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Abstract: Antimicrobial activity and cytotoxicity of fifty oa extracts of different parts of
14 plants were studied. Ethanol, methanol, aqudautsnol, anch-hexane extracts were
tested against three Gram negative, two Gram pesibacteria, and two fungi.
Cytotoxicity and phytochemical screening were dateed using MTT and TLC assays,
respectively. Of the fifty one extracts, twenty twbowed activities against different
microorganisms with MICs ranging from 62.5 to 1Q0§mL. The highest activity (100%
inhibition) was for a butanol extract &osa damascena receptacles again§almonella
typhimurium and Bacillus cereus (MIC of 62.5 and 250 pug/mL) respectively. Butanol
extract ofNarcissus tazetta aerial parts and aqueous extracRo$a damascena receptacles
were both active againsTandida albicans (MIC of 125 pg/mL). Methicillin-resistant
Saphylococcus aureus was inhibited by butanol, aqueous extractsRo$a damascena
receptacles and butanol extractmila viscosa flowers (MIC of 500, 500, and 250 pg/mL)
respectively.Rosa damascena receptacles and/erbascum sinaiticum flowers ethanol
extract showed lowest cytoxicity against Vero dielé (ICsoof 454.11and 367.11). Most
toxic was the ethanol extract @honis hirta aerial parts (16 72.50 pug/mL). Flavonoids
and terpenoids were present in all plaf@sonis hirta and Narcissus tazetta contained
alkaloids. The results validate the use of thesantpl and report for the first time
bioactivity of Rosa damascena receptacles and further justifies the use of skening
programs in the quest for new drugs.
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1. Introduction

The discovery of antibiotics has decreased theaslpesd severity of a wide variety of diseases.
However, and as a result of their uncontrolled ube, efficiency of many antibiotics is being
threatened by the emergence of microbial resistemesisting chemotherapeutic agents [1]. Bacteria
and fungi are evolving numerous mechanisms to eaatienicrobial agents and the resistance to old
and new antibiotics is rising in medical practi@. [Bacterial strains such as methicillin-resistant
Saphylococcus aureus (MRSA), penicillin-resistant Streptococcus pneumonia  (PRSP), and
vancomycin-resistant enterococci (VRE), in additiorthe development of multidrug-resistant (MDR)
bacterial strains [3], are just few examples tlatehmade the search for new and novel antimicrobial
substances among the first priorities within thesjuor such materials. In addition the lack of new
antifungal agents and the long-term use of antdlirdyugs in the treatment of chronic fungal
infections has caused the emergence of amphotdiaind azole resistaandida species [4]. Not to
mention the fact that the use of some antibioticagsociated with side effects, including allergy,
immune- suppression, and hypersensitivity [5]. Blirthese reasons, there is a pressing need to
identify new and novel antimicrobial agents thatuldohelp in alleviating the problems of emerging
resistant bacterial and fungal pathogens. Planvettmatural products represent an attractive sourc
of antimicrobial agents since they are natural afidrdable, especially for rural societies in poor
developing countries [6] and also used in diffedemmulations by different cultures as part of thei
materia medica heritage [2]. However, due to taxicf some of the medicinal plants, great care
should be observed in their prescription. Also plderived agents may have different mechanisms of
action than conventional drugs, and this could belinical importance in health care improvement
[7]. Plants are rich sources of many bioactive sdaoy metabolites that have the potential to treat
different afflictions. Examples of these compounmgude flavonoids, phenols, phenolic glycosides,
unsaturated lactones, sulphur compounds, saparjiaspgenic glycosides and glucosinolates [8].

Jordan is relatively small country but it is chaesized by having a great variation in wild plant
species. Out of the 2,500 Jordanian plant spee@sded, more than 100 species are listed as eademi
[9] and 285 species are classified as medicinaitplpL0]. However, little is known about the po$sib
medical applications of such plants [10-12]. Thius bbjective of this study was to evaluate the
potential antibacterial and antifungal activitiels5d extracts of different parts of 14 plants used
popular medicine to alleviate different diseaselse Pplants (Table 1) were selected based on the
information gathered from traditional healers, tepuinformants and their inclusion in the Jordanian
materia medica as sources of probable biological activity [13].

