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Introduction

HE MEDICINAL plants have vital sources of natural antimicrobial substances for

human health avoiding side effects precipitated by using synthetic chemical. The
decreasing effectiveness of traditional antibiotics towards multi drug resistant microorganism
is a global public health. It was found that the mixtures between different plant extract and
commercial antibiotics increased the effectiveness of antibiotics multi drug resistant bacteria.
The combinations between different plant extract and commercial antibiotics increased the
effectiveness of antibiotics against multi drug resistant strains. Extracts of Moringa oleifera
leaves showed remarkable antimicrobial activity against the growth of the gram positive and
negative bacteria drug resistant clinical strains (Escherichia coli ATCC 10536, Pseudomonas
aeruginosa ATCC 9027, Staphylococcus aureus ATCC 29737 and Staph epidermidis ATCC
12228, Bacillus pumilis ATCC 14884, Micrococcus luteus ATCC 10240, Bordetella sp, Bacillus
subtilis and Klebsiella sp . Antimicrobial activity of methanol extract of Moringa oleifera
leaves (MML) using well diffusion method was higher (30mm inhibition zone) than ethanolic
and aqueous extract. The minimum inhibition concentration (MIC) of the selected pathogenic
bacteria ranged between 23 -800 ng/ml. The interactions between different extract of Moringa
oleifera leaves and different antibiotic groups of Ampicillin (Am10), Amoxicillin (AMC30),
Amikacin (AK30) , Gentamycin (CN10), Tetracycline (TE30), Erythromycin (E15), Bacitracin
(B10) were conducted using agar diffusion method against the selected pathogenic bacteria.
Methanol extract of Moringa oleifera leaves could be used as a source for resistance-modifying
agents against infectious multi-drug resistant bacteria.

Keywords: Antibiotics, Antibacterial assay, Moringa oleifera, Synergistic effect.

All parts of Moringa tree are useful (leaves,

flower and pods, many studies from around the

Moringa oleifera generally referred to as moringa
is viewed as one of the most famous and valuable
trees in the world. It has many different names over
all the world (Thilza et al., 2010). Moringaceac is
a fast-growing, drought -resistant flowering plant
family which is treasured by Ancient Egyptians,
the Greeks and the Romans for its nutritional and
medicinal aspects. It is found mostly in semi-
arid, tropical, and subtropical areas in the Horn
of Africa, Madagascar, Southwestern Africa and
tropical Asia to westward in Egypt and grows in
almost all the phytogeographical regions (Mridha,
2015).

world published that Moringa are often used for
medicinal purposes as well as for human nutrition.
Moringarichinantioxidants and other nutrients such
as vitamins, minerals and amino acids, carotenoids,
polyphenols, phenolic acids, flavonoids, alkaloids,
glucosinolates, isothiocyanates, tannins and
saponins (Leone et al., 2015). The leaves have
been used to combat malnutrition, mostly among
pregnant woman, nursing moms and kiddies
(Anwar et al., 2007). They are great variants
amongst the nutritional values of Moringa which
depends on elements such as genetic background,
environment and cultivation method (Moyo
et al., 2011). Plant extracts assigned with their

“Corresponding author email: hala.elsagher@women.asu.edu.eg

Received 13/6/2020; Accepted 31/8/ 2020
DOI: 10.21608/ejm.2020.32559.1162

©2020 National Information and Documentation Center (NIDOC)



46 HALA ABD ELMONEM AHMED et al.

antimicrobial properties due to compounds
synthesized in the secondary metabolism of the
plant this explains the reason for its vast use in
the treatment of human diseases (Anwar et al.,
2007). The screening of plant extracts and plant
products for antimicrobial activity has shown
that plants represent a potential source of novel
antibiotic protypes (Afolayan, 2003; Martin et
al., 2013).

Infectious diseases are the leading cause of
death worldwide. Excessive and irrational use
of antibiotics is the first cause of distribution of
multidrug resistant microbes over the world, this
issue is continuously increasing atan alarming rate
especially in developing countries where there are
increases in the indiscriminate use of wide broad
spectrum antibiotic as a result of self-medication,
immunosuppressive agent and outbreak of
epidemics. Therefore, there are decrease in the
effectiveness of many typical antibiotics (Alo
et al.,, 2012). Hence it is necessary to search
for new infection controlling strategies to fight
microbial infection. Several food and medicinal
plants were documented as potential candidate
to fight multidrug resistant microbes (MDR)
(Fankam et al., 2011). The beneficial effects of
medicinal plants for humanity as it is containing
a great number of bioactive compounds as they
are the cheapest and safer alternative sources of
antimicrobials (Martin et al., 2013).

Recent studies demonstrated that Moringa
oleifera leave extracts contain a group of
chemical compounds which are known for its
antibacterial activity against new multidrug
resistant strains (Idris & Abubakar, 2016).
Furthermore, others investigated the synergistic
action of the combination between Moringa
oleifera leave extracts and known antibiotics
against some clinical pathogen as it improve
these antimicrobial effectiveness (Dzotam et al.,
2016).

The emergence and spread of MDR
microorganisms become a serious  problem
threat now-a-days to public health so this study
aimed to examined the synergistic activities of
Moringa oleifera leave extracts alone and in
combination with some antibiotics against some
clinical pathogen thus providing a new natural,
safer, and cheaper therapeutic alternative to
antibiotics (Bina et al., 2010).
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Materials and Method

Collection of samples

Moringa oleifera leaves was purchased from
the Botanical garden at Department of Botany,
Faculty of Women for Arts, Science and Education,
Ain Shams University ,Cairo Egypt. The collected
fresh plant leaves were cleaned, washed, shade
dried, and homogenized to a fine powder and
stored in an airtight bottle.

Extraction

Three solvents (hot and cold aqueous, ethanol
and methanol) were used in the extraction of the
antimicrobial component of the leaves powder.
One hundred grams of ground leaves were
extracted separately in 100ml conical flasks with
50mL of each of aqueous, ethanol and methanol.
The flasks containing plant leaves powder and
solvent were shaken at 120rpm for one hour then
filtered off using sterile filter paper (Whitman no.
1) into a clean conical flask. The different extracts
concentrated at 45°C using rotary evaporator,
then filtered again using syringe filter 0.22pm to
obtain the sterile extract then left until completely
evaporation. The concentrated extracts were kept
in sterile glass bottle at -20°C then dissolved in
Dimethyl Sulphoxide (DMSO, 10%w/v) prior to
use (Onyekaba et al., 2013).

