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Abstract

Objectives: This study aimed to investigate the inhibitory and lethal effect of artichoke on pathogenic strains of Staphylococcus
aureus and compare it with antibiotics in vitro.
Methods: Ten strains of S. aureus were isolated from the vagina of women in Amir Al-Momenin Hospital of Zabol, Iran. The resistance
pattern was determined by the disk diffusion method. Finally, the effect of the extract on bacteria was determined by the 96-well
microplate method.
Results: The results of the antibiotic resistance pattern showed that S. aureus samples had the highest resistance to oxacillin an-
tibiotic and were sensitive to other antibiotics, and only one sample was sensitive to vancomycin antibiotic. The lowest inhibitory
concentration of artichoke against S. aureus was 3.1 mg/mL, but five strains were inhibited at a concentration of 6.25 mg/mL.
Conclusions: Ethanolic extract had a significant inhibitory effect on the growth of S. aureus pathogens. Further clinical research is
necessary for clinical use of these extracts.
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1. Background

Staphylococcus aureus is a gram-positive globular bac-
terium that occurs individually, in pairs or irregular clus-
ters. Some of them live saprophytically on the skin and are
responsible for more than 80% of purulent infections and
cause infections in most parts of the body under the right
conditions. These bacteria can cause pus, abscess forma-
tion, and various types of purulent infections (1).

Artichoke (Cynara scolymus) belongs to the genus Aster-
aceae, which grows mainly in the semi-desert regions of Ar-
menia and Asia Minor. Its vegetative growth is long, start-
ing in late June and lasting more than eight months. Its
flowering is in late June, and its flowers reach full matu-
rity in July (2). The stems and inflorescences of this plant
are used in different parts of the world as a nutritious veg-
etable, tonic for the liver, and anti-inflammatory drug in re-
ducing blood lipids and cholesterol (3). In traditional Turk-
ish medicine, the dried seeds of this plant are used to treat
the disease, and its fresh leaves are used as a diuretic (4).
Its main medicinal properties are treating liver failure, in-
creasing bile secretion, and lowering blood lipids (5-8). Ar-
tichoke hydroalcoholic extract can be effective in prevent-
ing type 1 diabetes (9).

Fungal and infectious diseases are among the most
common diseases that impose a heavy financial burden
on human societies. The incidence of opportunistic inva-
sive fungal infections, often associated with high mortal-
ity, has increased over the past two decades. Patients who
are severely immunocompromised due to underlying dis-
eases such as leukemia or acquired immunodeficiency syn-
drome (AIDS), or and patients undergoing chemotherapy
or organ transplants are severely immunocompromised,
must beware of bacterial and fungal infections. Therefore,
the main concern in treating fungal infections is the limi-
tation of the number of effective antifungal drugs (10, 11).
Many antifungal drugs have toxic effects, and since the ma-
jority of these drugs inhibit the growth of fungi and not
fungicides, the disease recurs when this treatment is used.
On the other hand, long-term treatment with a handful of
these drugs leads to the development of drug resistance
(12).

To reduce the economic loss and risks to microbial
pathogens, the use of natural substances as antimicrobial
compounds can be an effective way to control the pres-
ence of pathogenic bacteria. Meanwhile, extracts and es-
sential oils of medicinal plants have antimicrobial prop-
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erties and act as sources of antimicrobial agents against
pathogenic pathogens. Medicinal plant extracts show
inhibitory effects against pathogenic bacteria; this in-
hibitory and lethal effect of various medicinal plants has
been proven in several research studies (13, 14). Previous
studies have shown the antioxidant and antibacterial ac-
tivity of artichoke (15-17).

2. Objectives

This study aimed to investigate the inhibitory and
lethal effect of artichoke on pathogenic strains of S. aureus
and compare it with antibiotics in vitro.

3. Methods

3.1. Preparation of Ethanolic Extract

The artichoke plant (Figure 1) was collected and dried
from Zabol, Iran. To prepare ethanolic, methanolic, and
ethyl acetate extracts, 10 g of dry plant powder was placed
in half-liter jars containing 100 ml of 96% ethanol (for
ethanolic extraction), methanol, and ethyl acetate. The
contents of the Erlenmeyer flakes were mixed at room tem-
perature for 24 hours with a shaker (Pars Azuma-Iran) at
130 rpm, then filtered through Whatman paper number 2.
The solvent was separated from the extract by a rotary ap-
paratus (Heidolph-Germany) using a vacuum pump (vac-
uum distillation). The obtained weighted extract was then
dissolved in dimethyl sulfoxide (DMSO) solvent. The ob-
tained extract was stored in the refrigerator at 4°C until use
in antimicrobial tests.

