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ABSTRACT: Carduus adpressus has been used for its anti-hair loss effect in traditional folk medicine. The plant species
is mainly distributed in Ttirkiye, Bulgaria, and the Western Caucasus. The studies on this specific plant in the genus
Carduus is limited which remarks the significance of the current study. This study aims to investigate the antibacterial,
antioxidant, and wound-healing properties of the methanolic extract of Carduus adpressus. Extract was obtained by
maceration. The broth microdilution assay was performed on Staphylococcus aureus, Enterococcus faecalis, Pseudomonas
aeruginosa, and Escherichia coli. DPPH and ABTS radical scavenging assays were performed to detect the antioxidant
capacity. Wound-healing activity was tested using alloxan-induced diabetic BALB-c mice. 4 groups, control, vehicle,
CAE and Carduus adpressus groups were treated with the relative agent for 10 days. Extract demonstrated 62.5 pg/mL
MIC against S. aureus and E. faecalis, and 125 pg/mL MIC against P. aeruginosa and E. coli. ABTS assay showed higher
antioxidant activity compared to the DPPH assay. Carduus adpressus group demonstrated strong regeneration,
epithelisation, and angiogenesis compared to the control group on day 10. Additionally, expression of PDGF, VEGF,
and collagen formation was increased in the Carduus adpressus group compared to the control group on day 10. Extract
demonstrated strong antibacterial, antioxidant, and wound-healing activities which indicate that it could be a source in
developing wound-healing agents.
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1. INTRODUCTION

Carduus adpressus is an endemic monotypic perennial shrub that can grow up to 100 centimeters, has
lilac to purple flowers and it belongs to the Asteraceae family. The family Asteraceae includes more than 1600
genus, and Carduus genus has approximately 90 species. Carduus adpressus distributes worldwide however, it
is mainly native to the Black Sea region of Tiirkiye, Bulgaria, and the Western Caucasus [1]. Traditionally, C.
adpressus is used against hair loss [2]. The previous studies on Carduus adpressus and other Carduus species are
limited. In a previous study that was conducted on Carduus adpressus collected from Gilimiishane province,
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antibacterial assays were performed on a variety of bacteria and yeasts. 4 different plant extract was tested for
their antimicrobial activity which were n-hexane, ethyl acetate, ethanol and methanol extracts, against various
Gram-positive, Gram-negative bacteria, and yeasts. The results of MIC assays ranged between 32 to 64 pg/mL,
some of them were lower than the control antimicrobial agent which indicated the antimicrobial properties of
the plant species. The same study investigated the antioxidant property of the plant extract as well. DPPH and
ABTS radical scavenging assays were performed and strong antioxidant property of the C. adpressus was
observed [3]. Other species of the Carduus genus also demonstrated antibacterial and antioxidant properties.
A study conducted on various endemic Carduus species from Bulgaria demonstrated antioxidant activity
depending on several radical scavenging assays. In addition, the plant extracts were analysed and determined
that they were rich in various phenolic acids and flavonoids [4]. Studies on extracts of Carduus pycnocephalus
L. which cultivates in Saudi Arabia shown to demonstrate antibacterial, anti-inflammatory, antispasmodic,
and hypotensive activities and were rich in fatty acid content [5]. Lastly, an endemic Carduus species to
Tiirkiye, Carduus lanuginosus, was investigated for its antimicrobial and antioxidant activities and
demonstrated strong biological activity. Additionally, it was detected that the various extracts of the plant
species were rich in various flavonoids and phenols. This study also examined in vitro enzyme inhibitory
activity of the plant extracts, they demonstrated a-amylase and a-glucosidase inhibitory activity [6]. Due to
the limited studies in the literature on Carduus adpressus and other Carduus species, the chemical composition
and biological activities of the plant extracts are yet to be investigated. To the best of our knowledge, this is
the first in vivo study performed on Carduus adpressus species to investigate the wound-healing activity of the
methanolic extract of the plant species on the alloxan-induced diabetic mice model.

The objective of this study is to determine in vitro antibacterial and antioxidant activities and in vivo
wound-healing activity of the methanolic extract of Carduus adpressus. To determine these properties,
methanolic extracts will be obtained. Then, in vitro broth microdilution assay, DPPH and ABTS radical
scavenging assays, and in vivo wound-healing assay on alloxan-induce diabetes model in mice will be
performed on the methanolic extracts.

