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ABSTRACT 
 

The objective of this study was to assess the anti-inflammatory effects of a chitosan (CHT) 

film loaded with an Arnebia euchroma extract, both in vitro and in vivo. Arnebia 

euchroma contains shikonin (SHKN), a naphthoquinone that exhibits notable anti-

inflammatory, antimicrobial, and wound-healing properties. A high-quality SHKN extract 

was standardised and incorporated into CHT films, which were then evaluated in terms of 

their stability, drug release, antibacterial effectiveness and anti-inflammatory activity. Two 

concentrations of SHKN were employed the preparation of CHT films. In vitro studies 

showed that the optimal CHT film formulation remained stable for a period of four weeks 

at 4°C. A biphasic SHKN release profile was observed from the films, indicative of a 

sustained drug release mechanism. The films exhibited a strong antibacterial effect against 

Staphylococcus aureus (S. aureus) due to the presence of SHKN, but no such effect 

against Escherichia coli (E. coli). Furthermore, a synergistic antibacterial effect was noted 

when CHT was combined with A. euchroma extract against S. aureus. In vivo, the CHT 

film with A. euchroma extract demonstrated anti-inflammatory effects in a mice paw 

swelling test, comparable to betamethasone. The mice were divided into four groups of 

six, and the difference was not statistically significant (p-value>0.05). Histological 

examination substantiated the reduction of immune cell infiltration in the treatment group. 

The study concluded that CHT films containing A. euchroma extract exhibit promising 

anti-inflammatory and antimicrobial properties. Furthermore, they are suitable for use as 

wound dressings, offering high portability, mechanical strength, and non-adhesive 

properties, which makes them suitable for use in a variety of medical and pharmaceutical 

applications, as well as potential carriers for antimicrobial agents and antioxidants in 

various industries. In conclusion, the utilisation of chitosan films embedded with Arnebia 

euchroma extract may provide an accessible and convenient therapeutic application for a 

range of wounds and inflammatory conditions. 

 

Keywords: Arnebia euchroma, Chitosan, Shikonin, Anti-Inflammatory, Anti-

Bacterial. 
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1. Introduction 
Arnebia euchroma is a plant species that occurs naturally in 
a variety of geographical regions, including Asia and North 
Africa. It has a long history of use in traditional medicine, 
due to its recognised therapeutic properties. The plant 
contains a variety of phytochemicals, including 
naphthoquinones, flavonoids, and terpenoids, which have 
been demonstrated to possess anti-inflammatory, 
antimicrobial, and wound-healing properties. The 
phytochemical composition and traditional ethnomedicinal 
uses of A. euchroma have been the subject of numerous 
research studies. (1) A number of studies have corroborated 
the wound-healing, anti-microbial, and anti-bacterial 
properties of this plant, and it has been demonstrated to be 
an efficacious treatment for burn wounds when compared 
to silver sulfadiazine ointment (1-3). The plant has been 
employed in traditional medicine and the pharmaceutical 
industry for the treatment of hair problems, chronic 
diseases, burnt limbs, coughs and colds, and as a vegetable 
colourant and for dyeing cloths (1). A number of studies 
have been conducted to investigate the efficacy of this plant 
in the treatment of second-degree burns. The root of A. 
euchroma contains naphthoquinone, shikonin (SHKN), 
alkanin, and isohexenylnaphthazarin derivatives, which 
have been demonstrated to possess a range of medicinal 
properties, including anti-inflammatory, antimicrobial, and 
anti-cancer effects. To date, a number of chemical 
constituents that can be classified as naphthoquinones have 
been isolated from A. euchroma. SHKN is the principal 
active component among these naphthoquinones (4). 
SHKN is a natural naphthoquinone pigment found in the 
roots of A. euchroma, a plant species belonging to the 
Boraginaceae family. Additionally, this substance and its 
derivatives have been isolated from various species of 
traditional medicinal plants, including Lithospermum, 
Alkanna, and Anchusa (5). SHKN has been demonstrated 
to possess anti-inflammatory properties, which are 
conferred by its ability to inhibit the production of pro-
inflammatory cytokines and chemokines. Furthermore, it 
has been demonstrated to possess antimicrobial properties 
against a diverse array of bacterial and fungal species. 
Furthermore, SHKN has been demonstrated to possess anti-
tumour properties, inducing apoptosis and inhibiting cell 
proliferation in a range of cancer cell lines (6, 7). Chitosan 
(CHT) is a natural polymer that exhibits distinctive 
characteristics, including biocompatibility, 
biodegradability, environmental stability, non-toxicity, high 
biological activity, cost-effectiveness, the ability to chelate 
metal ions, and high adsorption properties (8). It has been 
demonstrated to possess antimicrobial properties against a 
range of bacteria and fungi, thereby establishing it as a 
promising candidate for the development of wound healing 
dressings. Furthermore, it possesses hemostatic properties 
that facilitate the rapid cessation of bleeding. CHT can be 
employed to prevent or treat wound and burn infections, not 
only due to its intrinsic antimicrobial properties, but also by 
virtue of its capacity to facilitate healing in the context of 

