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Abstract

Objectives
This study investigates the antimicrobial activities of ethanolic extracts of Urtica dioica and
Chamaemelum nobile against highly resistant pathogens.

Methods
104 pus samples were collected from patients after 72 hours of their surgery; 138 pathogens were
isolated, and 16 multidrug-resistant (MDR) strains were identified, 10 of which were P. aeruginosa and 06
of which were S. aureus. 100 µL of crude ethanolic extracts from plant materials were used in the well
diffusion method against isolated resistant pathogens. In a 96-well plate, 70% ethanolic plant extracts
were serially diluted (50 to 0.097 µg/ml) to determine the minimum inhibitory concentration (MIC) using
broth microdilution method. Each well contained 50 µL Mueller Hinton broth (MHB) and 50 µL bacterial
inoculum (OD₆₀₀ = 0.09–0.1). After incubating for 24 hours at 37°C, 10 µL of resazurin dye solution were
added. The lowest concentration at which there was no color change to determine the MIC.

Results
All the test strains were sensitive to the U. dioica (zone diameter 14.5 ± 0.5 to 29.5 ± 0.5 mm) and C.
nobile (zone diameter 14.77 ± 0.25 to 29.93 ± 0.4 mm) extracts. The ciprofloxacin was utilized as a
positive control in this investigation (both P. aeruginosa and S. aureus exhibit ciprofloxacin resistance).
Minimum inhibitory concentrations of U. dioica and C. nobile extracts against MDR strains of S. aureus
(MIC = 6.25 mg/mL), and P. aeruginosa (MIC = 3.125 mg/mL) were calculated by applying the micro-
broth dilution technique with 50 µL (mg) of crude extract. Both plant extracts had the same minimum
bactericidal concentration (MBC) values against isolated pathogens: 6.25 mg/mL for P. aeruginosa, and
12.5 mg/mL for S. aureus.

Conclusion
According to the context of the research, the ethanolic extracts of C. nobile (flower) and U. dioica
(leaves) demonstrated antimicrobial efficacy against the MDR strains isolated from surgical site
infections, suggesting that they could be used as natural antiseptics and antimicrobials in therapeutics
to control post-operative surgical site wound infections.

Introduction
A surgical site infection (SSI) occurs due to contamination of surgical wards by microorganisms. Its
occurrence is within 30 days post-surgery. SSIs are among the most prevalent types of hospital-acquired
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infections [1]. The infections might be superficial or deep, as well as one that affects multiple organs or
bodily parts. Postoperative SSI is one of the most prevalent surgical site issues in individuals following
surgical operations [2, 3]. The most common surgeries performed in postoperative SSIs are exploratory
laparotomy, followed by laparoscopic cholecystectomy; colectomy, hernia, ulcer, and cancer were
collected as wound swab samples. Pathogenic bacteria can reach the wound region via a variety of
routes, including direct contact, self-contamination, and air dispersion. However, direct contact,
inadequate hand washing by healthcare professionals, and inadequate sterilization during the pre and
postoperative stages are among the major sources of infection. At the same time, there is inadequate
information to determine the most prevalent route for hazardous microorganisms to enter the wound [4].
Commonly isolated organisms from surgical site infections include S. aureus and P. aeruginosa, CONS,
Streptococcus pyogenes, Enterobacter cloacae, E. coli, K. pneumoniae, and Acinetobacter baumannii are
also frequently isolated from post-operative SSIs [5].

Multidrug-resistant bacteria which include P. aeruginosa and S. aureus have emerged and spread
globally, posing serious public health implications. India is known for having one of the nation's highest
rates of antimicrobial resistance, caused by antibiotic abuse and misuse, poor infection control methods,
and insufficient public health measures [6]. These organisms can cause a wide range of illnesses, from
skin infections to potentially lethal disorders, particularly in immunocompromised patients [7]. MDR
strains pose a crucial obstacle to healthcare systems due to their resistance to prescribed antibiotics,
necessitating the exploration of alternative treatment options [8, 9, 10]. Natural plant products have
traditionally played an essential role in the production of antibacterial agents. Medicinal plants such as
Stinging nettle (Urtica dioica) and Roman chamomile (Chamaemelum nobile) are receiving attention for
their bioactive components with possible antibacterial capabilities [11]. Stinging nettle is renowned for
its extensive content of flavonoids, phenolic compounds, and tannins, which exhibit anti-microbial and
anti-inflammatory activities [12]. Similarly, Roman chamomile contains essential oils, terpenoids, and
flavonoids, which have demonstrated inhibitory effects against various pathogenic microorganisms [13].