2. RESULTS

2.2 Antibacterial Activity

The antibacterial activity of MeOH extracts of aerial parts of Carduus adpressus was evaluated according
to the MIC values obtained from broth microdilution assay. The outcome of the current study was compared
with the antibacterial inhibitory activity of the positive control antibiotic, Tetracycline.

Methanolic extract demonstrated antibacterial property against all the tested bacteria. The inhibitory
effect was recorded higher in the Gram-positive bacteria rather than the Gram-negative bacteria. MIC of
MeOH extract for both Gram-positive S. aureus ATCC 6538 and E. faecalis ATCC 29212 was the same and
recorded as 62.5 pg/mL. Whereas the MIC of the MeOH extract for Gram-negative P. aeruginosa ATCC 10145
and E. coli NRLL B-3008 was recorded as 125 pg/mL. The MIC value of the positive control antibiotic
Tetracycline was recorded as 0.0016 pg/mL for all the bacteria except for S. aureus ATCC 6538 which was
recorded as 0.025 pg/mL. Previous studies conducted on Carduus adpressus extracts also shown that the
methanolic extract has inhibitory activity against several pathogens including the strains tested on the current
study (3). The MIC of the methanolic extract and Tetracycline against the tested microorganisms are shown in
“Table 1”.

Table 1. DPPH and ABTS radical scavenging activity of MeOH extracts of Carduus adpressus and the
standards [IC50 £ SD (mg/mL)].

Technique C. adpressus extract ~ Standards
DPPH 0,35 +0,04 0,009 £ 0,002 (Ascorbic Acid)
ABTS 0,58 £0,02 0,034 + 0,001 (Trolox)

2.3 Antioxidant Activity

The antioxidant activity of the MeOH extract of C. adpressus was tested with 2 different methods. DPPH
free radicals scavenging ability was determined compared with standard ascorbic acid and ABTS radical
scavenging ability was determined compared with standard trolox. ICso values were used to calculate the
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antioxidant activity which indicates the fractions of MeOH extract concentrations scavenge 50% DPPH and
ABTS radicals. The plant species demonstrated antioxidant activity which confirmed that the methanolic
extract of C. adpressus is rich in antioxidant content such as phenolic and flavonoid compounds. The
antioxidant activity of the plant species was slightly higher in the ABTS technique compared to the DPPH
technique. The results of the antioxidant assays are summarized in “Table 2” below.

Table 2. MIC values of Carduus adpressus MeOH extract and control antibiotic on tested bacteria in pg/mL.

Column A Column B C. adpressus extract Tetracycline
Gram-positive Staphylococcus aureus ATCC 6538 62.5 0.025
Enterococcus faecalis ATCC 29212 62.5 0.016
Gram-negative Pseudomonas aeruginosa ATCC 10145 125 0.016
Escherichia coli NRLL B-3008 125 0.016

2.4 Invivo Wound-Healing Activity
241  Macroscopic Wound-Healing

The differences between the macroscopic changes between the experimental groups were observed and
evaluated through the treatment period of 10 days. After a few days of the treatment, the formation of the
crust was seen on the wound site. After the crust fell off, a residual lesion was felt on the wound area. The
treatments including blank gel, Centella asiatica extract, and Carduus adpressus extract didn’t demonstrate any
allergic skin reaction or irritation on the skin.

The wound-healing rate was calculated as the percent reduction in the wound size on the day 10 in
comparison with day 0 for each group in order to estimate the wound treatment capability of the Carduus
adpressus methanolic extract in diabetic mice. To assess the progress on the wound closure, quantitative
measurements of the size of the wound were used routinely throughout the treatment [7]. The wound
contraction and statistical significance between the groups are shown in “Figure 1”. On day 10, a statistically
insignificant difference was observed in the wound contraction in the Carduus adpressus group in comparison
with the control group (p<0.056).