3.2. Bacterial Preparation and Storage

In this study, different strains of S. aureus were isolated
from the vagina of women in Amir Al-Momenin Hospital in
Zabol city and cultured on specific culture media of man-
nitol salt agar and blood agar. The obtained pure strains
were identified on an artificial culture medium using a hot
staining test, catalase, and mannitol salt agar. Finally, S. au-
reus species were identified by coagulase test by tubular
and slide methods, as well as studying agglutination for-
mation. Bacterial strains were isolated by a range of bio-
chemical, bacteriological, and growth tests (oxidase, cata-
lase, and bacterial motility; glucose tests such as lactose
fermentation, sucrose, and glucose), as well as regular tests
such as gram staining and acid staining (18).

3.3. Preparation of Bacterial Suspension

After thawing, different strains of S. aureus were cul-
tured linearly at 37°C in neutron broth medium. Pure
colonies of bacterial samples were examined on Trypticase
soy agar or tryptone soya agar (TSA) solid medium for 24

hours at 37°C. The incubator was placed and, after 24 hours,
removed from the pure colonies of each bacterium and
made in sterile distilled water turbidity equivalent to half a
McFarland. To ensure the concentration of bacteria, the UV
visible spectrophotometer absorption was done at a read-
ing wavelength of 600 nm. Bacteria density in absorption
of 0.08 - 0.1 have a concentration of 1.56 f 10.6 CFU/mL.

3.4. Determining the Sensitivity of Bacterial Strains to Different
Extracts of Artichoke Plant

The sensitivity of bacterial strains to plant extracts was
determined using the dilution method in wells. Six wells
were made in solid culture medium, and 100 µL of Müller
Hinton nutrient medium (MHB) was added to each well.
Then, 100 mL of diluted solution of plant extracts was
added to the first well. After mixing, 100 µL was removed
from the first well and added to the second well, and so on
until the last well. Next, 100 µL of culture medium was re-
moved from the last well, 10 µL of microbial suspension
containing 107 units/mL (equivalent to 0.5 McFarland) was
added, and incubated at 37°C for 24 hours. The first well to
inhibit bacterial growth after incubation was considered
the minimum concentration of inhibitor. To ensure clear
wells, 10 µL was taken and transferred to Müller-Hinton
agar medium. After 24 hours, the first dilution that was
able to kill 99.9% of the bacteria had the minimum lethal
concentration.

4. Results

The study of antibiotic resistance pattern showed that
S. aureus samples had the highest resistance to oxacillin an-
tibiotic and were sensitive to other antibiotics; only one
sample was sensitive to vancomycin antibiotic (Table 1).
However, the most significant sensitivity was observed in
gentamicin antibiotic (Table 2).

The lowest minimum inhibitory concentration (MIC)
of artichoke against S. aureus was 3.1 ppm, in which five
strains were inhibited, while two bacterial strains did not
grow at any concentration of artichoke extract. The high-
est minimum bactericidal concentration (MBC) of arti-
choke was 50 ppm, in which three strains were killed (Table
3).

5. Discussion

The results of studying the inhibitory and lethal effect
of artichoke on pathogenic strains showed that the largest
diameter of the growth inhibition zone of aqueous and
ethanolic extracts of artichoke at a concentration of 800
mg/mL belonged to S. aureus and yeast. Candida albicans
and the lowest halo of Salmonella typhimurium were also
reported. The MIC results of aqueous extract of artichoke
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Figure 1. Appearance characteristics of artichoke

for S. typhimurium, Escherichia coli, S. aureus, Bacillus cereus,
and C. albicans were 256, 32, 64, 64, and 32 mg/mL, respec-
tively, and for ethanolic extract were 128, 32, 16, 16, and 16
mg/mL, respectively (19). In the present study, for some
strains, the minimum lethal and inhibitory concentration
was 3.1 mg/mL. This effect on the low concentration com-
pared to the mentioned study (19) could be due to the type
of extract. Alcohol has a more significant ability to extract
antioxidants, and therefore alcoholic extract is more effec-
tive than aqueous extract (20).