Phytochemical analysis

The phytochemical screening was qualitative
analyzed to determine the secondary metabolites
present in each extract. Each extract was, to begin
with, checked by Thin Layer Chromatography
(TLC) on analytical plates over silica gel (TLC-
grade; Merck India) according to the method
described by Talukdar et al. (2010).

Microbial strains

Nine tested strains of pure bacteria overnight-
grown culture of bacteria was used for the
evaluation of the antimicrobial potential of the
leaves extracts including both Gram-positive
and Gram -negative strains. Escherichia
Coli ATCC10536, Pseudomonas aeruginosa
ATCC9027, Staphylococcus aureus ATCC 29737,
Staph Epidermidis ATCC 12228, Bacillus Pumilis
ATCC 14884 ,Micrococcus Luteus ATCC 10240
were obtained from were obtained from American
Type Culture Collection(ATCC,US) , while the
other strains, Bordetella sp, Bacillus Subtilis and
klebsiella sp were kindly provided from Microbial
Lab of Microbiology Department of Botany
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department, Faculty of Women for Arts, Science
and Education, Ain Shams University.

Assessment of the antibacterial activity of different
plant extracts

The antimicrobial activity of different
Moringa oleifera leaf extracts was evaluated
using well-diffusion method. Nutrient agar plates
were inoculated with different strains of bacteria
separately using 0.2 ml of inoculum containing
10 test organisms was inoculated on the plates of
solidified agar and spread uniformly (Meenal et al.,
2010). A lawn of the test organism was made on
nutrient agar plate using sterile swabs.

The inoculum of each bacterium was developed
by growing the organism overnight in nutrient broth
medium at 37 °C. Turbidity of each suspension was
adjusted to match 0.1 optical density at 600nm
(approximately 2x10° CFUml) (CLSI, 2006) by
diluting with 0.9% NaCl solution.

Using sterile corkborer to create well (6mm
in diameter) on the agar surface onto which the
extracts were placed then filled with 100pl of each
extract and then the plates were left at refrigerator
for 3hrs to allow diffusion of the test sample, sterile
distilled water, methanol and ethanol as a blank
were individually tested against studied bacteria.
The bacterial plates were incubated at 37°C for
24hrs (Sachin et al., 2012). Afterwards, antibacterial
activity was determined by measurement of the
inhibition zone.

Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC)

The antimicrobial effects of different Moringa
oleifera leaf extracts against different bacterial
pathogens were determined according to Srinivasan
et al. (2001). Percent of the bacterial growth after
an overnight incubation in comparison with the
negative control (Abbaszadegan et al., 2015). The
antimicrobial activity of plant extract was examined
using the standard broth dilution method (CLSI,
2012). The MIC was determined in nutrient broth
using serial two-fold dilutions of plant extract in
concentrations ranging from (107" to 107'%) with
adjusted bacterial suspensions concentration (0.1 at
600nm). One milliliter of each bacterial suspension
that matches 0.1 OD at 600 nm was then inoculated
into the resultant serial dilution series and incubated
at 37°C for 24hrs. Positive and negative control tubes
are included for every tested bacterial pathogen.

The negative control tube did not contain bacterial
inoculum, whereas the positive control tube was
free from plant extract. Minimum inhibitory
concentration was examined visually by checking
the turbidity of the tubes. MBC was detected after
the MIC determination of the plant extract aliquots
of 50ul from serial dilution test tubes which showed
no visible bacterial growth were spread on nutrient
agar plates were incubated for 24hrs at 37°C. The
MBC were observed for presence or absence of
bacterial growth in agar plates after incubation
(Krishnaraj et al., 2010).

Antibiotic susceptibility test

Antibiotic resistance patterns of nine tested
bacterial strains were observed using the agar disk
diffusion method. Bacteria were grown until they
reached a final inoculum of 5x10° CFU/ml as
compared to 0.5 McFarland standard then streaked
on Mueller-Hinton agar (Difco). Antimicrobial
disks (pg/ disc) (Oxoid, UK) were saturated
with each of Ampicillin (AM10), Amoxicillin
(AMC30), Amikacin (AK30), Gentamycin
(CN10), Tetracycline (TE30), Erythromycin (E15),
Bacitracin (B10) as standard antibacterial agents.
Test was performed according to the interpretive
standards for inhibition zone diameter provided by
the Fernandez et al. (2010), CLSI (2012).

The antibiotic discs were applied to plates of
Mueller-Hinton agar previously inoculated with
the different tested bacterial strains using a sterile
swab to produce a confluent lawn of the growth.
The appropriate discs were placed on the surface
of the inoculated plate suitably spaced (25mm
from disc to disc and 15 mm from the rim). The
plates allowed to pre-diffuse at 4°C for two hours.
Plates were incubated at 37°C for 24hrs, and then
examined for the presence of inhibition zones of
bacterial growth around antibiotic discs (Fernandez
etal., 2010; CLSI, 2012).

Evaluation of synergistic effect interaction of
antibiotics and different Moringa oleifera leave
extracts

Disk diffusion was used to assess the
antibacterial potential of the combination
between antibiotics and the MICs of different
leave extracts of Moringa oleifera against all
selected bacterial strains on nutrient agar plates.
This method was a modification of the agar disk
diffusion method described in the (CLSI, 2006).
In order to determining the synergistic effects
each standard antibiotic disk was impregnated
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with 15ul of the freshly prepared of plant extract
(x % concentration). Disk containing 15ul sterile
water was used as negative controls. Plates were
labeled carefully and incubated at 37°C for 24hrs
to check the activity. Antibacterial activity was
expressed as the diameter of the zone of inhibition
(millimeters) and evaluated by the increase in fold
area (Shahverdi et al., 2007; Kheiralla et al., 2014).
Experiments were conducted in triplicates, and
average inhibitory zone diameter with its standard
deviation was determined.

Increase in fold area was assessed by calculating
the mean diameter of the inhibition zone of each
antibiotc by the equation (y>-x?)/x% where ‘x’ are
the inhibition zones for antibiotic and ‘y’ antibiotic
+ extract of Moringa oleifera (Birla et al., 2009).

