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. ABSTRACT
Background: Due to increased bacterial resistance to common antibiotics, the tendency to-
Article Type: © wards using herbal extracts is increasing. Plantago major L, Plantago ovata, Lallemantia
Research Article : iberica L, Sinapis arvensis L, and Ficus carica are widely used as herbal plants in tradi-
¢ tional medicine. They were known to have a variety of therapeutic effects. The current study
Article info: ¢ aimed to evaluate the antibacterial activity of hydroalcoholic extract of these herbs against some
Received: 24 Apr 2020 : hospital-acquired infections.
Revised: 30 May 2020 :  Materials and Methods: Disk-diffusion antibiotic sensitivity testing, minimum inhibitory

concentration, and minimum bactericidal concentration of hydroalcoholic extracts were applied to
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assess the antibacterial activity compared with tetracycline, as a control antibiotic.

Keywords: Results: The results of this experiment showed that the L. iberica and S. arvensis extract had the
greatest effect on Pseudomonas aeruginosa, Staphylococcus aureus, and Proteus vulgaris. All the

Lallemantia iberica, tested medicinal plants had a high antibacterial effect on P. vulgaris, except P. ovata.

Sinapis arvensis,

Hospital-acquired infection. Conclusion: The results of this study show that the replacement of chemical drugs with herbal extract

could be effective in the elimination of bacterial growth.

Antibacterial
Introduction number of infection victims will result in significant
benefits such as higher patient satisfaction and low-
ound infection is a common and se- er medical costs [1]. The bacterial agents, including
rious complication of surgical oper- Staphylococcus aureus, Pseudomonas aeruginosa, and
ations. It is the second most frequent Proteus vulgaris cause several human infections [2].
nosocomial infection in hospitals.
Although eradication of wound in- Staphylococcus aureus is one of the main causes of
fections in surgeries seems impossible, decreasing the surgical wound infections in hospitalized patients and
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medical device-related contaminations. S. aureus is pre-
dominantly colonized on the surface of the skin and mu-
cosa, and can also survive in all tissues of the body [3, 4].
Pseudomonas aeruginosa is a multidrug-resistant patho-
gen, recognized early for its ubiquity, and its mechanism
of advanced inherently antibiotic resistance [5]. Proteus
vulgaris is one of the normal flora of the human digestive
system that can cause urinary tract infection, especially
in patients with a weak immune system [6].

The antibiotics are among the most common methods
used to eliminate pathogenic bacteria and of great benefit
in maintaining human health. However, the resistance of
many pathogenic bacteria to these antibiotics is one of the
biggest challenges facing humans let alone their adverse
effects in humans’ bodies [7, 8]. During the last several
decades, natural products with antimicrobial effects have
been investigated to eliminate the use of synthetic an-
tibiotics which cause the resistance of microorganisms
and can exhibit side effects on human health [9]. Aro-
matic plants are known for a very long time and they are
used in phototherapy and food preservation [10]. Plant
extracts are the potentially useful sources of antimicro-
bial compounds. Many studies have been conducted on
the antimicrobial activities of plant compounds against
many different types of microorganisms, including hos-
pital-acquired infections [11].

Plantago ovata Forssk (Plantaginaceae family) is a
winter annual plant [12]. The seeds of this plant contain
20%-30% mucilage, which produces D-xylosan, arabi-
nose, D-galactose, and D-galacturonic acid by hydroly-
sis process [13]. Plantago ovata can reduce the level of
cholesterol in the blood, anti-diarrheal effect that can set
blood sugar [14]. Its effect has been determined on vari-
ous bacteria, including Staphylococcus aureus, Strepto-
coccus pyogenes, and Bordetella bronchiseptica [12].

Plantago major is a perennial medicinal herb. It has
been reported to cure numerous diseases from common
cold to hepatitis, skin diseases, infectious diseases, fever,
problems concerning the digestive organs, respiratory
organs, reproduction, the circulation [15].