soft tissue diseases (9). The objective of this study is to 
examine the impact of Arnebia euchroma extract 
incorporated into a chitosan film, which exhibits anti-
inflammatory and antimicrobial properties, as a potential 
novel light, portable, and immediate drug delivery system. 

 
2. Materials and Methods 
The CHT (degree of deacetylation: 85%) was procured 
from Sigma-Aldrich (USA). The SHKN was procured 
from Sigma-Aldrich (USA). The analytical grade acetic 
acid and glycerol were procured from Merck (Germany). 
2.1. Preparation of Herbal Extract 
In this study, the percolation method, a conventional 
extraction method in plant studies, was employed to obtain 
the root extract of the A. euchroma plant. The roots of A. 
euchroma were collected from mountainous regions in Iran 
and subsequently authenticated by a botanist. Following the 
completion of the botanical processes, a herbarium sample 
was prepared and the samples were subsequently dried. 
Once the biomass weight of the plant had been stabilised, a 
powdered root extract was prepared using the percolation 
method with an ethanol:water (8:2) solution. Following the 
evaporation of the solvent, the extract was then dried. 
Subsequently, the concentration of SHKN, the active 
ingredient, was standardised utilising a standard SHKN and 
a calibration curve. A calibration curve was constructed by 
plotting the absorbance of known concentrations of SHKN, 
and the resulting equation was found to be: 
SHKN conc. (mg/ml) = 0.0313×Absorbance - 0.00009; (R2 
= 0.9999). 
2.2. Preparation of CHT Film Containing A. euchroma 
Root Extract 
The CHT film was prepared based on the moulding process 
(10). Initially, the CHT polymer with a high molecular 
weight was added to a solution of 1% (v/v) acetic acid and 
stirred for a period of 2 hours using a magnetic stirrer in 
order to facilitate the dissolution of the polymer. 
Subsequently, the pH of the solution was adjusted to 5.5. At 
this juncture, the plant extract was also incorporated into the 
solution and thoroughly stirred. Based on the findings of the 
conducted studies, a specific quantity of the extract was 
incorporated into the polymer solution, with the presence of 
25 μg and 50 μg of the active substance SHKN. In other 
studies, various amounts of approximately 10-100 μg (11) 
or 0.5-10 mg/kg dose in mice or rats (12) have been 
employed. Subsequently, glycerin was incorporated as a 
plasticizer, with a concentration of 0.5% (w/w). The 
incorporation of a plasticizer into the polymer solution can 
enhance the flexibility and mechanical properties of the 
resulting film. The resulting solution was then cast onto a 
glass plate or a Petri dish and left to dry in an oven at 40°C 
overnight, thus forming a solid film. 
2.3. SHKN Release 
In order to investigate the release of drugs from a CHT film 
containing an extract of A. euchroma, the SHKN substance 
was employed as an indicator. To this end, a defined 
quantity of the film was introduced into a 5ml solution of 
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PBS medium containing 1% Tween 80, with a pH of 5.5, a 
temperature of 37°C and a rotation of 50 rpm within the 
Franz cell apparatus. At specified intervals (0, 2, 4, 6, 12, 
and 24 hours), the release medium was sampled and 
replaced according to the volume of the sample. The 
amount of the drug released was then quantified using a 
UV-vis device. The calibration curve was established at a 
wavelength of 516 nm. It is important to note that due to the 
low solubility of SHKN in water, 1% Tween was added to 
the PBS solution. 
2.4. Stability 
It is imperative that stability studies are conducted in order 
to guarantee the quality, efficacy and security of drug 
substances and products. A stability study was conducted 
