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ARTICLE INFO ABSTRACT

Keywords: Background: Nowadays, the decreased susceptibility of Staphylococcus aureus (S.
Methicillin-resistant aureus) to last-resort antibiotics such as vancomycin has caused concern in both human
Staphylococcus and veterinary medicine. Therefore, the need to find alternative treatments and new
aureus antibacterial agents is felt more than ever. Objective: The antibacterial effect and
Ferula foetida simultaneous effect of Ferula foetida (Bunge) Regel (F. foetida) oleo-gum-resin (OGR)
Vancomycin extract and vancomycin on methicillin-resistant Staphylococcus aureus (MRSA) were
Antibacterial effect investigated. Methods: Aqueous, ethanolic, a mixture of aqueous and ethanolic extracts,
Checkerboard and essential oil were prepared from F. foetida OGR collected from Beyrut village,

Sabzevar, Razavi Khorasan province, Iran. The Checkerboard method was used to
determine the minimum inhibitory concentrations (MICs) of vancomycin and plant
extracts and essential oil, and their simultaneous effects on MRSA (ATCC 33591). The
minimum bactericidal concentrations (MBCs) of these agents were also determined.
Ethanolic extract and essential oil of F. foetida OGR were analyzed using gas
chromatography-mass spectrometry (GC-MS). Results: The MICs of vancomycin and
aqueous, ethanolic, a mixture of aqueous and ethanolic extracts, and essential oil of F.
foetida OGR were 0.00195 mg/ml, 8 mg/ml, 0.25 mg/ml, 0.5 mg/ml, and 256 mg/ml,
respectively. The MBCs of these agents were 0.0078 mg/ml, 64 mg/ml, 0.5 mg/ml, 2
mg/ml, and more than 512 mg/ml, respectively. The simultaneous use of the extracts and
essential oil of this plant with vancomycin on MRSA showed partial synergistic to additive
effects. Conclusion: The combinations of F. foetida OGR extracts or essential oil with
vancomycin are expected to reduce the effective dose of vancomycin against MRSA.

Abbreviations: MRSA, Methicillin-resistant Staphylococcus aureus; GC-MS, Gas chromatography-mass spectrometry;
CAMHB, Cation-adjusted mueller-hinton broth; MIC, Minimum inhibitory concentration; MBC, Minimum bactericidal
concentration; FIC, Fractional inhibitory concentration; OD, Optical density; MSSA, Methicillin-sensitive
Staphylococcus aureus; RT, Retention time; Mw, Molecular weights; FICy, Fractional inhibitory concentration of
vancomycin; FICg, Fractional inhibitory concentration of the F. foetida oleo-gum-resin extracts or essential oil; FICI,
Fractional inhibitory concentration index
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1. Introduction

Staphylococcus aureus is a commensal
bacterium found on the skin and mucous
membranes of humans and animals. Its infection
begins when the microorganism enters through a
break in the skin or mucosa. Thereafter, a wide
variety of infections can occur, from superficial
skin diseases to deep infections and septicemia [1].

Treatment of infections caused by S. aureus
relies on antibiotics. So, their resistance to
common antibiotics is a therapeutic challenge. S.
aureus, especially methicillin-resistant S. aureus
(MRSA), can cause life-threatening invasive
infections in humans. These infections can be
acquired in the community or a hospital.
Moreover, this bacterium is the primary cause of
mastitis in dairy cows and results in economic
losses in livestock production. Recently, MRSA
has been isolated from animals and food of
animal origin, raising public concerns about the
transmission of MRSA from food of animal
origin to humans. Furthermore, direct contact
with animals harboring MRSA can lead to the
colonization of these strains in contact with
humans, and they become a carrier for the
transmission of MRSA to others [1, 2].

Vancomycin is an antibiotic of last resort,
used only after other antibiotics have failed to
treat life-threatening infections caused by Gram-
positive bacteria. Currently, vancomycin has
become the most common drug of choice for the
treatment of MRSA [3]. However, the emergence
of vancomycin-resistant MRSA strains has
necessitated the development of alternative
antimicrobial agents, especially those of plant
origin [4].