Statistical analysis

After testing the data for normality, the
differences in the Moring aoleifera different
extracts and tested antibiotics against tested
bacterial pathogen were tested using one-way
analysis of variance (ANOVA1) according to SPSS
software (SPSS, 2006). A post —hoc test (LSD) was
applied when differences were significant.

Results and Discussion

The results of qualitative phytochemical
screening of Moringa oleifera plant aqueous,
ethanol or methanol extract. Table 1 showed that
the presence of flavonoids, saponins, alkaloids,
Phenol, tannins and terpenoids and in using
different solvent extracts whereas saponins and
flavonoids was not discovered in water.

Different solvents have different extraction
capacities and different spectra of solubility for the
phytoconstituents (Srinivasan et al., 2001). Ethanol
and methanol were found the most effective
solvents that extracted all phytochemicals except
alkaloids. Various studies showed that ethanol
extract has capability to extract maximum number
of compounds (Bennett et al., 2003; Tijjan et al.,

2009). Our results do not agree with the finding
of Bukar et al. (2010) who isolated saponins
and flavonoids from ethanol extract but failed to
separate tannins and alkaloids from it. The absence
of later phytochemicals was also reported by
Bukar et al. (2010) and Kasolo et al. (2010) who
also reported the absence of alkaloid in M. oleifera
extract, from ethanol extract, this could be as a
result of different climatic environment at which it
was planted or the physiological and its maturity at
the stage of harvesting (Taylor et al., 2001).

Quantitatively, phenols and tannins were present
in very higher amount in ethanol, methanol and
water. Tannins are a group of polymeric phenolic
substances capable of killing microorganisms
(Cowan, 1999; Hausteen, 2005). Tannins has been
reported to have anti-cancer, ant-atherosclerotic,
anti-inflammatory and anti-hepatoxic properties
(Adedapo et al., 2015).

The result of the preliminary phytochemical
screening of leaves Moringa oleifera shows that
alkaloids, phenol, tannins and terpenoids were
present in aqueous extract, but unable to detect
flavonoids and saponins which contradicted with
the study of (Kwaghe & Ambali, 2009; Kasolo et
al., 2010).

Apart from determination of nutritional
value of the plant, Schneider & Wolfhing (2004)
have reported the therapeutic effect of some
phytochemical constituent such as tannins, cardiac
glycoside against cardiovascular disease and
digestive problems. It is important also to note that
phytochemical constituent is an important factor
that determines the antimicrobial properties of the
leave extract. This explain why medicinal plants
are used as antimicrobial drugs, several authors
have linked the presence of bioactive compound
to the antimicrobial properties of the plant extract.
Flavonoids as one of the bioactive constituents is
known to inhibit or kill many bacterial strains,
it also inhibits viral enzymes such as reverse
transcriptase and protease (Afolabi et al., 2007).

TABLE 1. Qualitative Phytochemical Screening of leaf extracts by different solvent.

Solvent Flavonoids Saponins Alklaoids Phenol Tannins Terpenoids

Ethanol ++ ++ 4+ ot +

Methanol +++ ++ +++ -+ +

Water - - ot +++ +
Absent = —, Trace = +, moderately present = ++, highly present = +++.
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Antimicrobial substance is atool for controlling
undesirable microorganism specially in infection
control or preservation. Different solvents have
different extraction capacities and different
spectra of solubility for the phytoconstituents
(Srinivasan et al., 2001).

The preliminary screening of antimicrobial
activity showed that different leaf extracts of
Moringa oleifera possess significant different
antimicrobial activity against both Gram- positive
and Gram- negative bacteria with inhibition
zone range of 15-30mm (Table 2). Methanol and
ethanol showed maximum antimicrobial activity
followed by hot water extraction however weak
potency recorded when cold water extraction was
tested through measuring diameter of zones of
inhibition of the tested bacterial growth.

In the current work, it was shown that
methanol extract of M. oleifera leaves had a broad
spectrum of antimicrobial activity against some
human pathogenic Gram-positive bacteria more
than Gram-negative bacteria. The highest zone of
inhibition (30mm) was showed on Micrococcus
luteus ATCC 10240 in hot aqueous, methanol and
ethanol extract, also on Bacillus pumilis ATCC
14884 in hot aqueous and Staphylococcus aureus
ATCC 29737 using methanol leaf extract. The
extracts yielded from Moringa oleifera aqueous
leaf extract was (7%), Moringa oleifera ethanol
leaf extract was (3.8%) and Moringa oleifera
methanol leaf extract was (19.7%). Moringa
oleifera leaves extract have been reported to have

antimicrobial properties against a wide range of
bacteria (Ofokansi et al., 2013).

These results are in agree with other findings
(Doughari et al., 2007; Bukar et al., 2010; Porte,
2014). The differences in sensitivity between
Gram-positive and Gram-negative bacteria may
be attributed to their morphological variations; an
outer phospholipidic membrane of Gram-negative
bacteria carrying the structural lipopolysaccharide
components led to cell wall impermeability to
lipophilic solutes, whereas porinsporins represent
a selective barrier to the hydrophilic solutes.

The antimicrobial activity of each extract is
qualified by measuring MIC value which serve as
a guide for treatment of most infection (Ofokansi
etal., 2013).

The MIC values of aqueous, methanolic and
ethanolic extract of Moringa oleifera leaves
against the selected clinical pathogen are presented
in Table 3. The MIC was variable according to the
type of bacteria and extract (range from 23.0pg/
mL (Escherichia coli ATCC10536) using Aqueous
extract to 800ug/ml (Pseudomonas aeruginosa
ATCC9027) using ethanolic extract. Furthermore,
MBC was equal to the minimum inhibitory
concentration for all strains. The present study
showed that MIC of the plant extract were higher
and acts as a bacteriostatic at lower concentrations
and as a bactericidal at higher concentrations,
these findings are just in line with the observations
of (Rahman et al., 2009).

TABLE 2. Antimicrobial activity of different extracts of Moringa oleifera leaves.

Inhibition zone (mm) Concentrations 100pg/mL.