Lallemantia iberica L contains compounds such as
-cubebene, linalool, and spathulenol. Notably, this me-
dicinal herb has a strong antioxidant effect [16].

The Ficus carica Linn leaves contain several active com-
pounds such as flavonoids, tannins, sesquiterpenes, alka-
loids, and saponins [17], which have antioxidant, antican-
cer, anti-inflammation, antiviral, and antibacterial activities
[18]. Sinapis arvensis L, a genus of Brassicaceae, has a
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long history of use as condiments and as herbal medicines.
In many developing countries, Sinapis species are used as
food, fodder to livestock, and herb in folklore medicine
[19]. The objective of the current study was to evaluate the
antibacterial activity of hydroalcoholic extract of Plantago
major L, Plantago ovata, Lallemantia iberica L, Sinapis
arvensis L, and Ficus carica against Pseudomonas aerugi-
nosa, Staphylococcus aureus, and Proteus vulgaris.

Materials and Methods
Preparation of herbal samples

The aerial parts of plants were collected from their
natural habitat in Bushehr Province, Iran. The samples
were dried out in a dry and dark environment (far from
sunlight). Samples were also pulverized to obtain a pow-
der. Noticed in the voucher that a specimen from each
variety was deposited in the Herbarium of Agriculture
and Natural Resources Faculty of Persian Gulf Univer-
sity (Bushehr, Iran).

Extraction

Hydroalcoholic extract (ethanol 70%) was prepared by
seed soaking for 48 hours at room temperature and then
filtered with filter paper. The following oils were used:
Plantago major L (P. major), Plantago ovata (P. ovata),
Lallemantia iberica L (L. iberica), Sinapis arvensis L (S.
arvensis) and Ficus carica (F. carica) [16]. Species and
genus of plants were diagnosed by an expert in botany.

Microorganisms

Pseudomonas aeruginosa, Staphylococcus aureus, and
Proteus vulgaris were used to study the antibacterial
properties of plants. By morphocultural and biochemi-
cal characteristics, the isolated bacterial strains were
identified. Gram staining and biochemical tests were
done as per the guidelines of the Clinical and Labora-
tory Standards Institute [20]. A pure culture of the strains
was maintained at -20°C in brain heart infusion broth
(Merck) containing 10%-15% glycerol, which was
thawed before use. To prepare bacterial inocula, 0.1 mL
of the thawed cultures were transferred to 10 mL of ster-
ile Tryptic soy broth (TSB, Merck) and was incubated
overnight at 37°C [12].

Antimicrobial assay
Agar gel disk diffusion test, minimum inhibitory con-

centration (MIC) and minimum bactericidal concentra-
tion (MBC) were used in this study.
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Disk diffusion susceptibility

Antibacterial susceptibility assay of Mueller-Hinton
Broth (MHB, Merck) medium was used to grow the test
isolates at 37°C for 22 h. Final bacterial numbers were
$tandardized to 1x10° CFU/mL. A total of 0.1 mL of bac-
terial suspension was poured into each plate containing
Mueller-Hinton Agar. The surface culture was prepared by
sterile L shape pipet Pasteur and allowed to remain in con-
tact for 1 min. Thereafter, a 5% concentration of each plant
essential oils was prepared. The sterile filter paper disks
(6-mm diameter) were placed on the cultures and 24 h after
incubation at 37°C, the zone diameter of inhibition (ZDI)
was measured in mm. To determine the sensitivity of each
bacterial species tested, tetracycline was used as a positive
control standard (three replications for each extract) [21].

MIC and MBC

For each extract and essential oil, a set of 9 sterile test
tubes were used. The stock solutions (500 mg/mL) were
further diluted in a 2-fold serial dilution to obtain the fol-
lowing concentrations of 250, 125, 62.5, 31.25, 15.625,
7.8125, 3.91, 1.95, and 0.98 mg/mL. One test tube as a
negative control and tetracycline as positive control were
used. An aliquot of 1 mL of the bacterial suspension was
inoculated into each tube. The negative control tubes were
inoculated with the same quantity of extracts. Then the
tubes were incubated for 24 h at 37°C. Based on the MIC
definition, the last tube with no turbidity was considered as
MIC. To determine the MBC, the solution of the transpar-
ent tubes of the previous step was cultured in the TSA me-
dium. A plate with no bacterial growth was considered as
MBC (three replications for each extract) [21]. Pseudomo-
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nas aeruginosa ATCC 27853 and Staphylococcus aureus
ATCC 25923 were used as the control strain in this test.