Plants contain bioactive compounds including
alkaloids, flavonoids, tannins, and phenolic
compounds. Phytochemicals isolated from
medicinal plants exhibit diverse antimicrobial
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activities. Therefore, they can be used as
antimicrobial agents [5].

The genus Ferula is a member of the Apiacae
family and contains approximately 185 species.
These plants contain bioactive compounds, such
as sulfur-containing compounds, terpenoid
coumarins, and sesquiterpenes. Monoterpenes
and sesquiterpenes and their oxygenated forms
are the major constituents of these plants which
have antimicrobial properties [6]. Ferula foetida
(Bunge) Regel is a plant native to Central Asia
(Qezel Qom Desert, Qara Qom Desert,
Turkmenistan), eastern Iran, western
Afghanistan, and western Pakistan [7]. The gum
obtained from this plant has an unpleasant
sulfurous odor similar to garlic, so it has been
nicknamed the devil's dung. Its gum has been
used as an anthelmintic and anti-rheumatism [8,
9]. Most of the previous studies have been
conducted on the therapeutic properties of other
Ferula species [6, 10, 11]. Therefore, in the
present study, we investigated the antibacterial
and the simultaneous effect of extracts and
essential oil of F. foetida OGR and vancomycin
on MRSA strain. Moreover, the constituents of
the extract and essential oil of F. foetida oleo-
gum-resin (OGR) were also determined using
gas chromatography-mass spectrometry (GC-
MS) to obtain information about the antibacterial
properties of this species of Ferula plant.

2. Materials and methods
2.1. Preparation of Plant Extracts and Essential
oil

F. foetida OGR was collected from Beyrut
village, Sabzevar county, Razavi Khorasan
province, Iran. The plant species was confirmed
by A.R. Khosravi, a plant taxonomist at
Herbarium of Shiraz University (HSHU),
Biology Department, School of Sciences, Shiraz
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University, Shiraz, Iran, where a voucher
specimen (No. 55122) was deposited.

To prepare F. foetida OGR essential oil, 50 g
of plant gum was extracted with 1 liter of distilled
water using a Clevenger machine for 4 h. Finally,
5504 upL of essential oil was obtained and
dehydrated by adding sodium sulfate.

To prepare the ethanolic extract of F. foetida
OGR, 25 g of the plant gum was shaken with 250
ml of 97 % ethanol for 48 h at 37 °C at 1500 rpm.
The obtained solution was filtered through filter
paper (Whatman, England). Excess ethanol was
removed by a rotary vacuum evaporator (IKA,
Germany). After 48 h of storage in an oven at 37
°C, 862 pL of ethanolic extract was obtained.

To prepare the aqueous extract of F. foetida
OGR, 25 g of plant gum was shaken with 250 ml
of distilled water for 48 h at 37°C at 1500 rpm.
The obtained solution was filtered with sterile
gauze and filter paper (Whatman, England) and
freeze-dried (Christ, Germany) for 24 h. Finally,
7.908 g of aqueous extract was obtained.

A mixture of aqueous and ethanolic extracts
of F. foetida OGR was prepared by mixing equal
amounts of aqueous and ethanolic extracts.

2.2. Gas chromatography-mass spectrometry
(GC-MS)

The chemical composition of the ethanolic
extract and essential oil of F. foetida OGR were
analyzed using 7890B GC & 5977A series gas
chromatography-mass spectrometry (GC-MS)
(Agilent Technologies, United States). The
essential oil was diluted 1:100 with n-hexane and
then injected into the device. Helium gas was
used as the carrier gas at a constant flow rate of 1
mL/min. The column temperature reached 60 °C,
then increased to 220 °C at a rate of 5 °C/min,
and finally to 280 °C at a rate of 3 °C/min. Mass
spectra were obtained at 70 eV. The entire
GC/MS run took 58 minutes [12].
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2.3. Bacteria

MRSA (ATCC 33591, IBRC 10690) was
purchased from the National Center for Genetic
and Biological Resources of Iran.

2.4. Checkerboard Assay

To evaluate the antibacterial effects of
vancomycin and plant extracts or essential oil on
MRSA (ATCC 33591, IBRC 10690) both alone
and in combinations, the checkerboard assay was
performed in 96-well microtiter plates.