The herbaceous perennial flowering plant U. dioica, which is found in North Africa, Asia, America, and
Europe, is a member of the family Urticaceae. Because of its multi-utilitarian nature, it has enormous
economic potential [14]. Urticating hairs on its stem and leaves and the plant can reach a height of one
meter. The elongated or round leaves have scattered margins. The tiny green blooms are arranged in
spikes that protrude from the leaf axil [15]. The antimicrobial activity of U. dioica aqueous and alcoholic
extracts of against S. aureus, B. subtilis, C. albicans, P. aeruginosa, and E. coli [16]. Extracts from U. dioica
leaves were assessed for the flavonoid and polyphenols content, as well as their antibacterial and
antioxidant properties. The hydroethanolic extract has the strongest antibacterial and antioxidant
properties in vitro [17].

A perennial herbaceous plant, C. nobile is a member of the Asteraceae family. Chamomile, a plant native
to temperate regions of Europe and Asia, is grown all over the world due to its great culinary and
therapeutic properties [18, 19]. Chamomile is one of the world’s most well-known and ancient
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therapeutic herbs. Numerous pharmacological characteristics, including anti-ulcer, antibacterial, and
anti-inflammatory, effects have been demonstrated for C. nobile [20].

The natural antibacterial substances present in medicinal plants are significant sources that could help
treat several problematic bacterial diseases [21]. World Health Organization claims that plant materials
with medicinal properties are the most effective approach to obtaining a variety of medications [22].
Numerous studies have demonstrated how effective ethanolic plant extracts are at preventing microbial
infections. Ethanol is often employed as an extraction solvent because of its ability to dissolve a broad
spectrum of phytochemicals, enhancing the antimicrobial potency of the extract [23, 24, 25, 26].
Investigating the antibacterial efficacy of U. dioica and C. nobile against MDR pathogens could shed light
on their potential as alternative therapeutic agents. This study evaluates the anti-bacterial efficacy of
ethanolic plant extractions of Stinging nettle and Roman chamomile against MDR P. aeruginosa and S.
aureus.

Materials and Methods

Collection of plants materials and processing of samples
During September-October 2023, fresh U. dioica leaves were collected from Manali region in Kullu
District, Himachal Pradesh, India [Latitude: 32.2396 °N, Longitude: 77.1887 °E, and Altitude:
approximately 2,050 meters (6,726 feet) above sea level] and C. nobile flowers were collected from
Bageshwar District Kumaon region of Uttarakhand, India [Latitude: 29.8403606 °N, Longitude: 79.769426
°E, Altitude: approximately 934 meters (3,064 feet) above sea level]. Both plants were identified by the
botanist (Dr. Garima Bartariya, botanist at IIMT University, Meerut) and the herbarium submitted to the
department (U. dioica Collection No: IIMTU/BOT/PIN-04 and C. nobile Collection No: IIMTU/BOT/PIN-02).
U. dioica and C. nobile has been deposited in Botany Department herbarium at CCS University, Meerut,
India. (U. dioica Voucher No: Ref: Bot/PB/455 and C. nobile Voucher No: Bot/PB/540). The components
of collected plants (leaves of U. dioica and flowers of C. nobile) were properly rinsed with sterilized water,
dried in a shelter at room temperature for 72 hours, and then finely ground with an electric grinder. In a
sterile reagent bottle, a total of 50 gm of both plant powder was macerated in 500 ml of 70% ethanol
(1:10 Weight/Volume ratio). The solution was sealed and let to rest for 72 hours at room temperature,
with stirring occasionally to enhance extraction. The containers were kept in a dark and cool place to
prevent degradation of the bioactive compounds. After maceration, the extract was filtered using
Whatman No. 1 filter paper to get rid of any last bits of solid particles. Any solid particles from in the
extract were eliminated by centrifuging the filtrates for 15 minutes at 3500 RPM after filtration. The
solvent was evaporated after three repetitions by exposing the yielded materials to room temperature for
7 consecutive days. The final yield was stored at 2–4 ℃ for further use [27]. The final yield was
quantified using the following formula:

% Yield (w/w) =
wt. of dried extract (g) × 100

wt. of dried plant material used
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U. dioica

C. nobile

Isolation of pathogens from post operative surgical site wound
infections
MDR pathogens were isolated from the pus samples collected from the patients (72 hours after their
surgery) admitted in surgical wards no. 9 and 10 in LLRM Medical College and Hospital, Meerut, (UP)
India. Pus samples were collected from the patients undergone the following surgery: Exploratory
Laparotomy, Laparoscopic Cholecystectomy, Colectomy, Hernia, Ulcer, and Cancer. Swab samples were
taken from patients who had postoperative surgical site infections. Samples from the wounds were
collected using sterilized cotton swab sticks. The area surrounding the surgical wound was cleansed
with 70% ethanol, and exudates obtained from the inner surface of the infected area were gently
swabbed before being sent to the microbiological laboratory. These samples were transported to IIMT
University, Meerut for further identification of the pathogens. These isolates were identified using various
culture media (mannitol salt agar, blood agar, and cetrimide agar), gram staining, and different
biochemical tests (catalase, indole, coagulase, citrate, lactose, mannitol, oxidase, urease test).