on the prepared film, which was stored at 4°C. After one 
month, the film was examined at scheduled time points (0, 
7, 14, 21 and 28 days) for the amount of the effective 
substance (SHKN) using a UV-vis spectrophotometer (13). 
2.5. Antibacterial Effect 
In order to ascertain the antibacterial effect, the disc essay 
method was employed. In this method, agar is inoculated 
with the microorganism that is undergoing testing. 
Subsequently, paper discs (with a diameter of 
approximately 6 mm) containing the test compound at the 
desired concentration are placed on the agar surface. The 
Petri dishes are then incubated under suitable conditions. In 
general, the antimicrobial agent diffuses into the agar and 
inhibits the growth of the microorganism. The diameter of 
the inhibited growth zones is then measured. In the present 
study, the sensitivity of two bacterial strains, namely 
Staphylococcus aureus (PTCC No. 1826), a Gram-positive 
bacterium, and Escherichia coli (PTCC No. 1789), a Gram-
negative bacterium, to antimicrobial agents was determined 
using the disk diffusion method. In order to achieve this, a 
suspension of each of the aforementioned bacterial samples 
was prepared using McFarland's 0.5 standard and 
subsequently placed on Mueller Hinton agar. Following a 
24-hour incubation period at 35°C, the inhibition zones 
were measured. The film samples, which contained A. 
euchroma root extract at a concentration of 5μg/cm² and 
SHKN at a concentration of 2.5μg/cm², were placed on the 
culture of bacteria. Each set included ampicillin and 
vancomycin discs as positive controls, as well as CHT film 
samples that lacked plant extract, which served as negative 
controls. 
2.6. Paw Swelling Test 
A volume of 25 microlitres of a 1% carrageenan solution is 
administered via a 31-gauge insulin syringe into the 
subplantar surface of the mouse paw. In the standard 
method, the volume of the injected paw is measured at the 
time of injection (T0) and 4 hours later (T4) in order to 
ascertain the extent of the swelling. One appropriate 
method for measuring swelling is to use a caliper to 
determine the thickness of the paw. Additionally, the 
thickness of the non-injected paw is measured after 4 hours 
and serves as the control. The change in claw thickness is 
recorded as AT=T4 – T0. The injection volume results in 

an immediate increase in paw thickness of approximately 
0.8 mm, which largely dissipates within the first hour. In 
this experiment, mice were used and the mice were divided 
into 4 groups of 6. 
- Group 1: mice treated with CHT film containing Arnebia 
extract equivalent to 2.5 μg/cm2 SHKN. 
- Group 2: mice treated with CHT film containing Arnebia 
extract equivalent to 5 μg/cm2 SHKN. 
- Group 3: (negative control): mice treated with CHT film 
without plant extract. 
- Group 4: (positive control): mice treated with 
betamethasone 0.1% ointment. 
2.7. Histology 
Following a four-hour period during which carrageenan-
induced oedema was permitted to develop, animals from 
each group were euthanised. Paw samples were obtained 
for histological examination. The sectioned tissues were 
subjected to staining with hematoxylin and eosin and 
subsequently observed under a light microscope (Zeiss, 
Jena, Germany). 
2.8. Statistical Analysis 
All data were expressed as mean ± standard deviation. The 
independent samples t-test was employed to ascertain whether 
there were any significant differences between the averages of 
the two distinct groups. Conversely, the ANOVA was utilised 
when there were more than two groups. In all stages of this 
research, a significance level of P<0.05 was selected. It should 
be noted that the statistical processing of the results was 
conducted using the SPSS 18 software. 