The healing percentage of the wound area was calculated at approximately 88.63 % for the control
group, 90.9 % for the vehicle group, 93,18 % for the CAE group, and 95.45 % for the Carduus adpressus extract

group.
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Figure 1. Macroscopic wound-healing percentage and the image of the wound area for each group in
comparison with the control group on day 0 and day 10. The Carduus adpressus group is statistically
insignificant in comparison with the control on day 10; p > 0.05.

24.2 Histology

In the current study, the formation of granulation tissue in the Carduus adpressus extract group was
slightly thicker than the control Madecassol® group. The formation of granulation tissue was significant for
the Carduus adpressus extract group in comparison with the control group on day 10 (***p < 0.001). Granulation
is primarily related to the wound-healing process as it supports keratinocytes utilized by matrix and activates
re-epithelization of the tissue site [8].

In addition, the Carduus adpressus extract group has shown a significant regeneration at the wound site
in comparison with the control group (***p < 0.001) and with the Madecassol® group (***p < 0.001) The
regeneration of the standard Madecassol® group and the Carduus adpressus group was almost the same which
expressed strong wound-healing activity of the tested plant species. Lastly, angiogenesis was also increased
in the Carduus adpressus extract group when compared with the control group. Fibroblast activity and support
in the wound site are enhanced by angiogenesis. An increase in the fibroblast activity stimulates the formation
of granulation tissue, and reactive oxygen species in the wound site decreases the proliferation of the
fibroblasts and collagen synthesis as a result in diabetic patients. An agent that could stimulate the activity of
fibroblast and the following cascades could be used as a strong wound-healing agent, especially in diabetic
patients. The comparison of the regeneration, granulation, and angiogenesis of the experimental groups is
shown in “Figure 2”.
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Figure 2. Histological views of the injured tissues of the control group (A), vehicle gel group (B), CAE group
(C), Carduus adpressus test group (D). (E) Histological scores of epidermal regenerations of all groups,
significant to control; p < 0.001 (***). (F) Histological scores of granulation tissue thickness of all groups,
significant to control; p < 0.001 (***). (G) Histological scores of angiogenesis of all groups, insignificant to
control; p > 0.05. All the values are presented as the mean + SEM. Arrows represent granulation tissue
thickness, stars represent epidermal regenerations, triangles represent angiogenesis.

In the current study, it was shown that the expression of the PDGF, VEGF, and collagen was increased
in the Carduus adpressus extract group, and in the Madecassol® group in comparison with the control. Even
though the expression of these growth factors was slightly decreased in the Carduus adpressus extract group
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compared with the Madecassol® group, the level of expression was still considerably higher when compared
with the control group.

Comparison of the expression of PDGF, VEGF, and collagen formation between the experimental
groups are shown in “Figure 3”.
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Figure 3. Comparison of immunohistochemistry PDGF wound-healing score among different groups.
Statistically insignificant compared to control; p > 0.05 (B) Statistically insignificant compared to control; p
> (.05 (C) Comparison of immunohistochemistry collagen wound-healing score among different groups.
Statistically insignificant compared to control; p > 0.05. All the values are presented as the mean + SEM.

3. DISCUSSION

The tested microorganisms are commonly known for causing intestinal and upper respiratory infections
[9-11] . Especially S. aureus is known as one of the major causes of nosocomial infections, and there is an
increase in antibiotic resistance among the S. aureus strains [12]. Considering the emerging need of discovering
novel antibacterial agents against antibiotic-resistance bacterial strains, natural sources have been one of the
biggest resources [13,14]. Natural sources such as plant materials have been used as herbal remedies for
different purposes including antibacterial activity for centuries. Plants such as Carduus adpressus which show
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inhibitory activities against several pathogens are promising natural sources for developing novel antibacterial
agents.

The wound contraction and epithelization ability of a certain topical agent of the possible drug
candidate are mostly studied with excision wound technique [15]. Certain factors play a crucial role in the
contraction of an open wound including granulation tissue formation and re-epithelization which are
evaluated in the current study to understand the wound-healing ability of Carduus adpressus methanolic
extract [16]. To this date, it has been shown that topical pharmaceutical drug forms have more efficacy on an
open wound when compared with other forms as they have larger availability on the site of the wound when
administered [17].

