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Effect of Ducrosia anethifolia
methanol extract against
methicillin resistant
Staphylococcus aureus
and Pseudomonas
aeruginosa biofilms on excision
wound in diabetic mice
Yasir Almuhanna*

Department of Clinical Laboratory Science, College of Applied Medical Sciences, Shaqra University,
Shaqra, Saudi Arabia
Background: Ducrosia anethifolia is an aromatic desert plant used in Saudi folk

medicine to treat skin infections. It is widely found in Middle Eastern countries.

Methods: A methanolic extract of the plant was prepared, and its

phytoconstituents were determined using LC-MS. In-vitro and in-vivo

antibacterial and antibiofilm activities of the methanolic extract were evaluated

against multidrug-resistant bacteria. The cytotoxic effect was assessed using

HaCaT cell lines in-vitro. Diabetic mice were used to study the in-vivo antibiofilm

and wound healing activity using the excision wound method.

Results: More than 50 phytoconstituents were found in the extract after LC-MS

analysis. The extract exhibited antibacterial activity against both the tested

pathogens. The extract was free of irritant effects on mice skin, and no

cytotoxicity was observed on HaCaT cells with an IC50 value of 1381 µg/ml.

The ointment formulation of the extract increased the healing of diabetic

wounds. The microbial load of both pathogens in the wounded tissue was also

reduced after the treatment. The extract was more effective against methicillin-

resistant Staphylococcus aureus (MRSA) than MDR-P. aeruginosa in both in vitro

and in vivo experiments. Further, skin regeneration was also observed in

histological studies.

Conclusions: The results showed that D. anethifolia methanol extract supports

wound healing in infected wounds in diabetic mice through antibacterial,

antibiofilm, and wound healing activities.
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frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/articles/10.3389/fcimb.2024.1386483/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fcimb.2024.1386483&domain=pdf&date_stamp=2024-05-02
mailto:yalmuhanna@su.edu.sa
https://doi.org/10.3389/fcimb.2024.1386483
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://doi.org/10.3389/fcimb.2024.1386483
https://www.frontiersin.org/journals/cellular-and-infection-microbiology


Almuhanna 10.3389/fcimb.2024.1386483
1 Introduction

Medicinal plants with potent antimicrobial effects are used

traditionally in Middle Eastern countries (Ullah et al., 2020).

Earlier reports show that Saudi medicinal plants have good

antibacterial and anti-inflammatory effects and are widely used in

traditional medicine to treat infections and wounds (Shahat et al.,

2017; El-Seedi et al., 2022). However, these plants have not been

explored for their antimicrobial effects, especially against

multidrug-resistant pathogenic infections and biofilm formation.

One of the plants commonly used in the Kingdom of Saudi

Arabia for wound treatment is the leaves of Ducrosia anethifolia

Bois, belonging to the family- Apiaceae (Flora of Saudi Arabia by

Ahmed Mohammed Migahid | Open Library). The plant is also

used to treat skin infections in several other countries, including

Afghanistan, Pakistan, Iran, Iraq, and other Arabian countries

(Mottaghipisheh et al., 2020). It is locally called ‘Al-Haza’ in

Arabic and is a desert plant that grows in Saudi Arabia’s volcanic

cinders. This plant is a biennial herb and is drought-resistant.

Earlier reports show that the plant possesses different

pharmacological effects. Some of the activities reported include

anti-diabetic and antiulcer effects (Unissa Syed et al., 2022),

analgesic, central nervous system depressant actions such as anti-

anxiety, sedative, and anti-depressant effects (Abbaszadeh et al.,

2019), carminative, relief of colic pain and as a flavoring agent

(Mottaghipisheh et al., 2020). Further there are reports on

phytoconstituents present in Ducrosia anethifolia showing

antibacterial activity against MRSA (Mahboubi et al., 2014).

Infections in wounds are prevalent due to exposure of wounded

tissue to bacteria. The infectious organism usually forms a biofilm

over the wounded tissue within 24 hours to escape the attack from the

patient’s immune system and attenuate the effect of antimicrobial

agents. Biofilms are bacteria aggregates embedded in a barrier

consisting of sugars and proteins (Flemming et al., 2016). These are

considered the single most common cause of delay in wound healing,

and they delay the wound healing process through an inappropriate

inflammatory response that damages the wounded tissue (Darvishi

et al., 2022). Hence, agents used in the treatment of wounds should

not only possess antimicrobial effects but should effectively prevent

and eradicate biofilm formation over the wounded tissues (Thapa

et al., 2023). The two most common pathogens causing skin

infections include Methicillin-resistant Staphylococcus aureus

(MRSA) and multi-drug-resistant- Pseudomonas aeruginosa (MDR-

P. aeruginosa). MRSA is associated with community-acquired skin

and soft tissue infections as well as nosocomial infections (Odell,

2010; Pannewick et al., 2021). Furthermore, there are earlier reports

on the effect of essential oils and decanal, a component of D.

anethifolia against MRSA, wherein it was shown that more than

one phytoconstituent of D. anethifolia is responsible for its

antimicrobial effect (Mahboubi and Feizabadi, 2009). MDR-P.

aeruginosa is one of the most common infective organisms for skin

and soft tissue infections (Wu et al., 2011). An earlier study indicates

that hydroalcoholic extract of D. anethifolia from Jordan inhibits P.

aeruginosa in-vitro (Nawash et al., 2013).

Many plant extracts have been reported for antibiofilm effects.

Traditional plants from Pakistan, such as Bergenia ciliata, Clematis
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grata, and Clematis viticella, are reported to inhibit P. aeruginosa

biofilms (Alam et al., 2020). Similarly, African medical plants such

as Alchornea laxiflora, Ficus exasperata, Morinda lucida, Jatropha

gossypiifolia, Ocimum gratissimum, and Acalypha wilkesiana were

shown to inhibit biofilm formation by various pathogens (Olawuwo

et al., 2022). Medical plants from Argentina, such as Lycium chilense

and Schinus fasciculatus, have also been reported for anti-biofilm

effects against various pathogens (Romero et al., 2016). Most of the

studies on the antibiofilm activities of plant products have been

carried out using in-vitro methods that do not provide sufficient

evidence that these plants will be effective antibiofilm agents in vivo

(Lu et al., 2021; Younis et al., 2021; Priyanto et al., 2022).

Furthermore, phytoconstituents present in some of the extracts

are not known (Alam et al., 2020; Zammuto et al., 2022). The active

chemical constituents present in the plant extracts help in the

development of novel molecules (Harikrishnan et al., 2021;

Oselusi et al., 2021).

The present study evaluated the unexplored antimicrobial,

antibiofilm, and wound healing of Ducrosia anethifolia to confirm

its traditional use as an anti-infective agent on skin wounds in

diabetic animals. Furthermore, an attempt was made to identify

phytoconstituents present in the methanolic extract of the leaves

through liquid chromatography-mass spectrometry (LC-MS)

analysis that may help in the identification of lead molecules. The

skin irritant effect of the prepared extract formulation was evaluated

on the mouse skin in-vivo and on human keratinocytes (HaCaT) in-

vitro to determine the safety.
2 Materials and methods

2.1 Chemicals

Chemicals of analytical grade purchased from local chemical

suppliers were used.
2.2 Animals

Swiss albino mice (27 to 30 g) maintained under a controlled

environment were utilized. The experimental procedure was

approved by the Ethical Research Committee of Shaqra

University (No. ERC SU_20220066).
2.3 Extract preparation and
phytochemical analysis

The herb was collected in August 2022, followed by

authentication in the institute by a botanist. A specimen of the

herb (No. SU/CAMS/09/2022) is maintained in the institute as a

reference. The plant was shade-dried, coarsely powdered, subjected

to Soxhlet extraction using methanol, and dried in a rotavapor

(Mukherjee, 2019). The extract yield obtained was 26.34% w/w.

