6.00 ± 5.47 8.00 ± 4.47 0.014 
11 17.50 ± 5.00 22.5 ± 9.57 37.50 ± 5.00 37.50 ± 5.00 0.011 
18 40.00 ± 10.00 46.66 ± 5.77 56.66 ± 5.77 66.67 ± 5/77 0.034 

 

 

 
 

Fig. 6. Average pathology scores of treatment groups. Scores ranged from 0 to 3, including 0=no attendance, 1=low, 2=mod- 

erate, and 3=high. (Axis x, parameters studied in pathology) (Axis y, scoring system) 
 

 

 
 

Fig. 7. Masson's trichrome stain in day 18, (A) negative control (serum) group with only mild deposition of collagen, (B) 

positive control (Silver sulfadiazine) group with haphazard arranged collagen bundles, (C) Collagen group with less organized 

blue stained, (D) Clollagen/LEO-NE showing well organized parallel bundles of collagen that stained blue (X400). 
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Fig. 8. Histological assessment of tissues stained with Haematoxylin and Eosinof treatment groups in the 4th, 11th, and 18th 

days (200X). The red arrow is acute inflammation. Blue arrow is angiogenesis more degree in treatment group. The yellow 

arrow indicates persistent chronic inflammation.The black arrow shows the epithelialization in the hydrogel collagen/LEO-NE 

group (100X). 

 
examined the impact of LEO-NE for the first time 

on P. aeruginosa, which indicates its antimicrobi- 

al effects. In line with this study, Fadel et al. (2023) 

examined the antibacterial properties of LEO-NE 

on Proteus mirabilis (28). The study conducted by 

Derya Demir et al. in 2023 demonstrated the efficacy 

of lavandula in enhancing wound healing in individ- 

uals with diabetes. Additionally, the findings of this 

study demonstrated that LEO augmented the syn- 

thesis of collagen, epithelialization, and fibroblasts, 

aligning with the outcomes of the current investiga- 

tion (29). In another study, lavandula was employed 

for its antibacterial and anti-inflammatory properties 

in a hydrogel formulation aimed at treating infected 

wounds. The results demonstrated highly effective 

antimicrobial activity against S. aureus and C. al- 

bicans. Also, the research showed that the hydrogel 

containing lavandula had a heightened antioxidant 

impact in comparison to the scaffold without oil. 

This enhanced antioxidant effect has the potential to 

expedite the wound healing process. Derya Demir et 

al. conducted a study in 2023 that demonstrated the 

efficacy of lavandula in enhancing wound healing in 

individuals with diabetes. Also, the results of this in- 

vestigation show that LEO enhanced the synthesis of 

collagen, epithelialization, and fibroblasts, aligning 

with the results of the current study (30). 

Wounds are a common medical problem that can 

arise from various skin injuries, such as surgical 

interventions, pressure sores, burns, and diabetic 

ulcers.  Consequently,  medical  practice  frequent- 

ly  utilizes  them.  However,  even  though  wounds 

are common, there are only a few officially recog- 

nized therapies available for the process of healing 

wounds. Present guidelines for fundamental wound 

care involve commencing antibiotic treatment exhib- 

iting clinical infection, removing necrotic tissue or 

pollutants from wounds through debridement, and 

applying dressings that sustain a moist environment 

(14). Bacterial resistance to antibiotics has signifi- 

cantly surged, hence restricting their therapeutic effi- 

cacy. Furthermore, there has been a notable decline 

in the efficacy of recently developed antibiotics and 

chemotherapeutics. The hydrogel's antibacterial ac- 

tivity could be enhanced by including plant EOs with 

antibacterial properties. EOs primarily exert their 

antibacterial effects by interacting with the cytoplas- 

mic membrane. This engagement causes instability 
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in the membrane and increases its permeability (31- 

33). The process of healing a skin wound is an intri- 

cate molecular and cellular process that consists of 

four active phases: coagulation, inflammation, pro- 

liferation, and regeneration. These phases synergisti- 

cally collaborate to reinstate the initial structure and 

functionality of the impaired tissue (14). Collagen, 

an essential component of the extracellular matrix, 

has a vital function in the process of wound healing. 