2. Results and Discussion

Jordanian plants have received more attentionenldkt few years since they are widely used in
traditional medicine [14] and are characterizechigh diversity and endemism [13]. All tested plants
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in this study are traditionally used as medicirlahgs in different localities of Jordan. Their madal
uses are summarized in Table 1.

Table 1.Ethnobotanical data about the studied plants.

Plant scientific name, family,

Traditional and/or

Local name | Parts used . Mode of use

voucher numbers medicinal use
Populus alba L. Al-Hoor Flowers Depurative, tooth decay, skin Decoction,
Salicaceae, al-abyad lesions and herpes. infusion/oral
MAHAS 2
Teucrium polium L. Jeada Aerial parts Anti-inflammatory, spasm, Infusion
Labiatae, flatulence, diabetes, necrosis
MAHAS 9 and kidney stones
Salvia pinardi L. Miramia Aerial parts Sedative, for wound healing | Infusion
Labiatae, and herpes
MAHAS 10
Syringa vulgaris L. Lailac Aerial parts,| Antihelminthic, anti- Infusion, topical
Oleaceae, seeds febrifuge, dry skin, and in the
MAHAS 11 treatment of malaria
Phagnalon rupstre L. Kadha Aerial parts Any disease of unknown Decoction,
Asteraceae, reason, inflammation, infusion/oral
MAHAS 12 rheumatism,

migraine, depression, scalp

infection.
Inulaviscosa (L.) Ait. Taioon Flowers Anthelmintic, for lung cancer| Decoction
Compositae, muscle relaxant
MAHAS 13
Luffa cylindrica L. Louf Aerial parts Treatment of cancer, post-Oral/ infusion
Araceae, delivery pain, inflammation
MAHAS 14 infections
Pterocephalus pulverulentus Boiss | Abu Moch Aerial parts Ulceration Gargle
Dipsacaceae,
MAHAS 15
Mirabilisjalapa L. Chap-Zarief | Aerial parts, Antiseptig antiviral, Oral/infusion
Nyctaginaceae, roots, stems fungicide, antiabortive,
MAHAS 16 useful in epilepsy and chronic

bronchitis
Nar cissus tazetta L. Narjes Aerial parts, Anticancer, antiinflammatory| Infusion
Amaryllidaceae, flowers memorigenic, and sedative

MAHAS 17
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Table 1.Cont.
Verbascum sinaiticum L. Al-Omaya Flowers, Neural pain, herpes and Decoction
Scrophulariaceae aerial parts bronchitis.
MAHAS 18
Rosa damascena Mill. Ward Receptacles, Antibacterial, treatment of | Decoction
Rosaceae, Demashqi seeds cardiac diseases, colon
MAHAS 19 cancer
Ononissicula Desf. Shibreq Aerial parts Skin cancer, lesions Topical/wash
Fabaceae,
A O 298
Ononishirta L. Showk Al- | Aerial parts Skin cancer, necrosis, herpgsMouth and skin
Fabaceae, Jamal cold sores wash
A O 297

In this study we evaluated the antimicrobial atyiwf fifty one extracts from fourteen plants used
by traditional healers to treat different ailmentdlC (minimum inhibitory concentration), MBC
(minimum bactericidal concentration), cytotoxicagd TLC were determined for extracts that showed
promising activity against tested microorganisms.