Wound-healing process involves different molecular and cellular events and consists of several phases
which must happen in a proper sequence including hemostasis, inflammation, proliferation, and remodeling.
Several factors can interfere with the phases of wound-healing including oxygenation, infection, obesity,
stress, and hormones [18,19].

One of the most crucial factors that affect the wound-healing process is diabetes. Diabetes affects
thousands of people worldwide, and diabetic people are prone to develop non-healing chronic diabetic
wounds including chronic foot ulcers [20]. Several multi-complex pathophysiological mechanisms can cause
impaired healing of cutaneous wounds as well as diabetic foot ulcers. Wounds in diabetic patients are mostly
accompanied by hypoxia [21]. Phases of wound-healing in diabetic organisms can differ in comparison with
non-diabetic organisms. The wound-healing process could be trapped in one of the phases or rapid healing
could be seen due to the loss of one of the cascades throughout the healing process [22]. Insufficient perfusion
and angiogenesis are the major causes of hypoxia which are essentially detrimental to the wound-healing
process. Hypoxia can cause an early inflammatory response which leads to an increase in the reactive oxygen
species and prolongs the healing of the wound [23].

Some of the dysregulated cellular functions that occur in diabetic wounds are defective T-cell immunity,
defects in leukocyte chemotaxis, phagocytosis, bactericidal capacity, and fibroblast dysfunction. Due to these
defective cellular processes, bacterial clearance on the site of the wound is delayed and impaired wound-
healing is seen in diabetes [24]. Previous studies have investigated that the level of vascular endothelial growth
factor (VEGF) and the primary pro-angiogenic factor in wounds are decreased in diabetic wounds which is
the reason for the decreased vascularization in diabetes [20,25,26]. Previous in vivo studies have shown that
restoration of VEGF demonstrated a promising outcome in treating diabetic wounds [27,28].

Angiogenesis involves the development of neutrophils, macrophages, thrombocytes, keratinocytes, and
fibroblasts therefore, it has a crucial role of the wound-healing process [29,30]. Delay in the maturation in the
granulation tissue is seen along with a persistent inflammatory phase in diabetic wounds which is thought to
occur due to ischemia as a result of vascular damage [31].

In addition to the aforementioned growth factors such as VEGF, other cascades also have a crucial role
in the wound-healing process including platelet-derived growth factor (PDGF) and the formation of collagen.
In diabetic people, these growth factors are mostly dysregulated therefore, impediment in the healing of the
wound is seen [19]. During the wound-healing process, granulation tissue plays an important role as a
protective barrier against infections by migrating epithelial cells to the wound site. However, the physiological
mechanisms are disrupted in diabetic patients. Several growth factors including PDGF, fibroblast growth
factor (FGF), epidermal growth factor (EGF), and VEGF are decreased in chronic wounds.

4. CONCLUSION

In conclusion, the current study investigated in vitro antibacterial and antioxidant, and in vivo wound-
healing properties of endemic Carduus adpressus. The plant used in the present study has limited research in
the literature, therefore our study gave an insight into the biological activities of the plant species. The outcome
of the in vitro antibacterial and antioxidant assays and in vivo wound-healing experiments are remarkable. The
antibacterial and antioxidant properties of the plant species are thought to be one of the causes of the strong
wound-healing property of the plant species on the diabetic mice model. As the bactericidal function and the
function of the T-cell are dysregulated in diabetes, an agent that exerts antibacterial activity could optimize
the wound-healing treatment. Similarly, as the reactive oxygen species increase at the wound size in diabetes,
antioxidant agents could also optimize the wound-healing treatment. In the current study, Carduus adpressus
extract demonstrated strong antibacterial and antioxidant properties. It can be said that the remarkable
wound-healing activity of the plant species could be due to these properties of the plant species. To the best
of our knowledge, depending on the results of the current study, Carduus adpressus can be a source in
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developing novel antibacterial and antioxidant compounds as well as a wound-healing agent in diabetic
patients. Future studies will focus on determining the chemical composition of the MeOH extract and isolating
the compounds to decide the bioactive compounds.

5. MATERIALS AND METHODS

5.1 Plant Material

Carduus adpressus was collected during the flowering season from its natural habitat. Plant material was
identified, and it was deposited to the Herbarium of the Istanbul Medipol University School of Pharmacy,
Pharmacognosy Department, Istanbul, Tiirkiye with the voucher specimen number IMEF1200.

