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Bacterial resistance to antibiotics has led scientists to search into nature for novel
therapeutic molecules with less or no side effects. This study aims to determine the
antibacterial activity of methanol extract of the leaves and stems of two plants species
widely used in traditional medicine in the Mediterranean basin; Rosmarinus officinalis
and Nerium oleander. The antibacterial activity was evaluated through determining the
minimum inhibitory concentration (MIC) by the agar dilution method on four microbial
strains; Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus
cereus. Results showed that extracts of the different parts of both species revealed
inhibitory activity against all the tested strains with lower MICs exhibited by R. officinalis.
P, aeruginosa was shown to be the most sensitive bacteria to N. oleander extracts and
S. aureus the most resistant to them. However, E. coli was relatively the most resistant
bacteria to R. officinalis extracts whereas B. cereus was the most sensitive to them. It should
be noted that Gram-positive bacteria were the most sensitive to R. officinalis extracts while
Gram-negative bacteria were more sensitive to N. oleander extracts. Taking all together,
both plant species proved to be effective antibacterial agents and consequently, they may
constitute a potential natural resource for new substances with antibacterial activity as
alternative of the usual drugs to avoid microbial resistance.
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Introduction

The use of natural products in nutrition and
medicine has a long history since ancient times.
Medicinal plants represent an indispensable source
of’both preventive and curative traditional medicine
preparations especially for poor populations (Jamal,
et al. 2012). They have been used for years in daily
life to treat diseases all over the world since they
produce a diverse range of bioactive molecules and
medicinal compounds (Hosseinzadeh, et al. 2015).

Nowadays, immense clinical problems have
been raised in the treatment of infectious diseases.
Infectious bacterial diseases are becoming serious
threat mainly in developing countries where
peoples are not aware of their primary healthcare
(Ait Abderrahim, et al. 2017). This could be
attributed mainly to the lack of appropriate
treatment, the ignorance and indiscriminate use of
antibiotics from a part (Jamal, etal. 2012), and to the
development of bacterial resistance toward many
commercial antibiotics as a common phenomenon
from another part (Zhang, et al. 2015).

Algeria possesses rich and diversified flora of
medicinal plants which are able to grow and develop
in degraded environments where they constitute
veritable nutritional and/or drug resources for the
local populations. Nevertheless, the biological
knowledge on native species in the arid regions
constitutes a limit and a big handicap for the use
and the valorisation of such plant genetic resources.

In this regard, species from the Lamiaceae
family, such as rosemary Rosmarinus officinalis L.,
have been regarded with special interest because of
their bioactive properties. This species originating
from the Mediterranean region is a perennial
aromatic plant forming a stiff shrub, much branched
and densely bushy, with a characteristic aromatic
smell (Pintore, 2002; Khorshid, 2009). It is used
as a fragrance plant as well as herbal remedy with
medical benefits as a tonic for the nerves, digester,
anti-rheumatic, for wounds healing and a tonic
for the circulation and the heart, treatment of
migraines and as antiseptic and antimycotic agent
(Antoine, 1999; Mark, 2003). Rosemary contains
phytochemicals, including rosmarinic acid,
camphor, caffeic acid, ursolic acid, betulinic acid
and the antioxidants carnosic acid and carnosol
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(Mena, et al. 2016).

As well, oleander Nerium oleander Linn.
belonging to the family Apocynaceae is also
considered as a valuable species. It is a large
glabrous evergreen shrub with milky latex widely
distributed in temperate regions throughout the
world. This species which is known to contain
active cardiac glycosides has many therapeutic
uses in different traditional medicine of the world.
In ethnobotanical literature it is mentioned to be
effective in the treatment of cardiac illnesses
asthma, corns, prostate/breast cancer, epilepsy and
also used as diuretic, anti-inflammatory agent, anti-
parasitic and for neurological disorders (Siddiqui,
et al. 1997; Al-Yahya, et al. 2000). Oleander is
one of the most poisonous plants and contains
numerous toxic compounds mainly oleandrin and
neriine, which are cardiac glycosides. It is thought
that Oleander may contain many other unknown
compounds that may have dangerous effects (Yu,
et al. 2007).

In general, the various parts of R. officinalis
and N. oleander are reputed as therapeutic agents
and have been used in traditional medicine since
they possess valuable phytochemical compounds.
Even though, both species hold several medicinal
properties but they remain neglected.

In order to promote the use of such mistreated
plants, this study aims to demonstrate the
antibacterial activity of R. officinalis and N.
oleander leaves and stems methanol extracts
on some pathogenic bacterial species known to
develop antibiotic resistance as well as resistant
biofilms.

Material and methods

Plant material and extract preparation

The leaves and stems of R. officinalis and N.
oleander were harvested in spring 2017 from the
region of Tiaret; a steppic upland area in the Tell
Atlas located about 160 kilometers inland from
the Mediterranean seacoast of Algeria. Leaves
and stems of each species were separated then
kept for shade drying at room temperature. The
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methanol extracts were prepared as described by Ait
Abderrahim, et al. (2017). The dried samples were
ground to fine powder using an electrical grinding
machine. A 10 g of powder was macerated in 100 mL
methanol in dark at room temperature for 48 h. The
extract was filtered, and evaporated to dryness and
kept in a dark bottle at 4 °C.