Statistical analysis

To determine the significant difference among the
obtained results from zone inhibition assays, MIC and
MBC average analyses were carried out in SPSS v. 16.0.
The differences between any means were tested by the
Duncan test and the results were considered significant
when P<0.05.

Results
Antimicrobial activity of the tested extracts

Results indicated that all five plants had high antibacte-
rial effects on S. aureus. Also, P. acruginosa was highly
affected by L. iberica and S. arvensis. All the tested me-
dicinal plants had a high antibacterial effect on P. vul-
garis, except P. ovata (Table 1).

MIC and MBC

The MIC values of the hydroalcoholic extract of me-
dicinal plants, at different concentrations ranging from
0.98 mg/mL to 250 mg/mL, in comparison with the ac-
tivity of tetracycline has been shown in Tables 2 and 3.

Discussion

According to the previous studies, the ZDI values of
>15 mm, 10-15 mm, and <10 mm diameter are consid-
ered as high, medium, and low antibacterial effects of the
essential oils or extracts, respectively [22].

Table 1. Inhibition zone (Mean+SD, mm) results of hydroalcoholic extracts against some hospital-acquired infections

MeantSD

Treatment

Pseudomonas Aeruginosa

Staphylococcus Aureus Proteus Vulgaris

Plantago major 0.00+0.00°
Plantago ovata 0.00+0.00°
Lallemantia iberica 16.33+1.15°
Sinapis arvensis 16.00+1.00°
Ficus carica 0.00+0.00°
Tetracycline 36.00+0.00?

20.33+1.52¢ 21.66+1.52¢
13.33+0.57¢ 0.00+0.00¢
30.00+1.00° 32.00+0.00°
30.33+0.57° 35.00+1.00°
15.16+0.28¢ 20.33+1.52¢
39.33+1.15° 35.16+0.28°

Means within same column with different superscripts differ (P<0.05). Non-similar alphabets in each column .indicate a siﬁ—

nificant difference between treatments

Res Mol Med, 2020; 8(3):133-138
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Table 2. MIC (mg/mL) results of hydroalcoholic extracts against some hospital-acquired infection-causing bacteria

Treatment Pseudomonas Aeruginosa Staphylococcus Aureus Proteus Vulgaris
Plantago major No 31.22 62.5
Plantago ovata No 62.5 No
Lallemantia iberica 62.5 15.62 31.22
Sinapis arvensis 31.22 7.81 3.91
Ficus carica No 125 125
Tetracycline 3.91 7.81 7.81
NO: No effect; P<0.05 2mm

Table 3. MBC (mg/mL) results of hydroalcoholic extracts against some hospital-acquired infection-causing bacteria

Treatment Pseudomonas Aeruginosa Staphylococcus Aureus Proteus Vulgaris
Plantago major No 125 250
Plantago ovata No 62.5 No

