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Abstract: This study was performed to assess the antioxidant and antibacterial properties of methanolic
extracts derived from aerial parts of four Jordanian medicinal plants (Artemisia sieberi, Peganum harmala,
Rosmarinus officinalis (Green-Flowered) and Sarcopterium spinosium). The possible relationship between
these biological properties and the total phenolic concentrations of these extracts were also be determmed. The
antioxidant capacity and total phenolic concentrations were assessed by the ABTS method and Folin- Ciocalteu
method, respectively. The amount of the extract required to scavenge 50% of ABTS (IC,;) was also measured.
Broth dilution and disc diffusion assays were performed to measure the antibacterial activity of these extracts
against available bacterial strains. Variations were observed among the examined plants in antioxidant and
antibacterial activities as well as in their phenol contents. According to ABTS assay and IC,; value, the highest
free radical scavenging potential was found in Sarcopterium spinosium, followed by Rosmarinus officinalis,
Peganum harmala and Artemisia sieberi, respectively. Similarly, the results of antibacterial assays showed that
Sarcopteritim spinosium exhibited the highest antibacterial activity against all tested bacterial strains as
compared to Rosmarinus officinalis, Peganum  harmala and Artemisia  sieberi Moreover,
Sarcopterivm spinosium contained the highest amount of phenolic compounds followed by,
Rosmarinus officinalis, Artemisia sieberi and Peganum harmala, respectively. In conclusion, these plants are
not only interesting sources for antimicrobial agents but also have a considerable amount of antioxidants. In
addition, these findings revealed that the antioxidant capacity and antibacterial activity of these plant extracts

do not necessary be attributed to their total phenolic concentrations.
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INTRODUCTION

Recently, interest in plant extracts has been increased
due to large contributions to some important applications
such as remedy for treatment of microbial infections or
reducing the risk of various diseases associated with
oxidative stress and utilization for preserving raw and
processed food. Based on data derived from previous and
recent studies, the therapeutic actions of these plant
extracts are more likely related to the antioxidant and antib
acterial properties of their constituents (Velioglu et al.,
1998; Cowan, 1999; Cai et al., 2004; Rios and Recios, 2005,
Taguri et al., 2006, Tawaha et al., 2007, Balarel et al,
2008, Padam et al., 2012). Apparently, according to these
studies, the antioxidant and antimicrobial properties
exerted by various plant extracts have been related or
ascribed to some extent to their phenolic constituents.

Phenol compounds are widely distributed in various
plant species. It has been estimated that at least 12,000

phenolic compounds have been isolated. These phenols
are mostly derivatives and isomers of flavones, phenolic
acids, quinines, tannins and coumarins (Cowan, 1999;
Cai et al., 2004; Scalbert et al, 2005). Importantly, a
positive relationship between total phenol contents and
antioxidant capacity or antibacterial activity was observed
1n some investigated plant extracts (Velioglu et al., 1998,
Katalinic et al., 2006; Yildirim et al., 2001; Taguri et al.,
2006).

The potential benefits provided by phenolic
antioxidants are tremendous because of their ability to
scavenge free radicals and active oxygen species such as
singlet oxygen and hydroxyl radicals as well as their
ability to disrupt the free-radical chain reaction of lipid
peroxidation (Cowan, 1999, Scalbert et af, 2005;
Bakirel et af., 2008). Moreover, antibacterial activity of
polyphenols against Gram positive and Gram negative
bacteria have been reported in various plant species
(Cowan, 1999, Scalbert etal., 2005, Taguri etal., 2006,

Corresponding Author: Fawz I. Irshaid, Department of Biological Sciences, Faculty of Science, Al al-Bayt University,
P.O. Box 130040, Al-Mafraq 25113, Jordan Tel: 0096265151261



Pak. J. Biol. Sci., 17 (3): 372-379, 2014

Padam et «l, 2012). In addition to antioxidant and
antimicrobial properties, phenols can exluibit several
physiological properties such as antiallergy, antifungal,
antiulcer, antimflammatory, antidiabetic, antimutagenic
and antitumoral activity, estrogenic, immune-stimulating
agents and activation or inactivation of certain enzymes
(Cowan, 1999; Katalinic et al, 2006; Rios and Recios,
2005, Scalbert et al., 2005, Romerc et al, 2006,
Bakirel et af, 2008, Willoughby Sr et al., 2009,
Bustanji et al., 2010).

