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ABSTRACT

The purpose of this study was to determine thecesffef different concentrations of crude ethanolic
extracts on two pathogenic bacterial strains. Tagous concentration of 10%, 5%, and 1% of crude
ethanolic extracts of 9 plants belonging to divdeseilies was estimated for antibacterial actiatainst
Staphylococcus aureus and Escherichia coli. Theddand ground plant materials were extracted in
absolute ethanol 99.9% by cold-soaking for 48 he Trhvitro antibacterial activity was done by disc
diffusion Assay (DDA). The zone of inhibition fone tested microbial strains was measured using the
disc diffusion method. Imipenem (Ipm 10) was usadtlze positive control, while DMSO was the
negative control. Among 9 medicinal plants usethia study, only (7) ethanolic extracts {H. stoexha
M.parviflora (L.) Demonstr, S. arenariaForskal,ripestre L. M. longipetalaL., E. microcarpa and R.
alba L.} Showed the range of inhibition zone betw@e66+0.57 t014.67+0.56 mm. However, the crude
ethanolic extract of L.resedifolia (L.) O. Kuntzmd B. tournefortiiGouan presented no activityakt
against pathogenic bacteria. Antibacterial susbépyi exposed that the most active antibiotics ever
ciprofloxacin, chloramphenicol, imipenem, and tatin against S. aureus; ciprofloxacin,
chloramphenicol, imipenem, and polymyxin againstdi.

Keywords. Antibacterial activity, ethanol extracts, Staphylococcus aureus, Escherichia coli.
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1. INTRODUCTION

Introduction Antibacterial agents extracted fromdm@al plants are, easily available, cheap, most
essentially, and very rarely have side effects, #n@dextracts are active on many pathogenic bacteri
(Durairaj S., 2009). Although several traditionaéditinal plants are used for the treatment of many
infectious diseases, injuries, and inflammationsewmeral parts of Libya (Al-Kathe & Al-Ramah, 1997)
there are only limited reports on their antibaetleactivities (Hussein Ayoub, 1989, 1990; Hussain
&Tobji, 1997). Therefore, it is important to cawyt an antibacterial screening of these plantotdirm
their ethnopharmacological use and to identifyrthetive components.

Staphylococcus aureus causes respiratory and kaotions along with Escherichia coli causing
gastrointestinal, urogenital diseases and woundaounation are resistant to almost all of the older
antibiotics (Elisha, 2017). For a long time, th@lgems that occurred to the human body because of
antibiotic resistance are increasing. Therefore tlevelopment of alternative drugs to treat such
infectious diseases is urgently needed.

In this study, we report the results of in vitraibacterial assays performed on ethanolic extracts
obtained from different parts of nine plant spe¢Reseda alba, Scabiosa arenaria, Erucariamicrocarpa,
Phagnalonrupestre, Malva parviflora, Matthiolalongipetala, Helichrysum stoechas, Launaearesedifolia,
and Brassica tourneffortii) that are generally used in Libyan folk medicioe tireating illnesses likely to
be caused by two Gram-positive, and two Gram-negdtacteria strain isolated.

2METHODOLOGY

2.1 Materials

Analytical grade solvents ethanol absolute 99.9 8 wurchased from Nur Al Elmia Company, Tripoli,
Libya. The solvent was used in the extraction pgees. Deionized water was supplied by the Algamoudi
factory, Tajora, Tripoli, Libya. Media used for thatibacterial activities included: Mueller—Hintbroth
(MHB), Mueller-Hinton agar (MHA), and nutrient agéNA), which were provided by Oxoid Ltd.
(Basingstoke, UK). Hydrogen peroxideB4) supplied by Alfarapy company for drugs, Tripdlibya.
Dimethyl sulfoxide (DMSO) 100%; Fisher Scientiflegicestershire, United Kingdom).

