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Abstract

One of the most common hospital-acquired infections is a wound infection. Bacterial infection of wounds is a critical problem,
and the healing of wound infections remains an important concern for surgeons. The problem has been exaggerated because of
the uncontrolled and quickly spreading resistance to the existing antimicrobial agents. To overcome bacterial resistance to
antibiotics, a variety of alternatives have been suggested. Medicinal plants extracted through various methods, as well as their
nano-formulations, have emerged as promising sources for novel antimicrobial agents. This study aimed to evaluate the
antibacterial efficacy of Myristica fragrans (Nutmeg) seed extracts against multidrug-resistant pathogenic bacteria isolated from
infected wounds. A total of 50 wound swab samples were collected from patients who were admitted to hospitals in Baghdad.
Different biochemical tests were used to identify the isolated bacteria. An antibiotic susceptibility test was also done. M. fragrans
seeds' ethanolic and aqueous crude extracts were prepared. The antibacterial activity of the extracts was investigated using the
agar well diffusion method. Eight genera of bacterial agents were isolated and identified: Escherichia coli (58.3%), Acinetobacter
baumannii (4.2%), Klebsiella pneumoniae (8.3%), Pseudomonas aeruginosa (20.8%), Enterobacter (8.3%), Staphylococcus
aureus (80%), Staphylococcus epidermidis (11.5%), and Streptococcus sp. (7.7%). Antibiotic susceptibility test showed that the
isolated bacteria were multidrug-resistant. The results revealed the potential activity of M. fragrance seeds extracts against the
isolated bacteria. Hot ethanolic extract showed antibacterial activity in all concentrations (2 mg/ml, 4 mg/ml, and 8 mg/ml). The
highest inhibition zone was 17.00+£2.000, 14.67+0.77, and 14.33+£1.5 mm at a concentration of 8 mg/ml against A. baumannii,
P. aeruginosa, and E. coli, respectively. Followed by K. pneumoniae, Enterobacter sp., and S. aureus, the zone of inhibition was
13.67+1.528 mm and 12.67+1155 mm, respectively. Hot aqueous extract also showed activity. The highest inhibition zone at a
concentration of 8 mg/ml was against Enterobacter sp. (15.00£0.000 mm), followed by A. baumannii (14.67+0.577mm), K.
pneumoniae (14.33+0.577 mm), P. aeruginosa (13.67+0.577 mm), E. coli (13.00£1.000 mm), and S. aureus (12.00+0.000mm).
M. fragrans seed extracts showed antibacterial activity against both gram-positive and gram-negative multidrug-resistant
pathogenic bacteria. Based on this work findings, M. fragrans extracts have a broad spectrum of antibacterial activity.
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Various studies on septic wounds that have been done showed
the commonly isolated bacteria were P. aeruginosa, S.
aureus, Kilebsiella sp., E. coli, Proteus spp., and
Acinetobacter sp.[l. In addition, Salmonella sp., which is
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One of the most popular hospital-acquired infections is
wound infectionll, Infection of wounds occurs by invasion