The results of the antimicrobial testing of 1 mg/mhanol extracts of the tested plants revealed
that eight plants have potential antimicrobial atti (> 50% inhibition using the microplate assay)
against one or more of the tested microorganisnablélr2) where significant activities are typed in
boldface. These plants a@nonis hirta (aerial parts)Verbascum sinaiticum (flowers), Inula viscosa
(flowers), Ononis sicula (aerial parts)Narcissus tazetta (aerial parts)Rosa damascena (receptacles),
Phagnalon rupustre (aerial parts), andieucrium polium (aerial parts). Al-Fatimiet al. [15] in similar
study, screened 90 plant crude extracts and fouhdf@hese to be active against both the Gram
positive and Gram negative bacteria tested.

The ethanol extract of the eight active plants srobwifferent activities against an array of Gram
positive, Gram negative bacteria and fungi. Alltleése plant extracts were active agaatimonella
typhimurium, while no activity was detected agaidspergillus niger, a filamentous fungus, but some
extracts were active against the ye@andida albicans. Escherichia coli was not affected by any of
the ethanol extracts except for thatRdsa damascena receptacles. This extract and tNarcissus
tazetta (aerial parts) extract were the only ethanol etgrgahat showed any substantial antifungal
activity against @ndida albicans, which is very interesting and is reported heretfe first time.
Preliminary screening of some Colombian medicidahts showedn vitro antimicrobial activity of
several crude extracts of such plants [16]. MeltiicresistantSaphylococcus aureus (MRSA) was
susceptible to the ethanol extractsRidfsa damascena receptacles (95% inhibition)nula viscosa
flowers (92% inhibition, an¥erbascum sinaiticum flowers (70% inhibition).
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Table 2. Antimicrobial activity (% Inhibition) of 1mg/mL e#imolic plant extracts.

% Inhibition
Plant
P.a E.c St B.c MRSA Ca A.n

Inula viscosa (f) 96.12 9.88 99.12 101.57 92.43 22.13 17.46
Rosa damascena (s) 2550 18,50 11.45 1797 45.95 31.30 25.67
Rosa damascena (r) 80.49 60.69 100.82 101.09 95.75 98.87 30.72
Ononishirta (a.p) 4589 1249 9340 8191 -72.82 40.23 17.34
Ononissicula (a.p) 60.75 21.28 79.03 74.67 -60.23 2540 19.68
Syringa vulgaris (s) 4356 -141 -33.60 -20.75 -12.76 1292 14.18
Syringa vulgaris (a.p) 46.98 -8.60 -2.22 -34.08 -42.32 16.74 23.25
Populus alba (f) 40.12 31.38 39.11 43.00 34.65 28.27 18.25
Teucrium polium (a.p) 56.54 25.84 80.08 94.27 3.53 19.33 16.45
Salvia pinardi (a.p) 28.71 -68.30 43.99 4538 28.73 -49.76 -50.68
Phagnalon rupstre (a.p) 1951 -2410 77.86 7171 -63.28 -566 -8.70
Luffa cylindrica (a.p) 9.09 -35.07 43.93 39.20 38.38 5.34 0.87
Verbascum sinaiticum(f) 58.31 18.02 99.42 -56.69 70.54 35.46 29.57
Nar cissus tazetta (f) 46.98 2193 -32.65 -36.61 -30.08 12.34 1.60
Narcissus tazetta (a.p) 5223 44.08 70.50 75.93 48.96 99.23 5.69
Mirabilis jalapa (ro) 35.48 26.93 -14.02 -11.46 13.17 2797 10.11
Mirabilis jalapa (a.p) 13.75 5.32 -53.86 -56.70 -33.92 1790 2.54
Mirabilis jalapa (st) 4056 17.37 -28.27 15.26 -851 16.87 -5.60
Pterocephalus pulverulentus (a.p) | 43.02  5.65 3.45 40.82 26.24 28.98 13.32

Microbial species: Methicillin resistai® aureus (MRSA); Bacillu cereus (B.c); Escherichia cali
(E.c); Pseudomonas aeruginosa (P.a); Salmonella typhimurium (S.t) Gandida albicans (C.a);
Aspergillus niger (A.n). Plants in bold which showed inhibition afrse microorganisms ranging
from 50-100 % were selected for MIC determinatibnflowers, a.p: aerial parts, ro: root, r:
receptacles, st: stem, s: seeds. Penicillin, tgthime, and nystatin were used as positive controls
DMSO was also included being the solvent for theaexs.