2.2 Plant Material

The plant species were chosen based on theiritnaglituses described in available literature (Bsulo
198311; Al-Yahya et al., 198410; Al-Kathe, 19952:Kathe & Al-Ramah, 19974; Al-Kathe & Al-
Maghrebi, 19993; Hamed, 200723 E.A. Sobhy and H-Eeky, 2007 17; Akrout Ahmed et al 2010 26);
(Ibrahim. et al 201627); Gongora L, 2002 21); Ldohg 201122); Malek BesbesHlila, 201318); Ashraf
A, El-Bassuony, 200620); Omara Naser 202016); (lAb&8. R, 201319); (Shabana Marwan, 201325)) Al
YaforLubna, 20071);. Table 1 summarizes the ethtashcal data of the plants selected for the study.
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Table 1. Ethnobotanical data on medicinal plants

Fatimah Algadeeri& et.al.,

Botanical . Local " . .
otanic Family oc Traditional uses Active constituents Ref.
name names
Caffeoylquinic  acid,
H. stoechas Ashbatel . . . dicaﬁeoquuinic agids
Asteraceae Urinary infections a pigenin glucosideg, 23, 1
(L.) Moench -arnab :
quercetin and
kaempferol.
Coli diarrh )|
Fattolet O.IC'. larrheas - ang (17,2
R alba L. Resedaceae . poisonings Stomach -
El-Holi. ) 6,27)
disorders
E Anti  diabetic, anti
i . bacterial, anti fungal, Chromone, lanosterol, 28,10,
microcarpa. | Brassicaceae - . . . .
. anti cancer, and anticoumarins, quercetin, | 27,17
Boiss. .
rheumatic
M.
longipetala | Brassicaceae Chgara Anti-inflammatory, - 21,
(L.) Maire.
Rock used in the past to make )
P. rupestre phagnalo | deliberate, burns, t)Hydroqumones,
(L) Dc. Asteraceae | n, treat .asthma, an, teolin 7.O-beta 22:21
anesthetic for toothache .
glucoside
Qadeeh | to treat headache
diaphoretic, stomachig,
S . . . .
. . asthma, pneumonia,gallic acid, quercetin| 1,18,2
arenariaFor | Dipsacaceag - . .
sk ulcers influenza,herpegscatechin 6
' ringworm, scabies
M Relief  teeth  pain
L . | laxative, cough, . .
parviflora Khobbei X. IV. u.g. Malvin, tannin, and
Malvaceae antitussive, colitis, . 1,26
(L) za _— mucilage
tonsillitis, abscess
Demonstr, .
gastroenteritis,
L Liver aches. liver| Coumarins, luteolin
réedifolia lungs, and stomach, asoleanolic acid.
(L) o Asteraceae Adeeda| well as to heal infected cichoriinl , esculetin 1l| 20,1
) ' wounds. Jaundice,, scopoletin 1l and
kuntze . .
leucorrhoea isoscopoletin IV
Lichen, vitiligo, and .
: glucosinolates,
B. gastric ulcer.
. . . .| polyphenols, 19,25,
tournefortii Brassicaceae Shultam antioxidant, anti- .
. . | carotenoids, and 11, 16
Gouan inflammatory, anti-| ...
vitamins.

microbial, anti-allergic,
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SCREENING OF CRUDE ETHANOLIC EXTRACTS OF NINE LIBYAN MEDICINAL PLANTS

The plant materials were collected in March 202infrdifferent regions of Sabratha city, Libya, dgrin
the flowering period. The taxonomic identificatiohplants was confirmed at the Department of Batany
Faculty of Science, University of Tripoli, TripolLibya. The procured material was air-dried and iput
storage at the Laboratory of Microbiology, Natior@ancer Institute Sabratha, Sabratha, Libya. A
powerful blender (Waring, model 32 BL 80, New Hartf, USA) was used to pulverize the dried samples
into fine power. The powdered samples were stomedni airtight polyethylene plastic bag and put in
storage in a - 80°C fridge

2.3 Plant extraction

The extraction of each sample was done utilizirgdbaked method illustrated by Algadeeal. (2019)

with some modifications. The organic solvent usedthe extraction was absolute ethanol (R & M
Chemicals, 99.9%). The dried sample was groundbtailw as a powder. Samples extraction have been
done once. It was performed using 400 ml room-teaipee solvent and 48 hours of conventional
shaking. Filtration of the plant's extracts was elarsing Whatman filter paper size No. 2 (Whatman
International Ltd., Middlesex, England). Followitigis, the extracts were concentrated using a rotary
vacuum evaporator at 40°C for 3-4 hours to obtairethanol extract of the dried for all samples. The
temperature of the rotary evaporator was increase®b°C for 2 x 30 sec at the end of the extraction
process to ensure that the extract is ethanol(iMeelihaet al., 2017).