Tt has been estimated that there are about 700 genera
of plants in northern and southern parts of Jordan and
about 485 species from 99 plant families have been
claimed as medicinal plants (Khalil, 1995; Oran and
Al-Fisawi, 1998; Ali-Shtayeh et af., 2000, Afifi and Abu-
Irmaileh, 2000). However, during the last decade, linited
mumber of studies have been carried out to screen some
Jordanian plants that have been claimed to be useful in
treatment of various diseases (Tawaha et af., 2007; Trshaid
and Mansi, 2009a, b, DBustann et af, 2010
Tarawneh et @i, 2010, Irshaid et «f., 2010, 2012,
Obeidat et al., 2012). Moreover, as far as our literature
search could ascertain, studies to determine the possible
relationship between phenolic contents and the
antioxidant capacity and antibacterial activities of some
Jordaman medicinal plants are limited and not thoroughly
documented, particularly in case of Artemisia sieberi
(4. sieberi), Peganum harmala (P. harmala),
Rosmarinus officinalis 1. (R. Officinalis, Green-Flowered),
Sarcopterium spinosium (S. spinosium). These plants are
widely distributed in the semi-desert climate of Tordan and
neighboring Arabic countries.

A. sieberi s well kmown medicinal herbs that belongs
to the Asteraceae family (Ali-Shtayeh et ol., 2000,
Irshaid et al, 2010). This species has been shown to
possess a wide range of bioactivities such as spasmolytic,
vermicidal, insecticidal, antihyperglycemia, antibacterial,
anticandidal and antiviral (Romero et al., 2006,
Willoughby et af., 2009; Irshaid et al., 2012). P. harmala
15 commenly known as rue or harmal that belongs to the
family of Nitrariaceae (Lamchowi et al, 1999
Moura et al., 2007; Arshad et al., 2008). P. harmala has
been used for treatment of infections due to bacteria and
protozoa as well as for treatment of tumors and
depression (Lamchouri et al., 1999; Moura et al., 2007,
Arshad et al,, 2008). S. spinosum belongs to family of
Rosaceae (Ali-Shtayeh et al., 2000, Rao et al., 2010). In
Arabic folk medicine, S. spinosum can act as a tranquilizer

and has been used to treat diabetes, stomachaches,
toothache, gmgivitis and  external wmflammation
(Rios and Recios, 2005; Racet al, 2010). R. officinalis
(Green-flowered) 1s perenmal plant that belongs to
Lamiaceae family (Al-Sereiti et al., 1999; Tarawneh et al.,
2010). This plant 1s well known as culinary herb, hence,
addition of this herb to food and salads usually give them
color and aroma. R. officiralis might be used to stimulate
brains and aid memory as well as to treat gastrointestinal
pain, acne, dandruff and eczema and has antifungal,
antidiabetic and antiviral properties (Al-Sereiti et al., 1999;
Bakirel et al., 2008; Bustanji et al., 2010).

Taken together, these data have prompted us to
focuses on evaluation of antioxidant and antibacterial
activities of these four important medicinal plants that
commonly claimed by traditional healers or some rural
people of Jordan as remedy for treatment of various
illnesses and infections. In addition, the potential
relationship between these biological properties and the
total phenolic concentrations of these methanolic plant
extracts were also be examined.

MATERIALS AND METHODS

Plant materials: 4. sieberi, P. harmala, R. officinalis
{(Green-Flowered) and S. spinosium were collected during
the months of March-Tune, 2011, from natural habitat at
Al-Mafraq area, which 13 located m the northern region of
Tordan. The scientific, family, common names and parts of
plants used in this study are presented in Table 1. These
plants were identified by a plant taxonomist from the
Department of Biological Sciences, Faculty of Sciences,
Mutah University, Mutah, Jordan.