Extraction yield expressed as mass of extract/
mass of dry matter was also determined and used as
an indicator of the effects of the extraction conditions.

Microbial strains and inoculums preparation

Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 27853), Staphylococcus aureus
(ATCC 33862) and Bacillus cereus (isolate) tested
in this study were kindly provided by the University
Hospital Center (CHU) Mustapha Pacha, Algiers
(Algeria). These microbial species are chosen since
they are involved in many common infectious
diseases. In addition, they are known to develop
multidrug resistance. Prior to the experiment, the
tested bacterial species were inoculated into nutrient
agar media. The inoculum suspensions were prepared
in sterile saline (0.85 % NaCl) from 24-hour-old
cultures and the density was adjusted to the McFarland
0.5 turbidity standard (108 CFU/mL).

Antibacterial activity

The antibacterial activity was tested by the agar
dilution method against the selected pathogenic
microbial species (Ait Abderrahim, et al. 2017).
Briefly, concentrations of the methanol extracts of
leaves and stems of R. officinalis and N. oleander were
incorporated separately into Mueller-Hinton agar
media. The final volume of the mixture ‘methanol
extract-media’ in each plate was 10 mL. The plates
were inoculated and incubated at 37 °C for 24 h.
The minimal inhibitory concentration (MIC) was
established by determining the lowest concentration
of the assayed antimicrobial agents that inhibits the
visible growth of the species being investigated.
Plates containing the media inoculated with each
of the tested species were also prepared to serve as
control for the viability of the tested microorganisms.
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Results
The dilution methods are the most appropriate
ones to estimate the minimal inhibitory

concentration (MIC) of the tested extracts for
this study. Nevertheless, the agar dilution method
appears more suitable than the broth dilution
method since the plant extract masks the detection
of bacterial growth in the liquid medium (Balouiri,
et al. 2016).

Extraction yields of methanol extracts were
higher in leaves of both species in comparison to
stems. In addition, leaves of N. oleander yielded
higher than those of R. officinalis while the opposite
is observed regarding stems. Extraction yields
ranged from 7 % for stems to 17 % for leaves of
N. oleander and from 10 % for stems to 16 % for
leaves of R. officinalis (Fig. 1).
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Figure 1. Extraction yields of leaves and stems
methanol extracts of N. oleander and R. officinalis.

It is clearly noted that the methanol extracts of
N. oleander and R. officinalis possesses significant
antibacterial activity againstall the tested Gram-positive
and Gram-negative bacterial species. Nevertheless, the
antibacterial effect was more evident and with lower
MIC for R. officinalis extracts regarding all the tested
strains.

Results demonstrated that the antibacterial activity
of leaves extract was higher than that of stems extract
in R. officinalis. In addition, the Gram-positive bacteria
S. aureus and B. cereus were proven to be the most
sensitive species to the leaves (with MIC values of
0.4 and 0.01 mg/ ml respectively) and stems extract
(with MIC values of 0.6 and 0.3 mg/ ml respectively).
However, the Gram-negative bacteria P. aeruginosa and
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E. coli demonstrated higher MIC values of the stems
extract (0.6 and 1 mg/ml respectively) and of leaves
extract (0.6 and 1.1 mg/ml respectively) (Fig. 2).
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Figure 2. Minimal inhibitory concentration
(MIC) of R. officinalis leaves and stems methanolic
extracts on the tested microorganisms.

At the opposite, the Gram-negative bacteria
were more sensitive than Gram-positive bacteria
to leaves and stems extracts of N. oleander. P.
aeruginosa was the most sensitive bacteria and
was inhibited under MIC values of 0.6 and 0.8 mg/
ml respectively for leaves and stems. However,
E. coli and B. cereus were inhibited under 1 mg/
ml of leaves extract and under 1.1 and 2 mg/ml of
stems extract respectively. S. aureus was the most
resistant bacteria and was inhibited under MIC
values of 14 and 10 mg/ml of leaves and stems
extracts respectively (Fig. 3).
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Figure 3. Minimal inhibitory concentration
(MIC) of N. oleander leaves and stems methanol
extracts on the tested microorganisms.

Discussion
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Plants have been used since a long time for
the treatment of several ailments and nowadays
constitute a base of several drug compounds. This
study is a contribution to the knowledge on plant
genetic resources and medicinal plants along with
their biological properties. It was conducted to
investigate the antibacterial activity of methanol
extracts of leaves and stems of two medicinal plants
R. officinalis and N. oleander against selected
pathogenic bacterial species.

In this work, extraction was performed using
methanol as solvent. In fact, bioactive compounds
usually occur in low concentration in plants and
the extraction technique is very important to
obtain extracts with high yield and with minimal
changes to the functional properties of the isolated
phytochemicals from plant materials (Quispe
Candori, et al. 2008).