2.4Antibacterial Activity Assay

2.4.1 Sample Preparation

The stock ethanolic extract of nine plants samplas primed by dissolving a crude extract of each
sample in 100% dimethyl sulfoxide (DMSO) to obtan100 mg/mL concentration (10%). Further
dilution of the solution was done using sterileamdzed distilled water, ddH20 to produce two didetr
concentrations of 5% (50 mg/mL) and 1% (10 mg/mlangs samples extract. All the extracts
concentration were put in storage at 4 °C up totithe it was ready for use. The final concentratdn
10% DMSO used in the present study was not effedtivkilling the tested microorganisms. (Algadeeri
et al. (2020)).

2.4.2 Bacterial strainsand inoculums prepar ation

Two bacterial species, gram-positi@aphylococcus aureus, and Gram-negativ&scherichia coli (E.
coli) were used. These microorganisms were acquired idewtified using the morphological and
biochemical diagnostic tests at the MicrobiologypBxment, Faculty of science, Tripoli University,
Tripoli. The bacteria were sub-cultured overnigh8a °C in nutrient agar.

The stock culture of the bacteria was grown on MddA87°C for 12-24 hours (Rukayatal., 2013). A
sterile cotton swab was used to transfer 2-3 cekoof strains to 1 mL of MHB and mixed using a grrt
for 15 minutes. The bacteria suspension was thewrgat 37°C for 12-24 hours. Ten microliters of th
bacteria suspension were transferred into 10 mMidB. The turbidity of inoculums was standardized
between 10- 16 CFU/mL before testing by using the standard britrodilution method (Rukayaeli

al., 2013) and inoculum quantification (Indira, 2014#hich was carried out by plating 20 uL bacteria
suspension on MHA and a count of the visible c@enivas made after incubation at 37°C for 12-24
hours (CLSI, 2012).

2.4.3Disc Diffusion Assay (DDA)

The method suggested by the Clinical and Laborg&aydard Institute (CLSI) (2012) was employed to
carry out the disc diffusion assay againsE.2coli strains and . aureus strains. The inoculum was
prepared and immediately spread on an MHA plai siagle uniform colony with a sterile cotton swab.
A sterile self-punched disc paper with a diametés mm was attached to the inoculated MHA agarhEac
paper disc was imbued with 10 mg/mL (1%), 50 mgfi5%) and 100 mg/mL (10%) of each extract in
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the amount of 2QlL extract. The negative controls were preparedgu$dPo for DMSO. After a 24- hour
incubation of the plates at 37°C, the diametehefinhhibition zone was measured (in millimeters (pnm
and recorded. Analysis was carried out three timesplicate data (n = 3 x 3). Antibiotics; Imipem
were also used as a positive control.

2.5 Antibiotic Susceptibility assay

A sterile forceps were used to place the antibidis&s on the surface of the inoculated MHA pl&ach

of the disks was carefully placed and slightly pess on the MHA plates using the forceps. The
placement of the disks close to the edges of thie plas avoided to ensure zone measurement eFhas.
MHA plates were incubated at 37°C for 24 hours. @hébiotics and their potency were presented in
Table2.

Table 2: List of the used antibiotics and their potency

Antibiotic Antibiotic potency (ug)
Aztreonam 30
Oxacillin 1
Cephalexin 30
Ampicillin 10
Ticarcillin 75
Polymyxin B 300
Ceftriaxone 30
Imipenem 10
Chloramphenicol 5
Ciprofloxacin 5

2.5.1 Measurement of the zone of inhibition

The zone of inhibition for each of the antibiotizas observed on the incubated MHA plate. The size o

zones for each antibiotic was measured carefullyilimeters (mm) using a ruler by observing thelba

of the petri dish. Each zone size was measured fhoee angles of the zone to ensure accuracy asd wa
then recorded.

2.6 Statistical Analysis

Excel (v. 2010), and Graph Pad Prism version 6d¥0Windows (v. 6.00, Graph Pad Software, San

Diego, CA, USA) were employed to perform the stai#d analysis. Results were given as a mean of
three replicates + SD. The significant differente & 0.05 was established by performing ANOVA.