To perform the checkerboard assay, 100 pL of
2X cation-adjusted  Mueller-Hinton  broth
(CAMHB) medium (Lab M, UK) was poured
into each well of a microtiter plate using a
multichannel sampler. Then 100 pL of
vancomycin solution (0.0624 mg/ml) was added
to wells A (1-11) and serially diluted from wells
A to G. Next, 100 puL of vancomycin solution
(0.1248 mg/ml) was poured into the A12 well
and serially diluted to the G12 well. Then 100 pL
of the contents of G (1-12) wells were discarded.

Depending on the experiment, 100 pL
aqueous extract of F. foetida OGR (512 mg/mL),
or ethanolic extract of F. foetida OGR (8 mg/mL)
or a mixture of aqueous and ethanolic extracts of
F. foetida OGR (64 mg/mL) or F. foetida OGR
essential oil (2048 mg/mL) was added to wells 12
(A-H) and serially diluted from wells 12 to wells
2 in each row. Then 100 pL from the contents of
2 (A-H) wells were discarded. After that, 100 puL
of al:100 dilution of bacterial suspension
equivalent to 0.5 McFarland standard was added
to each microtiter plate well so that the final
concentration of MRSA in each well was about
5x10° CFU/mL.

Based on this method, the minimum
inhibitory concentration (MIC) of vancomycin
can be determined in column 1 (wells A to G) of
the microtiter plate. The MIC of F. foetida OGR
extracts or essential oil can be determined in row
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H (wells from 12 to 2). The H1 well only contains
2X CAMHB medium and MRSA suspension and
did not include vancomycin and plant extracts or
essential oil and was considered a bacterial
growth control well. The other 77 wells of the
microtiter plate had a combination of different
concentrations of vancomycin and extracts or
essential oil of F. foetida OGR and were used to
determine the simultaneous effect of vancomycin
and extracts or essential oil of plant on MRSA.

Each experiment was repeated at least three
times. For each experiment, a background
microtiter plate containing all components except
the MRSA suspension was prepared. After
putting the lid on the microtiter plates, they were
incubated for 24 h at 37°C. Next, the optical
density (OD) of the contents of each well was
read at 600 nm. Subsequently, the ODs of the
experiments and the background micraotiter plates
were compared. The percentage of bacterial
growth in each well was calculated using the
following equation:

OD(drug combination well) — OD(background)

OD(drug free well) — OD(background)
x 100

Then, the lowest concentrations of
vancomycin, plant extracts, or essential oil that
reduce the growth of MRSA by more than 80%
were considered as MIC [13].

2.5. Fractional Inhibitory Concentration (FIC)
Index

The FIC index is equal to the sum of FIC
(extracts or essential oil of F. foetida) and FIC
(vancomycin). To determine the FIC (F. foetida
extracts or essential oil), the MIC of the
combination of plant extracts or essential oil with
vancomycin is divided by the MIC of the plant
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extracts or essential oil alone. To determine the
FIC (vancomycin), the MIC of the combination
of plant extracts or essential oil with vancomycin
is divided by the MIC of vancomycin alone [14].

FIC index values less than 0.5 indicate a
synergistic effect, values between 0.5-0.75
indicate partial synergy, values between 0.76-1
indicate an additive effect, values between 1-
4indicate an indifference effect, and values above
4 indicate an antagonism effect [14].

2.6. Minimum Bactericidal Concentration
(MBC)

To determine the MBC, which is the lowest
concentration of an antimicrobial agent that can
Kill at least 99.9 % of the initial bacterial
inoculum [15], 10 pl of the contents of the clear
wells were spread on the Mueller—Hinton agar
medium plates. Then the plates were incubated
overnight at 37 °C.

3. Results
3.1. GC-MS

GC-MS analysis of essential oil and extract
showed the presence of various phytochemicals.
The specifications of these compounds are listed
in Tables 1 and 2. GC-MS analysis graphs are
shown in Figures 1 and 2.