Preparation of crude extracts: Fresh aerial parts were
collected and separated from each selected plant species.
These parts were cleaned by thoroughly washing with tap
water at room temperature to remove dirt and soil particles
prior to the diying process (Tarawneh et al., 2010). The
washed aerial parts were cut into small pieces. Then, they
were dried in shade and crushed into fine powder using
an electric blender. The dried powders of these plants
were extracted in Soxhlet apparatus with methanol. These
extracts were filtered and concentrated in vacuum using
a rotary evaporator. After that, the resulting plant extracts
were kept in a refrigerator at 4°C i a glass container
until use.

Table 1: The botanical data, local names and the parts of the four selected Jordanian medicinal plants used in this study

Scientific name Family Comimon Part extracted %Yield of methanolic extract
Sarcopterium spinositim Rosaceae Rillan Acerial parts 4.6
Pegariim harmala Nitrariaceae Harmal Acerial parts 6.6
Rosmerinus officinalis Larniaceae Hasalban Aerial parts 4.4
Artemisia sieberi Asteraceae Sheeh Acerial parts 6.6
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Antioxidant assay: The
ethylbenzthiazoline-6-sulphonic acid (ABTS) free radical
scavenging assay method was used to assess the
antioxidant activity of the selected plants. This assay
method was conducted as described previously (Re et al.,
1999). Briefly, radical cation of ABTS was made by
reacting ABTS stock solution (7 mM) with 2.45 mM
potassium  persulfate and by allowing the reaction
solution to stand in the dark at room temperature for 16
hours before use. To reach an absorbance of 0.70+0.02 at
734 mm, the solution was diluted with ethanol. Then, 2 mL
of different concentrations of these methanolic extracts
were added to the diluted 1 mL of ABTS soluticn. A
negative control was prepared by adding 2 mI. of ethanol
tol mL of ABTS solution. The absorbance at 734 nm was
determined at 6 min after initial mixing of each sample. All
experiments were repeated at least three times.

Trolox (6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-
carboxylic acid) was used as a standard and calibration
curve was generated. Trolox Equivalent Antioxidant
Capacity (TEAC) was estimated based on standard curve
of ABTS scavenging by trolox. The antioxidant capacity
of each plant extract was expressed m terms of mM TEAC
g plant extract. All assays were carried out in triplicates.
The IC.; value for each methanolic plant extract was also
measured from standard curve and expressed as ug mL™
extract. IC;; 1s the amounts of the extracts required to
scavenge 50% of ABTS.

Screening for antibacterial activity: Four Gram-
negative stains [Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853), Proteus
mirabills (ATCC 426), Enterobacter cloacae (ATCC
29004)] and one Gram-positive [Staphylococcus aureus
(ATCC 25923)] were used for antimicrobial activity
studies. All these bacterial strains were originally
purchased from the American Type Culture Collection
(ATCC). All bacterial strains were cultured on Mueller-
Hmton agar plates at 37°C for 18 h.

The antibacterial testing was carried out by disc
diffusion and broth dilution methods. Disc diffusion
method was performed as described earlier by Alzoreky
and Nakahara (2003). Briefly, Mueller-Hinton agar plates
were prepared. All plates were left to solidify at room
temperature. A bacterial suspension containing 10°
Colony Forming Unit (CFU) ml were placed on the agar
plates and spread evenly. All extracts were dissolved in
10% dimethyl sulfioxide (DMSO) to yield concentration of
10.0mg mL " Then sterile discs (6.0 mm diameter) were
submerge with 10, 20 or 40 pl. of each extract to yield the
concentration of 100, 200, 400 pg mL. ™", respectively and
immediately placed on the inoculated plates. In addition,

2.2'-azino-bis-3-
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a blank disc for each plate was carried by adding 10%
DMSO to serve as negative controls and 30 pg mL™
chloramphemcol discs were also prepared and used as
positive controls. The plates were incubated at 37°C for
24 h. The sensitivity of the bacterial strains to the extracts
was determined by measuring the sizes of mhibitory zones
on the agar surface around the discs. The diameters of
inhibition zones were measured in millimeters (including
the 6 mm well diameter). All of the experiments were
conducted in triplicate. The results were reported as the
average of three experiments.