Screening of MDR Pseudomonas aeruginosa and MDR Staphylococcus aureus

Although we have isolated eight different types of bacterial pathogens from pus samples our study was
focused on P. aeruginosa and S. aureus because both pathogens are a serious concern for human health
because of their nature of multi-drug resistance. For the screening of MDR P. aeruginosa and MDR S.
aureus Kirby-Bauer disk-diffusion technique was applied. In this study following antibiotics were selected
(those were prescribed by the doctor to the patients after their surgery): ampicillin/sulbactam (10/10
mcg), linezolid (30 mcg), tetracycline (30 mcg), gentamicin (100 mcg), levofloxacin (5 mcg), piperacillin
(100 mcg), ofloxacin (5 mcg), ciprofloxacin (5 mcg), and amikacin (30 mcg). Staphylococcus aureus
ATCC25923 and Pseudomonas aeruginosa ATCC27853 strains were used as standard control.

Identification of MDR Pseudomonas aeruginosa and MDR Staphylococcus aureus using 16S rRNA
sequencing

MDR strains were sent to a commercial facility, Biokart India Pvt. Ltd. (Bangaluru, Karnataka, India), for
sequencing. For molecular identification, the 16S rRNA genes were amplified using PCR. A 1.5 kbp
fragment of the 16S rDNA were amplified using high-fidelity PCR polymerase to ensure accuracy. The

% Yield (w/w) = = 12.6 % (w/w)
(6.3 g) × 100

50

% Yield (w/w) = = 10.8 % (w/w)
(5.4 g) × 100

50
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PCR products were sequenced in bi-directionally (forward and reverse) using the ABI3130xl platform.
The resulting sequence data were aligned and analyzed to determine bacterial identity and nearest
phylogenetic relatives. Strict precautions were taken to prevent cross-contamination during
amplification, and appropriate controls were included at each step to ensure data integrity.

The 16S rRNA gene (nucleotide) sequences data generated in this study have been deposited in the
GenBank repository, a member of the International Nucleotide Sequence Database Collaboration
(INSDC), and are publicly accessible via the National Center for Biotechnology Information (NCBI)
database.

The 16S rRNA gene sequences of MDR Staphylococcus aureus isolates are available under accession
number [PX023482 and PX024849], while sequences of Pseudomonas aeruginosa isolates are available
under accession number [PX458929 and PX480726].

Antibacterial Activity Assay of U. dioica and C. nobile

The study included 16 MDR strains (10 MDR P. aeruginosa and 06 MDR S. aureus). By applying a well
diffusion technique, the antibacterial efficacy of extraction of both plants was evaluated. Test
microorganisms were inoculated into Mueller-Hinton agar, which were used to spread 0.5 McFarland
standard suspensions (108 CFU/mL) that had been spread out using sterile swabs. Sterile borers were
used to make 6 mm diameter wells in the agar plate. After that, 100 µL (mg) of crude extractions of the
plant were added to them. The positive control was ciprofloxacin (5 mcg), while the negative control was
70% ethanol. After keeping the plates at room temperature (15 minutes), the plates were incubated at
37°C for 24 hours to enable the plant extract to penetrate the agar [28]. We measured the inhibitory
zones in millimeters (mm). Every experiment was conducted in triplicate.