Bacteria Hot Cold Ethanol Methanol LSD at 0.5
aqueous aqueous
Micrococcus luteus ATCC 10240 30 15 30 30 8.2
Staphylococcus aureus ATCC 29737 20 0.0 25 30 4.4
Bacillus pumilis ATCC 14884 30 0.0 0.0 15 6.5
Staphylococcus  epidermidis ATCC
jseed P 20 0.0 20 20 12
Bacillus subtilis sp 0.0 0.0 25 20 3.8
Escherichia coli ATCC10536 20 0.0 25 20 3.6
Bordetella sp 20 15 20 25 4.0
Pseudomonas aeruginosaATCC9027 0.0 0.0 20 25 4.7
Klebsiella sp 0.0 0.0 0.0 15 0.62
LSD at 0.5 7.5 34 42 0.45
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TABLE 3. Determination of the MIC of Moringa oleifera of different extracts against pathogenic bacteria pg/ml.

Methanol extract Aqueous extract

Extract
Ethanol extract

Microorganism
Micrococcus luteus ATCC 100
10240
Staphylococcus aureus ATCC 250
29737
Bacillus pumilis ATCC 14884 0.0
Staphylococcus epidermidis 500
ATCC 12228
Bacillus subtilis sp. 500
Escherichia coli ATCC10536 100
Bordetella sp. 400
Pseudomonas aeruginosa 200
ATCC9027
Klebsiella sp. 0.0

250 187.5
125 187.5
250 187.5
250 187.5
200 0.0
250 235
125 23.0
250 0.0
200 0.0

In vitro antibiotic susceptibility test was
performed against nine tested bacterial pathogens
was summarized in Fig 1. All selected bacterial
pathogen was resistance to ampicillin and
amoxicillin except Staphylococcus epidermidis.
On the other hand, most of selected bacterial
pathogen showed higher susceptibility to
amikacin and gentamycin except Klebsiella sp.,
while Bacillus subtilis and Escherichia coli were
resistant to gentamycin (Fig. 1).

All gram negative and gram-positive
bacteria were resistance to tetracycline except
Staphylococcus  epidermidis and  Bacillus
subtilis.  Furthermore, Micrococcus luteus,
Bacillus  pumilis, Staphylococcus epidermidis
and Bordetella sp. showed higher susceptibility
to erythromycin. All tested bacteria showed

complete resistance to bacteriocin.

Statistical analysis showed significant difference
between antibiotics in case of Staphylococcus
epidermidis. No significant difference was observed
between antibiotics in case of Klebsiella sp. and
between all selected bacteria in case of bacitracin
this result was in agreement of several authors as
they found that there were increasing prevalence
of resistance for many pathogens over the years in
different regions of the world including developing
countries (Babayi et al., 2004 , Trookman et al.,
2011; Yusha et al., 2010). The development of drug
resistant organisms has been attributed to changing
microbial characteristics, selective pressures of
antimicrobial use, and societal and technological
changes (Bajpai et al., 2005; Mbengui et al., 2013).
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Fig. 1. Antibacterial activity of standard antibiotics against pathogenic bacteria.
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In the present study, using ampicillin and
amoxicillin antibiotics are a group of beta-lactam
antibiotics which is part of the amino penicillin
family like other penicillin-like antibiotics great
effect on all tested gram positive bacterial
pathogen as it act in a bactericidal manner by
inhibiting and preventing the production of the
major cell wall component peptidoglycan the
bacterial cell ultimately undergoes cell lysis due
to the inhibition of cell wall synthesis (Rafailidis
et al., 2007) while Pseudomonas aeruginosa and
Klebsiella sp. gram-negative bacteria resistant to
B-lactam antibiotics as ampicillin and amoxicillin
(Alekshun & Levy, 2007).

Gentamicin and Tetracycline is a bactericidal
antibiotic that works by irreversibly binding the
30S subunit of the bacterial ribosome, interruptin
g protein tetracycline group kills the bacteria by
binding to the bacterial 30S ribosomal subunit near
the A site, which consequently inhibits protein
synthesis through the prevention t-RNA docking
(Zakeri & Wright, 2008). This mechanism of
action is similar to other aminoglycosides .

Tetracycline from tetracycline’s group kills the
bacteria by binding to the bacterial 30S ribosomal
subunit near the A site, which consequently
inhibits protein synthesis through the prevention
tRNA docking (Zakeri & Wright, 2008).

Erythromycin is in the macrolide family
and it interferes with aminoacyl translocation,
preventing the transfer of the tRNA synthesis.
This mechanism of action is similar to other
aminoglycosides, tetracycline from bound at the
A site of the rRNA. Many P. aeruginosa isolates
are resistant.

The present study was conducted to obtain
preliminary information on the interaction between
Moringa oleifera and different antibiotics against
some clinical bacteria by disk diffusion method.
Table 4 showed the in vitro combined activities
of hot aqueous extract of Moringa oleifera and
the conventional antibiotics against tested Gram
positive and Gram negative bacterial pathogen,
the combinations produced varying zones of
inhibition. Gram negative bacteria showed
significant sensitivity toward ampicillin which
showed the highest percentage of synergism in
three of the tested organisms; Escherichia coli
and Bordetella sp. at 20mm. Amoxicillin shows
an increase in the bioactivity was recorded

against Escherichia coli at 20mm and moderate
synergistic action was observed against Bordetella
sp and Klebsiella sp at 15 mm. Highly synergistic
interactions with amikacin against Escherichia
coli and Bordetella sp at 25 mm and Klebsiella
sp at 20 mm. Gentamicin with highly synergistic
action was observed against Klebsiella sp at 25
mm, Escherichia coli and Bordetella sp at 20 mm.

Tetracycline and erythromycin had no effect
on tested bacteria except Bordetella sp. at 20mm
with Tetracycline but with erythromycin at 25mm.
Moderate synergistic action with bacitracin
against Bordetella sp. at 15mm. Combinations
of antibiotics and Moringa oleifera hot aqueous
extract resulted in average fold-area increases in
antibacterial activity (zone of inhibition) of 5.25-
10.1 for ampicillin and amoxicillin, 0.56-10.1
for Amikacin, 3-16.4 for gentamycin, 10.1 for
tetracycline, 0.56 for erythromycin and 5.25 for
bacitracin. The highest value in the increase fold
area was about 16.4% for Gentamycin indicating
significantly enhancement in the presence of
Moringa oleifera in case Klebsiella sp. followed
by 10.1% against Ampicillin, Amoxicillin also
Gentamycin in case of Escherichia coli.

