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ABSTRACT
Introduction: Bacterial resistance to antibiotics, the first major concern in the 1960s,
has reappeared worldwide over the past 20 years. Because these bacteria are not
resistant to various conventional therapies, the medicinal and herbal plants used in
different countries should be evaluated for their therapeutic potential. These valuable
biological resources are a repository of complex active molecules. Therefore, in this
study, we tried to evaluate the antimicrobial activity of some medicinal plant extracts on
Staphylococcus aureus isolated from humans.
Methods: Rhazya stricta was collected and their species were identified in the botanical
laboratory of University of Zabol. To prepare plant extract, 40 g of dried leaves were
used in 400 cc of solvent (aqueous, ethanol, methanol, ethyl acetate, and hydroalcoholic). The various strains of Staphylococcus aureus used in this study were isolated
from the human nose and identified by biochemical, bacteriological and growth tests as
well as standard tests. Antimicrobial effects were investigated by well diffusion method
in Müller Hinton agar medium. Statistix ver10 software was used for statistical
calculations. Mean comparison was performed using the LSD at the level of one percent
and Excel software was also used to draw the shapes.
Results: Rhazya stricta extracts had different inhibitory zone diameters against
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Staphylococcus aureus at 100 ppm dilution (p <0.01). R. stricta ethanolic extract had the
greatest effect (average 8.3 mm) on inhibiting the growth of 6 strains of S. aureus. Then
aqueous and hydroalcoholic extracts with an average of 7 mm were in the next ranks.
The ethyl acetate extract had the lowest effect on the inhibition of S. aureus. The lowest
MIC of R. stricta ethanolic extract against S. aureus samples was 3.1 ppm, which was
inhibited by four strains. The lowest MBC was 6.2 ppm.
Conclusion: Considering the side effects of chemical drugs and antibiotics as well as the
potential effect of ethanolic extract of Rhazya stricta on Staphylococcus aureus, it is
recommended to use ethanol solvent to evaluate the antimicrobial activity of R. stricta.
Keywords: d-tocopherol, Harmal, Tetrahydrosecamine, strictanol, genotoxic.
1. Introduction
Bacterial resistance to antibiotics, the
first major concern in the 1960s, has
resurfaced worldwide over the past 20
years.
Therefore,
World
Health
Organization (WHO) and other health
organizations have declared war on
human microbial pathogens, especially
those acquired at the hospital, and have
made drug discovery a top priority for
these diseases. Because these bacteria
are not resistant to various conventional
therapies, medicinal and herbal plants
used in different countries should be
evaluated for their therapeutic potential.
These valuable biological resources are a
repository of complex active molecules
[1].
Iran has a long history traditional
medicine and the use of medicinal plants
in the treatment of diseases. The need to
pay attention to the science of using
medicinal plants has increased for the
following reasons: 1- The richness of
plant flora in Iran and the high
knowledge of Iranians in the use of
medicinal plants, 2- Existence of
reputable scientific centers in the cities of
Isfahan, Shiraz, Rey, 3- Existence of
authoritative scientific sources such as
Bu-Ali Sina's law book, 4- Famous
scientists such as Bu-Ali Sina and Razi
who
popularized
medicine
with
medicinal plants among the people of
Iran, and 5-Iranians' mutual interest in
medicinal plants[1-4].