 
3. Results 
3.1. Herbal Extract 
A total of 198 grams of powdered root from the Arnebia 
plant was subjected to a final extraction process using 4 
litres of 80-degree ethanol. This yielded 7.8 grams of 
extract, representing a yield of approximately 4% (3.98%). 
The yield range of the extract obtained from the Arnebia 
plant has also been demonstrated in other research studies. 
3.2. Preparation of CHT Film Containing A. euchroma 
Root Extract 
Film formulations containing Arnebia extract with two 
different concentrations of SHKN were prepared and their 
morphological characteristics, as well as film thickness, 
were investigated. The results are presented in Figures 1A 
and B. The resulting films are transparent, although the 
dark colour of the Arnebia extract means that they are not 
completely colourless, with a small amount of dark colour 
visible (Figure 1B). The thickness of the prepared films was 
found to be approximately 0.2 to 0.3 mm (Figure 1). 
3.3. Stability 
The stability of SHKN in the formulation of CHT film was 
evaluated at a temperature of 4°C for a period of four 
weeks, and the results are presented in Table 1. The results 
demonstrated that the optimal formulation was stable for a 
period of four weeks, with no significant difference 
observed in the aforementioned characteristics at the 
conclusion of this period (P>0.05). 
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3.4. In Vitro Release 
To ascertain the release of the drug, the standard curve of 
SHKN in the release medium was initially constructed and 
its accuracy and precision were subsequently evaluated. 
The release profile exhibits two distinct phases, as 
illustrated in Figure 2. The biphasic release profile 
comprises a rapid release phase, followed by a sustained 
release phase. The rapid initial release can be attributed to 
the hydrophilic swelling of CHT, which facilitates the 
release of the drug from the CHT film into the release 
medium. Additionally, drug molecules that are situated on 
the surface of the film are readily released in this manner. 
However, at 24 h to 192 h, release may occur due to drug 
release through CHT corrosion (15). Figure 2 illustrates the 
drug release diagram. 
3.5. Antibacterial effect 
Figure 3 illustrates that the root extract of the Arnebia plant 
demonstrated an antibacterial effect against S. aureus, a 
gram-positive bacterium, whereas no such effect was 
observed against the gram-negative bacterium E. coli. 
Furthermore, the combination of CHT polymer, which has 
an intrinsic antibacterial effect, with the root extract of the 
Arnebia plant demonstrates a synergistic effect on S. 
aureus, as evidenced by a statistically significant p-value 
(p<0.05). Conversely, this synergistic effect is not observed 
in the case of E. coli. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.6. Paw Swelling Test 
The paw swelling test (Figure 4) demonstrates that both 
groups 1 and 2, which contained the plant extract, exhibited 
a comparable statistical effect to the anti-inflammatory drug 
betamethasone (Figure 5). The second group, which 
received a higher dose of SHKN, a compound found in the 
plant, exhibited a superior mean effect compared to the first 
group and the control group. However, this difference was 
not statistically significant (p-value>0.05). These findings 
suggest that the minimum dose employed is efficacious for 
anti-inflammatory purposes. Conversely, CHT films also 
demonstrate a pronounced anti-inflammatory effect. 
3.7. Histology 
The histological analysis of tissue sections revealed a 
reduction in the infiltration of immune cells in the group 
treated with CHT films. Microscopic photographs of the 
control stained with hematoxylin and eosin revealed a 
considerable degree of infiltration damage resulting from 
the accumulation of immune cells and the collection of 
fluid, as indicated by the arrow in Figure 6A. However, the 
CHT film containing 5µg/cm² SHKN (Figure 6B) 
exhibited a reduced content of immune cells in comparison 
to the normal saline group. Conversely, the CHT film 
containing 5µg/cm² SHKN and betamethasone (Figure 6D 
& Figure 6C) demonstrated a minimal infiltration of 
immune cells, suggesting that the 5 µg/cm² treated group 
exhibited anti-inflammatory effects comparable to those 
observed in the positive control betamethasone. 
 