The combination in case of Gram positive
bacterial pathogen also produced varying zones
of inhibition. Ampicillin had highly synergistic
action was observed against Micrococcus
luteus, Bacillus pumilis and Staphylococcus
epidermidis at 20mm but moderate synergistic
action with Staphylococcus aureus and Bacillus
subtilis at 15mm. Synergetic action between
amoxacillin and Moringa hot aqueous extract
against Staphylococcus — epidermidis at 25mm
and moderate synergistic against the other tested
Gram positive bacteria at 15Smm.

Amikacin showed Synergistic interactions
against all tested bacterial pathogen at 20mm
except Staphylococcus epidermidis with highly
synergistic interactions at 25mm. Maximum
zone of inhibition were observed for Bacillus
pumilis . Gentamycin and bacitracin showed
synergistic action for Staphylococcus aureus
and Staphylococcus epidermidis at 25mm,
Micrococcus luteus and Bacillus subtilis at
20mm highly synergistic action was observed for
tetracycline against Staphylococcus epidermidis
at 35mm, Bacillus pumilis at 20mm and
Micrococcus luteus at 15mm.

Egypt. J. Microbiol. 55 (2020)



52 HALA ABD ELMONEM AHMED et al.

TABLE 4.Antibacterial effect of hot aqueous extract of Moringa oleifera leaf and different antibiotic against
different pathogenic G+ve and G-ve bacterial pathogen.

Inhibition zone (mm)

Gram positive Gram negative
M.O
=3 g 3 @ s 8 ] s g ®
£ ¢ 2 $358 % §.3 859 .3 Z§€8 ¢.
£=S 3 £sS = S8 28% 6% S852 5% =8
Different SSO I S %S 2 S2u =8 «25 T Eou -§ §o T2
treatments § 8 § 3 \Ea 8 < § = 8 'g. —':, § h é EE '§. 'E 8 ‘E Z
] s S < = ] s SRS
< 8 g S = Z g7z < SV«
Moringa
oleifera 20 20 0.0 0.0 30 20 30 20 0.0
extract
Exi iﬁig Mo 0.0 0.0 0.0 0.0 0.0 10 0.0 15 0.0
Iicrease in fold 20 20 0.0 15 20 15 20 20 15
10.1 10.1 0.0 5.25 10.1 1.25 10.1 0.8 5.25
(b)area
AM
AMgingMo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 10
Increase in fold 20 15 0.0 15 15 15 15 25 15
10.1 5.25 0.0 5.25 5.25 5.25 5.25 0.56 1.25
area
Ak30 20 20 15 0.0 20 10 20 25 10
Ak30+ Mo
Increase in fold 25 25 0.0 20 20 20 20 25 20
0.56 0.56 -0.84 10.1 0.0 3 0.0 0.0 3
area
CN10 0.0 10 20 0.0 20 0.0 20 35 0.0
CN10+ Mo
Increase in fold 20 20 0.0 25 20 25 40 25 20
10.1 3.0 0.0 16.4 0.0 16.4 3 -0.49 10.1
area
TE
30 10 0.0 0.0 0.0 10 0.0 10 20 15
TE30+ Mo
Increase in fold 0.0 20 0.0 0.0 15 0.0 20 35 0.0
0 10.1 0.0 0.0 1.25 0.0 3 2.1 0.0
area
Ei;_MO 10 20 0.0 0.0 20 0.0 30 30 0.0
Increase in fold 0.0 25 0.0 0.0 25 0.0 20 25 0.0
0.0 0.56 0.0 0.0 0.56 0.0 0.0 -0.3 0.0
area
g}?H—Mo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Increase in fold 0.0 15 0.0 0.0 15 0.0 40 20 0.0
area 0.0 5.25 0.0 0.0 5.25 0.0 43.5 10.1 0.0

- (Am10) Ampicillin, (AMC30) Amoxacillin, (AK30) Amikacin, (CN10) Gentamycin, (Te30) Tetracycline, (E15) Erythromycin, (B10)
Bacitracin and Mo Moringa oleifera.

- Increase in fold area was calculated as = (y2 - x2)/x2, where ‘X’ and ‘y’ are the mean inhibition zones for antibiotic and antibiotic + M
extract, respectively in the absence of bacterial growth inhibition zones, the disk’s diameter (6mm).

Combination of erythromycin with Moringa epidermidis at 20mm and Micrococcus luteus at
oleifera extracthad synergistic action was observed 15mm.tetracycline,erythromycin and bacitracin,
against Micrococcus luteus at 25mm. Synergistic but when combination with Mo hot aqueous
action for bacitracin was observed against extract were not effect on Staphylococcus aureus
Bacillus pumilis at 40mm and Staphylococcus and Bacillus subtilis.
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Combinations of antibiotics and Moringa
oleifera hot aqueous extract resulted in average
fold-area increases in antibacterial activity
(zone of inhibition) of 0.8-10.1 for ampicillin
and amoxicillin, 3.0 for amikacin, 3-16.4 for
gentamycin,1.25-3.0 for tetracycline,0.56 for
erythromycin and 5.25-43.5 for bacitracin . This
result indicating that the bio-active compounds of
this extract are not the substrates of bacterial efflux
pumps as in case of Gram-negative bacteria over-
express efflux pumps (Tran et al., 2010).

Table 5 showed the combined effect of
Moringa oleifera cold aqueous extract and the
conventional antibiotics against tested Gram-
negative and Gram-positive bacterial pathogen.
This combination showed different activity, it was
obvious Ampicillin, Amikacin and Amoxicillin
have moderate synergism with Escherichia coli
and Bordetella sp. Antagonistic interaction of
Moringa oleifera cold aqueous extract with all used
antibiotics was observed against Pseudomonas
aeruginosa. The same result was obtained in case
of Klebsiella sp. except with Gentamycin and
Amoxacillin synergistic action was observed.

Tetracyclin and erythromycin have no effect
in such combination on tested bacteria except
Escherichia coli at 30mm and Bordetella sp. with
erythromycin at 25mm. No synergistic action
with bacitracin against tested bacteria except
Escherichia coli at 20mm.