All the ethanol extracts were active agaiRstudomonas aeruginosa, except @onis hirta (aerial
parts) andPhagnalon rupstre (aerial parts). On the other hand, the ethanalaektof Verbascum
sinaiticum (flowers) was the only ethanol extract that showedactivity againsBacillus cereus. In
the second stage of screening, MIC and MBC valdiesti@nol, butanol, methanol, aqueous, and
hexane extracts of the active plant extracts weterthined (Table 3).

The most potent extract was the butanol onRos& damascena receptacles, which had MIC values
of 62.5, 125, 250, 500, and 1000 agatamonella typhimurium, Pseudomonas aeruginosa, Bacillus
cereus, and Gndida albicans, respectively.

Other plants showed different MIC values rangimgfr125 to > 1,000 pg/mL against different
microorganisms, with the activity being most prevelin the butanol and aqueous extracts, except for
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Ononis hirta aerial parts, andleucrium polium aerial parts whose-hexane extract showed interesting
activity (MIC of 125pg/mL) againsPseudomonas aeruginosa.

Table 3. Minimum inhibitory concentration (MIC) in pg/mL @iant extracts.

Test Microorganisms

Plant Extract

MRSA E.c P.a St B.c C.a
R.d (r) Eth. > 1000 > 1000 > 1000 > 1000 1000 250
But. 500 > 1000 125 62.5 250 1000
Aqu. 500 > 1000 250 250 500 125
Met. > 1000 > 1000 > 1000 > 1000 > 1000 1000
Hex. > 1000 > 1000 > 1000 > 1000 > 1000 > 1000
l.v (f) Eth. > 1000 > 1000 > 1000 > 1000 1000 ND
But. 250 > 1000 500 125 250 ND
Aqu. > 1000 > 1000 250 > 1000 > 1000 ND
Met. 500 > 1000 1000 > 1000 1000 ND
Hex. 1000 > 1000 > 1000 1000 500 ND
P.r (ap) Eth. > 1000 > 1000 > 1000 > 1000 >1000 ND
But. > 1000 > 1000 > 1000 1000 > 1000 ND
Aqu. > 1000 > 1000 > 1000 > 1000 > 1000 ND
Met. > 1000 > 1000 > 1000 > 1000 > 1000 ND
Hex. > 1000 > 1000 > 1000 > 1000 >1000 ND
O.h (ap) Eth. > 1000 > 1000 > 1000 > 1000 > 1000 ND
But. > 1000 > 1000 500 > 1000 >1000 ND
Aqu. > 1000 > 1000 125 > 1000 > 1000 ND
Met. > 1000 > 1000 > 1000 > 1000 >1000 ND
Hex. > 1000 > 1000 125 > 1000 > 1000 ND
T.p (ap) Eth. > 1000 > 1000 > 1000 > 1000 >1000 ND
But. > 1000 > 1000 250 > 1000 > 1000 ND
Aqu. > 1000 > 1000 > 1000 > 1000 >1000 ND
Met. > 1000 > 1000 1000 > 1000 > 1000 ND
Hex. > 1000 > 1000 125 > 1000 >1000 ND
O.s(ap) Eth. > 1000 > 1000 > 1000 > 1000 >1000 ND
But. > 1000 > 1000 500 > 1000 >1000 ND
Aqu. > 1000 > 1000 > 1000 > 1000 > 1000 ND
Met. > 1000 > 1000 > 1000 > 1000 >1000 ND
Hex. > 1000 > 1000 > 1000 > 1000 > 1000 ND
V.s(f) Eth. > 1000 > 1000 > 1000 1000 1000 ND
But. > 1000 > 1000 > 1000 1000 1000 ND
Aqu. 1000 1000 > 1000 1000 1000 ND
Met. > 1000 > 1000 > 1000 1000 1000 ND
Hex. > 1000 > 1000 > 1000 > 1000 >1000 ND
N.t (a.p) Eth. > 1000 > 1000 > 1000 > 1000 > 1000 500
But. > 1000 > 1000 > 1000 > 1000 >1000 125
Aqu. > 1000 > 1000 > 1000 > 1000 > 1000 500
Met. > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