Broth dilution method was also used to determine the

minimum inhibitory concentrations (MICs) as described
previously (Garcia et al., 2002). Briefly, fresh bacterial
cultures were prepared and then diluted with a sterile
normal saline solution with reference to the 0.5 McFarland
standards to obtain an inoculums' size of approximately
10° CFUmL™". A serial dilutions, ranging from 0-20 mg
methanolic extract per mL, were also made. This was
followed by inoculation of tubes with 20 pl. of the
bacterial suspension per mL nutrient broth, homogenized
and mcubated at 37°C. The MIC value was assessed as
the mimmum concentration of the methanolic extract n the
broth medium that inhibited the visible growth of the test
microorgamsm (NCCTS, 2002).
Phenolic assay: The Total Phenolic Concentration
(TPC) in each plant extract was measured according to the
Folin-Ciocalteu procedure modified by Miliauskas et al.
(2004). Stock solution of each methanolic extract was
made to the concentration of 1 mg mL™". One millilitter of
each methanolic extract was added in presence of 5 mL of
Folin-Ciocalteu reactive reagent. The mixture solution was
stitred and then incubated in the dark at room temperature
for 3 min. Then 5 mL of sodiumn carbonate solution (2%)
was added to the mixture and stirred thoroughly and kept
inthe darkness at room temperature for 1 howr. Finally, the
absorbance for each mixture was measured at 765 nm.
Similarly, blank consisted of 5 mL Folin-Ciocalteu reagent,
1 mL methanol and 5 mL sodium carbonate solution was
prepared and measured under the same conditions.

Gallic acid was used as a standard phenolic
compound. Serial dilutions of gallic acid were prepared
and a linear dose-response standard gallic acid curve was
established using absorbance reading at the wavelength
of 765 nm under the same condition as the extract. The
TPC was calculated by comparison with the absorbance
of standard gallic acid curve at different concentrations.
The TPC values were expressed as milligrams of Gallic
Acid Equivalents (GAE) per gram plant extract. All
measurements were repeated three times.
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RESULTS

Methanolic extracts were prepared from aenal parts of
four plant species (4. sieberi, P. harmala, R. officinalis
and S. spinosiun) grown in Al-Mafraq district. The TPC,
antioxidant capacity and antibacterial activity of these
four selected species were determined.

The antioxidant capacity for each of methanolic
extract of the four selected plant species was calculated
using ABTS in vitro assay and determined as TEAC. The
ABTS scavenging activities of four methanol extracts
from the four different species were presented in
Table 2. S. spinosium exhibited the highest ABTS
scavenging capacity (522 mmol trolox equivalent g™
plant extract), followed by R. officinalis (499 mmol
trelox equivalent g plant extract). The lowest ABTS
scavenging capacities were obtained from P. harmala
(268 mmol trolox equivalent g~ plant extract) and
A. sieberi (200 mmol g~ dry extract). The amount of
the methanolic extracts required to scavenge 50% of
ABTS (IC,,) were also estimated for these four selected

Table 2: The trolox equivalent antioxidant capacity (TEAC) and ABTS *
ICs; of methanolic extracts from the studied plants
TEAC (mmol equivalent

Plant to trolox/g plant extract)  ICs)” (ug mL™1)
Sarcopterium Spinosium 525 20
Peganim harmala 268 41
Rosmarinus officindalis 499 22
Artemisia sieberi 200 55

*ABTS: 2,2"-azino-bis-3-ettylbenzthiazoline-6-sulphonic acid, Values are the
average of triplicate experiments of plant methanolic extract at 734 nm
wavelength, *ICy; is the amount of sample in ug mL™* required to scavenge
the ABTS free radical 100 pg mL™! by 50%%

plants (Table 2). The IC,, values were obtained from a
standard curve of ABTS scavenging by Trolox. Similarly,
it was observed that S. spirosium showed the highest
anticxidant capacity when IC;, (20 pg mL™") was
measured. This was followed by R officinalis
{22 pg mL™"). The lowest antioxidant capacity were
obtained for P. harmala (41 ug mL™") and A. sieberi
(55 pg mL™").

