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ABSTRACT

Recently, we reported high antibacterial efficiency of Loranthus acaciae (LA) against different standard
strains of bacteria including Methicillin-Resistant Staphylococcus aureus (MRSA). Therefore, this study
aimed to confirm the effectiveness of LA against clinically isolated Staphylococcus aureus (SA) including
B-lactamase producer (Blac) and MRSA. Forty-eight SA isolates collected from various clinical samples
were used in this study. Antibiotics susceptibility profile was determined for twenty different antibiotics
using automated Microscan Walkaway 96 Plus system as recommended by Clinical and Laboratory
Standards Institute (CLSI) guidelines. This system also identified B-lactamase producers and MRSA. In
the meantime, LA ethanolic extract was fractionated using liquid-liquid fraction method to hexane,
dichloromethane DCM and methanol 80% fractions. Antimicrobial activities of LA extract and fraction
were performed with agar well diffusion method for all SA isolates, MIC and MBC were also recorded.
Phytochemical screening for various phyto-constituent classes of LA ethanolic extract was determined.
Out of 48 SA isolates, Cefoxitin-positive MRSA represent 31 (64.6%), Blac 17 (35.4%), and 41 (85.4%) were
multidrug-resistant SA, which was resistant at least to one antibiotic from three different categories. All
isolates were resistant to ampicillin and penicillin. Antimicrobial activities of LA extract and fractions
revealed that ethanol extract was active against all isolated SA with inhibition zone ranged from
33 +2.00 to 25 + 3.05 mm. While DCM exhibited the largest inhibition zone range from 37 * 3.00 to
33 + 2.00 mm. This study is first of its kind conforming the high antibacterial activity of LA against SA
isolated from a different source of infection. The study concluded that LA extract and fractions are active
and give positive result for all isolated SA. Therefore, suitable pharmacological formulation of LA extract
as a promising antibacterial agent for the treatment of SA infection should be given extreme priority.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

eral infections (Al-Amery et al., 2019, Beyene et al., 2017). Globally,
the emergence of antimicrobial resistance particularly to methi-

Staphylococcus aureus SA is a common pathogen that is widely
identified both in healthy populations and also isolated from sev-

Abbreviations: LA, Loranthus acaciae; MRSA, methicillin-resistant Staphylococcus
aureus; SA, Staphylococcus aureus; Blac, B-lactamase producer; DCM, Dichloro-
methane; MIC, minimum inhibitory concentration; MBC, bactericidal concentra-
tion; CLSI, clinical and laboratory standards institute; ATCC, American type culture
collection; MeOH, methanol.
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cillin has increased, leading to higher morbidity and mortality
due to methicillin-resistant S. aureus (MRSA) infections (Okwu
et al., 2019, Arshad et al., 2017, Moglad et al., 2020a, Elboshra
et al., 2020). Antibiotic resistance can be defined as the inability
of antibiotic to show its effects against some bacteria to which they
were once sensitive. This resistance of bacteria towards antibiotic
can be developed through misuse or overuse of antibiotics. As a
result, the cases of antibiotic resistance is growing, resulting in
considerable increase in morbidity and mortality rate due to infec-
tious diseases (Chew et al., 2018). Centre of Disease Control and
World Health Organization have stated the problem of antibiotic
resistance as dramatically increasing since we are now living in
the “post —antibiotic era” (Michael et al., 2014). S. aureus has devel-
oped some kind of resistance against the B-lactam antibiotics, such
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as penicillin, oxacillin, methicillin, and amoxicillin (Appelbaum,
2007). There are two primary mechanisms for development of this
resistance. (1) The expression of B-lactamase enzymes (BLAC)
resulting in resistance of penicillin and amoxycillin and (2) produc-
tion penicillin with low affinity binding protein PBP-2a encoded by
mecA gene resulting in resistance of higher B-lactam antibiotics
(MRSA) (Ventola, 2015). This situation rings alarm for discovering
new antibiotic as the treatment choices for infected patients are
enormously constricted at the moment (Freire-Moran et al,
2011). Therefore, there is a need to search for the unconventional
sources of active drug. Herbal medicines as an alternative thera-
peutics approach for governing common infections have gained
wide acceptance throughout the world. High cost of synthetic com-
pounds and the emergence of multiple drug-resistant strains of
bacteria has engaged researchers to find new therapeutic agents
from medicinal plants (Okwu et al., 2019).