 

 

Figure 1: A) chitosan film without plant extract B) chitosan film loaded with plant extract. 

Time (days) 
% Remained 

2.5 µg/ml 5 µg/ml 

0 100 ± 0.01 100 ± 0.01 

7 99.12 ± 0.01 98.32 ± 0.62 

14 98.23 ± 0.02 98.4 ± 0.61 

21 97.15 ± 0.02 97.02 ± 0.11 

28 97.15 ± 0.02 97.15 ± 0.02 

 

Table 1. The stability of the effective ingredient of SHKN during 28 days of storage at 4 °C. 
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Figure 2. In vitro release profile from chitosan film. 

 

Figure 3. The results of testing the antibacterial effect on two bacteria S.aureus and E.coli. Figure a) Inhibitory effect of chitosan film 

containing A. euchroma extract with a concentration of 5 and 2.5 μg on S.aureus. b) The effect of vecnomycin and ampicillin antibiotics on 

S.aureus and E.coli bacteria, respectively. c) Inhibitory effect of chitosan film containing A. euchroma extract with a concentration of 5 and 

2.5 μg on E.coli d). The effect of chitosan film without plant extract on S.aureus bacteria. 

 

Figure 4. Paw swelling test. a) Comparison of inflammated foot and healthy foot and b) plaster of inflamed foot with CHT film containing 

A. euchroma extract. 
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4. Discussion 
Extensive research has been conducted into the medical and 
pharmaceutical applications of CHT and its derivatives. 
Furthermore, given the plethora of advantages associated 
with CHT and its derivatives, there is a growing interest in 
their potential applications across a range of industries. For 
example, CHT films have been employed in the context of 
wound dressings, drug delivery systems, tissue engineering 
systems, and bandages. Furthermore, CHT films can be 
utilised as drug carriers, for instance, to deliver 
antimicrobial and antioxidant agents, in the food industry 
(21-23). In the field of medicine and pharmacy, CHT and 
its derivatives have been extensively researched due to their 
competitive biological properties, including  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
biocompatibility, biodegradability, and non-toxicity. 
Additionally, they possess a range of medicinal properties, 
such as anti-inflammatory, anti-tumour, hemostatic, 
antimicrobial, and antioxidant effects (24, 25). The 
extraction yield, defined as the quantity of the desired 
extract obtained from the plant material, is a critical factor 
in the development of herbal products derived from the 
herbal extract. The yield range of the extract has also been 
demonstrated in other research studies. For example, Sing 
et al. (14) reported an extraction efficiency of 1.98% for this 
plant. In the study conducted by Shokrzadeh et al. (2017), 
the yield percentage of Arnebia root extract was reported as 
6.34%. These properties are of significant utility in the 
fields of tissue engineering, wound healing, and drug 

 

Figure 5. Comparison of 4 different groups in paw swelling test. Group 1: mice treated with CHT film containing A.euchroma extract 

equivalent to 2.5 µg/cm2 SHKN. Group 2: mice treated with CHT film containing A.euchroma extract equivalent to 5 µg/cm2 SHKN. Group 

3: mice treated with normal saline as control and Group 4: mice treated with betamethasone 0.1% ointment 

 

 