3.2. MIC

The MIC, which is the lowest concentration of
an antimicrobial agent that inhibits bacterial
growth, was 0.00195 mg/ml, 8 mg/ml, 0.25
mg/ml, 0.5 mg/ml, and 256 mg/ml for
vancomycin and aqueous, ethanolic, a mixture of
aqueous and ethanolic extracts, and essential oil
of F. foetida OGR, respectively. Among the
studied extracts and essential oils, the ethanolic
extract of F. foetida OGR showed the highest
inhibitory effect and its essential oil showed the
lowest inhibitory effect against MRSA.
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3.3. MBC
The MBC of vancomycin and aqueous, ethanolic extract of F. foetida OGR showed the

ethanolic, a mixture of aqueous and ethanolic highest bactericidal effect and its essential oil

extracts, and essential oil of F. foetida OGR were  showed the lowest bactericidal effect against

0.0078 mg/mL, 64 mg/mL, 0.5 mg/ml, 2 mg/ml, MRSA.

and more than 512 mg/ml, respectively. Among

Z. Gholizadeh, et al

the studied extracts and essential oil, the

Table 1. Chemical composition of F. foetida OGR ethanolic extract

NO. RT Component names Mw Chemical classification  Area Molecular
(g/mol) Formula
1 35.914  (2-cyclopropylethenyl)- Benzene  146.23  Aromatic hydrocarbons  22.612 C9H120
2 25.329 B-Guaiene 204.35 Sesquiterpene 15.263 C15H24
Butanamide, 2-hydroxy-N,3,3- .
3 19.156 i 145.20 Amides 11.38  C7H15NO2
trimethyl-
8-Methyl-9-
4 32.539 oxapentacyclo[5.4.0.021%.03100%  160.212 Polycyclic 8.804 C11H120
8lundec-5-ene
5 27.025 Myristic acid 228.37 Long-chain fatty acids 6.526  C14H2802
6 37.808  Myristic acid B-monoglyceride ~ 302.446 Long-chain fatty acids 5575  C17H3404
o Medium-chain fatty
7 22.63 Lauric acid 200.32 ) 4706  C12H2402
acids
8 34.363 Oleic acid 282.5 Omega-9 fatty acid 4.635  C18H3402
9 12.11 Triethylarsine 162.10 Organoarsenic 3.665 C6H15As
10 11.958 1,3-Dithiolane 106.21 Heterocyclic organic 3.248 C3H6S2
11 30.994 Palmitic acid 256.42 Long-chain fatty acids 2.218 C16H3202
12 4.905 Styrene 104.15 Aromatic hydrocarbon 2.152 C8H8
13 24.647 (R)-y-cadinene 204.35 Sesquiterpene 2.054 C15H24
14 11.212 3,5-Dimethylisothiazole 113.18 Heterocyclic organic 1.819 C5H7NS
15 23.225 Guaiol 222.372  Sesquiterpenoid alcohol 1.384 C15H260
Eudesmane
16 23.918 y-Eudesmol 222.37 ) ) 1.338 C15H260
sesquiterpenoid

17 12.576 3,5-Dimethylisothiazole 113.18 Heterocyclic organic 1.116 C5H7NS
18 46.854 Di-n-octyl phthalate 390.6 Benzoic acid esters 0.908  C24H3804
19 24.857 Bulnesol 222.37 Sesquiterpene alcohol 0.597 C15H260

RT: Retention time, Mw: Molecular weights, Area %: Concentrations

Journal of Medicinal Plants

86 June 2024, Vol. 23, No. 90: 82-93


http://dx.doi.org/10.61186/jmp.23.90.82
https://jmp.ir/article-1-3629-en.html

[ Downloaded from jmp.ir on 2026-06-03 ]

[ DOI: 10.61186/jmp.23.90.82]