The extract was injected into the waters LC instrument (XEVO-

TQD#QCA1232) having a C18 column (250 mmX 2.1 mm, 2.6 µm).
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The flow rate was maintained at 0.2 ml/min, and detection was

carried out at 280 nm. Acetonitrile and ammonium formate buffer

were used as solvents with gradient conditions as reported by Al-

Ghanayem et al (Al-Ghanayem et al., 2022a). The spectra were

recorded at ionization modes from m/z 150 to 2000.
2.4 Antibacterial activity and antibiofilm
activity in-vitro

Antibacterial effects of the extract were carried out against

MRSA and MDR-P. aeruginosa using conventional methods to

detect the minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) (Ekom et al., 2022). The

pathogens (106 CFU/mL) were inoculated into Luria Bertani (LB)

broth, and the antibiofilm effect was determined using the crystal

violet binding assay (O ’Toole, 2011). Different extract

concentrations, starting from 6.25 µg/ml up to 400 µg/ml in

geometrical dilution along with bacterial culture, were added to

each well of the microtire plate followed by incubation at 37 °C for

24 h. The planktonic cells were discarded, and crystal violet (20 mL)
was added to the wells and allowed to stain for 15 min. The excess

stain was removed, rinsed with potassium phosphate buffer (10

mM), and dried. Ethanol (96% v/v) was added to the wells to

solubilize the crystal violet, and the optical density was read at

570 nm.
2.5 Ointment formulation and skin
irritation test

The D. anethifolia extract formulation at two different

concentrations was prepared (5% w/w and 10% w/w) employing

liquid paraffin, emulsifying wax, and soft paraffin by fusion method

(Nayeem et al., 2008). All the constituents of the ointment base were

melted and mixed with the extract with constant stirring to obtain a

uniform ointment. The physicochemical characteristics of the

ointment formulation were evaluated (Kolhe et al., 2018). The

formulation was applied on the mouse skin for irritation test and

observed every 12 h until 72 h.
2.6 Antibiofilm and wound healing activity

This was done using a method standardized in our laboratory

(Alrouji et al., 2023). Streptozocin and nicotinamide were used to

induce diabetes (Yan, 2022). Mice were considered diabetic if the

fasting blood sugar level exceeded 150 mg/dL. A coverslip

containing biofilm formed by the bacteria that was confirmed by

crystal violet assay (Mohamed et al., 2014) was applied to the

excision wounds under anesthesia (Anesthesia (Guideline) |

Vertebrate Animal Research). The biofilm formation was

confirmed after 72 h by carefully removing and examining the

thin biofilm layer that developed on the wounded tissue. The

animals were then divided into two groups, one each for MRSA

and MDR-P. aeruginosa, with five subgroups containing twelve
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animals. Group I was an untreated control, while group II was

applied with the emulsifying base. The extract ointment at 5% w/w

and 10% w/w was applied to animals of groups III and IV, and the

last group received the local application of mupirocin 2% or

gentamicin 0.1%. In six animals from each group, the wounded

area was measured every 4th day for 20 days, and these animals were

sacrificed to determine the bacterial count (CFU/g). Tissues from

these animals were also subjected to histological examination by

fixing them in neutral formalin. Sections were stained using H and

E stain, and skin epithelium regeneration was observed under 200X

using a microscope (Leica DM 2500) with a camera (DFC 295). The

epithelization period was monitored in the remaining six animals,

which indicated complete healing of the wounds.
2.7 Cytotoxic assay on HaCaT cell lines

The SRB assay was used to determine the cytotoxicity of the

extract (Denzinger et al., 2022). The HaCaT cells were grown in 96-

well plates in Dulbecco’s Modified Eagle’s Medium supplemented

with fetal bovine serum (10%), and antibiotic (1%) at 37°C with 5%

CO2. Next day, extract prepared in an incomplete medium at

different concentrations starting from 1 µg/ml to 1000 µg/ml was

added, followed by 24 h incubation. Trichloroacetic acid - 10% (100

µl) was added, followed by incubation for another 1 h. The cells

were washed in distilled water and dried, followed by the addition of

sulforhodamine solution (final concentration of 0.04%) and

incubation for 1 h. Following this, the cells were washed with

acetic acid (1% v/v) and Tris base solution (pH=10.5) was added.

This was shaken on an orbital shaker to solubilize the protein-

bound dye. The optical density was read at 510 nm in an ELISA

plate reader.
2.8 Statistical analysis

Mean ± SEM values were used for comparison, and one-way

ANOVA followed by Tukey’s test was used to determine the level of

significance. Instat software was used for statistical analysis

(GraphPad Prism version 6.04 for Windows).
3 Results

3.1 Phytochemical analysis

The methanolic extract of D. anethifolia showed the presence of

a large number of phytoconstituents in LC-MS analysis (Figures 1,

2). In the positive (Table 1) and negative (Table 2) modes, 14 and 37

suspected molecules were identified, respectively.
3.2 Antibacterial and antibiofilm activity

The minimum inhibitory concentration was 256 µg/ml for

MRSA and 512 µg/ml for MDR-P. aeruginosa. The minimum
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bactericidal concentration was 512 µg/ml for MRSA and 1024 µg/ml

for MDR-P. aeruginosa. A concentration of 50 µg/ml exhibited

significant antibiofilm activity against MRSA while MDR-P.

aeruginosa biofilm formation was significantly affected at 100 µg/

ml, and these effects were concentration-dependent (Figure 3).
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3.3 Physicochemical properties and skin
irritation test

The ointment formulation was homogenous with excellent

stability and diffusion. The spreadability was 10 seconds with a
FIGURE 2

Chromatogram of D. anethifolia methanolic extract in negative mode. Retention times are shown in X axis and the base peak intensity of major
peaks are marked.
FIGURE 1

Chromatogram of D. anethifolia methanolic extract in positive mode. Retention times are shown in X axis and the base peak intensity of major peaks
are marked.
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diffusion of 0.6 cm. The prepared ointment was stable at 24°C, 37°C

and 40°C. Extract formulation, when applied on intact skin, showed

no obvious irritation or inflammation for 72 h.
3.4 Antibiofilm and wound healing effects

The D. anethifolia ointment formation improved the healing of

wounds in diabetic mice. The extract formulation (10% w/w)

significantly supported wound healing from the 8th day onwards in

MRSA-induced biofilm wounds. However, the lower concentration

of the extract formulation (5% w/w) showed a significant wound-

healing effect from the 12th day. The antibiotic mupirocin

significantly affected wound contraction from the 4th day. There

was no significant difference in the infected wound in animals that

did not receive any treatment and the base-treated wounds,

indicating that the base is inert (Figure 4). The epithelization

period was significantly reduced in low (5% w/w) and high (10%

w/w) concentration extract-treated groups compared to the control.

As expected, the epithelization period was significantly less in the

antibiotic-treated group than in the base-treated control group

(Figure 5). These effects were similar in MDR-P. aeruginosa

induced biofilm wounds, but the effect of the extract was noticeably

less than that observed with MRSA-infected wounds (Figures 6, 7).

The microbial load in the wounded tissue after 20 days of treatment

was reduced after treatment with both concentrations of D.

anethifolia extract ointment in case of MRSA-infected wounds.

However, in MDR-P. aeruginosa infected wounds, there was a

significant decrease only in wounds treated with the high

concentration of D. anethifolia extract ointment (10% w/w).