Determination of minimum inhibitory concentration and minimum
bactericidal concentration
Applying the micro-broth dilution technique, MIC and MBC were determined. Extracts of both plants were
serially diluted in a twofold dilution in a 96-well microtiter plate. The test was performed in 1–10 wells of
a sterile 96-well micro-titer plate (round-bottom) with 50 µL of Mueller Hinton broth. 100 µL of 70%
ethanolic plant extracts were added to well 11, and then transfer the 50 µL of highest to the lowest (50,
25, 12.5, 6.25, 3.125, 1.56, 0.78, 0.39, 0.19, 0.097 µL) concentration into 11 − 2 microplate wells
respectively, and finally from well 2, 50 µL was discarded. 50 µL of bacterial inoculums were then added
to the well 1–11. The optical density (OD) of each inoculum was 0.09 to 0.1 (at λ = 600 nm). In each
series, well No. 1, which contained bacterial inoculums and culture media, was considered a positive
control, whereas well No. 12, which contained sterile MHB, was considered a negative control. As an
indicator, 10 µL of resazurin dye solution are added to each well after being incubated at 37°C for 24
hours, and the wells were then incubated for 30 minutes to 2 hours. The plates were examined for color
shifts, which were considered positive, from purple to pink/colorless. The lowest concentrations of plant
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extract at which a color shift takes place are known as MIC values. Every experiment was conducted in
triplicate. Using average values, the MIC of the test material were calculated.

On clinical bacterial isolates, MBC of the plant extract were conducted with the National Committee for
Clinical Laboratory Standards (NCCLS) guidelines [29]. Each non-turbid tube provided a loopful of
inoculums, which had been examined for 24 hours at 37°C after being streaked on a Nutrient Agar plate.
When no observable growth was observed at the lowest concentration after an overnight incubation, the
MBC value was calculated. To determine the extract concentration needed to kill 99.9% of the isolates of
bacteria, the plates were incubated and checked for bacterial growth.

Statistical analysis
The mean ± the standard error of the mean (SEM) is used to display values. A two-way ANOVA variability
was used to evaluate the data, and the variance was determined to be significant in statistical terms if P 
≤ 0.05.

Results

Diversity of pathogens in surgical site wound infections
A total of 104 swab samples were collected from post-operative surgical site wound infections. Out of
these 104 samples, 96 (92.307%) were culture-positive and there was no growth on 8 (7.693%) samples.
The total isolated pathogens were 138, among these pathogens, 13.10% were S. aureus and P.
aeruginosa 17.40%, Coagulase-negative staphylococci were 10.15%, S. pyogenes was 5.80%, E. coli was
11.60%, K. pneumoniae was 18.70% E. cloacae was 13.10%, and A. baumannii was 10.15% (Fig. 1). For
further study we focused on P. aeruginosa and S. aureus only because according to the literature survey
these two pathogens are highly resistant to various antibiotics. 24 strains of P. aeruginosa and 18 strains
of S. aureus were isolated during the study.

Morphological and Biochemical Analysis of Pathogens
All the isolates were cultivated on suitable culture for their morphological examination. All the isolates of
P. aeruginosa were catalase positive, oxidase positive, citrate positive, were non-lactose fermenter on
MacConkey’s Agar, and fluorescence and pyocyanin pigment production were also observed on
Cetrimide agar (Fig. 2B). All the isolates of S. aureus were catalase positive, co-agulase positive, showed
mannitol fermentation on Mannitol salt agar (Fig. 2A), golden yellow colonies on NAM and beta
haemolytic on blood agar. Pure cultures of all pathogens were further identified with the help of 16S
rRNA sequencing.

Screening of MDR pathogens
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Kirby-Bauer methods were using the screening of multi-drug resistant pathogens. Out of 24 isolated
strains of P. aeruginosa, 10 were MDR strains [highly resistant to ciprofloxacin (87.50%),
ampicillin/sulbactam (62.50%), gentamicin (50%), and amikacin (41.67%) (Fig. 3B and Fig. 4A)], and out
of 18 S. aureus isolates, 06 were MDR strains [highly resistant to ciprofloxacin (88.89%), gentamicin
(55.56%), ampicillin/sulbactam (50%), and levofloxacin (38.89%), (Fig. 3A and Fig. 4B)]. Two ATCC
standard control strains (P. aeruginosa ATCC27853, and S. aureus ATCC25923) were used for this study.
All the MDR strains of P. aeruginosa were named as IIMT-PA01 to IIMT-PA10) and MDR strains of S.
aureus were named as IIMT-SA01 to IIMT-SA06.

[A: Staphylococcus aureus (ampicillin/sulbactam (10/10 mcg), tetracycline (30 mcg), linezolid (30 mcg),
levofloxacin (5 mcg), ciprofloxacin (5 mcg), and gentamicin (10 mcg); B: Pseudomonas aeruginosa
(ampicillin/sulbactam (10/10 mcg), piperacillin (100 mcg), ciprofloxacin (5 mcg), ofloxacin (5 mcg),
gentamicin (10 mcg), and amikacin (30 mcg)]

A: Pseudomonas aeruginosa (total isolates-24). B: Staphylococcus aureus (total isolates- 18).