3. RESULTS
3.1Extraction yield

Dried of nine Libyan samples were extracted usingplute ethanol 96.9% (v/v) and the yields of
extracts were presented in Table 2. The yield obdleextracts is influenced by the types of soaking
solvent, the ratio of soaking solvent, type of agtion technique, and soaking period (Sultana .et al
2009; Abdullah et al., 2015). The extracts yieldcpatages were calculated using the following fdemu

Extract yield% = R/S* 100 (where R; the weight of extracted
Plants residues and S; the weight of plant raw $&&mp

Table 3.The total yield of medicinal plants ethanol extsact

Plant Species Dried Plant Yield Yield
samples | part? (9) extract
9 (%)
R. alba 50.00 AP 6.56 13.11
S arenaria 50.00 AP 4.21 8.43
E. microcarpa 50.00 AP 3.71 7.42
P. rupestre 50.00 AP 5.72 11.44
M. parviflora 25.00 S 2.30 9.21
( ]
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SCREENING OF CRUDE ETHANOLIC EXTRACTS OF NINE LIBYAN MEDICINAL PLANTS

M. longipetala 25.00 AP 4.00 16.00

H. stoechas 25.00 AP 10.85 43.38
L. resedifolia 25.00 AP 6.82 27.23
B. tournefortii 25.00 S 3.79 15.16

®AP, aerial parts; S, seeds.

3.2 Disc diffusion assay (DDA)

Disc diffusion assay (DDA) is a preliminary scraepifor determining the antibacterial activity of
selected plants against selected bacteria spéldresprinciple of DDA is that a larger inhibition z®
indicates greater antibacterial activity. In thisdy, DDA was carried out to screen the antibaateri
activity of ethanolic extracts of nine Libyan plarsigainss aureus andE. coli. The results for the DDA
of the ethanolic extracts are presented in Table 4.

Table 4.Disc diffusion Assay (DDA) of extracts agairstaureus andE. coli.

Zone of inhibition %(in mm)
Plants species | E.E.C* Gram-negative Gram-positive bacteria
(mg/mL) bacteria
E. E. coli S. aureus S. aureus
coli(is0.1) (is0.2) (is0.1) (is0.2)
10 ®n.a n.a n.a n.a
R. alba 50 n.a n.a n.a n.a
100 |[11.67+0.53 9.00+0.00| 11.00+0.00| 9.66+0.67
10 n.a n.a n.a n.a
S arenaria 50 8.67+0.57 8.00+ 0.00| 11.00+ 0.00| 7.66+0.57
100 |12.00+0.0Q0 9.00+0.00| 11.00+0.00( 9.67+0.57
10 n.a n.a 9.00+0.00 n.a
E. microcarpa 50 n.a 8.00+0.00| 10.00+0.00 n.a
100 (10.00+0.0Q 9.00+0.00| 13.00+0.00 n.a
10 n.a n.a n.a n.a
P. rupestre 50 n.a 8.00+0.00| 9.00+0.00 n.a
100 n.a 10.00+0.00] 11.00+0.00 n,a
10 n.a n.a 9.66+0.57 n.a
M. parviflora 50 n.a n.a 11.33+0.56 n.a
100 n.a n.a 12.33+0.67 n.a
10 9.77+0.67 n.a 10.00+0.00 n.a
M. longipetala, 50 [10.66+0.579 n.a 10.33+0.67 n.a
100 |[14.60+0.5¢ 9.67+0.68| 11.77+0.67 n.a
10 10.00+0.0( n.a 10.00+0.00 n.a
H. stoechas 50 10.00+£0.0( n.a 11.33+£0.67 n.a
100 (12.00+0.0Q 9.00+0.00| 12.33+0.55 n.a
10 n.a n.a n.a n.a
L. resedifolia 50 n.a n.a n.a n.a
100 n.a n.a n.a n.a
10 n.a n.a n.a n.a
B. tournefortii 50 n.a n.a n.a n.a
100 n.a n.a n.a n.a
'DMSO(10%V/V) n.a n.a n.a n.a
"IMP,(mg/mL) 22 21 30 23