Antibiotic treatments significantly reduced the microbial load in
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the wounded tissue (Table 3). Skin sections obtained from animals

receiving different treatments showed various degrees of skin

regeneration. The skin damage was more in the MDR-P.

aeruginosa infected control animals compared to MRSA-infected

control animals, indicating severe skin damage due to Gram-negative

MDR-P. aeruginosa as compared to Gram-positive MRSA. Similarly,

skin regeneration after treatment with antibiotic or D. anethifolia

extract ointment was noticeably more in MRSA-infected animals

than MDR-P. aeruginosa infected animals (Figure 8).
3.5 Effect on HaCaT cells in-vitro

Ducrosia anethifolia did not induce significant toxicity to the

HaCaT cell lines in-vitro, as indicated by a high IC50 value of 1381

µg/ml (Figure 9). The extract was tested up to a concentration of

1000 µg/ml, and a significant reduction in cell viability was observed

at 500 µg/ml.
4 Discussion

Ducrosia anethifolia is traditionally used in different regions of

the world for the treatment of skin infections and pain relief

(Mottaghipisheh et al., 2020). The current study was undertaken

because this herb is widely used in Saudi folk medicine to treat skin

infections. The results of the current study supported its traditional

use as indicated by its antimicrobial, antibiofilm, and wound-

healing effects. Though there are earlier reports on the

antimicrobial effect of Ducrosia anethifolia, none of these studies

determined the antibiofilm activity and wound healing effect
TABLE 1 List of suspected molecules identified in D. anethifolia methanolic extract in positive mode.

S.No. R.Time Score Compound Name Formula Exact
Mass

Observed
Mass

Mass
Diff

1. 1.27 0.978 1,10-Phenanthroline monohydrate C12H8N2 180.068 179.1104 0.96

2. 6.29 0.957 Adenosine C10H13N5O4 267.096 263.1652 3.93

3. 10.32 0.979 D-erythro-Dihydrosphingosine C18H39NO2 301.298 305.1769 -3.88

4. 14.95 0.935 Scoulerin C19H21NO4 327.147 323.1966 3.95

5. 15.36 0.928 Methyl Jasmonate C13H20O3 224.141 224.1574 -0.02

6. 17.72 0.934 DL-Dihydrozeatin C10H15N5O 221.127 224.1236 -3

7. 18.16 0.978 Etidronic acid C2H8O7P2 205.974 203.0679 2.91

8. 18.50 0.975 L-Carnosine C9H14N4O3 226.23 229.1514 -2.92

9. 19.42 0.592 1-Isothiocyanato-8-(methylsulfinyl)-octane C10H19NOS2 233.09 235.1915 -2.1

10. 19.66 0.676 Melatonin C13H16N2O2 232.121 235.2590 -3.14

11. 23.10 0.902 Riboflavin-5′-monophosphate sodium salt hydrate C17H21N4O9P 456.104 459.2601 -3.16

12. 23.17 0.887 peonidin-3-o-beta-d-glucopyranoside C22H23O11 463.124 459.3276 3.8

13. 23.72 0.685 Hydroxypyruvic acid dimethyl ketal phosphate tri
(cyclohexylammonium) salt

C5H11O8P 230.019 329.2370 -99.22

14. 27.91 0.767 n-Butyryl coenzyme A lithium salt hydrate C25H42N7O17P3S 837.157 834.7177 2.44
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TABLE 2 List of suspected molecules identified in D. anethifolia methanolic extract in negative mode.

S.No. R.Time Score Compound Name Formula Exact
Mass

Observed
Mass

Mass
Diff

1. 1.23 0.757 D(-)-Gulono-gamma-lactone C6H10O6 178.047 181.1687``` 178.05

2. 1.30 0.467 Galactinol Dihydrate C12H22O11 342.116 375.3669 -33.25

3. 1.57 0.752 Chlorogenic acid Hemihydrate C16H18O9 354.095 357.2455 -3.15

4. 1.91 0.938 R-2-hydroxy-3-butenyl glucosinolate (progoitrin) C11H19NO10S2 389.045 389.2364 -0.19

5. 6.17 0.926 Lignoceric Acid C24H48O2 368.365 367.2005 1.16

6. 6.38 0.914 Gluconasturtiin C15H21NO9S2 423.065 423.1850 -0.12

7. 7.26 0.976 Sebacic acid C10H18O4 202.12 201.0433 1.08

8. 7.37 0.799 6-(gamma,gamma-Dimethylallylamino)purine C10H13N5 203.117 201.1445 1.97

9. 10.33 0.694 S-Sulfocysteine C3H7NO5S2 200.976 201.1445 -0.17

10. 13.91 0.759 DL-4-Hydroxy-3-methoxymandelic acid C9H10O5 198.052 201.1445 -3.09

11. 15.38 0.678 Petunidin C16H13O7 317.066 315.1653 1.9

12. 15.69 0.658 zearalenone C18H22O5 318.146 321.2057 -3.06

13. 16.23 0.93 Kaempferol-3-O-alpha-L-rhamnoside C21H20O10 432.105 433.4439 -1.34

14. 16.81 0.804 Sodium Cholate Hydrate C24H40O5 408.57 409.3091 -0.74

15. 17.36 0.816 Sodium gluconate C6H12O7 196.058 199.1874 -3.13

16. 17.43 0.783 Syringic Acid C9H10O5 198.052 199.1874 -1.14

17. 17.77 0.739 Pyridoxal-5’-phosphate hydrate C8H10NO6P 247.024 249.3301 -2.31

18. 19.95 0.679 Uridine-5′-diphosphoglucuronic acid trisodium salt C15H22N2O18P2 580.034 579.5029 0.53

19. 20.60 0.988 6-Phosphogluconic acid Barium salt hydrate C6H13O10P 276.024 277.3377 -1.31

20. 20.70 0.894 Phloridzin C21H24O10 436.136 277.3714 158.76

21. 20.77 0.957 L-saccharopine C11H20N2O6 276.132 277.3714 -1.24

22. 20.97 0.882 2’-Deoxycytidine C9H13N3O4 227.09 277.2955 -50.21

23. 21.04 0.876 L-Carnosine C9H14N4O3 226.106 227.3293 -1.22

24. 21.11 0.801 Sinapic acid C11H12O5 224.068 227.2618 -3.19

25. 22.17 0.892 D-Glucosamine-6-phosphate sodium salt C6H14NO8P 259.045 253.3457 5.7

26. 22.92 0.976 6-Phosphogluconic acid Barium salt hydrate C6H13O10P 276.024 279.3624 -3.34

27. 23.02 0.957 gamma-Linolenic acid C18H30O2 278.43 279.3961 -0.97

28. 23.12 0.735 acacetin C16H12O5 284.068 279.3286 4.74

29. 23.22 0.694 Guanosine-5’-triphosphate sodium salt C10H16N5O14P3 522.99 517.3729 5.62

30. 23.29 0.673 Piperacillin sodium salt C23H27N5O7S 517.163 517.3391 -0.18

31. 25.68 0.975 alpha-D-glucose-1-phosphate dipotassium
salt dihydate

C6H13O9P 260.029 255.4040 4.63

32. 25.81 0.982 D-Glucose-6-phosphate sodium salt C6H13O9P 260.029 260.03 0.001

33. 25.88 0.966 D-Mannose-6-phosphate barium salt hydrate C6H13O9P 260.029 255.3703 4.66

34. 26.22 0.911 Luteolin C15H10O6 286.047 281.3533 4.69

35. 26.50 0.96 Xanthosine C10H12N4O6 284.075 281.3533 2.72

36. 27.83 0.566 Glycyrrhizin C42H62O16 822.403 815.6823 6.72

37. 27.89 0.485 Glycyrrhizic acid ammonium salt C42H62O16 822.403 815.6823 6.72
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(Mottaghipisheh et al., 2020). The traditional use of this herb in skin

infection may not be due only to antimicrobial effects, without

considerable antibiofilm and wound healing properties, which were

confirmed in the current study.