Investigation of the antibacterial ... Z. Gholizadeh, et al

Abundance
25331 35916
1800000
1600000
1400000 32540
1200000 19.156
1000000
121
27.026
600000 37.800
400000 4 11.210 22628 H
906 12574 222 30.9¢34.363
200000 ){ 1 220556 46,853
Ol\k‘\‘\l*\/\d\\m‘lm\ \k\AM‘m\l\MA\A‘A\"l'\L\‘\\‘T\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
500 1000 1500 2000 2500 30.00 3500 40.00 4500 50.00 55.00
Time—
Fig. 1. GC-MS analysis graph of F. foetida OGR ethanolic extract
Table 2. Chemical composition of F. foetida OGR essential oil
Mw Chemical Molecular
NO. RT Component names (g/mol) classification Arealo Formula
1 12.209 Triethylarsine 162.10 Organoarsenic 31.347 C6H15As
2 19.407 Dimethyl thioformamide 89.16 Thioamide 27.523 C3H7NS
3 12.389 Triethylarsine 162.10 Organoarsenic 22.721 C6H15As
4 19.477 2-Nitrobenzyl chloride 185.56 Nitrobenzenes 7.329 C7H4CINO3
5 25.323 4,6-Guaiadiene 202.33 Diene 3.033 C15H22
3,6-Dimethyl-2,4,5,7-
6 17.116 tetrathiaoctane 213.998 Alkane 1.59 C12H26
7 20.182  Methane thioamide, N,N-dimethyl- ~ 89.159 Formamides 1.174 C3H7NS
3,6-Dimethyl-2,4,5,7-
8 17.204 tetrathiaoctane 213.998 Alkane 1.107 C12H26
9 26.349  Methane thioamide, N,N-dimethyl- ~ 89.159 Formamides 0.84 C3H7NS
10 18.224 Ethanol, 2-(trimethylsilyl)- 118.25 Silyl ethers 0.798 C5H140Si
- Hydrocarbon
11 6.736 -Pinene 136.237 monoterpene 0.507 C10H16
12 4.905 Styrene 104.15  Aromatic hydrocarbon 0.504 C8H8
13 13.2 Butyl disulfide 178.4 Organic sulfur 0.463 C8H18S2
14 23.924 y-Eudesmol 222.37 Sesquiterpene alcohol 0.393 C15H260
. Hydrocarbon
15 8.403 (E)-B-Ocimene 136.23 monoterpene 0.381 C10H16
Hvdrocarbon
16 16.026 Camphene 136.23 monoterpene 0.287 C10H16
RT: Retention time, Mw: Molecular weights, Area %: Concentrations
Journal of Medicinal Plants 87 June 2024, Vol. 23, No. 90: 82-93
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Fig. 2. GC-MS analysis graph of F. foetida OGR essential oil
3.4. FIC index aqueous and ethanolic extracts with vancomycin,

The FIC index and the simultaneous effect of
vancomycin and aqueous, ethanolic, a mixture of
aqueous and ethanolic extracts, and essential oil
of F. foetida OGR on MRSA strain are reported
in Table 3.

The combination of ethanolic extract and
vancomycin, the combination of a mixture of

and the combination of essential oil and
vancomycin showed a partial synergistic effect
on MRSA strain. The combination of F. foetida
OGR aqueous extract and vancomycin showed
an additive effect.

Table 3. FIC index and simultaneous effect of vancomycin and F. foetida OGR extracts and essential oil on MRSA
strain

Concentration of

Type of extract or extracts or essential

Concentration
of vancomycin FICv FICe FICI

Simultaneous

essential oil oil (mg/ml) (mg/ml) effect
Aqueous extract 4 0.00097 0.497 0.5 0.997  Additive effects
0.125 0.00048 0.246 0.5 0.746  partial synergy

Ethanolic extract
0.031 0.00097 0.497 0.124 0.621  partial synergy
Mixture of aqueous 0.25 0.00012 0.061 0.5 0.561  partial synergy
and ethanolic extract

Essential oil 8 0.00097 0497 0031 0528  partial synergy

FICv: Fractional inhibitory concentration of vancomycin; FICe: Fractional inhibitory concentration of F. foetida OGR extracts or

essential oil; FICI: Fractional inhibitory concentration index
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4. Discussion

In this study, the main compounds of F.
foetida OGR ethanolic extract were (2-
cyclopropyl ethenyl)- benzene (22.612 %) and (-
Guaiene (15.263 %). p-Guaiene is a
sesquiterpene that has demonstrated various
biological activities including antimicrobial,
anti-inflammatory and anti-cancer properties
[16]. Other sesquiterpene compounds found in
the ethanolic extract include (R)-y -cadinene,
Guaiol, y-Eudesmol and Bulnesol.
Sesquiterpenoids can inhibit microorganisms in
several ways [17].