Loranthus acaciae Zucc. (LA) belongs to Loranthaceae family. LA
is a semi-parasitic perennial plant that directly attaches to another
host plant such as Acacia tree via haustoria (Moreno-Salazar et al.,
2008). LA is widely spread in Sudan as well as Saudi Arabia. It has
been used in traditional medicine to treat tonsilitis and otitis
media and in treatment of hookworms infections, smallpox, and
diarrhea (Noman et al., 2019). Numerous studies on biological
activities of LA plant species indicated antidiabetic (Osadebe
et al., 2004, Osadebe et al., 2010), potential anticancer (Sadik
et al., 2003), wound healing, and vascular protective activities
(Ameer et al., 2010). Some studies reported that bioactive phyto-
chemicals compounds identified from LA are quercetin 3-0-3-D-
glucopyranoside, catechin 7-O-gallate, quercetin 3-0-8-(6-O-
galloyl)-glucopyranoside and catechin (Noman et al., 2019).

Our previous study reported significant antibacterial activities
of LA methanolic extract towards standard ATCC Gram positive
bacteria, and further study of fractionated active extract and inves-
tigating their activities against clinical isolates were recommended
(Moglad et al., 2020b). Based on our previous data, the principal
objective of this study is to evaluate the potential antibacterial
activity of LA crude extract and fractions against isolated MRSA
and Blac producing Staphylococcus aureus. This study is first of its
kind.

2. Material and methods
2.1. Bacterial samples collection and identification

Forty-eight isolates of SA was collected from the Microbiology
department of the Maternity and Children Hospital, Al Kharj,
KSA. These were isolated from various clinical samples like pus,
blood, nasal swabs, vaginal swabs, urine, and sputum. All the sam-
ples were inoculated on culture media like chocolate agar, 5%
sheep blood agar and mannitol salt agar following standard micro-
biological procedures and incubated at 37 °C for 24-48 hrs. Identi-
fication of isolates was done using Gram stain and Catalase test.
Confirmation of all the isolates was done using automated Micro-
scan Walkaway 96 Plus system following the manufacturer’s
instructions.

2.2. Antibiotic susceptibility patterns

Susceptibility of all isolates to antibiotics was determined using
Microscan Positive BP combo 28 (PBC28) panel in automated
Microscan Walkaway 96 Plus system. This provided Staphylococcus
aureus identification and susceptibility results on one panel. PBC28
panel includes Cefoxitin screening to detect Methicillin-resistant
Staphylococcus aureus (MRSA) with concentration of 4 ug/ml and
Oxacillin in doubling dilutions from 0.25 — 2 pg/ml for MIC detec-
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tion following latest CLSI guidelines. Compositions and concentra-
tions of all the other antimicrobials of the PBC28 panel are given in
table 1.

The panels were run automatically following the manufac-
turer’s instructions. Quality control organisms used with Micro-
scan panel were the primary ATCC 29213 Staphylococcus aureus
strain recommended by Clinical and Laboratory Standards Institute
(CLSI) for minimal antimicrobic susceptibility quality control test-
ing and ATCC 43300 Staphylococcus aureus strain for confirmation
of Cefoxitin susceptibility.

2.3. Plant materials and extract preparation

Wild plant material was collected during March 2018 from
South Kurdufan State, Sudan, after permission was obtained. The
plant specimens were authenticated by Dr. Yahya Soliman, a plant
taxonomist, the herbarium of the Medicinal and Aromatic Plants
and Traditional Medicine Research Institute (MAPRI), National
Center for Research, Khartoum-Sudan, and identified as Plicosepa-
lus acacaciae (Zucc.) Wiem & Polhil (syn. Loranthus acaciae Zucc.).
A voucher specimen (No. MAP/2018/10) deposited at MAPRI
herbarium. The plant material was dried and ground into powder
using mortar and pestle. One kilogram was soaked in 3 Liters of
ethanol 96%. Extraction was carried out for three days using rotary
evaporator apparatus, with daily filtration and evaporation of the
solvent under reduced pressure (Moglad et al., 2020b).