Ducrosia anethifolia extract was prepared using methanol that

extracts several secondary and primary metabolites (Jones et al., 2006).

Analysis of the prepared extract using LC-MS revealed the presence of

many constituents. Some of the suspected phytoconstituents identified

in the current study have been reported earlier for antimicrobial and

antibiofilm effects. These phytoconstituents include D-erythro-

dihydrosphingosine, petunidin, L-carnosine, and melatonin. D-

erythro-dihydrosphingosine is a sphingolipid that has been reported

to inhibit the growth of several strains of bacteria by increasing the

permeability of the bacterial cell membrane (Shin et al., 2022).

Petunidin, an anthocyanidin flavonoid, has a good antioxidant effect.
Frontiers in Cellular and Infection Microbiology 07
It is also reported for antibacterial effects (Jeyaraj et al., 2022). These

effects help in wound healing. L-carnosine, a dipeptide composed of

amino acids, b-alanine, and histidine have been reported for

antioxidant, anti-inflammatory, and antibacterial actions

(Kandhasamy et al., 2021). The anti-inflammatory effect may have

increased the healing of wounded tissue with the contribution of

antioxidant and antibacterial actions that inhibited oxidative stress

andmicrobial load, respectively. Melatonin is a hormone found in both

animals and plants. It has potent antioxidant, anti-inflammatory, and

immunomodulatory properties that aid in the healing of wounds

(Ganganna et al., 2021).

Another important phytoconstituent identified in the plant was

chlorogenic acid. It is a polyphenol found in several plants, including

vegetables and fruits. There are several reports on the antibacterial
Untre
ate

d co
ntro

l

MRSA+base

MRSA+ Da(5
%

)

MRSA+ Da (
10

%
)

MRSA+MPN (2
%

)
0

10

20

30

Epithelization period

Ep
ith

el
iz

at
io

n 
pe

ri
od

 (d
ay

s)

***
***

FIGURE 5

Period of epithelisation in excision wound infected with MRSA after
different treatments. The extract (Da -10% w/w) and mupirocin
(MPN-2% w/w) showed significant action on wound contraction
while extract at lower concentration (Da -5% w/w) did not show
significant effect. All values are mean ± SEM, n=6, ***P<0.001 as
compared to untreated infected control.
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FIGURE 6

Contraction of excision wound infected with P. aeruginosa in mice
treated with D. anethifolia methanolic extract and gentamicin. The
extract (Da -10% w/w) showed effect from Day 8 onwards while the
gentamicin (GEN) was more effective than either concentration of
the extract showing significant effect from Day 4 onwards. All values
are mean ± SEM, n=6, *P<0.05, ***P<0.001 as compared to
untreated infected control.
FIGURE 3

Antibiofilm activity of D. anethifolia methanolic extract in crystal
violet assay, n= 4 (biological repeats) *P<0.05, ** P0.01, ***P<0.001
as compared to untreated control. A concentration-dependent anti-
biofilm effect was observed. Activity against Gram-positive MRSA
was noticeably more compared to that observed against Gram-
negative MDR-P. aeruginosa.
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FIGURE 4

Contraction of excision wound infected with MRSA in mice treated
with D. anethifolia. methanolic extract. The extract (Da -10% w/w)
showed effect from Day 8 onwards while the mupirocin (MPN) was
more effective than either concentration of the extract. All values
are mean ± SEM for six animals, **P<0.01, ***P<0.001 as compared
to untreated infected control.
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effect of chlorogenic acid, and it is reported to inhibit several strains of

bacteria, confirming its broad-spectrum antibacterial action (Sun

et al., 2020). The extract also showed the presence of kaempferol,

which is a known antibacterial agent. It is reported to increase cell

membrane permeability, inhibit bacterial enzyme activity, and have a

strong antioxidant effect (Periferakis et al., 2022). Similar to

kaempferol, syringic acid, and sinapic acid is found in several plant

species, and these are known to inhibit bacterial growth by a

mechanism similar to kaempferol (Pandi and Kalappan, 2021;

Meng et al., 2022). Sodium gluconate is abundantly found in

several plants. It is a chelating agent that chelates ions essential for

bacterial growth, and there are few reports on the antibacterial effect

of this compound (Kapanya et al., 2020). Luteolin is an important

flavonoid that is reported for antibacterial activity against a wide
Frontiers in Cellular and Infection Microbiology 08
range of both gram-positive and gram-negative bacteria. It also has

anti-inflammatory and antioxidant properties that help in wound

healing (Guo et al., 2020). Glycyrrhizin, commonly found in licorice,

was found to be present in D. anethifolia. There are many reports on

the broad-spectrum antibacterial effect of glycyrrhizin (Eynde et al.,

2023). It also possesses antioxidant, anti-inflammatory, and

immunomodulatory effects (Feng et al., 2022). Furthermore,

glycyrrhizin has been reported to enhance the antibacterial effects

of many conventionally used antimicrobial agents (Hazlett et al.,

2019). The presence of various phytoconstituents with diverse

pharmacological effects that include antioxidant, anti-inflammatory,

immunomodulatory, and antibacterial effects might have contributed

to the overall observed effects.

The phytochemical analysis of D. anethifolia has been carried

out by several authors in different extracts prepared using different

solvents such as aqueous, ethanol, and ethyl acetate. A comparison

of the phytoconstituents reported by these authors with those found

in this study did not match any of the constituents (Zamyad et al.,

2019; Mottaghipisheh et al., 2020; Arabsalehi et al., 2022). The

reason for this cannot be explained by the present data. However,

this could be due to the place and time of collection of the plant

material and method of analysis, as some of these studies were

carried out using gas chromatography-mass spectrometry (GC-

MS). Many reports are from Iran, which has different weather

conditions than Saudi Arabia. Further, the current study was carried

out using methanol extract, and there are no earlier reports on the

phytochemicals present in the methanolic extract of D. anethifolia.

Many plants have been reported for antibacterial and wound

healing effects in normal and diabetic rats (Al-Ghanayem et al.,

2022b; Almuhanna et al., 2023). However, there are very few reports

on the in-vivo antibiofilm effects of plants and phytoconstituents

(Lu et al., 2019). Several plant-based formulations are reported to

control infection in diabetic wounds but their efficacy on biofilm is

unknown. To overcome antimicrobial resistance, environmental

degradation, and pollution, plant-based formulations are becoming

safer alternatives for antibiotics and have gained importance in

recent. Apart from antibacterial activity, many of the plant

components are reported for enhancing fibroblast proliferation, a

main step in wound healing (Thakur et al., 2011). In Middle East

traditional plants including Ducrosia anethifolia are used as a

traditional medicine.

Management of wounds in diabetic conditions is a serious

concern as pathogens such as MRSA and MDR-P. aeruginosa are

resistant to conventionally used antibiotics. Both these pathogens

were selected based on literature and as a representative strain from

Gram-positive bacteria and Gram-negative bacteria to establish the

wide spectrum of activity. The extract showed a more antibacterial

effect on MRSA when compared to MDR-P. aeruginosa. Usually,

Gram-negative bacteria are more tolerant to phytochemicals and

natural compounds compared to Gram-positive bacteria due to the

different physiological structures of the cell walls. The

lipopolysaccharide layer and periplasmic space of the cell wall

help the Gram-negative bacteria to show resistance against

natural compounds (Al-Ghanayem et al., 2022b).