Combinations of antibiotics and Moringa
oleifera cold aqueous extract resulted in average
fold-area increases in antibacterial activity
(zone of inhibition) of 1.8-5.25 for ampicillin
and amoxicillin,5.25 for amikacin,1.8-10.1 for
gentamycin, 1.8-8 for tetracycline, 0.56-8 for
erythromycin and 1.8-10.1 for bacitracin. Typically,
maximum resulted in average fold-area increases
in antibacterial activity (zone of inhibition) of
Escherichia coli with gentamycin + Mo cold
aqueous extract and bacitracin with Moringa
oleifera cold aqueous extract at 10.1.

Combination between antibiotic and medicinal
plant extracts became a useful tool in fighting
emerging drug resistance microorganisms but
we must be approached with care since the
combination may increase the antagonistic rather
than synergistic. Recently, the health benefits of
Moringa oleifera leaves as a dietary supplement
were investigated by many researchers (Rahman et

al., 2009; Mensah et al., 2012; Okechukwu et al.,
2014).

The combined activities of cold aqueous
extract from Moringa oleifera and the conventional
antibiotics against tested Gram-positive bacterial
pathogen produced varying zones of inhibition.
Ampicillin had observed synergistic action against
Micrococcus luteus, Staph epidermidis and Bacillus
subtilis. Amikacin also have synergistic action
against Bacillus pumilis and Staph epidermidis and
highest value noticed in case of Staphylococcus
aureus. In case of Gentamycin only the synergistic
action was observed in Staphylococcus aureus and
Bacillus subtilis.

Table 6 showed the results of the synergistic
interaction of the combinations of the ethanol
Moringa oleifera extract and antibacterial drugs
against selected Gram positive and Gram negative
bacterial pathogen combinations produced great
variation in zones of bacterial sensitivity toward
antibiotics. In gram negative selected pathogens,
ampicillin and amoxicillin when combined with the
ethanol extract were not produced synergistic effects
against Pseudomonas aeruginosa and Klebsiella
sp. Gentamycin in combination had highest
synergism was observed against Escherichia coli
and Bordetella sp., On the other hand, antagonistic
interaction against Pseudomonas aeruginosa .

Tetracycline which was most active antibacterial
in combination against both Escherichia coli and
Bordetella sp. while maximum synergistic action
was observed with erythromycin against Bordetella
sp. Bactricin and erythromycin had not synergistic
action against Escherichia coli, Pseudomonas
aeruginosa and Klebsiella sp. Combinations
of antibiotics and Moringa oleifera ethanol
extract resulted in average fold-area increases in
antibacterial activity (zone of inhibition) of 1.8 for
ampicillin and amoxicillin, 0.8-1.8 for amikacin,
3-16.4 for gentamycin, 3-10.1 for tetracycline, 1.25
for erythromycin and 1.8 for bacitracin.

While in case of gram positive selected
pathogens, Ampicillin had highly synergistic
action was observed against Micrococcus luteus
and Staphylococcus epidermidis. While the
antagonistic interactions against Bacillus subtilis
were detected. Moreover, amoxicillin had highly
synergistic action against Bacillus pumilis and
Micrococcus luteus and Bacillus subtilis at
20mm. Amikacin synergistic action was observed
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against Micrococcus  luteus, Staphylococcus
epidermidis and Bacillus pumilis. Gentamycin
showed synergistic interactions in combination
only on Micrococcus Iuteus. Combination
between tetracycline with Moringa oleifera
ethanol extract showed synergistic interactions
against tested bacteria except Staphylococcus

aureus. While erythromycin and tetracycline
showed maximum inhibition, zone was observed
against Staphylococcus epidermidis at 35mm.
Combination of bacitracin with Moringa oleifera
ethanol extract had synergistic action was observed
against Micrococcus luteus and Staphylococcus
epidermidis at 20mm. (Dzotam et al., 2016).

TABLE 5. Antibacterial effect of cold aqueous extract of Moringa oleifera leaf and different antibiotic against
different pathogenic G+ve and G-ve bacterial pathogen.

Inhibition zone (mm)

Gram positive

Gram negative

. . 1) 1)
S.Z 3 S8 3 Svwe SEH S2F S22 a =2
$53 3 $§0 S $57 f<p sF- 8- 5%
reatments 3 PENE> S 2 S5 s
= < _ & = = < 8 < 3 V<
Moringa oleifera 0.0 15 0.0 0.0 s 00 00 00 00
extract
Exgﬁl\l\ﬂg Mo 00 0.0 0.0 0.0 0.0 10 0.0 15 0.0
Tnercase in f B 10 0.0 0.0 10 10 0.0 20 10
crease m 1o 525 1.8 0.0 0.0 1.8 0.0 0.0 0.78 1.8
(b)area
iﬁgg Mo 0.0 0 0.0 0.0 0.0 0.0 0.0 20 10
Inorense i fold 15 10 0.0 0.0 10 10 10 20 10
crease m 1o 525 1.8 0.0 0.0 1.8 1.8 1.8 0.0 0.0
arca
igg Mo 20 20 15 0.0 20 10 20 25 10
Increase in fold 20 20 10 5 20 20 30 30 20
0.0 0.0 0.0 525 0.0 3 125 0.44 3
area
gﬁ}g Mo 0.0 10 20 0.0 20 0.0 20 35 0.0
Increase in fold 20 20 10 10 20 20 20 30 15
10.1 3 0.75 1.8 0.0 10.1 0.0 027 525
arca
ggg Mo 10 0.0 0.0 0.0 10 0.0 10 20 15
Increase in fold 0 10 0.0 0.0 15 0.0 10 35 15
8 1.8 0.0 0.0 1.25 0.0 0.0 2.06 0.0
arca
gg Mo 10 20 0.0 0.0 20 0.0 30 30 0.0
Increase in fold 30 25 0.0 0.0 20 0.0 20 35 0.0
8 0.56 0.0 0.0 0.0 0.0 -0.55 0.36 0.0
arca
gig Mo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Increase in fold 20 10 0.0 0.0 15 0.0 10 20 0.0
- 10.1 1.8 0.0 0.0 525 0.0 1.8 10.1 0.0

- (Am10) Ampicillin, (AMC30) Amoxacillin, (AK30) Amikacin, (CN10) Gentamycin, (Te30) Tetracycline, (E15) Erythromycin, (B10)

Bacitracin and Mo Moringa oleifera.