2.4. Fractionation of ethanolic extract

Ethanolic extract was fractionated by liquid-liquid fractiona-
tion method (Handa et al., 2008). Briefly; twenty grams of extract
were totally suspended in 500 ml distilled water, then partitioned
with a same volume of n-hexane three times. Aqueous layer was
lyophilized using freeze-drier machine. Then n-hexane was was
partitioned with 90% MeOH:H,0, the n-hexane layer was sepa-
rated and the concentration of MeOH layer was changed from

Table 1
Compositions and concentrations of antimicrobials.

Antimicrobials PBC 28 (ug/ml)
Amoxicillin-Clavulanic acid 4/2-8/4
Ampicillin 0.25, 4-8
Azithromycin 2-4
Cefoxitin screen well 4
Ciprofloxacin 1-2
Clindamycin 0.25-0.5, 2
Daptomycin 1-4
Erythromycin 0.5, 4
Fosfomycin 32

Fusidic acid 2,16
Gentamicin 1,4-8
Gentamicin synergy 500
Imipenem 4-8
Inducible clindamycin 4/0.5
Levofloxacin 1-4
Linezoid 2-4
Moxifloxacin 0.5-1
Mupirocin 4-8, 256
Nitrofurantoin 32-64
Oxacillin 0.25,1-2
Penicillin 0.03-0.12, 8
Rifampin 1-2
Streptomycin synergy 1000
Quinupristin Dalfopristin 1-2
Teicoplanin 4-16
Tetracycline 4-8
Trimethoprim-sulfametoxazole 2/38-4/76
Vancomycin 0.5-16
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90% to 80% by addition of distilled water. Fractionation of this last
layer was done using dichloromethane solvent.

2.5. Antibacterial activity of plant extract and fractions

2.5.1. Inoculum preparation

From a fresh subculture of all tested strains (overnight culture
on nutrient agar media), bacterial suspension prepared using the
direct colony suspension method; two to three colonies were dis-
solved in sterile normal saline solution (0.9%). The turbidity of sus-
pension was compared with a 0.5 McFarland turbidity standard, to
achieve a number of bacterial cell approximately 1-2 x 10® CFU/
mL for each of the tested bacteria.

2.5.2. Antibacterial susceptibility test: Well diffusion method

Antibacterial activities of LA ethanolic extract and fractions
were screened using the agar well diffusion method (Balouiri
etal., 2016, Magaldi et al., 2004). Taking into consideration the rec-
ommendations by Eloff (Eloff, 2019) for avoiding pitfalls in antimi-
crobial activities screening. 200 pL of each isolated bacteria was
consistently spread on the Muller and Hinton agar by sterile cotton
swabs. Then 8 mm size wells were cut into the agar using a sterile
Cork borer. Stock solution prepared from plant extract and frac-
tions for antibacterial activities investigation using 100% dimethyl-
sulfoxide (DMSO) at 100 mg/mL. Then the extract was diluted
using methanol to obtain different concentrations of 10 mg/ml,
6 mg/ml, and 4 mg/ml. 100 pL of each extract and fractions were
transferred into each of three wells on all plates, and methanol
was used as a negative control. To dry the solution, lefted all the
plates uncover in a sterile safety cabinet for 20 min (Dkhil et al.,
2020). Vancomycin (30 pg) and gentamicin (10 pg) were used as
standard antimicrobial drug. The result was recorded by measuring
the size of the zone of inhibition after 24 h of incubation at
35 °C + 2 °C. The Experiments were performed in duplicate and
repeated three time independently, and the result is displayed as
mean of inhibition zone * standard deviation.

2.5.3. Determination of Minimum Inhibitory concentration (MIC)

MIC was done using broth dilution method as described by
Magaldi et al. (Magaldi et al., 2004). From stock solution, a serial
two-fold dilutions made to obtain different concentrations of
extracts ranged from 50 mg/mL, 25 mg/mL, 12.5 mg/mlL,
6.25 mg/mL, 3.125 mg/mL, and 1.56 mg/mL. Methanol was used
as solvent and as negative control. 100 pL of each standardized
bacterial suspension typically 1-2 x 10® CFU/mL inoculated into
broth media containing extracts. After incubation at 37 °C, turbid-
ity was recorded, and Minimum Bactericidal Concentration (MBC)
was evaluated. The test was triplicated.