and proliferation by pathogens that are able to trigger host
responsel4, The existence of pathogens within the wound
leads to tissue damage and delays wound healing®. A
diversity of microorganisms can infect wounds, such as
bacteria, fungi, and parasites.
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known to cause gastrointestinal infections, can cause skin and
soft tissue infections in immunocompromised patientst. The
control of wound infections has become challenging due to
the widespread bacterial resistance to antibiotics and the
greater incidence of infections caused by poly microbial
floral®l. To overcome bacterial resistance to antibiotics, a
variety of antibiotic alternatives have been suggested, such as
bacteriophages, vaccines, antimicrobial peptides, medicinal
plant extracts, etc.l. Medicinal Plants act as a valuable
source of active composites that have antimicrobial
activity®®22  They contain a variety of active compounds
such as flavonoids, polyphenols, alkaloids, tannins, and
saponins that have antioxidant and antimicrobial activity™®
W Myristica fragrans, generally known as nutmeg, has
different components that belong to terpenoids, lignans,
flavonoids, steroids, and saponinsi®28, These compounds
have biological activities such as antioxidant(l, anti-
inflammatory, and antimicrobial®@, Nutmeg seed extracts
and their nano-formulations offer a promising solution to the
growing challenge of antibiotic resistance and microbial
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infections. Several studies have demonstrated that extracts of
M. fragrans seeds inhibit the growth of both gram-positive
and Gram-negative bacteria, including Staphylococcus
aureus, Escherichia coli2%. The mechanism is believed to
involve disruption of bacterial cell membranes and inhibition
of essential bacterial enzymes, making M. fragrans a
promising source of natural antimicrobials2t!. Nanoparticle
formulations of Myristica fragrans seed extracts have shown
antibacterial activity due to improved bioavailability, surface
area, and cellular uptake. It has been shown that M. fragrans-
based Ag nanoparticles have potent antibacterial activity
against pathogens including Klebsiella pneumoniae, Bacillus
subtilis, and Salmonella typhi 22, The nanoparticles disrupt
bacterial cell walls, generate reactive oxygen species (ROS),
and interfere with DNA replication. The current study aims
to investigate the antibacterial efficacy of Myristica fragrans
(Nutmeg) seeds extracts against different multidrug resistant
pathogenic bacteria isolated from infected wounds.

Experimental Part

Methods

Isolation and
Bacteria

A Total of 50 wound swab samples were collected from
patients who were admitted to Baghdad Hospitals. After
adequately washing the wound with sterile distilled water in
order to avoid contamination, one swab from each patient was
obtained. Within an hour of sampling, the samples were
transferred to a microbiology laboratory. Swabs were
immediately inoculated on MacConkey agar, Chocolate agar,
Blood agar, Mannitol salt agar, and Cetrimide agar at 37 °C
for 24 to 48 hours. Bacterial identification was done using
biochemical tests: Motility, Kligler Iron, Coagulase,
Catalase, Urease, Citrate, and Indole.

Antibiotic Susceptibility Test

The sensitivity to the antibiotics was determined by the
Kirby-Bauer disc diffusion method and described according
to the guidelines of the Clinical Laboratory Standards
National Committee (2020). Muller-Hinton (MH) was used
as agar media. The density of cultured bacteria was compared
with a 0.5 McFarland standard that provides an optical
density comparable to the density of a bacterial suspension
with a 1.5x108 colony-forming units (cfu/ml). A small
amount of bacterial dilution is taken with a cotton swab and
spread on the plates. Antibiotic discs were placed on the
inoculated plates. Incubation of plates was done at 37°C for
24 h, and the zone of inhibition around the disks was
measured using a ruler. Three replicates were prepared for
each microorganism(23,

The antibiotic discs used for gram-positive bacteria were
Vancomycin (30 mg/disc), Tetracycline (30 mg/disc), fusidic
acid (20 mg/disc), Clindamycin (2 mg/disc), Tobramycin (10
mg/disc), Erythromycin (15 mg/disc) Teicoplanin (30
mg/disc, levofloxacin (5 mg/disc) Netilmicin (30 mg/disc),
Cefoxitin (30 mg/disc). The antibiotic discs used for gram-
negative bacteria were used Amikacin (30 mg/disc),
Ciprofloxacin (5 mg/disc), Gentamycin (10 mg/disc),

Identification of Pathogenic
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Meropenem (10 mg/disc), Trimethoprim (5mg/disc),
Azithromycin (15 mg), Ceftazidime (30 mg/disc), Colistin (5
mg/disc), Cefotaxime (30mg/disc), Amoxicillin (30 mg/disc).

Collection of Plants

The dried Myristica fragrans (Nutmeg) seeds were purchased
from the local market.

Preparation of the Ethanolic Extract

The seed powder (50 g) was extracted with 350 ml of 70%
ethanol for 8 hrs. using Soxhlet equipment. The extract was
filtered, and the filtrate was then evaporated using a rotary
evaporator®, The dried extract was kept at 4°C until
evaluation of its antibacterial activities.