% .E.C mg/mL; Ethanolic extract concentration in mg/fn.a; not active’lso; isolate.
9Zone of inhibition (in mm) excluding the diametdtioe disc/10% (v/v) solution of
dimethylsulfoxide (DMSO) was assayed as negativerob "Imipenem(lpm) was used as
antibiotic positive reference standards for baaté. coli; Escherichia coli.
S. aureus; Staphylococcus aureus

3.3 Antibiotic Susceptibility Test
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For antibiotic susceptibility examination, Muelldinton agar is mainly used in which the culture of
tested bacteria is completed. Commercially avasladhtibiotic disks were used for this test. The
technique is called the Kirby-Bauer method. In ddweebacterium is resistant to any particular aotib
it will grow over the antibiotic disks and if thedterium is sensitive to the antibiotic, a cleaclei, or
zone of inhibition will be observed. Occasionallyckeria may gain resistance after a certain peratl

thus creating secondary zones of growth (Bogda@d7p Read AF, 2014 ). The list of commercial
antibiotics used are given below:

Tableb5. Effect of some antibiotics da.coli 1, 2, andS aureus 1,2 (all values in mm)

Zone of Bacterial strains Total %
inhibition of | E. coli | E.coli | S aureus | S aureus
antibiotics | iso.1 | is0.2 iso.1 is0.2
ATM 30 - - - - 0 0
OoX1 - - - - 0 0
CL30 - - 14 - 1 5
AMP10 - - 20 - 1 5
TICT75 10 - 26 9 3 15
PB300 11 9 - - 2 10
CRO30 16 - 11 - 2 10
IPM10 22 21 30 23 4 20
CIP5 20 - 20 8 3 15
C5 16 16 12 15 4 20
% 6(30%)| 3(15%) | 7(35%) | 4(20%) 20
4.DISCUSSION

4.1 Extraction yield

Ethanol extraction gave different extraction yields stoechashad the highest yield (43.38%), followed
by L. resedifolia(27.23%). The lowest extraction yield was obtainedh E. microcarpa 7.42%.
Extraction yield from a plant has a great effecttloa overall efficacy and selection for bioprospest
and in the calculation of total activity (Elishaat 2017).

4.2 Disc diffusion assay (DDA)

The results of DDA show that the ethanolic extmaith concentrate (100 mg/mL) 10% BEseda alba
and (100 mg/mL) 10%, and (50 mg/mL) 5%Sohbiosa arenaria exhibited antibacterial activity against
all gram-positive and gram-negative bacterial.Hogvethe crude ethanolic extract afresedifolia (L.)

O. Kuntze, and. tournefortiiGouan with different concentrations 1%, 5%, 10%spreed no activity at
all bacterial strains under the study. On the otieard, from the results, we have observed sigmifica
inhibitory effect of areal parts ethanol extracts dH.stoechas, M. longipetala, P. rupestre , E.
microcarpa,S. arenaria, and R. alba together with seeds ethanol extractMf parviflora againstS
aureus (iso.1) indicating their potential antistaphylocatproperties.

Although crude chloroform extract ¢i. stoechasaerial part (Rios et al., 1987) possessed significa
antimicrobial activity in the previous study, we@lnoted the significant antimicrobial effect dfaolic
extract against the strains current study. Moreowethanol extract of this species showed a siganfi
inhibitory effect on all microorganisms tested ihet previous study. Except for phloroglucinol
acetophenone and a-pyrone derivatives found inrafdom and dichloromethane extracts (Tomas-
Barberan et al., 1990; Rios et al., 1991), theeerar reports of isolation of other antimicrobiatiae
components ofl. stoechas. (Louhaichi, 2011)

The alteration in the sensitivity between Gram-pesiand Gram-negative bacteria may be due to the
difference in their cell wall construction. The @rgositive bacterial cell wall consists of 70-1@@drs

of peptidoglycans. Peptidoglycan is included of padysaccharides, N-acetyl-glucosamine and N-acetyl
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muramic acid cross-linked by peptide side chaingl amoss bridges. This is certainly an
oversimplification as an explanation and other naecdms probably play a role in resistance from Gram
negative bacteria against antibiotics like penrcitiriginates from the secretion of the lactamaseyme

in the periplasmic space between the thin outer Ibnene and the cytoplasmic membrane. (
Louhaichi,2011).