Hex. > 1000 > 1000 > 1000 > 1000 >1000 >1000
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Table 3 Cont.
Tetracycline ND 8 8 4 ND ND
Penicillin G 10 ND ND ND 8 ND
Nystatin ND ND ND ND ND 8

Plants:R.d (r): Rosa damascena (receptacles),.v (f): Inula viscosa (flowers),P.r (ap): Phagnalon
rupstre (aerial parts)Q.h (ap): Ononis hirta (aerial parts)T.p (ap): Teucrium polium (aerial parts),
O.s (ap): Ononis sicula (aerial parts)V.s (f): Verbascum sinaiticum(flowers), N.t (a.p): Narcissus
tazetta (aerial parts). Microbial species: Methicillin igtsnt Staphylococcus aureus (MRSA);
Bacillus cereus (B.c); Escherichia coli (E.c); Pseudomonas aeruginosa (P.a); Salmonela
typhimurium (S.t) Gandida albicans (C.a). ND: not determined. Values faspergillus niger were
all above 1,000 pg/mL hence we did not include thBaore tetracycline, penicillin, and nystatin
were included for comparative purposes.

Successive isolation of active compounds from glatégpends upon the type of solvent used in
extraction procedure [2]. Our results showed thatéctivity is mainly concentrated in the butanad a
agueous extracts, indicating that the potentialnaatobial compounds were in the high polarity
fractions. Such results are in agreement with odla¢a reported in literature. Mahasneh and EL-Oqlah
[11] concluded that butanols extracts have supentimicrobial activity compared with other ones.
Buwa and Staden [17] reported that the aqueouaastwere more active against bacteria compared
with ethanol and ethyl acetate extracts.

Water is usually the main solvent used by tradéldrealers to prepare plant extracts. However, we
found in this study that plant extracts derivedrirethanol produced more consistent antimicrobial
activity and this conclusion is shared also by pteeearchers [18].

It is generally expected that more plant extractaildl be active against Gram positive bacteria
compared with Gram negative bacteria [19]. Howewerthe present study, all eight active plants
showed activity against both Gram positive and Greagative bacteria (Table 2) and it is worthy to
report that among the Gram positive bacteria teatedmethicillin-resistan&taphylococcus aureus
andBacillus cereus, which are frequently implicated in food poisonggsodes. Such activity of plant
extracts may be a result of the presence of brgettimim antibacterial compounds or general
metabolic toxins [20]. Both possibilities need het investigation using purified extracts in order
identify the specific active compounds which wohtdfollowed up later in our laboratory.

Most clinical studies showed that the mortalitynfropportunistic fungal diseases is above 50% and
may reach 95% in bone marrow transplant recipigis Due to the toxicity and limited spectrum of
the commonly used antifungal drugs [22] there isead for the isolation of new antifungal agents
especially from plant extracts. In this contexg #earching of plant extracts for antifungal agéats
been a valid strategy [23, 24] and our antifungatg represent a modest contribution in this regard

Extracts of Rosa damascena receptacles andlarcissus tazetta aerial parts showed a potential
antifungal activity against @&dida albicans (Table 3). The activity was rather prominent ire th
agueous and ethanol extractsRoka damascena receptacles with MIC values of 125 and 250 pg/mL,
respectively.Narcissus tazetta aerial parts, meanwhile, showed activity in butaramueous, and
ethanol extract form with MIC values of 125, 500da500 pg/mL, respectively. These values, if
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compared with pure nystatin with a recorded MICueabf 8 pg/mL, appear to be higher but this is
expected where our test used crude extracts.