The study of medicinal plants to
discover new methods of treatment,
which have fewer side effects and higher
economic value, has become particularly
important worldwide [5-8]. According to
published reports, more than 30% of
herbal medicines are currently used in
hospitals and clinics [9]. Antibiotics are
valuable drugs for the treatment of many
human diseases, however, overuse of
these drugs will lead to microbial
resistance. Therefore, scientists have
prioritized research on different parts of
medicinal plants to discover new drugs of
plant origin [10-12].
Rhazya stricta belongs to the
Apocynaceae
family
and
the
Rauwolfioideae subfamily. This species is
distributed in Iran, Afghanistan, Pakistan,
India, Iraq, Oman, Yemen, and Saudi
Arabia (REF). R. stricta is known in Saudi
Arabia as an Espand. Rhazya stricta is an
evergreen and small plant. This plant has
been used as a medicine to treat diseases
in Afghanistan, India, Iran, Iraq, Pakistan,
Qatar and Saudi Arabia [1, 13]. R. stricta
(known in Saudi Arabia as harmful) is a
poisonous, evergreen, small, erect shrub
with hairless leaves [1]. R. stricta, also
known as Harmal, is widely distributed in
Saudi Arabia and South Asia. Harmal
seed oil is considered as a potentially rich
source of d-tocopherol, a major form of
vitamin E [14].
R. stricta and its metabolites are used
to treat diseases such as cancer, skin
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diseases, hypertension, rheumatism, sore
throat, syphilis and fever [15]. Various
studies have shown that different parts
of R. stricta contain many phytochemical
elements such as alkaloids, flavonoids
and terpenes [16, 17]. Research on R.
stricta, a plant native to Asia, has shown
that it has a number of healing
properties. Antimicrobial activity of
different concentrations of five solvent
extracts, i.e. aqueous alkaloids, nonaqueous alkaloids, organic alkaloids,
organic non-alkaloids and complete
aqueous extracts, derived from R. stricta
leaves were evaluated against several
drug-resistant human and it has been
concluded that organic alkaloid extract
has been the most effective against
Escherichia coli and MRSA [1].
Raw ethanolic extract of R. stricta fruit
has
antimicrobial
activity
[14].
Methanolic and chloroform root extracts
of R. stricta plant have antimicrobial and
antifungal activity against E. coli, Bacillus
subtilis, Staphylococcus aureus,
and
Candida albicans [18] and also R. stricta
aqueous extract has shown antimicrobial
activity against S. aureus [1].
Silver nanoparticles synthesized using
R. stricta root extract in combination
with xylitol have shown potential
antimicrobial activity because they are
single, dispersed, stable, and less
aggregated. Antibacterial activity of R.
stricta root extract is increased when
combined with AgNP synthesis. Thus,
synthesized
AgNPs
enhance
the
therapeutic effect, enhance R. stricta drug
levels, and provide a strong source of an
antimicrobial agent against grampositive and gram-negative organisms
[14].

Tetrahydrosecamine isolated from R.
stricta has shown broad-spectrum
antimicrobial activity and has been
shown to be more active against E. coli
and Pseudomonas aeruginosa. Raw
ethanolic extract of R. stricta fruit has
antibacterial,
lipoxygenase
and
acetylcholinesterase activity. Chloroform
and methanol extracts of R. stricta roots
have shown antimicrobial and antifungal
activity against B. subtilis, P. aeruginosa,
E. coli, S. aureus, Aspergillus terreus,
Aspergillus flavus and C. albicans.
Aqueous extract of R. stricta leaves has
genotoxic effects that have been shown
by cytogenetic and molecular evaluation
against fungal cells [1].
For thousands of years, humans have
used natural ingredients as one of the
most important sources for treating
diseases. Plants have always played an
important role in the treatment and
health of human societies. Due to the fact
that long-term use of antibiotics has led
to the emergence of resistant bacteria
and has caused significant clinical
problems in the treatment of infectious
diseases, the aim of this study was
therefore to investigate the antimicrobial
activity of various extracts of the
medicinal plant R. stricta.
2. Materials and methods
2.1. Herbal materials
Rhazya stricta was collected from
Saravan (Coordinates: 27 ° 22′15 ″ N 62 °
20′03 ″ E) and their species were
identified by plant systematic specialist
in the botanical laboratory of University
of Zabol (Fig. 1).
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Figure 1. Appearance characteristics of leaves (A, B), Stem (B), and flowers (A, C) of
Rhazya stricta plant (photo by Azar Davari)
2.2. Extract preparation method
The amount of 40 g of plant leaves,
dried in the shade and in the vicinity of
air, was milled (IKA company model A11
basic in Germany) and then it was used
in 400 mL of different solvents (distilled
water, 96% ethanol, hydroalcohol (70%
alcohol and 30% water), Methanol, ethyl
acetate). After that, they were shacked
for 48 h at room temperature on a shaker
(UniEquip SKIR-601 L Germany). After
the desired time, the extracts were
filtered, then the solvent was evaporated
at a temperature of less than 40 ° C by a
rotary device (Pars Azma Company,
model RO02, Iran). The obtained extracts
were weighed and then 100 mg of the
extract powder was dissolved in 1 cc of
DMSO solvent. The extracts were
refrigerated at 4 °C until used in
antimicrobial experiments [19].
2.3. Isolation of Staphylococcus aureus
from the human nose
Most carriers of Staphylococcus aureus
carry the bacterium in their airways and
noses. For this reason, samples of nasal
swabs were taken from 200 healthy
people in Sistan region. Then, using
biochemical methods, 10 strains of S.
aureus were isolated from the samples
and cultured on blood agar and nutrient
agar media. The purity of the isolated