Treatment of biofilm-formed wounds requires the use of strong

antimicrobials and proper care, and in a few cases, surgery may be
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FIGURE 7

Period of epithelisation in excision wound infected with P.
aeruginosa after treatment with D. anethifolia extract and
gentamicin. The extract (Da -10% w/w) and gentamicin (GEN-0.1%
w/w) showed significant effect on wound contraction while extract
at lower concentration (Da -5% w/w) did not show significant effect.
All values are mean ± SEM, n=6, **P<0.01, ***P<0.001 as compared
to untreated infected control.
TABLE 3 Microbial load in the wounded tissue after different treatments
for 20 days in infected mice.

Group Log10 CFU/g of tissue

MRSA P. aeruginosa

Untreated control 5.23 ± 0.054 5.38 ± 0.063

Control (base) 5.12 ± 0.086 5.23 ± 0.082

D.anethifolia ointment (5%w/w) 3.25 ± 0.092*** 5.09 ± 0.085NS

D.anethifolia ointment (10%w/w) 2.04 ± 0.024*** 4.78 ± 0.092**

#Antibiotic 1.24 ± 0.046*** 1.82 ± 0.054***
#Antibiotic-mupirocin (2%) for the MRSA-infected group and gentamicin (0.1%) for
P. aeruginosa-infected group. Data are mean ± SEM, n=6,**P<0.01;***P<0.001 in
comparison to the control (base); NSNon significant.
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required (Ruhal and Kataria, 2021). Herbs and phytochemicals have

been reported for antibiofilm and wound-healing properties. This

includes Aloe vera, curcumin, allicin, and many essential oils. It is

believed that herbs and phytochemicals may hold promising

benefits in the management of biofilm infections and wound care

(Karygianni et al., 2016).

In the current study, biofilms were induced on excision wound

in diabetic animals. Wounds in diabetic condition provide a suitable

environment for the formation of biofilms, and if untreated, it may

lead to gangrene. There are several animal models for the

development of biofilm. The method adopted in this study was

developed and validated in our laboratory (Alrouji et al., 2023). The

selection of two different concentrations was based on pilot studies

and skin irritation studies. There are several studies on different

plant extracts using the same concentrations (Taddese et al., 2021;

Tekleyes et al., 2021). The ointment in a suitable base was used to

increase the stability, spreadability, and diffusion (Kolhe et al.,

2018). The MIC of the extract was 256 µg/ml for MRSA and 512

µg/ml for MDR-P. aeruginosa, which shows that the pathogens are

precisely inhibited at different concentrations. These values are

higher compared to conventionally used antibiotics that are pure
FIGURE 8

Representative images of skin section after treatment with higher concentrations of D. anethifolia extract (H and E stained, 200 X). In the control
animals, the skin epithelial width is less when compared to the treated animals (arrow indicates skin epithelium).
FIGURE 9

Cell viability of HaCaT cells after treatment with different
concentrations of D. anethifolia extract in SRB assay, n=4,
***P<0.001 as compared to untreated control. There was no
cytotoxic effect up to concentrations of 100 µg/ml and the IC50

value was 1381 µg/ml.
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chemicals. The MIC values are always higher for crude extracts that

contain several phytoconstituents as compared to pure chemicals

and isolated phytoconstituents. Isolation of active constituents from

this crude extract may lead to new lead molecules having potent

antibacterial effects.

The present study is on crude methanol extracts of Ducrosia

anethifolia. Identifying potential phytochemicals possessing

antibacterial and antibiofilm effects may further help to explore

novel compounds for treating MRSA or MDR- P. aeruginosa-

infected diabetic wounds. The wounds were infected with single

pathogens, either MRSA or MDR- P. aeruginosa; however, in

diabetic wounds, polymicrobial infections and biofilms were also

formed. Further studies on polymicrobial antibiofilm activity and

infection control may provide in-depth knowledge on the efficacy of

the Ducrosia anethifolia extract. The study conducted was focused

on the excision wound model. Extending the studies on different

wound models may also provide insight into the wound-healing

properties of the extract.

This study determined antibacterial, antibiofilm and wound

healing properties of the crude methanolic extract of Ducrosia

anethifolia. There can be multiple mechanisms for wound healing

action of the plant extract apart from antibacterial and antibiofilm

effects. These include cell proliferative actions, and antioxidant

effects. There are reports on the antioxidant effect of D.

anethifolia but its effect on cell proliferation in the skin is

unknown (Elsharkawy et al., 2019).

Though this study determined both in-vivo and in-vitro

antibiofilm activity of D. anethifolia extract, it has a few

limitations. The present work determined the activity of the crude

extract of the plant and the contribution of each phytoconstituent

present in the extract to the observed effects was not assessed. This

is important to determine the synergistic and antagonistic effects of

the combination of phytoconstituents, as earlier reports on D.

anethifolia showed that volatile oils are effective antimicrobial

agents while its main phytoconstituent-decanal was less effective

suggesting synergistic effects of different molecules present in the

extract (Mahboubi and Feizabadi, 2009). The present study was

done using only one model of wound healing. Effect on other

models of wound healing such as the incision-wound model, and

burn-wound model may help to substantiate the effect of D.

anethifolia on the wound healing process (Sami et al., 2019).
5 Conclusion

The methanolic extract of Ducrosia anethifolia showed good

antibacterial, antibiofilm, and wound healing properties. The

antibacterial effect was dose-dependent, and the effect was more

against MRSA than MDR-P. aeruginosa. The extract did not

produce any skin irritation and was also safe on HaCaT cell lines.

The LC-MS analysis of the extract revealed the presence of several

phytochemicals, some of which have been reported for antibacterial,

antioxidant, and anti-inflammatory actions. The effects observed in

the current study could be due to multiple phytoconstituents, and
Frontiers in Cellular and Infection Microbiology 10
evaluating individual bioactive phytoconstituents may help in the

discovery of novel antibacterial and antibiofilm agent(s). The results

of the study may help in identifying novel molecules that may

positively affect the different phases of the wound healing process.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The animal study was approved by Ethical Research Committee

Shaqra University. The study was conducted in accordance with the

local legislation and institutional requirements.
Author contributions

YA: Writing – review & editing, Writing – original draft,

Visualization, Validation, Supervision, Software, Resources,

Project administration, Methodology, Investigation, Funding

acquisition, Formal analysis, Data curation, Conceptualization.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

The author would like to thank the Deanship of Scientific

Research at Shaqra University for supporting this work.
Conflict of interest

The author declares that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fcimb.2024.1386483
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Almuhanna 10.3389/fcimb.2024.1386483
References
Abbaszadeh, S., Teimouri, H., and Farzan, B. (2019). An ethnobotanical study of
medicinal plants with antianxiety and antidepressant effects in Shahrekord.
journals.ekb.egS Abbaszadeh H Teimouri B FarzanEgyptian J. Vet. Sci. 50, 81–87.
doi: 10.21608/ejvs.2019.12612.1077

Alam, K., Farraj, D. A. A., Mah-e-Fatima, S., Yameen, M. A., Elshikh, M. S.,
Alkufeidy, R. M., et al. (2020). Anti-biofilm activity of plant derived extracts against
infectious pathogen-Pseudomonas aeruginosa PAO1. J. Infect. Public Health 13, 1734–
1741. doi: 10.1016/j.jiph.2020.07.007

Al-Ghanayem, A. A., Alhussaini, M. S., Asad, M., and Joseph, B. (2022a). Effect of
moringa oleifera leaf extract on excision wound infections in rats: antioxidant,
antimicrobial, and gene expression analysis. Mol 27, 4481. doi: 10.3390/
molecules27144481

Al-Ghanayem, A. A., Alhussaini, M. S., Asad, M., and Joseph, B. (2022b). Moringa
oleifera leaf extract promotes healing of infected wounds in diabetic rats: evidence of
antimicrobial, antioxidant and proliferative properties. Pharm 15, 528. doi: 10.3390/
ph15050528