The MBC and MFC (minimum fungicidal concentratiarf)all active plant extracts showed values
higher than 1000 pg/mL (Data not shown), indicaangacteriostatic and fungistatic behavior of these
extracts [21].

The results of this study showed high antimicrohiztivity of Rosa damascena receptacles extracts
and in previous studies the essential oils of tbevdr of this plant exhibited antibacterial actieg
againstStaphylococcus aureus and Propionibacterium acnes [25; 26]. Our study is thus the first to
evaluate the antimicrobial activity of rose recejga compared with the previous studies that fatuse
on the essential oils extracted from rose petals.

The cytotoxicity of the active plant extracts wasmined against Vero cell line using the MTT
assay (Table 4). The lowest toxicity was recordedRbsa damascena receptacles with an kgvalue
of 454.11 ug/mL, while the highest toxicity wasttb&Ononis hirta aerial parts with an ligvalue of
72.50 pg/mL. Toxicity data reported in this stushuldl potentially be used to assess the anticancer
activities of such plant extracts [27] which is motthe scope of this paper but being followed mp i
another study in our laboratory.

Table 4.Cytotoxicity of the ethanolic extract of plants wentimicrobial potential.

Plant ICs0 (ug/mL) £ S.D
Inula viscosa (flowers) 202.43 £ 3.70
Rosa damascena (receptacles) 454.11+ 2.87
Ononis hirta (aerial parts) 7250+ 1.34
Ononis sicula (aerial parts) 325.17 £ 3.00

Phagnalon rupstre (aerial parts) 197.23 + 4.2

Narcissus tazetta (aerial parts) 131.01 +5.20
Verbascum sinaiticum(flower) 367.11+2.70
Teucrium polium (aerial parts) 110.03 £ 1.50

Phytochemical screening of active plant extraceb(@ 5) showed the presence of flavonoids and
terpenoids in all tested plants, while alkaloidsevaetected if©nonis hirta aerial parts andllarcissus
tazetta aerial parts. Théen vitro antimicrobial activity of several phytochemicateluding flavonoids,
tannins, coumarins, terpenoids and alkaloids has lbeported [28]. However, in order to consider
these phytochemicals as really promising antimiedoégents different studies including cytotoxicity
determination, mechanism of action, interaction hwibther compounds, and pharmacological
applicability should be performed [29].

Flavonoids are present widely in the plant kingdand posses many functions including anti-
inflammatory, antimicrobial, enzyme inhibition, aidant and antitumor [30]. Previous studies
reported the antimicrobial activity of many flavad® rich plants that have broad antimicrobial
activity [31]. And some plants that have flavonoadsive agains€andida albicans were also reported
[32; 33]. Additionally flavonoids are characterizieg low toxicity since they are widely distributed
edible plants [30]. The results of this part of greliminary phytochemical screening is in agreeimen



Molecules 201Q 15 1819

with these findings because flavonoids were deteitteaall active plant extracts where some showed
low toxicity toward Vero cell line.

Table 5.Thin layer chromatography analysis of most actikaas extracts

Plant alkaloids flavonoids terpenoids
Ononis hirta (aerial parts) + + +
Verbascum sinaiticum (flowers) - + +
Inula viscosa (flowers) - + +
Ononis sicula (aerial parts) - + +
Narcissus tazetta (aerial parts) + + +
Rosa damascena (receptacles) - + +
Phagnalon rupustre (aerial parts) - + +
Teucrium polium (aerial parts) - + +

These results, showing high antimicrobial poterdfadome plant extracts against different bacteria
and fungi combined with cytotoxicity testing agaires Vero cell line, especially these Bbsa
damascena receptacles, open the door for potential clinmaplication which merit further analysis
and investigation.