Figure 6. Histological examination of paw tissue sections 4 h after carrageenan injection. Red arrows indicate infiltrated neutrophils. 
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delivery (27-29). A variety of CHT-based products are 
available, including powders, films, nanoparticles, 
suspensions, and hydrogels (30). The initial response to 
infection or injury in the body is inflammation, which is 
carried out by a specific set of immune and inflammatory 
cells in a tissue compartment with the aim of restoring its 
structural and functional integrity after exposure to an 
undesirable stimulus (30). A number of studies have been 
conducted on the anti-inflammatory and pre-inflammatory 
properties of CHT and its derivatives in the context of 
medical and pharmaceutical applications. Davydova and 
colleagues evaluated the anti-inflammatory efficacy of 
CHT with high (MW: 115 kDa) and low (MW: 5.2 kDa) 
molecular weights. Their findings revealed that both CHT 
samples induced a robust anti-inflammatory cytokine, 
interleukin-10, in the blood of animals and effectively 
mitigated the progression of colitis. The principal 
contribution to the anti-inflammatory activity of CHT is 
attributed to its structural elements and is not dependent on 
its molecular weight. Friedman and colleagues have 
reported the inhibitory capacity of CHT-alginate 
nanoparticles against inflammatory cytokines and 
chemokines induced by Propionibacterium acnes (P. 
acnes). The results demonstrated that CHT-alginate 
nanoparticles effectively suppress the production of 
cytokines induced by P. acnes in human monocytes and 
keratinocytes. In addition to its anti-inflammatory capacity, 
CHT also exhibits a high potential for controlled and 
localised drug delivery. Oliviera et al. investigated the anti-
inflammatory and pre-inflammatory cytokine activities of 
CHT films. The findings revealed a reduction in TNF-α 
(tumour necrosis factor) (pre-inflammatory cytokines) 
within three to ten days of cultured cells on CHT films, 
accompanied by a notable elevation in anti-inflammatory 
cytokines IL-10 and TGF-β1 (transforming growth factor). 
The anti-inflammatory activities of CHT on 
cyclooxygenase (COX) have been demonstrated by 
numerous scientists, although the precise mechanism 
remains unclear. Chang et al. investigated the anti-
inflammatory capacity of two types of CHT with high (70 
kDa) and low (MW <1 kDa) molecular weight on COS. In 
the case of low molecular weight, a notable inhibitory 
impact on IL-4, IL-13, and TNF-α cytokines was observed, 
suggesting the possibility of reducing allergic inflammation 
within the body. Li et al. put forth a mechanism by which 
lipopolysaccharide-induced NF-κB-dependent 
inflammatory gene expression in COS is associated with a 
reduction in NF-κB nuclear translocation (36). The precise 
mechanism of the antimicrobial activity of CHT remains 
unclear, despite the fact that several studies have been 
conducted in this area. The antimicrobial effect of CHT is 
significantly greater than that of chitin, due to the amino 
groups that are responsible for the cationic property of 
CHT. The positive charge of CHT may facilitate 
interactions with the negative residues of carbohydrates, 
lipids, and proteins located on the surface of bacterial cells, 
which subsequently inhibit bacterial growth (37, 38). It can 