Almuhanna, Y., Alqasmi, M. H., AlSudais, H., Alrouji, M., Kuriri, F. A., Alissa, M.,
et al. (2023). Effect of Achillea fragrantissima Extract on Excision Wound Biofilms of
MRSA and Pseudomonas aeruginosa in Diabetic Mice. Int. J. Mol. Sci. 24. doi: 10.3390/
ijms24119774

Alrouji, M., Kuriri, F. A., Alqasmi, M. H., AlSudais, H., Alissa, M., Alsuwat, M. A.,
et al. (2023). A simple in-vivo method for evaluation of antibiofilm and wound healing
activity using excision wound model in diabetic Swiss albino mice. Microorg 11, 692.
doi: 10.3390/microorganisms11030692

Arabsalehi, F., Rahimmalek, M., Sabzalian, M. R., Barzegar Sadeghabad, A.,
Matkowski, A., and Szumny, A. (2022). Metabolic and physiological effects of water
stress on Moshgak (Ducrosia anethifolia Boiss) populations using GC–MS and
multivariate analyses. Sci. Rep. 12, 1–13. doi: 10.1038/s41598-022-25195-1

Anesthesia (Guideline) | Vertebrate Animal Research. Available online at: https://
animal.research.uiowa.edu/iacuc-guidelines-anesthesia (Accessed February 13, 2022).

Darvishi, S., Tavakoli, S., Kharaziha, M., Girault, H. H., Kaminski, C. F., and Mela, I.
(2022). Advances in the sensing and treatment of wound biofilms. Angew. Chemie Int.
Ed. 61, e202112218. doi: 10.1002/ANIE.202112218

Denzinger, M., Schenk, K. B. M., Krauß, S., Held, M., Daigeler, A., Wolfertstetter, P.
R., et al. (2022). Immune-modulating properties of blue light do not influence
reepithelization in vitro. Lasers Med. Sci. 37, 2431–2437. doi: 10.1007/s10103-022-
03502-6

Ekom, S. E., Tamokou, J. D. D., and Kuete, V. (2022). Methanol extract from the
seeds of Persea americana displays antibacterial and wound healing activities in rat
model. J. Ethnopharmacol. 282, 114573. doi: 10.1016/j.jep.2021.114573

El-Seedi, H. R., Kotb, S. M., Musharraf, S. G., Shehata, A. A., Guo, Z., Alsharif, S. M.,
et al. (2022). Saudi Arabian plants: A powerful weapon against a plethora of diseases.
Plants 11, 3436. doi: 10.3390/plants11243436

Elsharkawy, E. R., Abdallah, E. M., Shiboob, M. H., and Alghanem, S. (2019).
Phytochemical, antioxidant and antibacterial potential of ducrosia anethifolia in
northern border region of Saudi Arabia. J. Pharm. Res. Int. 1–8. doi: 10.9734/jpri/
2019/v31i630361

Eynde, V., Sezer, F., Deniz, S., Singh, V., Pal, A., and Darokar, M. P. (2023).
Synergistic Interaction of Glycyrrhizin with Norfloxacin Displays ROS-Induced
Bactericidal Activity against Multidrug-Resistant Staphylococcus aureus. Drugs Drug
Candidates 2, 295–310. doi: 10.3390/ddc2020016

Feng, D., Zhang, R., Zhang, M., Fang, A., and Shi, F. (2022). Synthesis of eco-friendly
silver nanoparticles using glycyrrhizin and evaluation of their antibacterial ability.
Nanomater 12, 2636. doi: 10.3390/nano12152636

Flemming, H. C., Wingender, J., Szewzyk, U., Steinberg, P., Rice, S. A., and
Kjelleberg, S. (2016). Biofilms: an emergent form of bacterial life. Nat. Rev.
Microbiol. 14, 563–575. doi: 10.1038/nrmicro.2016.94

Flora of Saudi Arabia by Ahmed Mohammed Migahid | Open Library. Available
online at: https://openlibrary.org/books/OL4293486M/Flora_of_Saudi_Arabia
(Accessed August 30, 2023).

Ganganna, A., Rudariah, C. B., Rao, R., and Prakash, V. M. (2021). Antibacterial
activity of melatonin against prime periodontal pathogens: An in vitro study. J. Int.
Oral. Heal. 13, 164. doi: 10.4103/JIOH.JIOH_225_20

Guo, Y., Liu, Y., Zhang, Z., Chen, M., Zhang, D., Tian, C., et al. (2020). The
antibacterial activity and mechanism of action of luteolin against trueperella pyogenes.
Infect. Drug Resist. 13, 1697–1711. doi: 10.2147/IDR.S253363

Harikrishnan, S., Parivallal, M., S. Alsalhi, M., Sudarshan, S., Jayaraman, N.,
Devanesan, S., et al. (2021). Characterization of active lead molecules from
Lissocarinus orbicularis with potential antimicrobial resistance inhibition properties.
J. Infect. Public Health 14, 1903–1910. doi: 10.1016/j.jiph.2021.10.003

Hazlett, L. D., Ekanayaka, S. A., McClellan, S. A., and Francis, R. (2019). Glycyrrhizin
use for multi-drug resistant pseudomonas aeruginosa: in vitro and in vivo studies.
Invest. Ophthalmol. Vis. Sci. 60, 2978–2989. doi: 10.1167/iovs.19-27200
Frontiers in Cellular and Infection Microbiology 11
Jeyaraj, E. J., Lim, Y. Y., and Choo, W. S. (2022). Antioxidant, cytotoxic, and
antibacterial activities of Clitoria ternatea flower extracts and anthocyanin-rich
fraction. Sci. Rep. 12, 1–12. doi: 10.1038/s41598-022-19146-z

Jones, W. P., Kinghorn, A. D., Sarker, S. D., Latif, Z., and Gray, A. I. (2006).
Extraction of plant secondary metabolites. Nat. Prod. Isol. 20, 323–351. doi: 10.1385/1-
59259-955-9:323

Kandhasamy, S., Liang, B., Yang, D. P., and Zeng, Y. (2021). Antibacterial vitamin K3
carnosine peptide-laden silk fibroin electrospun fibers for improvement of skin wound
healing in diabetic rats. ACS Appl. Bio Mater. 4, 4769–4788. doi: 10.1021/
acsabm.0c01650

Kapanya, A., Somsunan, R., Molloy, R., Jiranusornkul, S., Leewattanapasuk, W.,
Jongpaiboonkit, L., et al. (2020). Synthesis of polymeric hydrogels incorporating
chlorhexidine gluconate as antibacterial wound dressings. J. Biomater. Sci. Polym. Ed.
31, 895–909. doi: 10.1080/09205063.2020.1725862

Karygianni, L., Al-Ahmad, A., Argyropoulou, A., Hellwig, E., Anderson, A. C., and
Skaltsounis, A. L. (2016). Natural antimicrobials and oral microorganisms: A
systematic review on herbal interventions for the eradication of multispecies oral
biofilms. Front. Microbiol. 6. doi: 10.3389/fmicb.2015.01529

Kolhe, S. S., Shinde, K., Jori, R., Gadhave, M. V., Jadhav, S. L., and Gaikwad, D. D.
(2018). Evaluation of polyherbal ointment for wound healing activity in Wistar rats. J.
Drug Deliv. Ther. 8, 26–31. doi: 10.22270/jddt.v8i6-s.2072

Lu, L., Hu, W., Tian, Z., Yuan, D., Yi, G., Zhou, Y., et al. (2019). Developing natural
products as potential anti-biofilm agents. Chin. Med. 14. doi: 10.1186/s13020-019-
0232-2

Lu, C., Liu, H., Shangguan, W., Chen, S., and Zhong, Q. (2021). Antibiofilm activities
of the cinnamon extract against Vibrio parahaemolyticus and Escherichia coli. Arch.
Microbiol. 203, 125–135. doi: 10.1007/s00203-020-02008-5

Mahboubi, M., and Feizabadi, M. M. (2009). Antimicrobial Activity of Ducrosia
anethifolia Essential Oil and Main Component, Decanal Against Methicillin-Resistant
and Methicillin-Susceptible Staphylococcus aureus. J. Essent. Oil Bear. Plants 12, 574–
579. doi: 10.1080/0972060X.2009.10643760

Mahboubi, M., Taghizadeh, M., and Kazempour, N. (2014). Antimicrobial and
antioxidant activities of pycnocycla spinosa extracts. Jundishapur J. Nat. Pharm. Prod.
9, e13859. doi: 10.5812/jjnpp.