5.2 Preparation of Plant Extracts

Plant material was air-dried and ground to obtain fine powder for further extraction. Aerial parts of the
plant material were extracted with methanol. The methanolic extract was obtained with maceration for 24
hours. The solvent was evaporated with a rotary evaporator (Heidolph, Germany) and the remaining whole
extract was stored in a fridge at - 20 °C until further analysis.

5.3 Bacterial Strains

4 standard bacterial strains, 2 of which were Gram-positive and 2 Gram-negative were used in the study
to test the antibacterial activity of the whole methanolic extract of Carduus adpressus. The Gram-positive
bacteria were Staphylococcus aureus ATCC 6538 and Enterococcus faecalis ATCC 29212, and the Gram-negative
bacteria were Pseudomonas aeruginosa ATCC 10145 and Escherichia coli NRLL B-3008.

5.4 Antibacterial Activity

In vitro antibacterial analysis was performed in duplicate by using broth microdilution assay. Standard
protocol for Clinical and Laboratory Standards Institute [32] was followed, and minimum inhibitory
concentrations (MIC) of the plant extract and the positive control were determined against the tested
microorganisms. Tetracycline was used as a positive control antibiotic. All tested bacteria were sub-cultured
in Mueller-Hinton broth at 37 °C for 24 hours, and the cation levels of the Mueller-Hinton broth was adjusted
to include 20 mg/L Ca?* and 10 mg/L Mg?* cations. Then, the microorganisms were prepared in sterile saline
solution (0.85% NaCl) with 1x108 CFU/mL inoculum density and compared with 0.5 MacFarland turbidity
standard.

Stock solutions and extract were dissolved and prepared in dimethylsulfoxide (DMSO). Starting
concentration of the extract was prepared as 500 pg/mL and serial dilution was done up to column 10.
Columns 11 and 12 were used as growth control and sterility control, respectively. The antibacterial activity
of the extract was determined in comparison with the positive control Tetracycline, and the minimum
inhibitory concentration, where no bacterial growth was observed, was recorded as MIC value. The MIC of
the methanolic extract and Tetracycline against the tested microorganisms are shown in “Table 1”.

5.5 Antioxidant Activity

2 different assays, DPPH radical scavenging assay, and ABTS radical scavenging assay were performed
to determine the total antioxidant capacity of the methanolic extract [33,34].

5.5.1 DPPH Radical Scavenging Assay

The previously described protocol by Blois [35] was followed to determine total antioxidant capacity by
DPPH radical scavenging assay. The reaction mix was prepared to contain 100 pM DPPH and methanolic
extract. The reaction mix was stored for 30 mins then, the absorbance was read and recorded by using UV-Vis
spectrophotometer at 517 nm. Ascorbic acid was used as a positive control. The analysis was performed in
duplicate. The radical scavenging activity (RSA) was calculated at ICso with the following formula: DPPH RSA
% = [(Absorbancecontrol — Absorbancesest sample) / Absorbancecontror] x 100

5.5.2  ABTS Radical Scavenging Assay

The previously described ABTS cation decolorization protocol by Re and colleagues [36] was followed
to determine the antioxidant capacity of the plant extract. ABTS was produced with the reaction of 2.45 mM
potassium persulfate and 7 mM aqueous ABTS. The obtained mixture was stored at 25°C in a dark place, for
16 hours before further analysis. On the analysis day, the whole methanolic extract was added to the mixture
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and the absorbance of the test sample was recorded at 734 nm at 25 °C by using a UV spectrophotometer.
Trolox and ethanol were used as positive control and negative control, respectively. The experiment was
performed in duplicate. The results were calculated at ICsy by using the following formula:

ABTS RSA % = [(Absorbancecontrol -~ Absorbanceest sample) / Absorbancecontrot] x 100

The results of the ABTS and DPPH radical scavenging assays are shown in “Table 2”.