Other components identified in the tested
ethanolic extract included lauric acid, oleic acid,
palmitic acid, myristic acid and myristic acid -
monoglyceride. The antimicrobial properties of
these fatty acids have been proven in previous
studies [18, 19, 20, 21, 22].

Regarding F. foetida OGR essential oil, the
main components found in this study were
triethylarsine  (31.347 %) and dimethyl
thioformamide (27.523 %). This essential oil also
contains various terpenes including B-Pinene, y-
Eudesmol, (E)-B-Ocimene and camphene. The
inhibitory effect of B-Pinene and camphene on
various bacteria has been reported [23]. For
example, camphene has antibacterial effects
against important pathogenic bacteria such as
Enterococcus spp. and S. aureus, including
MRSA [24].

It is worth mentioning that in previous studies,
there was no report on the content of F. foetida
OGR essential oil and only the content of F.
assa- foetida OGR was investigated. Although
there are similarities between the components of
F. assa- foetida OGR essential oil and F. foetida
OGR essential oil [25, 26, 27, 28, 29]. In the
present study, the MIC of vancomycin against
MRSA ATCC 33591 was 0.00195 mg/mL. This
amount has been reported as 0.002 mg/mL,
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0.00391 mg/mL, and 0.001 mg/mL in previous
studies [14, 30, 31].

It has been found that the antimicrobial
activity of vancomycin can be increased by
combining it with other antimicrobial agents. For
example, the combination of vancomycin and
oxacillin showed a synergistic effect on
methicillin-resistant staphylococci [32, 33].
Considering the potential of herbal medicines to
treat diseases and the different modes of action of
phytochemicals compared to antibiotics, which
become ineffective in a short time due to the
development of resistance among bacteria,
replacing plants with antimicrobial properties or
combining them with existing antibiotics can
help improve the treatment of the infections [5].
Moreover, in the case of vancomycin, which has
toxic effects in high doses, the occurrence of drug
resistance and side effects of vancomycin can be
prevented by reducing the required dose of
vancomycin [34, 4].

Several studies have been conducted on the
antimicrobial properties of other species of the
Ferula plant. For example, the MIC of the
ethanolic extract of F. assa-foetida against
S. aureus was 1 mg/mL [35]. The MICs of F.
assa-foetida against MSSA ATCC 29213 and
MRSA ATCC 33591 were 25 and 50 mg/mL,
respectively [36]. The MIC of the essential oil of
the aerial parts of Ferula asafetida against S.
aureus was 12 mg/mL [37]. The MIC of Ferula
szowitsiana leaf oil against MRSA was 0.000156
mg/mL [10]. The MICs of Ferula cupularis root,
leaf, flower, and the stem essential oils against S.
aureus ATCC 6538 were 2.85, 11.38, 22.75, and
2.85 mg/mL, respectively [11]. In the present
study, we investigated the antimicrobial
properties of F. foetida OGR, and the MICs of
aqueous, ethanolic, a mixture of aqueous and
ethanolic extracts, and its essential oil were
determined to be 8 mg/ml, 0.25 mg/ml, 0.5
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mg/ml, and 256 mg/ml, respectively.
Furthermore, with the simultaneous use of the
extracts and essential oil of this plant with
vancomycin on the MRSA strain, a partial
synergistic to an additive effect was determined.
Although there were no previous reports on the
simultaneous effect of F. foetida OGR extracts or
essential oil with vancomycin against S. aureus
strains, several studies investigated the
simultaneous effect of other plant extracts and
vancomycin on S. aureus strains. For instance,
the synergistic effect of Quercus infectoria gall
extract in combination with vancomycin against
MRSA, the synergistic effect of
Cryptotanshinone and vancomycin against
clinical strains of MRSA and vancomycin-
resistant S. aureus, and the synergistic effect of
Canarium odontophyllum Miq extract together
with oxacillin or linezolid against MRSA ATCC
33591was reported [14, 31, 38].

5. Conclusions

The use of vancomycin in combination with
F. foetida OGR extracts or essential oil is
expected to reduce the required effective dose of
vancomycin on MRSA strains. As a result, this
may reduce the potential side effects and
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