*Blue: sensitive; Red: resistant [A/S: ampicillin/sulbactam (10/10 mcg), PC: piperacillin (100 mcg), RC:
ciprofloxacin (5mcg), ZN: ofloxacin (5mcg), GM: gentamicin (10 mcg), AK: amikacin (30 mcg), TE:
tetracycline (30 mcg), QB: levofloxacin (5 mcg), LZ: linezolid (30 mcg)]

Antibacterial activity of U. dioica and C. nobile

Using well diffusion method, the antimicrobial activity of 70% ethanolic extracts of U. dioica and C.
nobile, were determined against 16 MDR isolates. 10 MDR isolates of P. aeruginosa and 06 MDR isolates
of S. aureus were found to be susceptible to the effects of these extracts. All the 10 MDR isolates of P.
aeruginosa were susceptible to the ethanolic extraction U. dioica (zone of inhibition diameter 17.5 ± 0.5
to 24.7 ± 0.36 mm) and C. nobile (zone of inhibition diameter 15.7 ± 0.36 to 29.93 ± 0.4 mm) (Fig. 5).9 out
of 10 isolated MDR P. aeruginosa strains were resistant to the antibiotic ciprofloxacin (5 mcg), were used
as a positive control for this assay (Table 1). Similarly, all the 06 MDR S. aureus were also sensitive to
both the plant extracts. The ethanolic extract of U. dioica demonstrated efficacy against S. aureus (zone
of inhibition diameter 14.5 ± 0.5 to 29.5 ± 0.5 mm), while the ethanolic extract of C. nobile demonstrated
activity (zone of inhibition diameter 16.56 ± 0.6 to 21.93 ± 0.4 mm) (Fig. 6). Ciprofloxacin (5 mcg) was
used as positive control and this antibiotic was resistant to all 6 isolated MDR S. aureus (Table 2). The
positive control, ciprofloxacin, showed the inhibition zone range (00 ± 00 to 26.6 ± 0.36 mm) against P.
aeruginosa. The positive control, ciprofloxacin, showed the inhibition zone range (00 ± 00 to 16.6 ± 0.4
mm) against S. aureus. All these extracts showed a weak to moderate activities.

*Well 1 U. dioica (18–25 mm), well 2 C. nobile (16–30 mm), 3 (ciprofloxacin) used as positive control,
and well 4 (70% ethanol) used as negative control

*Well 1 U. dioica (15–30 mm), well 2 C. nobile (17–22 mm), 3 (ciprofloxacin) used as positive control,
and well 4 (70% ethanol) used as negative control
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Minimum inhibitory concentration and Minimum bactericidal concentration of Urtica dioica and
Chamaemelum nobile

MIC and MBC values shows the 70% ethanolic crude extracts of U. dioica and C. nobile have antibacterial
activity against P. aeruginosa and S. aureus (Tables 3 and Table 4). For 06 MDR S. aureus isolates, U.
dioica leaves and C. nobile flowers extracts had MICs and MBCs of 6.25 and 12.5 µL, respectively
(Fig. 7). MIC and MBC of U. dioica leaf extracts were 3.125 and 6.25 µL and C. nobile flower extracts
were 3.125 and 6.25 µL concentrations for 10 MDR P. aeruginosa isolates respectively (Fig. 8). Two
control strains were used, one for Gram-positive S. aureus (ATCC25923) MIC and MBC of the extract U.
dioica (6.25 and 12.5 µL) and C. nobile (6.25 and 12.5 µL) and therefore Gram-negative P. aeruginosa
(ATCC27853) there MIC and MBC of the extracts of U. dioica (3.125 and 6.25 µL) and C. nobile (3.125
and 6.25 µL) respectively.

* In each series, well no. 1 (positive control) shows pink color or colorless, well no. 2 (negative control)
shows purple color, well 2–11 used as test for MIC and MBC which color shifts from purple to pink or
colorless (use of Resazurin dye for the responsible of color shift)

* In each series, well no. 1 (positive control) shows pink color or colorless, well no. 2 (negative control)
shows purple color, well 2–11 used as test for MIC and MBC which color shifts from purple to pink or
colorless (use of Resazurin dye for the responsible of color shift)

As a result, the U. dioica leaves and C. nobile flower extracts indicated an anti-bacterial effect on the
MDR P. aeruginosa and MDR S. aureus isolates of post-operative surgical site wound infections.
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Table 1
Inhibitory effects of various ethanolic leaves extract of U. dioica and flower extract of C. nobile and

positive control Ciprofloxacin against Pseudomonas aeruginosa strains
Mean diameter of inhibitory zone (in mm ± SD)