In addition, two experiments were also conducted to
investigate the antimicrobial activity of these selected
plants extracts against some selected bacteria. The
antibacterial activities of these methanolic extracts were
first estimated by disc diffusion method at three
different concentrations of 100, 200 and 400 pg mL™
against S. aureus, E. coli, P. aeruginosa, E. cloacae and
P. mirabilis (Table 3). Apparently, these methanolic
extracts were found to posses antibacterial activity
against all tested Gram positive and Gram negative
bacteria in dose dependent mammer. The values of
inhibition zones of these methanolic extracts were found
to be ranged from & to 30 mm. The highest values of
inhibition were obtained for methanolic extract derived
from S. spinosium against P. mirabilis (zone of inhibition:
3042.5 mm), a Gram negative bacterium and S. aureus
(zone of inhibition: 2942.6), a Gram positive bacterium, as
well as for methanolic extract derived from R. officinalis
against S. aureus (zone of mhibition: 30+2.8 mm) using

the extract concentration of 400 pg mL™".
Conversely, weak mhibitory effects were  observed
against E. coli, P. aeruginosa, E. cloacae and

P. mirabilis using methanolic extract derived from

Table 3: Antibacterial activity (zone of inhibition) of different concentrations of methanolic extract derived from four locally selected plant species on the growth
of five selected bacterial strains as compared with 30 pg mL~! chloramphenicol

Zone of inhibition (mm)*

Name of plant Microbe 100 pe mL.™ 200 pe mL! 400 pg mL !
Sarcopterium Spinosium S aureus 11£1.1 22421 20+2.6
E. coli 10£1.7 15£2.2 21421
P. aeruginesa 17£1.6 20+1.5 20+2.3
E. cloacae 11£2.5 13£1.7 25827
P. mirabilis 17£1.6 25+1.9 30£2.5
Peganim harmala S aureus ND 10£2.6 17£2.9
E. coli 10+2.5 17+1.6 2442.6
P. aeruginosa ND 9+1.2 12£2.0
E. cloacae 10+1.5 13+1.9 15£2.0
P. mirabilis 10£1.9 15£2.2 21423
Rosmarinus officindalis S aureus 1.6 22+24 30+2.8
E. coli 12+1.5 15£1.9 21423
P. aeruginesa 10+1.8 13+1.06 18+£2.0
E. cloacae ND 11£1.6 15£2.2
P. mirabilis 11+1.7 16£2.6 22429
Artemisia sieberi S aureus ND ND ND
E. coli ND ND 11+£2.1
P. aeruginosa 10£1.6 12425 16£2.8
E. cloacae 10+2.4 13+1.9 15+£2.4
L. mirabilis 9£1.1 12£1.7 14+£2.8

*Zone of Inhibition (mm) is average of triplicate experiments; Diameter of inhibition zone {mm) including disc diameter of ¢ mm; ND: Not detectable; Data

represent mean values of three replicates
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Table 4: Antibacterial activity (minimum inhibition concentration (MIC)) of methanolic extracts derived from the four selected medicinal plant species on

the growth of five selected bacterial strains

MIC® (mg mL™ extract)

Microbe Sarcopierium Spinosium Peganim harmala Rosmarinus officinalis Artemisia sieberi
S, aureils 0.8 1.2 1.0 3.3
K. coli 1.2 1.0 1.2 2.8
P. aeruginosa 0.9 24 22 2.2
E. cloacare 1.0 2.0 24 1.5
P. mirabilis 0.9 1.4 1.6 1.8

*MIC values (mg mL™") are average of friplicate experiments

Table 5: Total phenolic contents of methanolic extracts derived from the
four selected Jordanian medicinal plant species

Total phenolic compounds *

mg GAE o~! plant extract

Plant species

Sarcopterium spinosium 195+10.3
Pegariim harmala w6
Rosmerinus officinalis 187+12.3
Artemisia sieberi 99+13.6

*Total phenolic concentration was expressed as milligrams of Gallic Acid
Equivalents (GAE) per gram plant extract; values are the average of triplicate
experiments