bacteria was confirmed by mannitol,
catalase and hot staining tests [20].
2.4.
Preparation
suspension

of

microbial

Microbial suspension was prepared
from all strains in Müller-Hinton broth
culture medium by inoculating a 24-hour
fresh culture for each series of
experiments. To do this, one loop of each
microbe was inoculated in 5 cc solution
of the above culture medium for 24
hours. The incubator was exposed to 37
°C. The microbial suspension was
compared and adjusted with McFarland
0.5 solution by adding 0.9% normal
saline, then this microbial suspension
was used for inoculation in MüllerHinton agar medium [21].
2.5. Well diffusion testing
To perform the well diffusion test, a
24-hour culture was first prepared from
the tested bacteria, which contained
approximately 106 bacteria per milliliter.
They were then inoculated on Müller
Hinton agar using sterile swabs. Sterile
wells with a diameter of 5 mm were then
created on Müller Hinton agar medium.
These wells were inoculated with 50 μL
of ash extract (Rhazya stricta). Each well
contained 5 mg of the studied
compounds. Petridishes were incubated
at 37±2 °C for 48 h. After the incubation
period, the diameter of the growth
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inhibition zone formed around the tested
wells was examined under light using a
caliper measuring ruler. The millimeter
face was reported for statistical work.

nutrient agar medium (manufactured by
Merk-Germany) at the end of 24 hours of
incubation, and plates were examined for
bacterial growth for 24 hours. The lowest
concentration of essential oil in which
99.9% of bacteria did not grow was
considered as MBC [22, 23]. All
antimicrobial tests were repeated 3
times.
2.7. Data analysis
Statistix 10 software was used for
statistical calculations. Mean comparison
was performed using the least significant
difference (LSD) at the level of one
percent and Excel software was also used
to draw the shapes.

2.6. Determination of the MIC and MBC
of the extract on Staphylococcus
aureus
To determine the minimum inhibitory
concentration (MIC) of plant extract used
by eye method, the first 100 microliters
of Mueller Hinton Broth (made by MerkGermany) was added to each well of the
titer plate [22, 23]. Then in the first well,
100 μL of dilution of 20 mg/mL of
essential oil was added and after mixing,
100 μL of the first well was removed and
added to the second well. Similarly, the
construction of double dilutions in other
wells continued. It should be noted that
in this case, the first well contains 20 mg
per microliter of essential oil, and thus in
subsequent wells, this amount is reduced
to half of the previous well. Finally, 10 μL
of each bacterial suspension (cfu = 108 1
1.5 per mL, half McFarland) was added to
the wells. DMSO was added to the
negative control well (without essential
oil) and then the microtiter plate was
incubated for 37 hours at 37 °C.
The
minimum
inhibitory
concentration (MIC) was defined as the
lowest concentration required for
stopping the growth of bacteria at the
end of 24 hours of incubation. To
determine the minimum bactericidal
concentration (MBC), 10 microliters of
the wells were secondary cultured on a