2.6. Phytochemical screening

Phytochemical screening for the detection of saponins, coumar-
ins, alkaloids, flavonoids, tannins, phytosterols, triterpenoids, car-
diac glycosides and anthraquinone were carried out on ethanolic
extract and investigated qualitatively by different standardized
methods (Mujeeb et al., 2014, Ali et al., 2018).

2.7. Statistical analysis

SPSS Version 20.0 used to measure the different source fre-
quency and antibiotics susceptibility profile. Antimicrobial activi-
ties of LA were analyzed by using a Microsoft excel version 2016.
All experiments were performed in triplicates. The well diffusion
experimental results were displayed as mean + standard deviation.
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3. Results

Forty-eight clinically isolated SA encompassed in the study. The
highest frequency of samples were isolated from nasal swab 25
(52.1%) followed by pus 13 (27.1%) and the remaining from sam-
ples like tracheal aspirate 3 (6.2%), urine 2 (4.2%), sputum 2
(4.2%) and one each from blood, vaginal swab, and nail finger swab
showed.

Among the 48 isolates, 17 (35.4%) were B-lactamase producer
showing resistance to Penicillin and ampicillin and sensitive to
B-lactam + p-lactamase inhibitor combination drugs like
Amoxicillin-calavulanate. Whereas the remaining number of iso-
lates 31 (64.6%) were positive to Cefoxitin screen test and also
resistant to Oxacillin, thus identified as Methicillin-resistant Sta-
phylococcus aureus (MRSA). These isolates are considered resistant
to all B-lactam antibiotics like Cephalosporins, Penicillins, and
Carbapenems. Thus in our study all the 48 isolates were shown
resistant to Penicillin and Ampicillin. Majority of the isolates 41
(85.4%) showed simultaneous resistance to three or more than
three different groups of antibiotics (Table 2). This once again
emphasizes the extent of growing resistance to available antimi-
crobials and the urgent need for an alternative therapeutic
approach showed.

3.1. Antibacterial activity of LA extract and fractions

LA ethanolic extract was investigated against all isolated MRSA
and B-lactamase producing S. aureus, the result revealed that the
ethanolic extract is active against both BLAC producers and MRSA.
The largest zone of inhibition obtained from LA was the ethanolic
extract at the concentration of 10 mg/ml against MRSA (Fig. 1).

LA ethanol extract and fractions obtained using different sol-
vent (Hexane, Dichloromethane DCM, methanol 80% and aqueous).
Among fractions, the largest growth inhibition zone obtained from
DCM fraction followed by Methanol 80%. While, Hexane fraction
was inactive, and aqueous fraction gave intermediate zone of inhi-
bition (Fig. 2).

3.2. Minimum Inhibitory concentration MIC and MBC
Different concentrations of extract were prepared using twofold

dilution method to determine MIC against SA isolates. The lowest
concentration of the extracts which fully inhibited bacterial

Table 2
Antibiotics susceptibility profile of isolated SA.
Antibiotics Sensitive Resistant
No (%) No (%)

Amoxicillin-Clavulanate 17 (35.4%) 31 (64.6%)
Ampicillin 0 (0%) 8 (100%)
Oxacillin 17 (35.4%) 3] (64.6%)
Azithromycin 12 (25%) 6 (75%)
Erythromycin 6 (33.3%) 2 (66.7%)
Moxifloxacin 8 (58.3%) 20 (41.7%)
Levofloxacin 29 (60.4%) 9 (39.6%)
Ciprofloxacin 8 (58.3%) 20 (41.7%)
Clindamycin 8 (37.5) 30 (62.5%)
Fusidic Acid 20 (41.7%) 8 (58.3%)
Gentamicin 3 (86.8%) 5(13.2%)
Imipenem 7 (35.4%) 1 (64.6%)
Linezolid 6 (54.2%) 2 (45.8%)
Mupirocin 33 (68.8%) 5(31.2%)
Pencillin 0 (0%) 48 (100%)
Rifampin 45 (93.8%) 3(6.2%)
Teicoplanin 45 (93.8%) 3 (6.2%)
Tetracycline 8 (79.2%) 10 (20.8%)
Trimethoprim/ Sulfamethoxazole 3 (89.6%) 5(10.4%)
Vancomycin 0 (62.5%) 18 (37.5)
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Fig. 1. Comparison of antimicrobial activity of LA ethanol extract different
concentration 10, 6, and 4 mg\ml against all isolated SA and standards antimicrobial
drugs: Blac = B-lactamase producing S. aureus, MRSA = Methicillin-Resistant S.
aureus. The Experiments were done in duplicate and repeated three time indepen-
dently, and the result displayed as mean of inhibition zone * standard deviation.
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Fig. 2. Antimicrobial activities of LA fractions at concentration 10 mg\ml against all
isolated SA. The Experiments were done in duplicate and repeated three time
independently, and the result was displayed as mean of inhibition zone * standard
deviation.