A. sieberi at concentration of 400 pg mI.~" when compared
to the other tested methanolic extracts. Moreover, no
zone of mhibition was detected agamst S. aureus, a Gram
positive bacterium, at the highest concentration tested
(400 pg mL™") using methanolic extract of 4. sieberi.
Chloramphenicol as a standard drug was also shown to be
active against all tested bacteria using concentration of
30 ng mL~"

Along the same line, to investigate further the
antibacterial activity of methanolic crude extracts from
these four selected plants, the antibacterial effects were
also assessed for these extracts by broth dilution method
and were expressed as MIC (Table 4). According to broth
dilution assay, the mvestigated methanolic plant extracts
possessed the antibacterial activities in different degrees.
The data of this assay revealed that the MIC for
the methanolic extracts were found between
0.8-1.2mgmL~" forS. spinosium, 1.2-2.2 for R. officinalis,
1.0-24 mg mL ™" for P. harmala and 1.5-3.3 for A. sieberi
against all tested  bacterial
methanolic extract exhibited a strong antibacterial activity
against 8. aureus (0.8mg mL™"), P.  aeruginosa
(0.9 mg mL™" and P. Mirabilis (0.8 mg mL ™). On cther
hand, the lowest inhibitory activity was shown for
A. sieberi against S. aureus (3.3 mg mL ™).

Furthermore, the TPCs of the methanolic extracts of
A. sieberi, P. harmala, R. officinalis and S. spinosium
were also measured and they are presented in Table 5.
Among the plants tested, S. spinosium showed the
highest phenolic content (195 mgGAE g™ pant extract).
This was followed by R. officinalis (187 mg GAE g~' plant
extract). The TPC of A. sieberi (99 mgGAE g~ plant
extract) was found to be half of that found in

strains. S. spinosium
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R. officinalis. Whereas, P. harmala had very low amount
of total phenol content (9 mgGAE g~ plant extract).

DISCUSSION

Tt is worth mentioning that and to the best of our
knowledge, tlis 1s the first report on antioxidant and
antibactenial screemng of these four local medicinal plants
(A. sieberi, P. harmala, R. officinalis and S. spinosium)
from this region using methanol as solvent solution.
Based on studies published to date, the most common
methods of imtial screemng of plants for potential
antimicrobial and antioxidant activities have been started
with using crude alcohol extraction methods, such as
ethanol or methanol extraction (Kahkonen et al., 1999,
Yildirim et el , 2001; Taha et al., 2011; Obeidat et al., 2012).
This is due to the ability of ethanol or methanol solution
to solubilize antimicrobial and antioxidant compounds
from various plant species.

To measwe the scavenging ability of these
methanolic extracts, ABTS assay was carried out, because
it is commonly used to evaluate scavenging capacity of
various water soluble and lipid soluble antioxidant
compounds derived from plant extracts. According to this
assay, the highest values of scavenging capacity were
observed in both plants S. spinositm and R. officinalis
and found to be two times higher than P. harmala and
A. sieberi. Moreover, 1C,, was determined for these plants
for the first time. IC,, values also revealed that it is
necessary to double the concentration of methanolic
extracts of P. harmala or A. sieberi to get the same
Trolox equivalent antioxidant capacity for S. spinosium
or R. officinalis.

The results of antibacterial assays revealed that
these methanolic plant extracts possessed varying degree
of antibacterial activities against all tested bacterial
strains. In addition, according to these tests, the
methanolic extract of S. spinosum was more potent
than that of the methanolic extracts of R. officinalis,
A. sieberi or P. harmala, particularly against S. Aureus, a
Gram positive bacterium and P. Mirabilis, a Gram negative
bacterium. In addition, antibacterial activity of
R. officinalis appeared much better than that of 4. sieberi
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or P. harmala. As is in the current study, previously
studies have reported the antibacterial activity of various
extracts of R. officinalis on different microorganisms
(Dulger and Gonuz, 2004; Arshad et al, 2008,
Tarawneh et al., 2010; Torogly, 2011). Tn general, Gram
positive bacteria were more susceptible to plant extracts
when compared to Gram negative bacteria (Ojala et al.,
2000, Karaman et al., 2003; Alzoreky and Nakahara, 2003).
However, owr data showed that the tested plant extracts
exhibited inhibitory effects against both Gram positive
and Gram negative bacteria.