3. Results
3.1. Diameter of inhibition zone of
Rhazya stricta plant extracts on
Staphylococcus aureus
The diameter of the inhibitory zone of
plant extracts against Staphylococcus
aureus at a dilution of 100 ppm was
investigated and it was found that
different extracts had different effects on
inhibiting the growth of S. aureus (p
<0.01) (Fig. 2; Table 1). LSD test showed
that ethanolic extract of R. stricta had the
greatest effect (mean 8.3 mm) on
inhibiting the growth of 6 strains of S.
aureus. Then aqueous and hydroalcoholic
extracts with an average of 7 mm were in
the next ranks. The least effect on the
inhibition of S. aureus was the ethyl
acetate extract of R. stricta (Fig. 3).
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Figure 2. Inhibitory zone diameter results of 100 ppm concentration of Eshvarak
extracts of methanol (A), ethyl acetate (B), hydro-alcohol (C), ethanol (D), and water (E).
Table 1. Analysis of variance of inhibitory zone diameter of plant extract against
Staphylococcus aureus at dilution of 100 ppm.
Source

DF

Plant
extracts

4

Error

10

Total

14

1
18.9
**
0.25

MS (Staphylococcus aureus strain)
2
3
4
5
6
7
8
9
10
44.1* 9.6* 71.4* 24.9* 51.6* 34.5* 8.1* 18.9* 60*
*
*
*
*
*
*
*
*
*
0.2
0.2
0.2
0.25
0.25 0.25 0.25 0.25
0.25
5
5
5

Figure 3. Inhibitory zone diameter of Rhazya stricta extract against Staphylococcus
aureus at 100 ppm dilution. Similar letters indicate no significant difference
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3.2.
Minimum
inhibitory
concentration (MIC) and minimum
bactericidal concentration (MBC) of
plant extracts on Staphylococcus
aureus

The lowest MIC of R. stricta ethyl
acetate extract against S. aureus samples
was 25 ppm, while the highest MIC was
50 ppm. The lowest MBC was 50 ppm
while the highest MBC was 100 ppm
(Table 2).
The lowest MIC of R. stricta
hydroalcoholic extract against S. aureus
samples was 12.5 ppm, while the highest
MIC was 25 ppm. The lowest MBC was 25
ppm while the highest MBC was 50 ppm
(Table 2).
The lowest MIC of R. stricta
methanolic extract against S. aureus
samples was 12.5 ppm, while the highest
MIC was 25 ppm. The lowest MBC was 25
ppm while the highest MBC was 50 ppm
(Table 2).

The lowest MIC of aqueous extract of
Rhazya stricta against samples of
Staphylococcus aureus was 3.1 ppm,
which inhibited only one strain. While
the maximum MIC was 25 ppm. The
lowest MBC was equal to 6.2 ppm while
the highest MBC was equal to 50 ppm
(Table 2).
The lowest MIC of R. stricta ethanolic
extract against S. aureus samples was 3.1
ppm, in which four strains were
inhibited. While the highest MIC was
equal to 12.5 ppm. The lowest MBC was
equal to 6.2 ppm while the highest MBC
was equal to 25 ppm (Table 2).