- Increase in fold area was calculated as = (y2 - x2)/x2, where ‘x’ and ‘y’ are the mean inhibition zones for antibiotic and antibiotic + M

extract, respectively in the absence of bacterial growth inhibition zones, the disk’s diameter (6mm).
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TABLE 6. The combined antibacterial effect of Moringa oleifera leaf ethanol extract and different antibiotic
against different pathogenic G+ve and G-ve bacterial pathogen.

Inhibition zone (mm)

Gram positive

Gram negative

M.O
T ¢ & $s- & 2 8 §£.9 3 fe3
T2 08§38 0§ §ef $EEn szsf (TR sg
. TR - % S A = S N e S 3 o E N o 2 — E E
Different ggB E ,§§08 .3 §§U '§,§§§ §§Q ‘?\_§O 35
treatments % = N S §; < §~E i?.,ﬁ _ QE iig R &
1) = ) = S v
< X < > < S % < %<
Moringa
oleifera 25 20 20 0.0 30 25 0.0 20 25
extract
ﬁxiﬁ&/{l](;) +Mo 0.0 0.0 0.0 0.0 0.0 10 0.0 15 0.0
Izcrease in fold 10 10 0.0 0.0 20 0.0 10 20 0.0
1.8 1.8 0.0 0.0 10.1 -0.64 1.8 0.78 0.0
(b)area
iﬁg;g-FMo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 10
Increase in fold 10 10 0.0 0.0 20 0.0 30 10 20
1.8 1.8 0.0 0.0 10.1 0.0 24 -0.75 3
area
illgng Mo 20 20 15 0.0 20 10 20 25 10
Increase in fold 30 30 20 10 35 10 20 30 10
1.25 1.25 0.8 1.8 2.06 0.0 0.0 0.44 0.0
area
gﬁig-&- Mo 0.0 10 20 0.0 20 0.0 20 35 0.0
Increase in fold = 20 10 0.0 30 0.0 20 20 0.0
16.4 3 -0.75 0.0 1.25 0.0 0.0 -0.67 0.0
area
¥E§8+ Mo 10 0.0 0.0 0.0 10 0.0 10 20 15
Increase in fold 20 20 0.0 0.0 20 0.0 20 30 25
3 10.1 0.0 0.0 3 0.0 3 1.25 1.8
area
E};M 10 20 0.0 0.0 20 0.0 30 30 0.0
Increas:in fold 0.0 30 0.0 0.0 30 0.0 30 35 15
0.0 1.25 0.0 0.0 1.25 0.0 0.0 0.36 5.25
area
gig-&-Mo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Increase in fold 0.0 10 0.0 0.0 20 0.0 0.0 20 0.0
0.0 1.8 0.0 0.0 10.1 0.0 0.0 -0.67 0.0

area

- (Am10) Ampicillin, (AMC30) Amoxacillin, (AK30) Amikacin, (CN10) Gentamycin, (Te30) Tetracycline, (E15) Erythromycin, (B10)

Bacitracin and Mo Moringa oleifera.

- Increase in fold area was calculated as = (y2 - x2)/x2, where ‘x’ and ‘y’ are the mean inhibition zones for antibiotic and antibiotic + M

extract, respectively in the absence of bacterial growth inhibition zones, the disk’s diameter (6mm).

Combinations of antibiotics and Moringa
oleifera ethanol extract resulted in average fold-
area increases in antibacterial activity (zone of
inhibition) of 0.44-10.1 for ampicillin ,0.75-24
for amoxicillin, 0.44-2.06 for amikacin, 1.25 for
gentamycin, 1.25-3.0 for tetracycline, 0.36-1.25
for erythromycin and 10.1 for bacitracin. The
maximum resulted in average fold-area increases

in antibacterial activity of Bacillus pumilis was
with amoxicillin.

The combined effect Moringa oleifera
methanol extract and the conventional antibiotics
against tested Gram negative bacterial pathogen
produced varying zones of inhibition (Table 7).
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TABLE 7. The combined antibacterial effect of Moringa oleifera leaf methanol extract and different antibiotic
against different pathogenic G+ve and G-ve bacterial pathogen

Inhibition zone (mm)

Gram positive

Gram negative

M.O
s 2 & §sn 2 g g 8.8 3 Seg
S.Z 08 §ES 0S5 fef f%on ose® TR ss
. S~ % 29 = S~ 883 o =SE = 3 — =3
Different §88 § ,§§08 .3 §§UR§§§ §§U }%U 33
treatments 5 = S S ’\3: < §N8 'i-?\g _ “*8 §a8 ] =
2 S > S = IS
< Q ¥ ] <« 3 = < S <
Moringa oleffera 25 25 15 30 30 15 20 20
extract
Exiﬁl\lzl]l(;) Mo 0.0 0.0 0.0 0.0 0 10 0.0 15 0.0
Izcrease i;l fold 15 20 0.0 20 15 15 30 20 15
5.25 5.25 0.0 10.1 5.25 1.25 24 0.78 8
(b)area
iﬁggngMo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 10
Increase in fold 10 20 0.0 10 20 15 20 20 20
1.8 10.1 0.0 1.8 10.1 5.25 10.1 0.0 3
area
211384_ M 20 20 15 0.0 20 10 20 25 10
Increase ir(: fold 25 40 20 20 30 20 25 30 20
0.56 3 0.8 10.1 1.25 3 0.56 0.44 3
area
gg}&_ Mo 0.0 10 20 0.0 gg 0.0 20 ;g 0.0
Increase in fold 20 20 30 13 20 20 0.0 2
10.1 1.8 1.25 5.25 10.1 0.0 ’ 16.4
area 1.25
¥E§8+ Mo 10 0.0 0.0 0.0 10 0.0 10 20 15
Increase in fold 15 20 10 20 20 0.0 20 30 20
1.25 10.1 1.8 10.1 3 0.0 3 1.25 0.78
area
gi;—Mo 10 20 0.0 0.0 20 0.0 30 30 0.0
Increase in fold 25 20 10 25 20 20 30 40 0.0
5.25 0.0 1.8 16.4 0.0 10.1 0.0 0.78 0.0
area
218+M0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Increase in fold 15 15 0.0 15 15 10 20 15 15
arca 5.25 5.25 0.0 5.25 5.25 1.8 10.1 5.25 5.25

- (Am10) Ampicillin, (AMC30) Amoxacillin, (AK30) Amikacin, (CN10) Gentamycin, (Te30) Tetracycline, (E15) Erythromycin, (B10)

Bacitracin and Mo Moringa oleifera.