3. Conclusions

Continuous efforts in search of new and novel Higacmaterials encouraged us to study the
activity of the aforementioned plant extracts tadvan array of microorganisms. Results showed for
the first time the potential activity dosa damascena receptacles among other plant extracts against
Gram positive and negative bacteria and fungi. @yioity of these extracts toward Vero cell lineal
necessitates further investigations. However, #sults validate the use of some of these plants in
folk medicine.

4. Experimental
4.1. Plant material

Plants were collected from the Amman and Ajlouraan@ Jordan. The taxonomic identity of each
plant was authenticated by Prof. Ahmad EL-Oglahpd@tment of Biological Sciences, Yarmouk
University, Irbid, Jordan) and Prof. Dawud EL-Eisgi@epartment of Biological Sciences, University
of Jordan, Amman, Jordan). Voucher specimens wepmogited in the Department of Biological
Sciences, University of Jordan, Amman, Jordan @ abl
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4.2. Plant extraction and fractionation

Different plant samples were dried at room tempeeatind were finely ground. Suitable amounts
of the powdered plant materials were soaked in 88%nol (1 L per 100 g) for two weeks. The crude
ethanolic extracts were obtained after the solvead evaporated at 40 °C to dryness under reduced
pressure using a rotary evaporator (Buchi R-215tz8wand). The residues were further subjected to
solvent-solvent partitioning between chloroform amdter. The dried chloroform extract was also
partitioned between-hexane and 10% aqueous methanol, while the butadrdct was fractionated
from the aqueous extract [11]. All solvents werepmrated to dryness under reduced pressure to
produce the crude extracts which were collectedsaémed at -20 °C for further testing.

4.3. Microbial strains

The bacterial strains used in this study wérgcherichia coli (ATCC 25922), Salmonella
typhimurium (ATCC14028), Pseudomonas aeruginosa (Clinical isolate), Methicillin resistant
Saphylococcus aureus (MRSA Clinical isolate),Bacillus cereus (Toxigenic strain TS)Candida
albicans (ATCC 90028), and\spergillus niger (ATCC 16404).

4.4. Antibacterial assay.

The micro-titer plate dilution method [7] was use&al determine MIC (minimum inhibitory
concentration) and MBC (minimum bactericidal corication) values for the plants under study.
Sterile 96-well microplates (Nunc, Denmark) wereedidor the assay. Stock plant extracts were
dissolved in DMSO so that the final concentratiamsnicro wells were less than 1% DMSO and
solvent controls were run at these concentrati®usitive controls of penicillin and tetracycline
(Oxoid, UK) were prepared at the following concatioms 0.5, 1, 2, 4, 8, 16, 32, 64, and 188nL.

1% DMSO was used as a solvent control. Plant estraere diluted to twice the desired initial test
concentration (1 mg) with Muller Hinton broth (MHBPxoid, UK). All wells, except the first were
filled with MHB (50 pL). Plant extract (10QuL) was added to the first well and serial two-fold
dilutions were made down to the desired minimumceoitration (32ug). An over-night culture of
bacteria suspended in MHB was adjusted to turbetjyal to 0.5 McFarland standard. The plates were
inoculated with bacterial suspension (@0well) and incubated at 37 °C for 24 h. Then thebidity
was measured using micro-plate reader (Tecan, iAusit 620 nm wavelength. The assay was
conducted in two stages. In the first stage theraertobial activity of 1mg/mL of the ethanol exttac
of each plant was tested against all test micrauvsgas. Percentage inhibition was calculated ugieg t
following formula:

100% - (Experimental well absorbance — Blank weiabancex 100%)

Negative control absorbance

Plant extracts that showed more than 50% inhibiti@ne selected for further testing in stage 2.
In the second stage, MIC and MBC were determineckfioanol, aqueous, butanol, methanol, and
hexane extracts of each active plant. MIC was detexd as the lowest concentration of plant extract
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that inhibit the growth of each microorganism. MB@s determined as the lowest concentration of
plant extract that prevent the growth of bactefiaraub-culturing on MH agar plates.