Table 2. MIC and MBC of Rhazya stricta extract prepared from different solvents against
Staphylococcus aureus
Staphylococcus
aureus strain aqueous
1
2
3
4
5
6
7
8
9
10

12.5-25
25-50
25-50
12.5-25
25-50
25-50
25-50
6.25-12.5
25-50
3.1-6.2

MIC-MBC of Extracts
Ethanolic

Ethyl acetate

12.5-25
12.5-25
3.1-6.2
3.1-6.2
3.1-6.2
3.1-6.2
12.5-25
12.5-25
25-50
25-50

25-50
25-50
50-100
50-100
25-50
50-100
50-100
25-50
50-100
50-100

4. Discussion
Rhazya stricta ethanolic extract had
the greatest effect (average 8.3 mm) on
inhibiting the growth of 6 strains of
Staphylococcus aureus. Then aqueous and
hydroalcoholic extracts with an average
of 7 mm were in the next ranks. The
lowest effect on the inhibition of S. aureus
was the extract of ash ethyl acetate. The
lowest MIC of R. stricta ethanolic extract
against S. aureus samples was 3.1 ppm,

HydroAlchoholic
12.5-25
25-50
25-50
25-50
25-50
25-50
25-50
12.5-25
12.5-25
12.5-25

Methanolic
12.5-25
25-50
25-50
25-50
25-50
25-50
25-50
25-50
12.5-25
12.5-25

which four strains were inhibited. While
the highest MIC was equal to 12.5 ppm.
The lowest MBC was equal to 6.2 ppm
while the highest MBC was equal to 25
ppm.
The antibacterial effect of Vaccinium
corymbosum leaf extract on the standard
strain of Salmonella typhimurium was
investigated and they indicated that the
diameter of the growth zone was 23 mm
for a concentration of 10 mg per disk
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[24]. Also, the antimicrobial properties of
V. oxycoccos were investigated by well
diffusion method against gram-negative
bacteria such as S. typhimurium and it
was concluded that the diameter of the
growth inhibition zone from the
concentration of 1 mg/mL of ethanolic
extract was between 13 and 20 mm [25].
In the present study, the diameter of the
growth inhibition zone obtained from the
ethanolic extract of R. stricta against S.
aureus was between 6 and 12 mm, which
is weaker than V. oxycoccos. However, the
diameter of the growth inhibition zone
depends on the type of bacteria and even
the method of use [19]. The MIC value for
blueberry extract (V. corymbosum)
against Salmonella enteritidis strains has
been reported to be between 450 and
1200 mg/mL [26]. In the present study,
this value was equal to 3.1 ppm against
Staphylococcus aureus.
The antibacterial properties of
methanolic and ethyl acetate extracts of 8
species of seaweed were investigated and
it was concluded that methanolic extract
was more effective than ethyl acetate
[27]. The antimicrobial properties of
ethanol, methanol and chloroform
extracts were investigated and it was
concluded that methanolic extract shows
the best results for both gram-positive
and gram-negative bacteria [28]. Other
studies have reported that methanolic
extract has the highest antimicrobial
properties [19, 29]. The antimicrobial
properties of methanol, ethyl acetate,
acetone and hexane algae extracts were
investigated and it was concluded that
the Estonian extract had a greater
antibacterial effect than other extracts
[27]. In the present study, ethanolic
extract had the greatest effect, indicating
the
dependence
of
antimicrobial
properties on the type of solvent and
plant species and even the type of
microbe under study.
Methanolic extract of red alga
(Gracillaria folifera) had no inhibitory