Also, earlier studies have shown the antibacteaativities of aqueous garlic extracts against
Saphylococcus aureus, Staphylococcus epidermids, Staphylococcus pneumoniae, Staphylococcus
pyogenes, Pseudomonas aeruginosa, Escherichia coli, Shigella spp., andProteus spp. whose widths of
the zone of inhibition were calculated and charaze to range from 19.8-24.5 for gram-negative and
20.2-23.7 mm for gram-positive (Durairaj et al.09D The difference in the zone of inhibition beéne
researchers could be due to variation in soil tybejate, pH, plant category or varieties, the @and
concentration used, and extraction procedures.tadil literature has shown that antibacterial @stied
from the aqueous solution are less effective thasd extracted from ethanol.

The results for some disc diffusion assays arecumate due to the limited ability of the extracisobss
through the hole discs and the hydrophobic compsuvele then unable to diffuse into the agar media.
Gangoué-Pieboji él. (2009) specified that, when using discs, some@acompounds might be stuck in
the disc pores. These compounds are not able te fmsugh to the inoculated media and as a
consequence are not be able to fulfill their fumasi. The disc diffusion assays are generally usea a
first screening procedure to determine that thee@compounds in plant extracts can pass throumghjg
done before performing a further determination.

Differences in the antibacterial activity of theaexination plants are related to changes in theecwsitof
active compounds. The most active species studi¢is work seem to have similar antibacterialvati
compounds including essential oils, flavonoids aitdrpenoids, and other compounds of phenolic neatu
or with free hydroxyl groups, which are classifig@sl active antibacterial compounds. On the othed,han
some of the moderately active and least activetplamre also stated to have similar and/or othéveac
compounds but possibly in smaller quantities. (ttaAli, 1998).

4.3 Antibiotic Susceptibility Test

4.3.1E. coli isolates 1 and 2

The antibiotic susceptibility examination was cadriout on 2 isolates using 10 antibiotics and éseilt
showed that the isolate (1) was fully resistanOtacillin, Aztreonam, Ampicillin, and Cephalexindan
for the isolate (2) was resistant to Oxacillin, ®eonam, Ampicillin, and Cephalexin, Ticarcillin,
Ciprofloxacin, and Ceftriaxone, these antibiotisben tested against all the isolates, producedne bf
inhibition. However, all the isolates were fully nsétive to Chloramphenicol, Polymyxin B, and
Imipenem. The total percentage (%) sensitivitfeotoli isolate (1) and (2) to the commercial antibiotic
were 30% and 15%, respectively.

4.3.2 S aureusisolates1 and 2

The antibiotic susceptibility analysis was carr@at on 2 isolates using 10 antibiotics and the Itesu
showed that the isolate (1) was fully resistan®t@cillin, Aztreonam, and Polymyxin B and the isela
(2) were resistant to Oxacillin, Aztreonam, Amdinoil Cephalexin Ceftriaxone, and Polymyxin B. The
total percentage (%) sensitivity 8faureus isolate (1) and (2) to the commercial antibiotierav35% and
20%, respectively.

5.CONCLUSIONS

Ethanol extracts of 9 Libyan plants belonging tdakilies were studied for their antibacterial
activity. The results obtained from the currendgtsuggest that the extractsRfalba, S arenaria, E.
microcarpa, P. rupestre, M. parviflora, M..longipetala, H. stoechason Saphylococcus aureus, and R.
alba, S arenaria, E. microcarpa, M. longipetala., H. stoechas, onE.coli. possess significant antibacterial
properties. However, the mechanisms of killing regjdurther investigation. Out of the 9 plant etblan
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extracts tested, two plant extracts, lof resedifolia (L.) O. Kuntze, andB. tournefortiiGouan with
different concentrations of 1%, 5%, 10% showed ¢tiviy against most of the organisms. Moreoveg, th
combination of some of these extracts and the iatitb could be tested to determine any synergistic
effects that might increase the antibacterial @gtiGeveral studies have been reported on thenpat®f
this synergistic effect to improve the biologicatigity of some low-activity plant extracts by comimg
them with higher activity plants or combining lowaativity plants with higher activity antibiotics.
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