4.5. Antifungal assay

The same procedure was used to determine the ragiif@ctivity of plant extracts agairGandida
albicans. The medium used was RPMI-1640 [34] supplementgd wglutamine and 2% glucose
buffered to pH 7 with 0.165 mol/L morpholinepropankonic acid (MOPS). The yeast cells were
suspended in 0.85% saline, with an optical deresgtyivalent to 0.5 McFarland standard, and diluted
1:100 in RPMI-1640 to obtain the working concentnat[34]. After 24 h incubation with plant
extracts, the turbidity was measured at 530 nm {eagéh using a spectrophotometer (Das, Italy).

The conidial viability assay was used to deternthree antifungal activity of plant extracts against
Aspergillus niger [35]. Briefly, RPMI-1640 containing 0.025% TweerD 2vas used to wash
Aspergillus colonies. The resulted suspension was adjusted8(e82% transmission using
spectrophotometer at 530 nm wave length. The adjustispension was diluted 1:50 using RPMI-
1640 and used to inoculate the micro-plate comgiserial twofold dilution of the plant extracther
micro-plates were incubated with plant extracts48rh at 35 °C then the turbidity was measured at
530 nm wavelength. Nystatin (Oxoid, UK) with thdldaving concentrations 0.5, 1, 2, 4, 8, 16, 32, 64,
and 128.g/mL was used as a positive control and 1% DMSOuwsgasl as a solvent control.

4.6. Cytotoxicity study

The Vero cell line (kindly provided by Dr. Mona Haseh; Department of Biological Sciences,
University of Jordan, Amman, Jordan) was used terd@ne the cytotoxicity of the plants that
showed a promising antimicrobial activity. Vero Iselvere grown in Minimum Essential Medium
Eagle (MEM) (Gibco, UK) supplemented with 10% hitctivated fetal bovine serum (Gibco, UK),
29 pg/mL L-glutamine, and 40 pg/mL gentamicin and were intedban a humidified atmosphere of
5% CQ at 37 °C. The cytotoxicity of plant extracts waseasured using MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode) assay (Promega, USA). The assay detects the
reduction of MTT by mitochondrial dehydrogenaseatdlue formazan product, which reflects the
normal function of mitochondria and cell viabilif$6]. Eleven concentrations (500, 400, 300, 200,
100, 150, 100, 50, 25, 15,f5/mL) were prepared from each ethanolic extraqtlahts that showed
antimicrobial activity. Exponentially growing Verocells were washed and seeded at
17,000 cells/well (in 20Q.L of growth medium) in 96 well microplates (Nunce@mark). After 24 h
incubation, a partial monolayer was formed thenrtteglia was removed and 2Q0 of the medium
containing the plant extract (initially dissolvadDMSO) were added and re-incubated for 48 h. Then
100 pL of the medium were aspirated and (5 of the MTT solution were added to the remaining
medium (100uL) in each well. After 4 h contact with the MTT atibn, blue crystals were formed.
100 uL of the stop solution were added and incubatethéurfor 1h. Reduced MTT was assayed at
550 nm using a microplate reader (Das, Italy). @elimedium containing 0.1% DMSO was used as a
solvent control. Untreated cells were used as athagcontrol.
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4.7. Phytochemical screening

Qualitative thin layer chromatography (TLC) was docted for extracts that showed potential
antimicrobial activity against the tested microangans. Aliquots (50—7nL) of the ethanolic extract
were applied 1 cm from the base of the TLC pla@®25 mm, Nacherey-Nagel, Germany). Serial
gradients of chloroform and methanol (from 0 % @® 26) were used as eluents. Development of the
chromatograms was done in a closed tank in whieratmosphere had been saturated with the eluent
vapor by lining the tank with filter paper wettedthwthe eluent. For flavonoids and terpenoids
identification, plates were sprayed wipkanisaldehyde/sulfuric acid reagent and carefudgtbd at
105°C for optimal color development [23]. For alkaloidetection, plates were sprayed with
iodoplatinic acid and dried in the fume hood.
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