According to phytochemical investigations, phenolic
compounds in plant extracts can act as antioxidant and
antibacterial agents and are also essentially important for
their therapeutic values (Cowan, 1999; Yildirim et al., 2001,
Caiet al., 2004; Katalimc et af., 2006, Scalbert et al., 2005,
Taguri et al, 2006, Rafat et al, 2010). Our results
indicated that the antioxident capacity and antibacterial
activity as well as the total phenol concentrations are very
high mn extracts of both S. spinosum and R. officinalis and
low in extracts of both A. sieberi or P. harmala.
Apparently, these results suggest that the antioxidant
capacity or antibacterial activity of these extracts may be
related to a higher amount of phenolic compounds as
previously suggested by previous studies (Velioglu et al.,
1998, Yildirim et al., 2001; Katalinic et ai., 2006,
Tawaha et al., 2007). By contrast, the phenol content of
P. harmala extract was found to be ten-fold less than the
methanolic extract of 4. sieberi, however the antioxidant
capacity and antibacterial activity of P. harmala were
appeared to be higher than 4. sieberi. Based on these
data, there 15 a contradictory relationship between
antioxidant capacity or antibacterial activity and the total
phenol concentrations of A. sieberi and P. harmala.
Thus, 1t 1s possible to suggest the antioxidant capacity
and antibacterial activity of 4. sieberi and P. harmala do
not necessary be attributed or reliant to their phenolic
concentrations. This finding was consistent with the
findings of Kahkonen et al. (1999), Peschel et al. (2006),
Rafat et al. (2010) and Padam et al. (2012). In fact, they
noted that high antioxidant activities of some selected
plant extracts does not necessarily correlated with their
total phenol concentrations.

As anticipated, our studies revealed that varying
values of antioxidant capacity, antibacterial activity and
phenolic concentration were found in methanolic extracts
of these tested plants. Furthermore, variations in the
values of the antioxidant capacity, antibacterial activities
and phenolic content of our methanolic plant extracts
might be due to several factors, including plant species,
age and vegetative cycle stage of target plant, plant organ
or part, climate and soil compositions, as well as due to
presence of different structural or classes of antioxidant
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phenols between various plant families (Kahkonen et al.,
1999; Alzoreky and Nakahara, 2003; Cai et al., 2004;
Katalinic et af., 2006; Miliauskas et af., 2004; Rios Recios,
2005, Taguri et al., 2006, Tawaha et al., 2007, Rafat et al.,
2010; Tarawneh et al, 2010; Obeidat et «l., 2012).
Comparing and interpreting the findings of these studies
to our findings can be difficult. This is due to the fact that
the extraction processes, technique employed, solvents
used during extraction processes and assay methods of
evaluation of antioxidant and antibacterial activities were
different from owr study. We also can not exclude the
possibility that these activities can be attributed to the
presence of some non-phenolic compounds in our plant
extracts. It is reported that different phenolic compounds
exhibit different responses in Folin- Ciocalteu assay. Also,
this assay 1s not specific to phenols and any mterfering
compounds that may present in these crude extracts
might react with Folin-Ciocalteu reagent and lead to
high phenolic concentrations (Katalinic et al., 2006;
Everette et al., 2010). These factors might explain the
observed differences in the antioxidant capacity,
antibacterial activity and phenol contents between these
tested methanolic plant extracts as well as other various
plant extracts.

CONCLUSION

In conclusion, a considerable amounts of antioxidant
capacity and antibacterial activity were observed among
the methanolic extracts of these four selected Jordaman
medicinal plants (4. sieberi, P. harmala, R. officinalis and
S. spinosium). The relationships between the antioxidant
capacity or antibacterial activity of these selected plants
and their total phenolic contents are not clear or
sometime contradictory. These findings suggest that
promising therapeutic agents with antioxidant and
antibacterial activities could be potentially isolated
from these plants, particularly from S. spinosiwm and
V. officinalis.