5.6 In vivo Wound-Healing Activity
5.6.1 Experimental Animals

The BALB-c mice (26 - 30 g) were used in the study. Test animals were hosted in standard cages with
access to a standard nutritionally balanced diet and tap water, ad libitum, in a climate room under controlled
conditions. The room conditions were adjusted to 23 + 2 °C temperature and 50 + 10 % relative humidity, with
an inverted 12-hour light cycle (lights off at 8 a.m.).

All the procedures performed on the animals were in strict accordance with the European Council
Directive (EU2010/63) guidelines. Ethics Committee of Istanbul Medipol University (No: 38828770-604.01.01-
65387) was reviewed and approved all the procedures and protocols performed on the animals in accordance
with the Standards for the Care and Use of Laboratory Animal.

5.6.2 Induction of Diabetes Mellitus

In order to induce diabetes mellitus, an intraperitoneal (i.p.) injection of freshly prepared alloxan was
injected in an isotonic saline solution into the mice after an overnight (12 hours) fasting period. The injection
was repeated 3 times over a 48-hour period. Fasting blood glucose concentration above 200 mg/mL on day 7
after the administration of alloxan was confirmed as diabetic mice [37].

5.6.3 Wound Formation and Experimental Groups

4 experimental groups were generated randomly (n=7).
Group 1: Control group. These animals were left untreated.
Group 2: Vehicle group. The animals were treated with blank gel (no drug content).
Group 3: CAE group. Standard group, the animals were treated with Madecassol® (Bayer, Switzerland)
(Centella asiatica extract).
Group 4: Test group. The animals have treated with Carduus adpressus methanolic extract.

Single intraperitoneal Ketamine/Xylazine (100/10 mg/kg) injection was administered to the mice as an
anesthetic. Dorsal hair was removed with an electric razor, exposed skin area was cleaned with a povidone-
iodine solution. Bilateral circular full-thickness wounds were formed by a 5 mm punch biopsy on the back of
the animals. The related treatments were done once a day for 10 days in each group [38].

5.64 Macroscopic Assessment

Day 0 was accepted as the day the wounds were formed, and the wound-healing was observed and
evaluated until day 10. The area of the wound was measured on day 0 and day 10 by using Image] (National
Institutes of Health, Bethesda, MD, USA). The wound contraction rate was calculated with the following
formula: % Wound contraction = (Wound Areaactual / Wound Areainitial) x 100

5.6.5 Histological Assessment

The animals were sacrificed, and a 5 mm margin of the scar tissue and ambient unwounded skin was
removed. All the fixation was done in 10% neutral formalin for all the collected samples for further histological
evaluation. After 24 hours, the samples were bisected, embedded in paraffin, and sectioned in 5 pm thick
layers. The layers were mounted on glass slides, dewaxed and rehydrated with distilled water. Finally, stained
with hematoxylin-eosin (H&E) for further examination under a light microscope.

The ranking method described by Galeano et al. was used to assess the wound-healing rates of
experimental groups [39]. Regeneration score was determined with the system as followed; 1: Poor epidermal
formation = 20%; 2: Incomplete epidermal formation > 40%; 3: Moderate epidermal formation > 60%; 4:
Complete epidermal formation > 80%. Scoring of the thickness of the granulation tissue was; 1: thin
granulation layer; 2: moderate granulation layer; 3: thick granulation layer; 4: very thick granulation layer.

Evaluation of angiogenesis was done by counting and identifying mature vessels only in the presence
of erythrocytes in the lumen. In order to identify the poorly and well-formed capillary vessels, the presence of
edema, hemorrhage, congestion thrombosis, and intra/intervascular fibrin formation was evaluated.
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Angiogenesis scoring system was; 1: 1-2 new capillary vessels formation, high level of hemorrhage, edema,
occasional congestion, and thrombosis; 2: 3-4 new capillary vessels formation, occasional congestion, moderate
edema and hemorrhage, intravascular fibrin deposition, and absence of thrombosis; 3: 5-6 new capillary
vessels formation; 4: >7 new capillary vessels formation.

5.7 Statistical Analysis

The results were given as mean * standard error of the mean (Mean + SEM) p values. Statistical analyses
were done by using GraphPad Prism 8.0 software. One-way ANOVA was done to analyze the statistical
significance between the experimental groups. Values of p<0.05 were considered statistically significant.
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