Lallemantia iberica 125 31.22 62.5
Sinapis arvensis 62.5 7.81 15.62

Ficus carica No 250 125
Tetracycline 15.62 7.81 15.62

NO: No effect; P<0.05

Results of this experiment showed that the seed extract
of L. iberica and S. arvensis have a high antibacterial
effect against P. aeruginosa, S. aureus, and P. vulgaris.
In the present study, S. arvensis hydroalcoholic extract
had the strongest antibacterial effect against P. vulgaris
(35 mm inhibition zone). Oil seeds have been used for
making soap, cooking, and lubricating, and the whole
plant used as green fodder [23]. The antibacterial effect
of L. iberica seed extracts has studied against Pseudo-
monas aeruginosa (18.3£6.5 mm inhibition zone), Ba-
cillus subtilis (16.6+4.1 mm inhibition zone), Bacillus
cereus (11.3£2.5 mm inhibition zone), Bacillus sphaeri-
cus (15.3+3 mm inhibition zone), Escherichia coli O157
(9.6x1.5 mm inhibition zone), Salmonella liatica, and
Salmonella typhimurium ATCC3598 (14.6+2.3 mm in-
hibition zone) and it had a significant effect on all the
mentioned bacteria [16]. L. iberica produced many sec-
ondary metabolites such as phenolic acids, flavonoids,
tannins, triterpene, mucilage, and oil [24]. The second-
ary metabolites such as linalool and thymol exterminate
the bacterial membrane, cause liposaccharides leak-
age, and increase the cytoplasmic membrane perme-
ability to ATP. Eventually, the exit of ATP leads to the
loss of cellular energy storage and cell death [16, 25].

2rmm

Ficus carica exhibited high inhibition zones of 15.16
and 20.33 mm on S. aureus and P. vulgaris. The MIC
value for the F. carica was 125 mg/mL against S. aureus
and P. vulgaris. The MBC values for the F. carica were
250 mg/mL against S. aureus and 125 mg/mL against P.
vulgaris. The major components of F. carica were arabi-
nose, 3-amyrins, f-carotines, glycosides, p-setosterols,
and xanthotoxo [26]. The obtained results indicate the
therapeutic virtue of F. carica leaves as an antimicrobial
agent against some microbial infection, such infection
by methicillin-resistant S. aureus which recognized as a
global nosocomial problem [27]. Jung reported that the
methanol extract from the leaves of F. carica exhibited
a strong effect against Escherichia coli but weak effect
against S. aureus [28].

P. major contains biologically active compounds such
as polysaccharides, lipids, caffeic acid derivatives, flavo-
noids, iridoid glycosides, alkaloids, and terpenoids [29].
This plant is an important medicinal plant with different
pharmacological properties, including anti-inflamma-
tion, analgesic, wound healing, antipyretic, antitussive,
anti-infective, anti-hemorrhagic, laxative, astringent,
hemostatic activity and diuretic [30] to manage a wide

Res Mol Med, 2020; 8(3):133-138
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range of diseases including constipation, coughs and
wounds. The aim of this study is to review the traditional
application, botanical characterization, pharmacological
activities, phytochemistry effects and toxicity of Plan-
tago major. In this review study, medicinal properties of
Plantago major are collected from credible pharmaco-
peias, textbooks of traditional Persian medicine (TPM.
In this experiment, P major had a significant effect on S.
aureus. Also, P. vulgaris showed a significant difference
from the control antibiotic. Mohammadsadeghi et al.
reported that different extracts (hydroalcoholic extracts)
of P. major leaves exhibit antibacterial activity against
Pseudomonas aeruginosa, Klebsiella pneumonia, and
Staphylococcus aureus [20].

Investigations showed that P ovata can inhibit B.
sphaericus (16 mm inhibition zone) and B. subtilis (14.6
mm inhibition zone) [16]. P. ovata showed less activity
than P. major, L. iberica L, S. arvensis, and F. carica
against all tested pathogenic bacteria. Studies showed
that the extracts made from P. ovata had antibacterial
activity against many bacteria such as S. aureus, Strep.
pyogenes, and B. bronchiseptica [12]. Sharif et al. re-
ported that the MIC of Plantago Psyllium against Staph-
ylococcus aureus and Staphylococcus epidermidis were
20 mm and 18 mm, respectively [31].

Conclusion

In conclusion, the seed extract of L. iberica and S. ar-
vensis have a high antibacterial effect against P. aerugi-
nosa, S. aureus, and P. vulgaris. Our results support the
use of these plants in traditional medicine and suggest
that some of the plant essential oils possess compounds
with good antibacterial properties that can be used as an-
timicrobial agents in the search for new drugs.
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