Gram Negative Bacteria (P. aeruginosa)

S.N. Strain I.D. Source U. dioica
(leaves
extract) (100
mg/mL)

C. nobile
(flower
extract) (100
mg/mL)

Ciprofloxacin (5
mcg) (Positive
Control)

1 IIMT -PA01 Exploratory
laparotomy

22.5 ± 0.5 22 ± 0.2 26.6 ± 0.36

2 IIMT -PA02 Hernia 19.77 ± 0.68 22.5 ± 0.5 00 ± 00

3 IIMT -PA03 Exploratory
laparotomy

21.7 ± 0.75 25.8 ± 0.26 22.7 ± 0.3

4 IIMT-PA04 Laparoscopic
cholecystectomy

24.7 ± 0.36 29.93 ± 0.4 11.77 ± 0.25

5 IIMT-PA05 Exploratory
laparotomy

22.9 ± 0.85 19.6 ± 0.52 22.97 ± 0.05

6 IIMT-PA06 Exploratory
laparotomy

23.37 ± 0.6 20.47 ± 0.83 00 ± 00

7 IIMT-PA07 Exploratory
laparotomy

17.5 ± 0.5 15.7 ± 0.36 00 ± 00

8 IIMT-PA08 Ulcer 20.4 ± 0.52 17.67 ± 0.3 12.53 ± 0.5

9 IIMT-PA09 Laparoscopic
cholecystectomy

19.97 ± 0.45 24.6 ± 0.4 7.3 ± 0.6

10 IIMT-PA10 Laparoscopic
cholecystectomy

21.6 ± 0.36 18.4 ± 0.6 7.63 ± 0.4

11 ATCC27853   19.67 ± 0.41 14.77 ± 0.25 25.77 ± 0.32

*Mean value of triplicate measurement ± Standard deviation (SD)

*P–value (P = 0.0032) statistically significant
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Table 2
Inhibitory effects of various ethanolic leaves extract of U. dioica and flower extract of C. nobile and

positive control Ciprofloxacin against Staphylococcus aureus strains
Mean diameter of inhibitory zone (in mm ± SD)

Gram’s-Positive Bacteria (S. aureus)

S.N. Strain I.D. Source U. dioica
(leaves
extract) (100
mg/mL)

C. nobile
(flower
extract) (100
mg/mL)

Ciprofloxacin (5
mcg) (Positive
Control)

1 IIMT -SA01 Exploratory
laparotomy

29.5 ± 0.5 19.77 ± 0.68 15.93 ± 0.4

2 IIMT -SA02 Ulcer 21.67 ± 0.57 17.77 ± 0.25 00 ± 00

3 IIMT -SA03 Hernia 15.57 ± 0.51 17.5 ± 0.5 15.5 ± 0.5

4 IIMT-SA04 Laparoscopic
cholecystectomy

14.5 ± 0.5 16.57 ± 0.6 7.67 ± 0.57

5 IIMT-SA05 Exploratory
laparotomy

15.27 ± 0.87 18.73 ± 0.3 14.8 ± 0.26

6 IIMT-SA06 Laparoscopic
cholecystectomy

14.67 ± 0.57 21.93 ± 0.4 16.6 ± 0.4

7 ATCC25923   29.4 ± 0.65 21.5 ± 0.5 27.43 ± 0.6

*Mean value of triplicate measurement ± Standard deviation (SD)

* P–value (P = 0.0057) statistically significant
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Table 3
MIC and MBC of ethanolic crude plant extracts against MDR Pseudomonas aeruginosa

  P. aeruginosa MIC and MBC (mg/mL)

    U. dioica C. nobile

S.N. Strain I.D. OD (λ = 
600 nm)

MIC (in 50
mg/mL)

MBC (in 50
mg/mL)

MIC (in 50
mg/mL)

MBC (in 50
mg/mL)

1 ATCC27853 0.0969 ± 
0.0020

3.125 6.25 3.125 6.25

2 IIMT-PA01 0.0965 ± 
0.0013

3.125 6.25 3.125 6.25

3 IIMT-PA02 0.0965 ± 
0.0009

3.125 6.25 3.125 6.25

4 IIMT-PA03 0.0972 ± 
0.0010

3.125 6.25 3.125 6.25

5 IIMT-PA04 0.0967 ± 
0.0018

3.125 6.25 3.125 6.25

6 IIMT-PA05 0.0949 ± 
0.0040

3.125 6.25 3.125 6.25

7 IIMT-PA06 0.0948 ± 
0.0034

3.125 6.25 3.125 6.25

8 IIMT-PA07 0.0949 ± 
0.0028

3.125 6.25 3.125 6.25

9 IIMT-PA08 0.0962 ± 
0.0030

6.25 12.5 3.125 6.25

10 IIMT-PA09 0.0971 ± 
0.0016

3.125 6.25 3.125 6.25

11 IIMT-PA10 0.0964 ± 
0.0025

3.125 6.25 3.125 6.25

*OD: Optical density [mean value of triplicate measurement ± Standard deviation (SD)]
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Table 4
MIC and MBC values of ethanolic crude plant extracts against MDR Staphylococcus aureus