Meng, S. S., Yu, Y. M., Bu, F. Z., Yan, C. W., Wu, Z. Y., and Li, Y. T. (2022).
Directional self-assembly of ofloxacin and syringic acid: the first salt cocrystal of
ofloxacin with phenolic acid displays superior in vitro/vivo biopharmaceutical property
and enhanced antibacterial activity. Cryst. Growth Des. 22, 6735–6750. doi: 10.1021/
acs.cgd.2c00896

Mohamed, M. F., Hamed, M. I., Panitch, A., and Seleem, M. N. (2014). Targeting
methicillin-resistant staphylococcus aureus with short salt-resistant synthetic peptides.
Antimicrob. Agents Chemother. 58, 4113. doi: 10.1128/AAC.02578-14

Mottaghipisheh, J., Dehsheikh, A. B., Sourestani, M. M., Kiss, T., Hohmann, J., and
Csupor, D. (2020). Ducrosia spp., rare plants with promising phytochemical and
pharmacological characteristics: an updated review. Pharm. (Basel). 13, 1–23.
doi: 10.3390/ph13080175

Mukherjee, P. K. (2019). Quality control and evaluation of herbal drugs: Evaluating
natural products and traditional medicine. Qual. Control Eval. Herb. Drugs Eval. Nat.
Prod. Tradit. Med., 1–784. doi: 10.1016/C2016-0-04232-8

Nawash, O., Shudiefat, M., Al-Tabini, R., and Al-Khalidi, K. (2013). Ethnobotanical
study of medicinal plants commonly used by local Bedouins in the Badia region of
Jordan. J. Ethnopharmacol. 148, 921–925. doi: 10.1016/j.jep.2013.05.044

Nayeem, N., Rohini, R., Asdaq, S. M., and Das, A. (2008). Wound healing activity of
the hydro alcoholic extract of Ficus religiosa leaves in rats. Internet J. Altern. Med. 6.
doi: 10.5580/696

Odell, C. A. (2010). Community-associated methicillin-resistant staphylococcus
aureus (ca-mrsa) skin infections. Curr. Opin. Pediatr. 22, 273–277. doi: 10.1097/
MOP.0b013e328339421b

Olawuwo, O. S., Famuyide, I. M., and McGaw, L. J. (2022). Antibacterial and
antibiofilm activity of selected medicinal plant leaf extracts against pathogens
implicated in poultry diseases. Front. Vet. Sci. 9. doi: 10.3389/fvets.2022.820304

Oselusi, S. O., Christoffels, A., Egieyeh, S. A., Tietel, Z., Strodel, B., and Olubiyi, O.
(2021). Cheminformatic characterization of natural antimicrobial products for the
development of new lead compounds. Mol 26, 3970. doi: 10.3390/molecules26133970

O’Toole, G. A. (2011). Microtiter dish biofilm formation assay. J. Vis. Exp.
doi: 10.3791/2437

Pandi, A., and Kalappan, V. M. (2021). Pharmacological and therapeutic applications
of Sinapic acid—an updated review. Mol. Biol. Rep. 48, 3733–3745. doi: 10.1007/
s11033-021-06367-0

Pannewick, B., Baier, C., Schwab, F., and Vonberg, R. P. (2021). Infection control
measures in nosocomial MRSA outbreaks—Results of a systematic analysis. PloS One
16. doi: 10.1371/journal.pone.0249837
frontiersin.org

https://doi.org/10.21608/ejvs.2019.12612.1077
https://doi.org/10.1016/j.jiph.2020.07.007
https://doi.org/10.3390/molecules27144481
https://doi.org/10.3390/molecules27144481
https://doi.org/10.3390/ph15050528
https://doi.org/10.3390/ph15050528
https://doi.org/10.3390/ijms24119774
https://doi.org/10.3390/ijms24119774
https://doi.org/10.3390/microorganisms11030692
https://doi.org/10.1038/s41598-022-25195-1
https://animal.research.uiowa.edu/iacuc-guidelines-anesthesia
https://animal.research.uiowa.edu/iacuc-guidelines-anesthesia
https://doi.org/10.1002/ANIE.202112218
https://doi.org/10.1007/s10103-022-03502-6
https://doi.org/10.1007/s10103-022-03502-6
https://doi.org/10.1016/j.jep.2021.114573
https://doi.org/10.3390/plants11243436
https://doi.org/10.9734/jpri/2019/v31i630361
https://doi.org/10.9734/jpri/2019/v31i630361
https://doi.org/10.3390/ddc2020016
https://doi.org/10.3390/nano12152636
https://doi.org/10.1038/nrmicro.2016.94
https://openlibrary.org/books/OL4293486M/Flora_of_Saudi_Arabia
https://doi.org/10.4103/JIOH.JIOH_225_20
https://doi.org/10.2147/IDR.S253363
https://doi.org/10.1016/j.jiph.2021.10.003
https://doi.org/10.1167/iovs.19-27200
https://doi.org/10.1038/s41598-022-19146-z
https://doi.org/10.1385/1-59259-955-9:323
https://doi.org/10.1385/1-59259-955-9:323
https://doi.org/10.1021/acsabm.0c01650
https://doi.org/10.1021/acsabm.0c01650
https://doi.org/10.1080/09205063.2020.1725862
https://doi.org/10.3389/fmicb.2015.01529
https://doi.org/10.22270/jddt.v8i6-s.2072
https://doi.org/10.1186/s13020-019-0232-2
https://doi.org/10.1186/s13020-019-0232-2
https://doi.org/10.1007/s00203-020-02008-5
https://doi.org/10.1080/0972060X.2009.10643760
https://doi.org/10.5812/jjnpp.
https://doi.org/10.1021/acs.cgd.2c00896
https://doi.org/10.1021/acs.cgd.2c00896
https://doi.org/10.1128/AAC.02578-14
https://doi.org/10.3390/ph13080175
https://doi.org/10.1016/C2016-0-04232-8
https://doi.org/10.1016/j.jep.2013.05.044
https://doi.org/10.5580/696
https://doi.org/10.1097/MOP.0b013e328339421b
https://doi.org/10.1097/MOP.0b013e328339421b
https://doi.org/10.3389/fvets.2022.820304
https://doi.org/10.3390/molecules26133970
https://doi.org/10.3791/2437
https://doi.org/10.1007/s11033-021-06367-0
https://doi.org/10.1007/s11033-021-06367-0
https://doi.org/10.1371/journal.pone.0249837
https://doi.org/10.3389/fcimb.2024.1386483
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Almuhanna 10.3389/fcimb.2024.1386483
Periferakis, A., Periferakis, K., Badarau, I. A., Petran, E. M., Popa, D. C., Caruntu, A.,
et al. (2022). Kaempferol: antimicrobial properties, sources, clinical, and traditional
applications. Int. J. Mol. Sci. 23, 15054. doi: 10.3390/ijms232315054