Preparation of the Aqueous Extraction

The powdered samples (40g) were soaked in 100 ml of water
for 48 hours. Then, it was filtered using a muslin cloth; the
filtrate was re-filtered using a Whitman filter paper23,

Antibacterial assay

The anti-bacterial activity is assessed using the agar well
diffusion method28, Plant extracts were diluted in sterile
DMSO to prepare the following concentrations: 8 mg/ml, 4
mg/ml, and 2 mg/ml. Muller-Hinton agar was inoculated with
one of the isolated bacteria (108 cfu /ml, adjusted to 0.5
McFarland standard). 100ul from each concentration was
added to 6mm diameter wells. Amoxicillin/Clavulanic acid
(30 ng/disc) was used as a positive control. Plates are
incubated at 37 °C for 24 hours. All the experiments were
conducted in triplicate.

Statistical Analysis

The data from the study in MS Excel and analyzed using
SPSS software version 24. The data were expressed as Mean
+ Standard deviation. A one-way analysis of variance was
carried out at P <0.05, and the Waller-Duncan Test was used
to ascertain the source of the variation among the isolates.

Results and Discussion

Results

Identification of Pathogenic Bacteria Isolated
from Wound Infection

On the Blood agar, MacConkey agar, chocolate agar,
Mannitol salt agar, and Cetrimide agar, the colonies were
isolated and identified. Different biochemical tests were used
to confirm the identified pathogenic bacteria, as shown in
Table 1.

Distribution of Bacterial
Infected Wound Samples

Eight genera of bacterial agents were isolated and identified
(See Table 2). Five genera belong to gram-negative bacteria,
including E. coli (58.33%), Acinetobacter baumannii
(4.17%), Klebsiella pneumoniae (8.33%), Pseudomonas
aeruginosa (20.83%), and Enterobacter sp. (8. 33%). In
addition, three genera belong to gram-positive bacteria.
Those include: Staphylococcus aureus (80.77%), S.
epidermidis (11.5%), and Streptococcus sp. (7.69%).

Isolates from the
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Table 1. Biochemical tests are used to identify the pathogenic
bacteria isolated from the infected wounds.

Antibacterial Activity of Nutmeg (Myristica fragrans) Seeds Extracts Against Pathogenic
Bacteria Isolated from Infected Wounds

Bacteria Motility | Kligler Iron | Coagulase | Catalase |Urease| Citrate |Indole
E. coli P P N N N N P
P. aeruginosa p N N P N P N
A. baumanii N N N N N P N
Enterococcus sp. P P N N N P N
S. aureus N N p P N N N
S. epidermidis N N N P P N N
Streptococcus sp. N N N N P N N
K. pneumonia N B N B P P N

P=positive, N=negative

Table 2. Distribution of bacterial isolates from the infected wound

samples.
Isolates Number of isolates Frequency (%)
S. epidermidis 3 11.54
S. aureus 21 80.77
Streptococcus sp. 2 7.69
A. baumannii 1 4.17
E. coli 14 58.33
Enterobacter sp 2 8.33
K. pneumonia 2 8.33
P. aeruginosa 5 20.83
Total 50 100%
Isolates Number of isolates Frequency %

Antibiotic Susceptibility Patterns of Gram-
Positive Isolates

In the current study, antibiotic susceptibility patterns of the
gram-negative isolates showed that Amikacin (67.7%) and
Amoxicillin (64.9%) were the most effective antibiotics (See
Figure 1 and Table 3).

Susceptibility %
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Figure 1. Susceptibility percentage of all gram-negative
pathogens to antimicrobial agents.

Table 3. Antibiotic susceptibility patterns of gram-positive
pathogens isolated from infected wounds.