growth was defined as MIC. MBC was recorded when no visible
growth was seen on Manitol Salt agar inoculated from the first
clear tube in the dilutions for all isolates. The result obtained indi-
cated that MIC varies from 3.125 to 1.56 mg/ml, and MBC were
6.25 mg/ml.

3.3. Phytochemical screening

Primary phytochemical result showed that saponins, coumar-
ins, flavonoids, tannins, phytosterols, triterpenoids, cardiac glyco-
sides and anthraquinone were present in extract. While, Alkaloid
was not present in ethanol extract.

4. Discussion:

This study reported high prevalence of MRSA 31(64.6%), Blac 17
(35.4%) and 41(85.4%) multidrug resistant SA in community and a
high level of resistance to commonly used therapeutic agents. This
alarming situation forced the researchers to find out an alternative
medicine to treat SA infection. LA is one such medicinal plant
which has been investigated for different biological activities for
instance; antioxidant, anti-inflammatory, wound healing activities,
anti-diabetic, and antibacterial activities (Moreno-Salazar et al.,
2008, Noman et al., 2019). However, this is the first study reporting
its antibacterial activity against clinically isolated SA. Furthermore,
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our results entirely agreed with other various studies that have sta-
ted the antimicrobial activities of LA against wide range of bacteria
(Elegami et al., 2001, El-Shafei et al., 2018).

It is remarkable to observe that the susceptibility test of all SA
strains shows only slight difference between LA ethanol extract,
DCM, and methanol fractions. This means that probably there are
numerous active components that might possibly cause synergistic
multi-target effects to the antibacterial activity (Coutinho et al.,
2009). This Synergistic multi-target properties of herbal medicine
is combined with drugs (Efferth and Koch, 2011). These combina-
tion of components may work on different antibacterial targets
synchronously, such as change the cell membrane permeability,
decomposing the genetic materials, and inhibiting the efflux pump
(Kim et al., 2013, Coutinho et al., 2009). A previous study stated
that the existence of several ingredients might show greater activ-
ity inside the host (Efferth and Koch, 2011).

LA phytochemical screening showed the presence of saponins,
coumarins, flavonoids, tannins, phytosterols, triterpenoids, cardiac
glycosides and anthraquinone, which probably could be responsi-
ble for the antibacterial activities of LA. Another study reported
that the presence of loranthin, flavanocoumarin, quercetin, cate-
chin, rutin, methyl gallate and gallic acid in LA revealed a signifi-
cant antibacterial activity (Badr et al, 2013). LA extract and
fractions were active against all isolated SA, this may be because
of Phytochemical compounds which may change the outer mem-
brane permeability, and occupy the active sites and act as B-
lactamase inhibitors, and inhibit multidrug resistance efflux
pumps (Krél et al., 2015, Mingeot-Leclercq and Décout, 2016).

Our recently published research investigated the acute toxicity
of LA ethanol extract on mice, and the result revealed that LA
extract is not toxic and the LDsy was more than 2 g/kg body weight
orally (Moglad et al., 2020D).

5. Conclusion

From the above recorded evidence, our outcomes show that the
prevalence of MRSA and Blac are increasing. LA extract and frac-
tions exhibited significant antibacterial activity towards all iso-
lated SA. Therefore, formulation of LA extract in suitable
pharmacological dose should be given extreme priority for the
treatment of SA diseases.
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