be concluded, therefore, that the electric charge of CHT 
plays a pivotal role in the mechanism of microbial 
inhibition. The high density of positive charge on the CHT 
structure or its derivatives gives rise to a robust electrostatic 
interaction, which is contingent upon the extent of CHT 
deacetylation. This theory posits that CHT is a more 
promising inhibitor of gram-negative bacteria than gram-
positive bacteria, given that the surfaces of gram-negative 
cells interact more with CHT with a positive charge (24, 37, 
39, 40). Nevertheless, numerous studies have demonstrated 
that CHT is a more potent inhibitor of gram-positive 
bacteria than gram-negative bacteria (40, 41). An 
alternative hypothesis has been put forth regarding the 
mechanism of CHT inhibition, wherein the molecular 
weight (MW) is identified as the primary determinant of 
antimicrobial activity (42). This theory posits that CHT 
inhibits RNA and protein synthesis by penetrating the cell 
nucleus and ultimately disrupting and leaking intracellular 
components. It has been demonstrated that CHT with a low 
MW is readily able to penetrate the bacterial cell wall, 
combining with DNA and thereby inhibiting mRNA 
synthesis and DNA transcription. As the molecular weight 
(MW) increases, the capacity to penetrate the cell nucleus is 
diminished. In particular, in the case of CHT with high 
MW, binding to negatively charged components on the 
bacterial cell wall results in the formation of an 
impermeable layer around the cell, which alters cell 
permeability and blocks the transfer into the cell (28, 43). In 
a study conducted by Liu et al., the impact of MW on the 
inhibitory capacity against E. coli was examined when the 
deacetylation remained consistent (~80%) (44). The authors 
tested MWs ranging from 55 to 155 KD, and the results 
demonstrated that lower MWs exhibited higher inhibitory 
activity against E. coli. In addition to the molecular weight 
and degree of deacetylation, other factors, including 
solubility, pH, and environmental temperature, also 
influence the antimicrobial activity of CHT. At lower pH 
values, the positive ion charge increases, resulting in 
enhanced absorption of CHT by bacterial cells (37, 42). 
Despite the numerous studies that have been conducted 
thus far, a definitive conclusion regarding the precise 
relationship between the antimicrobial effect of CHT, its 
MW, and deacetylation remains elusive. This is due to the 
fact that a multitude of additional factors influence the 
inhibitory effect, including the specific bacterial strains and 
the particular biological test conditions employed (45). The 
objective of this study was to examine the effects of A. 
euchroma peel extract with two different concentrations of 
the active ingredient SHKN on CHT film. The morphology 
and thickness of the layers were examined, and the stability 
of SHKN in the CHT film was evaluated at 4 degrees 
Celsius for a period of four weeks. The results 
demonstrated that the optimal formulation remained stable 
for a period of four weeks, and that there was no significant 
difference in the concentration of the active ingredient at the 
conclusion of this period. The release profile of the A. 
euchroma extract from the CHT film exhibited a two-phase 
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structure. A rapid release phase was followed by a stable 
release phase. The A. euchroma extract demonstrated 
antibacterial activity against S. aureus, but no such effect 
was observed against E. coli. Furthermore, the combination 
of CHT and A. euchroma extract exhibited a synergistic 
effect against S. aureus. Furthermore, the films 
demonstrated anti-inflammatory efficacy in the paw edema 
test, and the optimal dose of chiconin exhibited anti-
inflammatory activity. In the study conducted by Yan et al., 
it was observed that CHT may facilitate wound healing by 
stimulating the growth of human natural keratinocytes and 
dermal fibroblasts. Furthermore, CHT has been 
demonstrated to reduce nuclear translocation of NF-kB p65 
in human dermal fibroblasts. Epithelial-mesenchymal 
transition (EMT) represents a crucial process in the context 
of wound healing. CHT has been shown to effectively 
enhance wound healing in damaged skin tissues, and local 
treatment with CHT has been observed to increase the 
expression of EMT-regulating molecules, including E-
cadherin repressors (46). The results presented in Figure 3 
demonstrate that the A. euchroma extract is effective 
against gram-positive bacteria but not against gram-
negative bacteria. Other studies have demonstrated that 
SHKN and its derivatives are effective against Gram-
positive bacteria, including S. aureus, Enterococcus 
faecium, and Bacillus subtilis, as well as various species of 
lactic acid bacteria at MICs between 0.3 and 6.25 μg/ml. In 
contrast, the extract is inactive against Gram-negative 
bacteria, including Escherichia coli, Pseudomonas 
aeruginosa, and Micrococcus luteus (17). However, a study 
published in 2011 by Ding et al. (18) demonstrated that at a 
dose of 200 μM SHKN inhibits biofilm formation by P. 
aeruginosa and Stenotrophomonas maltophilia. Initially, the 
antibacterial activity of SHKN was hypothesised to be due 
to a bacteriostatic effect. However, subsequent studies 
demonstrated that this compound has bactericidal 
properties. Additionally, the same study posited that SHKN 
may serve as a valuable therapeutic agent against 
methicillin-resistant S. aureus (19). In 2002, Shen et al. (20) 
conducted an analysis of the activity of SHKN and some 
derivatives against methicillin-resistant S. aureus and 
vancomycin-resistant E. faecium and E. faecalis. In this 
experiment, the minimum inhibitory concentration (MIC) 
of SHKN was observed to be 6.25 μg/ml against S. aureus 
(both methicillin-resistant and non-resistant) and 50 and 25 
μg/ml against E. faecicum and E. faecalis, respectively. 
Nevertheless, the impact of CHT on Gram-positive or 
Gram-negative bacteria remains a topic of contention in the 
scientific community. Some authors have asserted that 
CHT exerts a more pronounced effect on Gram-positive 
bacteria (such as Listeria monocytogenes, Bacillus 
megaterium, B. cereus, S. aureus, Lactobacillus plantarum, 
L. brevis, L. bulgaris, etc.) than on Gram-negative bacteria. 
For instance, E. coli, Pseudomonas fluorescens, Salmonella 
typhymurium, Vibrio parahaemolyticus, etc. (20, 21). The 
antibacterial activity of SHKN and its associated 
mechanisms have been the subject of investigation in a 