Bacteria
Antibiotics SH epi’flie:;midis S. ﬁ:gelus Streptc’)\tlsggcus sp
S% R% S% S% R% S%
Teicoplanin 66.7 333 66.7 333 50 50
Vancomycin 33.3 66.7 429 57.1 0 100
Tetracycline 66.7 333 28.6 71.4 50 50
Fusidic acid 100 0 47.6 52.4 100 0
Levofloxacin 66.7 333 47.6 52.4 50 50
Clindamycin 0 100 52.4 47.6 100 0
Tobramycin 8883 66.7 38.1 61.9 0 100
Netilmicin 66.7 33.3 61.9 38.1 50 50
Erythromycin | 100 0 66.7 33.3 100 0
Cefoxitin 66.7 333 52.4 47.6 0 100
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Tobramycin (76.2%) followed by Vancomycin (74.6%) were
the most effective antibiotics against gram-positive
pathogenic isolates (See Figure 2 and Table 4).

Susceptibility %
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Figure 2. Susceptibility percentage of all gram-positive
pathogens to antimicrobial agents.

Table 4. Antibiotic susceptibility patterns of gram-positive
pathogens isolated from infected wounds.

Bacteria
Antibiotics A. ba’\lerlannu El:cﬂl Enterc;\ll):;ter sp.
R% S% R% S% R% R%
Amikacin 100 0 21.4 78.6 0 100
Ciprofloxacin 100 0 214 78.6 50 100
Gentamicin 100 0 50 50 100 100
Meropeneme 100 0 28.6 71.4 50 100
Trimethoprim | 100 0 57.1 429 0 100
Azithromycin 100 0 85.7 14.3 50 100
Ceftazidime 100 0 85.7 14.3 0 100
Colistin 0 100 714 28.6 100 0
Cefotaxime 100 0 42.9 57.1 100 100
Amoxicillin 0 100 85.7 14.3 0 0

Evaluation of Antibacterial
Myristica Fragrance Extracts

The results shown in Table 5 and Figure 3 revealed the
potential activity of M. fragrance hot ethanolic and hot
aqueous extracts against different bacteria isolated from
wound infection.

Hot ethanolic extract showed antibacterial activity of all the
tested concentrations (2 mg/ml, 4 mg/ml, and 8 mg/ml). The
highest inhibition zone was 17.00+2.000, 14.67+0.77, and
14.33£1.5 mm at a concentration of 8 mg/ml against A.
baumannii, Pseudomonas aeruginosa, and E. coli,
respectively. Followed by K. pneumoniae, the zone of
inhibition was 13.67+1.528 mm. Hot ethanolic extract also
showed inhibitory effect against S. aureus. The highest
inhibition zone against S. aureus at a concentration of 8
mg/ml was 12.67+1. 155 mm.

Hot aqueous extract (Table 5 and Figure 4) shows
antibacterial activity at all the used concentrations (2 mg/ml,
4 mg/ml, and 8 mg/ml). The highest inhibition zone at a
concentration of 8 mg/ml was against Enterobacter sp.
(15.00£0.000 mm), followed by A. baumannii (14.67+0.577
mm), K. pneumoniae (14.33£0.577 mm), P. aeruginosa
(13.67£0.577 mm), and E. coli (13.00%£1.000 mm).
addition, hot aqueous extract inhibits S. aureus growth at all
concentrations; the highest inhibition zone at the
concentration of 8 mg/ml was (12.00+£0.000 mm).

Activity  of
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Table 5. Antibiotic susceptibility patterns of gram-positive pathogens isolated from infected wounds.

Pathogenic Mean(mm)+SD Amoxicillin -clavulanic
Extracts : :
bacteria 2 (mg/ml) 2 (mg/ml) 2 (mg/ml) 30 (pg/disc)
A. baumannii 14.00+3.464c 16.00+1.000c 17.00+ 2.000c R
K. pneumoniae 13.00+1.732ab 13.67+1.528bc | 13.67+1.528abc 13 mm
. E. coli 12.67+1.155bc 12.33+2.082bc 14.33+1.528abc 16 mm
Hot Ethanolic
Enterobacter sp. | 12.33+0.577abc | 12.67+1.155bc 13.67+1.528 a 14 mm
S. aureus 10.67+1.155b 12.00£1.732bc 12.67+1.155ab 14 mm
P. aeruginosa 13.00+0.000a 14.33+0.577b 14.67+0.77bc 16 mm
A. baumannii 14.00+0.000a 14.67+0.577b 14.67+0.577bc R
K. pneumoniae | 13.33+0.577abc 13.67+0.577b 14.33+0.577bc 13mm
E. coli 12.33+0.577ab 12.67+0.577b 13.00+1.000a 16 mm
Hot aqueous
Enterobacter sp. 12.00+0.000a 14.67+0.577b 15.00+0.000a 14mm
S. aureus 10.33+£0.577ab 11.00+ 1.000a 12.00+ 0.000a 14 mm
P. aeruginosa 12.33+0.577ab 13.00+0.000a 13.67+0.577b 16 mm
Different letters along the column indicate significant variation (P < 0.05) according to Waller Duncan statistics.