effect on E. coli growth [30]. In another
study, the ethyl acetate extract of the alga
(G. folifera) on E. coli showed a relatively
good inhibitory effect at different
concentrations. The reason for the
difference in the results was the algae
species, the extraction method and the
seasons of the harvest year [31]. In the
present study, it was found that different
solvents have different effects on
antibacterial properties
Ethyl acetate extract of red algae
(Gelidiella acerosa) had no effect on the
growth of S. aureus [32]. The highest
antibacterial power of methanolic
extracts of red algae (Gelidiella
attenatum, Gelidiella spinullosum and
Hypneme muciformis) was against S.
aureus [33] while in another study no
inhibitory activity was observed on S.
aureus bacterium in this regard, bacterial
resistance and the metabolic activity of
algae and algal species can be considered
effective. Variation in antibacterial
activity was also attributed to the
extraction, solvent, and season in which
the samples were collected [32]. In the
present study, R. stricta ethyl acetate
extract had the least effect on inhibiting
the growth of S. aureus, which was
similar to the presented research.
Proanthocyanidin in V. vitisidaea and
V. macrocarpon have been reported to be
a potent inhibitor against bacteria [34]. V.
angustifolium contains compounds such
as
monomeric
phenols,
proanthocyanidins and anthocyanins,
which have been effective against some
pathogenic
bacteria,
including
S.
typhimurium [35]. V. corymbosum
contains phenolic compounds such as
chlorogenic acid, allic acid, quercetin and
quercetin-3 galactoside, which have been
reported to be the main growth
inhibitors of Salmonella enteritidis [26].
Ethyl acetate solvent has been shown to
be effective against S. arueus due to the
extraction of active compounds including
hydroxyl fatty acids, glycolipids, steroids,
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phenolics and terpenoids from the green
alga
Entermorpha
prolifera
[36].
However, some of the active compounds
extracted
(including
nitrogenous
compounds) in algae by ethyl acetate
solvent had little inhibitory activity on
some pathogens [37]. In the present
study, some solvents have more
antibacterial properties, which indicate
the ability of different solvents to extract
active substances, so it is suggested to
study plant extracts using different
solvents to determine the most effective
solvent and the most effective active
substance.
Plant growth and yield in ecosystems
are affected by various factors such as
species type, region climate, soil
environment, altitude and geographical
location. Each of these factors can have a
significant impact on the quantity and
quality of plant products [38, 39]. The
diverse climatic conditions of Iran have
created suitable environments for the
growth of 75,000 to 80,000 highly
distributed medicinal plants [40]. In
other words, these climatic differences
have led to the creation of various
ecotypes of different species of medicinal
plants [13]. These plants are reservoirs
rich in secondary metabolites and
primary active ingredients. It has been
found that most of the plant essential oils
extracted from plants have insecticidal,
antifungal, antiparasitic, antibacterial,
antiviral, antioxidant and cytotoxic
properties [41]. This antioxidant activity
of medicinal plants depends on the total
amount of their phenolic and flavonoid
compounds [42]. Determining the
amount of effective compounds and
antioxidant value in medicinal plants is of
great importance due to their wide
application in various industries such as
food,
pharmaceutical,
cosmetic,
industrial, etc. [43].
The relative superiority of the use of
medicinal plants, herbal medicines and
chemical drugs based on economic and

therapeutic criteria was examined and it
was concluded that medicinal plants
were preferred in terms of cheapness,
but their availability to the public was
much lower than that of chemical drugs.
Also, the side effects of chemical drugs
are much higher than those of herbs and
herbal medicines. On the other hand, the
shelf life of medicinal plants has a lower
relative weight compared with chemical
drugs. Finally, it has been suggested that
it seems necessary to encourage the
general public, knowing the economic
and therapeutic benefits of the use of
medicinal plants, in order to promote and
develop the culture of consumption of
this group of useful drugs [44].
5. Conclusion
Due to the very good values of MIC
and the diameter of the growth inhibition
zone obtained in the present study and
other reported cases, it should be noted
that oral consumption of Rhazya stricta
will expose high doses of active
ingredients in the gastrointestinal tract
to Staphylococcus aureus. By preventing
the growth and multiplication of this
bacterium, it will prevent the onset of
various infections in the human body.
Therefore, evaluation and confirmation
of anti-Staphylococcus aureus properties
will be useful even in high doses. It is
possible that some of the differences in
the results of this study may be due to
differences in the type of plant species,
the method of extraction or the type of
solvent used, when compared with other
studies. However, the results of this
study are consistent with those of other
researchers
in
confirming
the
antimicrobial activity of R. stricta.
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