number of studies, including that conducted by Ozaki et al. 
(47). In combination with membrane-permeable agents and 
ATPase inhibitors, CHT has been demonstrated to 
significantly inhibit the growth of methicillin-resistant S. 
aureus (MRSA23), causing disruption of the cytoplasmic 
membrane in MRSA and leading to cellular breakdown 
and destruction. The antiviral activity of CHT against the 
H1N1 influenza virus has been investigated by Zhang et al. 
Their findings indicate that CHT inhibits neuraminidase 
and reduces viral nucleocapsids in infected cells, as well as 
inhibiting apoptosis of infected cells. Furthermore, the 
antiviral activity of the CHT ester derivative against human 
enterovirus 71 (EV71) has been demonstrated by Zhang et 
al. (48). This resulted in a notable reduction in the mRNA 
and protein levels of EV71/VP1, as well as a decrease in 
the expression of inflammatory cytokines, including IL-1β, 
IL-6, IL-8, and TNF-α, in rhabdomyosarcoma cells. The 
histological assessment of the carrageenan-induced paw 
oedema model in mice yielded significant findings. It is 
noteworthy that the control samples exhibited a high 
density of immune cells, indicative of an active 
inflammatory response. However, the number of immune 
cells was notably reduced in tissues treated with the CHT 
film containing Arnebia euchroma extract. This reduction 
indicates a diminished inflammatory response. This 
observation is consistent with other evidence presented in 
the article, which collectively supports the overarching 
inference that CHT films loaded with Arnebia euchroma 
extract have significant anti-inflammatory potential. The 
collective data serve to reinforce the therapeutic promise of 
this formulation, which may be considered a viable 
candidate for the treatment of inflammatory conditions. The 
findings of this study indicate that a CHT film containing 
an A. euchroma extract has demonstrated efficacy in 
addressing inflammatory and antimicrobial concerns. 
Furthermore, due to its minimal weight and lack of 
adhesive properties, it is highly portable and may be 
considered an appropriate option for use as a companion 
dressing. CHT films possess mechanical properties, 
transparency, and suitable protective characteristics that 
make them suitable for food packaging, wound dressings, 
drug delivery systems, and tissue engineering structures. 
Additionally, CHT films can be utilized as carriers of 
effective substances such as antimicrobial agents and 
antioxidants. 
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