Figure 3. Agar plates showing the zone of inhibition around
wells for hot ethanolic extract against pathogenic bacteria related
to wound infection. (A) A. baumannii, (B) E. coli, (C) K.
pneumonia, (D) P. aeruginosa, (E) Enterobacter sp., and (F) S.
aureus.

Figure 4. Agar plates showing the zone of inhibition around
wells for hot aqueous extract against pathogenic bacteria related
to wound infection. (A) P. aeruginosa, (B) A. baumannii, (C) K.
pneumonia, (D) Enterobacter sp., and (E) E. coli.

Discussion

Herein, S. aureus was isolated in the highest percentage
(80.77 %). S. aureus is known to cause wound infection, both
Nosocomial infection (hospital-acquired) and community-
acquired infection2d, A previous study showed that out of 50
wound swabs, S. aureus was isolated at a percentage of 68%
27 Another study done in Iraq showed that S. aureus was
isolated in 34% of all cases[?8]. Another study, which is in the
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same line, revealed that S. aureus, followed by E. coli, Beta-
hemolytic Streptococci, Klebsiella aerogenes, Pseudomonas
aeruginosa, Proteus spp., and Streptococcus faecalis were
isolated from the infected wounds22l. On the other hand, the
current study found that E coli was isolated at the highest
percentage among gram-negative bacteria (58.33%),
followed by P. aeruginosa (20.83%), Klebsiella pneumonia
and Enterobacter sp. (8.33%), and Acinetobacter baumannii
(4.17%). The highest percentage of the isolated E coli among
other gram-negative bacteria could be because of the
contamination in place of surgery. These findings are in
agreement with another study's results in Patna Medical
College and Hospital in India, which proved the maximum
rate of E. coli (27.7%)EY,

Antibiotic susceptibility results of gram-positive bacteria
(Table 3) showed that S. aureus was highly resistant to
Teicoplanin and erythromycin at a percentage of 66.7%. S.
epidermidis showed the highest resistance to Fusidic acid,
erythromycin, and clindamycin at a percentage of 100%. A
previous study showed that the percentage of resistance of S.
aureus isolates to erythromycin was 45.6%, fusidic acid
(44.0%), and clindamycin (42.3%). None of the S. aureus
isolates exhibited resistance to teicoplanintl,

Another study showed that among fusidic acid-resistant S.
epidermidis isolates, 80.0% were resistant to erythromycin,
and 65.5% were resistant to clindamycin £21,

This study showed alarming results about the antibiotic
susceptibility test of gram-negative bacteria (Table 4), which
revealed that A. baumannii was highly resistant to Amikacin,
Ciprofloxacin, Gentamicin, Meropenem, Trimethoprim,
Azithromycin, Ceftazidime, and Cefotaxime at a rate of
100%. Enterobacter was highly resistant to Gentamicin,
Colistin, and Cefotaxime at a percentage of 100%. Klebsiella
pneumoniae showed the highest resistance to Trimethoprim,
Azithromycin, Ceftazidime, Colistin, and Cefotaxime at a
percentage of 100%. Pseudomonas aeruginosa was highly
resistant to Trimethoprim, Azithromycin, and colistin
(100%). E. coli was highly resistant to Azithromycin,
Ceftazidime, and amoxicillin at a percentage of 85.7%.