For this type of bacteria, the standard type was not
available in our laboratory. After ordering the standard
samples, they were destroyed at the time of delivery, so we
had to do the test without the standard samples. Although

we re-ordered and later received healthy samples, we no
longer used the standard samples in this test because the
conditions of the test were different.

Inhibitory halo diameter of artichoke methanolic ex-
tract against B. cereus (1.00 3 0.03), Listeria innocua (0.00 02
0.02), C. albicans (1.00 00 0.00), and diameter of growth
inhibitor zone of artichoke methanolic extract against B.
cereus (1 ± 0.03 cm), Listeria innocua (1 ± 0.02 cm), C. albi-
cans (1 ± 0.00 cm), and S. aureus (0.8 ± 0.01 cm) (21) S. au-
reus (0.01) ± 0.80 mm (18, 21).

Zhu et al. evaluated the antimicrobial activity of
ethanolic extract and artichoke ethyl acetate against 15 mi-
croorganisms, including seven species of Bacillus subtilis,
S. aureus, Agrobacterium tumefaciens, Micrococcus luteus, E.
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Table 1. Antibiotic Resistance S. aureus Pattern

Strains Oxacillin Amoxicillin Cloulanic Acid Ampicillin Gentamicin Cefazolin Azithromycin Vancomycin

1 Resistant Sensitive Sensitive Sensitive Sensitive Semi-sensitive Resistant

2 Resistant Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

3 Resistant Sensitive Sensitive Sensitive Sensitive Semi-sensitive Sensitive

4 Resistant Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

5 Resistant Semi-sensitive Semi-sensitive Sensitive Semi-sensitive Sensitive Sensitive

6 Resistant Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

7 Resistant Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

8 Resistant Sensitive Semi-sensitive Sensitive Semi-sensitive Sensitive Semi-sensitive

9 Resistant Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

10 Resistant Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive

Table 2. Percentage of Antibiotic Resistance of S. aureus (%)

Strains Oxacillin Amoxicillin Cloulanic Acid Ampicillin Gentamicin Cefazolin Azithromycin Vancomycin

S 0 90 80 100 80 80 80

I 0 10 20 0 20 20 10

R 100 0 0 0 0 0 10

Table 3. Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of Artichoke Extract against S. aureus

Strain MIC MBC Positive Control (Medium and Bacteria) Negative Control (Medium and Extract)

1 25 50 Grew Did not grow

2 25 50 Grew Did not grow

3 25 50 Grew Did not grow

4 6.25 12.5 Grew Did not grow

5 6.25 12.5 Grew Did not grow

6 6.25 12.5 Grew Did not grow

7 6.25 12.5 Grew Did not grow

8 3.1 3.1 Grew Did not grow

9 6.25 12.5 Grew Did not grow

10 3.1 3.1 Grew Did not grow

coli, S. typhimurosa, four species of Polyporus albicans, Can-
dida lusitaniae, Saccharomyces cerevisiae, and Saccharomyces
carlsbergensis, and four molds, including Aspergillus niger,
Penicillium oxalicum, Mucor mucedo, and Cladosporium cu-
cumerinum (22).

The MIC of the extract was determined by agar and di-
lution broth methods in the range of 1.25 to 10 mg/mL. The
MIC was 2.5 mg/mL against fungi and 2.5 mg/mL against
bacteria (22). Another study reported that artichoke hy-
droalcoholic extract inhibited E. coli and S. typhimurium
(23). In the present study, the minimum lethal and in-
hibitory concentration was 3.1 mg/mL, which is similar to
the presented research.

Arbabian et al. studied the antimicrobial effects of
aqueous-ethanolic-methanolic and Estonian artichoke ex-
tracts on some bacteria and fungi; the results showed that
ethanolic and methanolic extracts of the organs had a
growth inhibitory effect on the studied microorganisms.
Also, ethanolic extracts prepared from different organs
showed a more significant inhibitory effect than methano-
lic extracts. The inhibitory effect of ethanolic extracts was
related to leaves. The highest effect of stem-flower organ
extracts and edible part was seen on S. aureus and the most
negligible effect on B. cereus. The highest antifungal ef-
fect was related to ethanolic extracts of the studied organs
(24). The present study, which used an alcoholic extract,
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presented more effective results than previous studies that
used aqueous extracts (19), and was similar to the results of
another study (24).

5.1. Conclusion

The results of this study indicated the sound an-
timicrobial effects of artichoke extract against infections
caused by S. aureus.
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