  S. aureus MIC and MBC (mg/mL)

    U. dioica C. nobile

S.N. Strain I.D. OD (λ = 
600 nm)

MIC (in 50
mg/mL)

MBC (in 50
mg/mL)

MIC (in 50
mg/mL)

MBC (in 50
mg/mL)

1 ATCC25923 0.0963 ± 
0.0013

6.25 12.5 6.25 12.5

2 IIMT-SA01 0.0970 ± 
0.0017

6.25 12.5 6.25 12.5

3 IIMT-SA02 0.0942 ± 
0.0031

6.25 12.5 6.25 12.5

4 IIMT-SA03 0.0957 ± 
0.0017

6.25 12.5 6.25 12.5

5 IIMT-SA04 0.0982 ± 
0.0004

6.25 12.5 6.25 12.5

6 IIMT-SA05 0.0942 ± 
0.0018

6.25 12.5 6.25 12.5

7 IIMT-SA06 0.0961 ± 
0.0012

6.25 12.5 6.25 12.5

*OD: Optical density [mean value of triplicate measurement ± Standard deviation (SD)]

Discussion
Crude ethanolic extracts of U. dioica and C. nobile are tested for their antimicrobial activity against MDR
pathogens isolated from surgical site wounds. Drug-resistant bacteria and increase in antibiotic
resistance in recent years have emerged to find novel antimicrobial agents. The effects of U. dioica and
C. nobile Crude ethanolic extracts on MDR P. aeruginosa and S. aureus were investigated in vitro. The
results demonstrated that these extracts have antimicrobial properties. All test organisms of P.
aeruginosa and S. aureus were susceptible to extracts of U. dioica a with inhibition zone (17.5 ± 0.5 to
24.7 ± 0.36 mm and 14.5 ± 0.5 to 29.5 ± 0.5 mm), and all the test organisms of P. aeruginosa and S.
aureus were susceptible to extract of C. nobile with inhibition zone (15.7 ± 0.36 to 29.93 ± 0.4 mm and
16.57 ± 0.6 to 21.93 ± 0.4 mm).

Surgical site wound infections occur in the area where the surgery has been performed and these
infections generally are treated using antibiotics. According to recent data, SSIs considerably contribute
to postoperative morbidity and mortality, as evidenced by recent data showing that they cause over
2 million of nosocomial infections in the United States [20]. To combat these infections antibiotics are
given to the patients and in recent years, the emergence of drug-resistant microorganisms is among the
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most problematic causes to worldwide growth and human health. In 2019, bacterial resistance is
expected to have kill 1.27 million human beings and contribute to 4.95 million deaths globally [30]. A new
study is centered on extracts of the leaves of U. dioica and the flower of C. nobile as a source of
antimicrobial agent (topical use) to treat post-operative surgical site wound infections and both the
plants were tested for their antibacterial activity against isolated pathogens.

U. dioica has a significant role in traditional treatment of blood pressure, arthritis, diabetes, and allergic
rhinitis and its extract has been utilized in conventional medicine to treat eczema, joint pain, digestion,
and anemia [31, 32]. In our study, the antibacterial impact of ethanolic crude extract of U. dioica was
examined on the in vitro growth of MDR P. aeruginosa (10 isolates) and MDR S. aureus (6 isolates). All
the MDR isolates (isolated from surgical site wound infections) were sensitive to U. dioica. Although
some scientists reported its antibacterial activity against the pathogens as per our knowledge, we have
not found any research paper related to the anti-bacterial activity of U. dioica against surgical site wound
infections of human beings [33, 34].

It is thought that C. nobile has calming, anti-inflammatory, carminative, and antispasmodic capabilities.
Although C. nobile has been demonstrated to have in vivo anti-bacterial and wound-healing activity [35],
its antibacterial properties of C. nobile against the pathogens isolated from surgical site infections have
not been reported yet. In our investigation, we discovered that C. nobile had extremely good antibacterial
activity against MDR P. aeruginosa and MDR S. aureus isolated from surgical site wound infections.