Recently, it has been reported that 67% of the A. baumannii
isolates were multidrug-resistant strains. They exhibited high
resistance to most of the tested antibiotics; the highest was to
ceftriaxone (83%) and ceftazidime (75%)E8l, Another study
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showed resistance in more than 80% of A. baumannii isolates
to the carbapenemst4. And 99% were carbapenem-resistant
isolates®3. In a previous study, the results revealed that K.
pneumoniae isolates displayed a high percentage of
resistance to most of the tested antibiotics®l. It has been
shown that K. pneumoniae the rate of resistance to
cefotaxime and ceftriaxone  (97%), trimethoprim-
sulfamethoxazole (93.9%), amikacin (93.2%), and imipenem
(81.1%). Another study conducted in Irag, the results pointed
to a high resistance rate of P. aeruginosa to amoxicillin,
gentamicin, trimethoprim, and amikacinBd. Multi-drug
resistant (MDR) pathogens are resistant to several classes of
antimicrobial agents. MDR is considered one of the most
essential problems faced by the healthcare sector at the
moment, and the discovery of compounds active against these
pathogens is of current importance.

To overcome bacterial resistance to antibiotics, a variety of
antimicrobial alternatives have been suggested. Medicinal
plants act as a valuable source of active composites that have
antimicrobial activity®-13l, Myristica fragrant is recognized
to show strong antimicrobial activity against different
pathogens due to its contents of active components2: 221,
Studying the antimicrobial activity of the seeds of Myristica
fragrans extract against MDR pathogens is worth noting. In
the present study, antibacterial activity of Nutmeg seed
extracts was tested against different pathogenic bacteria that
cause wound infection, including Enterobacter sp., A.
baumannii, K. pneumoniae, P. aeruginosa, E. coli, and S.
aureus. The results showed that the seed extracts have
antibacterial activity against all tested bacteria, including the
MDR bacteria. The major components of Myristica fragrans
are alkyl benzene derivatives (myristicin, elemicin, safrole,
etc.), terpenes, alpha-pinene, beta-pinene, myristic acid,
trimyristin, neolignane (myrislignan), and macelignant&-4, 1t
has been reported that trimyristin, an active compound
obtained from the seed of Myristica fragrans, has
antibacterial activity against both gram-positive and gram-
negative bacteria®d., Another study's results revealed that
nutmeg oil, including sabinene, 4-terpineol, myristicin, and
alpha-pinene, has antibacterial activity against E. coli, S.
aureus, and P. aeruginosal. Moreover, earlier results
demonstrated that ethanol extracts of Nutmeg inhibit the
growth of Streptococcus mutans, Streptococcus mitis,
Streptococcus salivarius, Aggregatibacter,
actinomycetemcomitans, and  Porphyromonas4, The
antimicrobial activity of the seed oil of Nutmeg against
clinical isolates of E. coli, K. pneumoniae, P. mirabilis, P.
vulgaris, P. aeruginosa, and S. aureus has been reported
previously. Previous results showed that the minimum
inhibitory concentration (MIC) of oil of seed was 1 mg/mL
for E. coli, P. mirabilis, and P. aeruginosa, and > 1 mg/mL
for P. vulgaris and K. pneumoniae2, Another study's results
showed the antimicrobial activity of the seed oil of Nutmeg
against MRSA, E. cloacae, and Proteus sp.[%. In literature,
it has been shown that the mechanism of action of nutmeg
seed extracts involves by disruption of bacterial cell
membranes and inhibition of essential bacterial enzymes,
making M. fragrans a promising source of natural
antimicrobialst2t],
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Conclusion

The results of the current work demonstrate that Nutmeg
(Myristica fragrans) extracts have antibacterial activity
against multidrug-resistant pathogenic bacteria isolated from
infected wounds, including Enterobacter sp., A. baumanii, K.
pneumoniae, P. aeruginosa, E. coli, and S. aureus. Based on
these findings, Myristica fragrans extracts have a broad
spectrum of antibacterial activity, and they could be a
potential source of new antibacterial agents. Further studies,
in vivo, are recommended to determine the efficacy of these
extracts in the treatment of bacterial infections.
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