This mechanism depends on the regulated synthesis 

and buildup of collagen fibers. Research indicates 

that type III collagen is more abundant in the early 

phases of wound healing, while type I collagen re- 

places it in the later stages. These stages collaborate 

to reinstate the initial structure and functionality of 

the impaired tissue (34). LEO has been shown to ac- 

celerate wound contraction and exhibit antibacterial 

properties, making it a promising candidate for topi- 

cal therapy with dual benefits (32, 35). 

In this study, several NE formulations were pre- 

pared (data were not shown), and the most suitable 

NE based on particle size, pdi, and zeta potential was 

selected for hydrogel preparation because the electric 

potential, known as zeta potential, emerges from the 

existence of a charge on a particle's surface, and its 

polarity is linked to the chemical characteristics of 

the particles, with the potential being either positive 

or negative. The zeta potential exhibited by a given 

formulation can potentially function as an indicator 

of its physical stability (36). The small dimensions 

of NE droplets lead to a higher specific surface area, 

which in turn facilitates enhanced interaction with 

the bacterial cell membrane. In addition, the process 

of nano-emulsification effectively inhibits the oxida- 

tion and evaporation of the EO contents (37). Poten- 

tial interactions between collagen and LEO-NE may 

have caused the late gelation of the collagen/LEO-NE 

solution. Fig. 4 in this work demonstrates the percent- 

age swelling of optimum LEO-NE-hydrogel, which 

can be divided into two distinct phases: the growing 

time and a period of relative stability. Over a 24-hour 

period, the swelling percentages of LEO-NE-hydro- 

gel increased significantly. The moisture present in 

the hydrogels influenced this increase, demonstrat- 

ing their strong hydrophilicity. The hydrogels' mois- 

ture absorption capacity remained unchanged after 

72 hours, indicating that they had reached a state of 

saturation. Hydrogels and nanocomposites' swelling 

capacity and structural stability are critical for their 

biological applications (38). The swelling behavior 

of optimal hydrogels was evaluated based on their 

moisture absorption values. The polymer can swell 

due to interactions between collagen chains and wa- 

ter molecules. The degree of swelling on a scaffold is 

determined by its composition and hydrophilic char- 

acteristics. If these materials can retain the three-di- 

mensional architecture of the hydrogel, it will en- 

hance its capacity to absorb and retain water. Be- 

cause collagen and LEO-NE have stronger bonding 

contacts, the collagen/LEO-NE composite may not 

wear away as quickly. Since most herbal compounds 

are safe, we recommend studying other EOs and ex- 

tracts mixed into hydrogel scaffolds to see how they 

work on their own and together to help wounds heal, 

whether they are infected or not due to the safety of 

most herbal compounds, it is suggested to investigate 

other EOs and extracts loaded in hydrogel scaffolds 

to investigate the healing of infected or non-infec- 

tious wounds, both individually and synergistically. 

One of the limitations of the study was that micro- 

bial culture was not performed on the wound samples 

after treatment, which is why it is recommended for 

other researchers to assay the outcome of LEO-NE on 

the number of bacteria in addition to wound healing 

through CFU/mL. The sample size (number of rats) 

was small in the studied groups. Also, in this study, 

wound healing infected with P. aeruginosa drug-re- 

sistant Gram-negative bacteria was investigated. It is 

recommended that other researchers in their studies, 

while removing the limitations, examine this com- 

pound (LEO-NE) and other herbal compounds and 

their effect on the treatment of infected burn wounds 

with drug-resistant bacteria, such as S. aureus, is a 

process of healing. 
 

 
 
CONCLUSION 

 
This study used an animal model to test a collagen 

hydrogel combined with LEO-NE to investigate its 

effects on burn wounds infected with P. aeruginosa 

MDR. Based on H&E stain, interpretation of pathol- 

ogy resaults, Masson's trichrome stain, and wound 

diameter contraction, treatment groups containing 

collagen reduce inflammation (acute and chronic), 

increase collagen production and angiogenesis, and 

also  make  the  procedure  of  wound  healing  fast- 

er. Collagen production was higher in the studied 

groups. LEO-NE showed good antibacterial effects 

against  antibiotic-resistant  P.  aeruginosa  because 
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bacterial  resistance  mechanisms  against  LEO-NE 

are ineffective, unlike common antibiotics. Among 

the several treatment groups, the LEO-NE hydrogel 

demonstrates the highest potential as a wound dress- 

ing. The results of the study can provide an important 

perspective on the treatment of wounds with alterna- 

tive drugs to antibiotics. 
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