U. dioica and C. nobile have a stronger antibacterial activity due to high number of flavonoids, phenolic
compounds, and tannins, which are known to disrupt bacterial cell membranes and interfere with
important microbial enzymes [12]. These bioactive compounds likely act synergistically, enhancing the
overall antimicrobial effect. C. nobile exhibited notable antimicrobial activity against MDR pathogens that
is higher than U. dioica.

Nowadays, plant extracts are widely available and considered an effective alternative for wound healing.
After an injury, the wound healing process is a very intricate restoration process. Angiogenesis may be
delayed by P. aeruginosa and S. aureus infections, which can also disrupt the normal clotting
mechanisms and delayed the inflammatory phase. The current investigation discovered that the
ethanolic crude extract of U. dioica and C. nobile were discovered to show exceptional antimicrobial
properties in vitro [36].

MIC value of U. dioica and C. nobile was 3.125 mg/mL for all 10 isolated MDR strains of P. aeruginosa but
it was 6.25 mg/mL for strain no. IIMT-PA08 while the MBC value of both the plant extract for all 10
isolates of P. aeruginosa was 6.25 mg/mL (except strain no. IIMT-PA08; MBC was 12.5 mg/mL). If we
discuss the MDR S. aureus; the MIC value of U. dioica and C. nobile was 6.25 mg/mL and the MBC value
was 12.5 mg/mL against all 06 isolates strains of S. aureus (IIMT-SA01 to IIMT-SA06). This value
suggests that both the plant extracts were more effective against MDR P. aeruginosa as compared to
MDR S. aureus.
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In their investigation of U. dioica antimicrobial activity against several clinical isolates, Salehzadeh et al.
reported that the MIC 15 mg/ml and MBC 20 mg/ml against the reference strain of S. aureus ATCC 6538
[37]. In another study, MIC against the S. aureus was reported to as 9.05mg/mL Kukric et al., However,
this study revealed the MIC value of 6.25mg/mL against MDR S. aureus [24].

This study shows that Urtica dioica's ethanolic extraction has antibacterial properties against both of the
isolated MDR pathogens, but Harrison et al.'s investigation of U. dioica's antibacterial activity with
vinegar, oil, and butter revealed no antimicrobial activity against S. aureus and P. aeruginosa [38].

The antibacterial properties of German chamomile against P. aeruginosa and MRSA were examined [39].
They have not found any inhibitory activity against P. aeruginosa, while the MIC and MBC values for
MRSA were 6.25 and 12.5 mg/mL respectively. All P. aeruginosa isolates that produced metallo-beta-
lactamases were MIC and MBC of 12.5 and 25 mg/mL, for chamomile leaf extract (not specifically C.
nobile) [40]. The disc diffusion method and ethanolic chamomile extract were utilized by Solidonio et al.
in Brazil to test for antimicrobial activity; however, no inhibitory activity against P. aeruginosa was
observed [41]. However, they have not mentioned the species of chamomile. As per our knowledge, we
have not found any research paper claiming the antimicrobial activity of C. nobile against these
pathogens.

For MDR S. aureus and P. aeruginosa, the MIC and MBC values of U. dioica and C. nobile in our
investigation are mostly consistent with other recent studies. Our results are in line with the substantial
antibacterial activity of U. dioica ethanolic extracts against wound-healing microorganisms, which had
MIC values ranging from 3.12 mg/mL to 6.25 mg/mL [42]. Similarly, recent work by Prado et al., on C.
nobile demonstrated MIC values in the 2.5-5 mg/mL range against Gram-negative bacteria, showing
comparable potency [43]. Minor discrepancies in MIC and MBC values observed across studies could be
attributed to numerous factors, including differences in plant origin, extraction method, solvent polarity,
and pathogen resistance profiles.

Conclusion
This study found that crude ethanolic extracts of U. dioica and C. nobile have a significant antimicrobial
impact on surgical site isolates of MDR P. aeruginosa and S. aureus. The zone of inhibition is large and
the MIC and MBC values are low, suggesting a high bacteriostatic and bactericidal capability. These
findings suggest that these plants could be effective, natural alternatives to traditional antibiotics,
particularly in the development of topical medications like antimicrobial gels, wound dressings, or rinses
in post-surgical infection control. Future studies should concentrate on discovering active
phytochemicals, analyzing toxicity and pharmacokinetics in vivo, and investigating synergistic
combinations with existing antibiotics to improve therapeutic efficacy.
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Antimicrobial resistance
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Clinical and laboratory standard institute
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