- Increase in fold area was calculated as = (y2 - x2)/x2, where ‘x’ and ‘y’ are the mean inhibition zones for antibiotic and antibiotic + M

extract, respectively in the absence of bacterial growth inhibition zones, the disk’s diameter (6mm).

Ampicillin had synergistic effects against
Bordetella sp., Escherichia coli and Klebsiella
sp. In case of Pseudomonas aeruginosa, the
antagonistic interaction was observed with
Ampicillin, Amoxicillin ~ and  Bacitracin.
Maximum synergetic action for amikacin against
Bordetella sp. at 40mm, Escherichia coli at
25mm, Pseudomonas aeruginosa and Klebsiella
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sp. at 20mm. Gentamicin had highly synergistic
action against Pseudomonas aeruginosa at
30mm, Escherichia coli, Bordetella sp. at 20mm
and moderate synergetic action against Klebsiella
sp. at 15mm. Tetracycline when combined with
Mo methanol extract was effect on Bordetella
sp., Klebsiella sp. at 20mm and moderate
synergetic action against Escherichia coli at
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I15mm. Synergistic action was observed with
erythromycin against Escherichia coli, Klebsiella
sp. at 25mm and Bordetella sp. at 20mm.
Moderate synergistic action for bacitracin against
tested bacteria at 15mm except Pseudomonas
aeruginosa.

Combinations of antibiotics and Moringa
oleifera methanol extract resulted in average
fold-area increases in antibacterial activity (zone
of inhibition) of 1.8-5.25 for ampicillin and
amoxicillin, 1.8-5.25 for amikacin, 1.25-5.25 for
gentamycin, 1.25-10.1 for tetracycline, 1.8-16.4
for erythromycin and 1.8-5.25 for bacitracin.
Typically, maximum resulted in average fold-
area increases in antibacterial activity (zone of
inhibition) of Klebsiella sp. with erythromycin
Mo methanol extract at 16.4. (Singh et al ., 2011).
The maximum synergistic interaction between
all antibiotic when combined with the methanol
extract was observed against all tested bacterial
pathogen.

No interaction between erythromycin when
combined with Moringa oleifera methanol
extract was observed against Micrococcus
luteus, Bacillus pumilis and Bacillus subtilis. On
the other hand tetracycline showed synergistic
interactions against all tested bacterial pathogen
except Staphylococcus aureus. Amoxicillin had
highly synergistic action was observed against
tested bacteria at 20mm except Staphylococcus
epidermidis at 15mm. This synergistic action
provides scientific bases for the use of concoctions
traditionally in the treatment of diseases.
This result is in agreement with Dzotam et al.
(2016) who assessed a synergistic combination
of biologically active components from wild
Moringa against different pathogens, indicating
the high efficacy of combination therapy over
mono therapy.

Synergistic interactions of Amikacin against
Micrococcus luteus at 30mm, Staphylococcus
epidermidis at 30mm was recorded. Synergistic
action was observed for Bacillus pumilis by
combination between gentamycin and Mo
methanol extract at 25mm. Erythromycin showed
great effect on all tested bacterial pathogen except
Bacillus  subtilis. Combination of bacitracin
with Mo methanol extract had synergistic
action was observed against tested bacteria
except Staphylococcus aureus. Combinations
of antibiotics and Moringa oleifera methanol

extract resulted in average fold-area increases in
antibacterial activity (zone of inhibition) of 0.78-
24 for ampicillin, 3.0-10.1 for amoxicillin, 0.44-3
for amikacin, 1.25-16.4 for gentamycin, 0.78-3.0
for tetracycline, 0.78-10.1 for erythromycin and
1.8-5.25 for bacitracin.

Typically, maximum resulted in average fold-
area increases in antibacterial activity (zone of
inhibition) of Bacillus pumilis with ampicillin
+Mo methanol extract at 24. The methanol extract
showed additive effect along with gentamicin and
ampicillin against £.coli and S. aureus (Mahesh
& Satish, 2008). Gram-positive bacteria are more
susceptible because of the presence of an outer
peptidoglycan layer, which is not an efficient
Permeability.

Our result in the agreement with Olufunmiso &
Afolayan (2011), they found that the combination
of Moringa methanol/ amoxicillin gave different
interactions against pathogenic bacteria.

The results of this work are very important
taking in account the medicinal importance
of the tested activity of Moringa oleifera
remain unchanged, indicating that the bioactive
compounds of this extract are not the substrates
of bacterial efflux pumps, as the tested MDR
bacteria. Over-express efflux pumps. M. oleifera
leaf extract showed higher antimicrobial activity
than that of tetracycline (Kalpana et al., 2013).

The prediction of synergy between the
synthetic antibiotic and a natural product is very
crucial issue. This result is in agreement with
Tahany et al. (2010) who assessed a synergistic
combination of biologically active components
from wild Moringa peregrine against different
pathogens, indicating the high efficacy of
combination therapy over monotherapy . So, this
plant extracts having good healing properties
without side effects when compared with synthetic
antibiotics (Manikandan et al., 2016).

Conclusion

Moringa oleifera extracts having good healing
properties without side effects when compared
with  synthetic  antibiotics. = Combination
between Moringa oleifera leave extract and
chemotherapy  antibiotics appears  greater
effectiveness on pathogenic bacteria and
Moringa oleifera considered as a promising
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source of phytochemicals, which could increase
the effectiveness of many traditional antibiotics
against bacteria. The antagonist properties of some
combinations against some Gram negative and /or
Gram positive bacterial pathogen in the current
study revealed that the using of Moringa leaves
as dietary supplement needs some precautions,
because it may decrease the effectiveness of
antibiotics against disease causing bacteria.
The result of this study correlates with previous
reports on the effect of Moringa leaves extracts
combination with antibiotics and recommend the
high efficacy of combination therapy over mono
therapy as a new green ecofriendly drug.
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