Priyanto, J. A., Prastya, M. E., Sinarawadi, G. S., Datu’salamah, W., Avelina, T. Y., Yanuar,
A. I. A., et al. (2022). The antibacterial and antibiofilm potential of Paederia foetida Linn.
leaves extract. J. Appl. Pharm. Sci. 12, 117–124. doi: 10.7324/JAPS.2022.121012

Romero, C.M., Vivacqua, C. G., Abdulhamid,M. B., Baigori, M. D., Slanis, A. C., de Allori,
M. C. G., et al. (2016). Biofilm inhibition activity of traditional medicinal plants from
Northwestern Argentina against native pathogen and environmental microorganisms. Rev.
Soc Bras. Med. Trop. 49, 703–712. doi: 10.1590/0037-8682-0452-2016

Ruhal, R., and Kataria, R. (2021). Biofilm patterns in gram-positive and gram-
negative bacteria. Microbiol. Res. 251. doi: 10.1016/j.micres.2021.126829

Sami, D. G., Heiba, H. H., and Abdellatif, A. (2019). Wound healing models: A
systematic review of animal and non-animal models. Wound Med. 24, 8–17.
doi: 10.1016/j.wndm.2018.12.001

Shahat, A. A., Mahmoud, E. A., Al-Mishari, A. A., and Alsaid, M. S. (2017).
ANTIMICROBIAL ACTIVITIES OF SOME SAUDI ARABIAN HERBAL PLANTS.
Afr. J. Tradit. Complement. Altern. Med. 14, 161. doi: 10.21010/ajtcam.v14i2.17

Shin, K. O., Mihara, H., Ishida, K., Uchida, Y., and Park, K. (2022). Exogenous
ceramide serves as a precursor to endogenous ceramide synthesis and as a modulator of
keratinocyte differentiation. Cells 11, 1742. doi: 10.3390/cells11111742

Sun, Z., Zhang, X., Wu, H., Wang, H., Bian, H., Zhu, Y., et al. (2020). Antibacterial
activity and action mode of chlorogenic acid against Salmonella Enteritidis, a
foodborne pathogen in chilled fresh chicken. World J. Microbiol. Biotechnol. 36, 1–
10. doi: 10.1007/s11274-020-2799-2

Taddese, S. M., Gurji, T. B., Abdulwuhab, M., and Aragaw, T. J. (2021). Wound healing
activities of hydromethanolic crude extract and solvent fractions of bersama abyssinica
leaves in mice. Evid. Based. Complement. Alternat. Med. doi: 10.1155/2021/9991146

Tekleyes, B., Huluka, S. A., Wondu, K., and Wondmkun, Y. T. (2021). Wound
healing activity of 80% Methanol leaf extract of zehneria scabra (L.f) sond
(Cucurbitaceae) in mice. J. Exp. Pharmacol. 13, 537–544. doi: 10.2147/JEP.S303808
Frontiers in Cellular and Infection Microbiology 12
Thakur, R., Jain, N., Pathak, R., and Sandhu, S. S. (2011). Practices in wound healing
studies of plants. Evidence-Based Complement. Altern. Med. 2011. doi: 10.1155/2011/
438056

Thapa, R. K., Kim, J. O., and Kim, J. (2023). Antimicrobial strategies for topical
biofilm-based wound infections: past, present, and future. J. Pharm. Investig., 1–15.
doi: 10.1007/s40005-023-00628-9

Ullah, R., Alqahtani, A. S., Noman, O. M. A., Alqahtani, A. M., Ibenmoussa, S., and
Bourhia, M. (2020). A review on ethno-medicinal plants used in traditional medicine in
the Kingdom of Saudi Arabia. Saudi J. Biol. Sci. 27, 2706. doi: 10.1016/j.sjbs.2020.06.020

Unissa Syed, R., Moni, S. S., Huwaimel, B., Alobaida, A., Abdulkareem Almarshdi,
A., S. Abouzied, A., et al. (2022). Bioactive principles, anti-diabetic, and anti-ulcer
activities of Ducrosia anethifolia Boiss leaves from the Hail region, Saudi Arabia. Arab.
J. Chem. 15, 104308. doi: 10.1016/J.ARABJC.2022.104308

Wu, D. C., Chan, W. W., Metelitsa, A. I., Fiorillo, L., and Lin, A. N. (2011).
Pseudomonas skin infection: clinical features, epidemiology, and management. Am. J.
Clin. Dermatol. 12, 157–169. doi: 10.2165/11539770-000000000-00000

Yan, L. J. (2022). The nicotinamide/streptozotocin rodent model of type 2 diabetes:
renal pathophysiology and redox imbalance features. Biomolecules 12. doi: 10.3390/
biom12091225

Younis, I. Y., El-Hawary, S. S., Eldahshan, O. A., Abdel-Aziz, M. M., and Ali, Z. Y.
(2021). Green synthesis of magnesium nanoparticles mediated from Rosa floribunda
charisma extract and its antioxidant, antiaging and antibiofilm activities. Sci. Rep. 11,
1–15. doi: 10.1038/s41598-021-96377-6

Zammuto, V., Rizzo, M. G., Spanò, A., Genovese, G., Morabito, M., Spagnuolo, D.,
et al. (2022). In vitro evaluation of antibiofilm activity of crude extracts from
macroalgae against pathogens relevant in aquaculture. Aquaculture 549, 737729.
doi: 10.1016/j.aquaculture.2021.737729

Zamyad, M., Abbasnejad, M., Esmaeili-Mahani, S., Mostafavi, A., and Sheibani, V.
(2019). The anticonvulsant effects of ducrosia anethifolia (boiss) essential oil are
produced by its main component alpha-pinene in rats. Arq. Neuropsiquiatr. 77, 106–
114. doi: 10.1590/0004-282x20180147
frontiersin.org

https://doi.org/10.3390/ijms232315054
https://doi.org/10.7324/JAPS.2022.121012
https://doi.org/10.1590/0037-8682-0452-2016
https://doi.org/10.1016/j.micres.2021.126829
https://doi.org/10.1016/j.wndm.2018.12.001
https://doi.org/10.21010/ajtcam.v14i2.17
https://doi.org/10.3390/cells11111742
https://doi.org/10.1007/s11274-020-2799-2
https://doi.org/10.1155/2021/9991146
https://doi.org/10.2147/JEP.S303808
https://doi.org/10.1155/2011/438056
https://doi.org/10.1155/2011/438056
https://doi.org/10.1007/s40005-023-00628-9
https://doi.org/10.1016/j.sjbs.2020.06.020
https://doi.org/10.1016/J.ARABJC.2022.104308
https://doi.org/10.2165/11539770-000000000-00000
https://doi.org/10.3390/biom12091225
https://doi.org/10.3390/biom12091225
https://doi.org/10.1038/s41598-021-96377-6
https://doi.org/10.1016/j.aquaculture.2021.737729
https://doi.org/10.1590/0004-282x20180147
https://doi.org/10.3389/fcimb.2024.1386483
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Effect of Ducrosia anethifolia methanol extract against methicillin resistant Staphylococcus aureus and Pseudomonas aeruginosa biofilms on excision wound in diabetic mice
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Animals
	2.3 Extract preparation and phytochemical analysis
	2.4 Antibacterial activity and antibiofilm activity in-vitro
	2.5 Ointment formulation and skin irritation test
	2.6 Antibiofilm and wound healing activity
	2.7 Cytotoxic assay on HaCaT cell lines
	2.8 Statistical analysis

	3 Results
	3.1 Phytochemical analysis
	3.2 Antibacterial and antibiofilm activity
	3.3 Physicochemical properties and skin irritation test
	3.4 Antibiofilm and wound healing effects
	3.5 Effect on HaCaT cells in-vitro

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