Extraction yields ranged from 7 % to 17 % for
both species noting that the yield of leaves extracts
of both species was higher than that of the stems.
Actually, the main parameters affecting the yield of
extract are the method of extraction, the nature of
the tissue, the concentration of the phytochemicals,
the particle size and the interfering substances (Do,
et al. 2014). Several studies showed that methanol
and ethanol are effective solvents for extraction.
Alcoholic solvents can increase the permeability
of cell walls by facilitating the extraction of
numerous polar molecules as well as molecules
of medium and low polarity (Franco, et al. 2008).
Since almost all identified compounds from plants
that are active against microorganisms are aromatic
compounds or saturated organic compounds, they
are most often obtained by ethanolic or methanolic
extraction (Naili, et al. 2010).

Regarding the antibacterial activity, the results
obtained demonstrate a difference in bacterial
sensitivity to the plant extracts. This difference
may lie in the permeability, composition and
charge of the external structures of microorganisms
(Bhuvaneshwari, 2007). It may also be due to
variation in the rate of penetration of extracts
across the cell wall and cell membrane structures
(Alnamer, et al. 2013).

Studies demonstrated the presence of
polyphenols, particularly flavonoids, phenolic
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acids and phenolic terpenes in R. officinalis
(Ibafiez, et al. 2003). The mechanism of action
of polyphenols on bacteria is very complex, they
are thought to act either on nucleic acids, on cell
envelopes, by substrate sequestration required
for microbial growth or chelation of metals, by
inhibiting microbial metabolism and/or non-
specific interactions such as the establishment of
hydrogen bridges with cell wall proteins or enzymes
(Rsaissi, et al. 2013). Several studies have shown
the antibacterial activity of R. officinalis essential
oilagainst E. coli, B. cereus and S. aureus attributing
its inhibitory effects to the action of rosmarinic
acid, rosmaridiphenol, carnosol, epirosmanol,
carnosic acid, rosmanol and isorosmanol (Burt,
2004). Studies of Tirumalasetty, et al. (2014)
reported that the antimicrobial activity of rosemary
is highly attributed to carnosol and carnosic acid
(phenol diterpenes). Vegara, et al. (2011) also
reported that the effectiveness of carnosic acid
against pathogenic bacteria is superior to that of
any other major extract component, including
rosmarinic acid. However, Moreno, et al. (2006)
and Ivanovic, et al. (2012) demonstrated that the
effectiveness of rosemary is related to a possible
synergy between the rosmarinic phenolic acid and
the carnosic acid diterpene.

Regarding N. oleander, studies have shown that
this plant contains numerous toxic compounds that
are present in all parts of the plant; mainly oleandrin
and nerine that are cardiac glycosides (Zibbu and
Batra, 2010) as well cardenolides compounds
that inhibit cellular membranes (Aslani, et al.
2004; Soto-Blanco, et al. 2006). A large amount
of polyphenols is also present in the leaves of V.
oleander. Cinnamic acid is the main component,
the other components are epicatechin, catechin
and chlorogenic acid (Sinha and Biswas, 2016).
In addition to these compounds, the presence of
tannins, alkaloids, saponins and terpenes which
are known for their antioxidant and antimicrobial
activity have been reported (Mohadjrani, 2012).
Our results are in accordance with those of Hussain
and Gorsi, (2004) that reported the antimicrobial
activity of leaves and roots of N. oleander against
S. aureus, E. coli and other strains belonging to
the genus Bacillus namely Bacillus pumilus and

50

B. subtilis. As well, our results are also consistent
with those of El sawi, et al. (2010) and Tannu, et al.
(2011) that demonstrated the antibacterial activity
of the crude extract of N. oleander on S. aureus,
E. coli, B. cereus and P. aeruginosa among others
as well the antimicrobial activity of N. oleander
stem extract on all the bacterial strains used in this
study. Mohadjrani, (2012) also demonstrated the
antibacterial activity of N. oleander extracts on
S. aureus and P. aeruginosa. They also found that
methanol is the most effective solvent in extracting
the phenolic content of N. oleander.

Conclusion

Plant based antimicrobials represents a vast
unexploited source for medicine. Their rare
side effects compared to synthetic drugs confer
them an enormous therapeutic potential. This
study demonstrated the antibacterial activity
of methanol extract of two medicinal plants
species widely distributed in the steppe regions
of the Mediterranean basin and commonly used
in Algerian traditional medicine by the local
population; Rosmarinus officinalis and Nerium
oleander:

Leaves and stems extracts of both species
revealed antibacterial activity against all the tested
strains with lower MICs exhibited by R. officinalis.
Furthermore, P. aeruginosa was shown to be the
most sensitive bacteria to N. oleander extracts
and B. cereus the most sensitive to R. officinalis
extracts. However, E. coli was relatively the most
resistant bacteria to R. officinalis extracts whereas
S. aureus was the most resistant to N. oleander
extracts. It should be noted also that Gram-positive
bacteria were the most sensitive to R. officinalis
extracts while Gram-negative bacteria were more
sensitive to N. oleander extracts.

To conclude, both species proved to be
effective antibacterial agents that is cost reduced,
more accessible than the usual drugs and able to
avoid microbial resistance. Advanced studies
are recommended to determine the bioactive
compounds of both medicinal plants species in
order to obtain drug molecules with enriched
properties.
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