ACEKNOWLEDGMENTS

We would like to thank the Deanship of academic
research, Al al-Bayt University, Al-Mafraq, Jordan, for the
financial assistant. The technical assistance from
Department of Biological Sciences, Mutah Umversity,
Mutah, Jordan is also gratefully acknowledged.

REFERENCES
Afifi, FU. and B. Abu-Irmaileh, 2000. Herbal medicine in

Jordan with special emphasis on less commonly used
medicinal herbs. J. Ethnopharmacol., 72: 101-110.



Pak. J. Biol. Sci., 17 (3): 372-379, 2014

Al-Sereiti, MR., KM. Abu-Amer and P. Sen, 1999.
Pharmacology of rosemary (Rosmarinus officinalis
Linn.) and its therapeutic potentials. Ind. J. Exp. Biol.,
37:124-130.

Ali-Shtayeh, M.S., Z. Yamwv and J. Mahama, 2000.
Ethnobotanical swvey in the Palestinian area: A
classification of the healing potential of medicinal
plants. J. Ethnopharmacol., 73: 221-232.

Alzoreky, N.8. and K. Nakahara, 2003. Antibacterial
activity of extracts from some edible plants
commonly consumed in Asia International. J. Food
Microbiol., 80: 223-230.

Arshad, N., K. Zitterl-Eglseer, S. Hasnain and M. Hess,
2008. Effect of Peganum harmala or its beta-
carboline alkaloids on certain antibiotic resistant
strains of bacteria and protozoa from poultry.
Phytother Res., 22: 1533-1538.

Bakirel, T., U. Bakirel, O.U. Kele®, S.G. Ulgen and
H. Yardibi, 2008. Ir vivo assessment of antidiabetic
and antioxidant activities of rosemary (Rosmarinus
officinalis) in  alloxan-diabetic  rabbits. T,
Ethnopharmacol., 116: 64-73.

Bustanji, Y., A. Issa, M. Mohammad, M. Hudaib,
K. Tawah, H. Alkhatib, I. Almasri and B. Al-Khalidi,
2010. Tnhibition of hormone sensitive lipase and
pancreatic lipase by Rosmarinus officinalis extract
and selected phenolic constituents. J. Med. Plant
Res., 4: 2235-2242.

Cai, Y., Q. Luo, M. Sun and H. Corke, 2004. Antioxidant
activity and phenolic compounds of 112 traditional
Chinese medicinal plants associated with anticancer.
Life Sci., 74: 2157-2184.

Cowan, M.M., 1999. Plant products as antimircobial
agents. Clin. Microbiol. Rev., 12: 564-582.

Dulger, B. and A. Gonuz, 2004. Antimicrobial activity of
certain plants used in turkish traditional medicine.
Asian J. Plant Seci., 3: 104-107.

Everette, 1.D., Q.M. Bryant, A M. Green, Y.A. Abbey,
G.W. Wangila and R.B. Walker, 2010. Thorough
study of reactivity of various compound classes
toward the Folin-Ciocalteu reagent. J. Agric. Food
Chem., 58: 8139-8144.

Garcia, 3., M. Araiza, M. Gomez and N. Heredia, 2002.
Inhibition of growth, enterotoxin production and
spore formulation of  Clostridium  perfirngens
by extract of medicinal plants. J. Food Prod,
65: 1667-1669.

Irshaid, F. and K. Mansi, 2009a. Effects of leaf extract of
Urtica pilulifera 1.. on male reproductive system of
streptozotocin-diabetic rats. Am. J. Pharmacol.
Toxicol,, 4: 22-28.

378

Irshaid, F. and K. Mansi, 2009b. The effects of methanol
extract derived from Urtica pilulifera leaves on some
hematological and biochemical parameters of diabetic
rats. Res. I. Biol. Sci., 4: 675-681.

Irshaid, F., K. Mansi and T. Aburjai, 2010. Antidiabetic
effect of essential o1l from Artemisia sieberi growing
m jordan in normal and alloxan mduced diabetic rats.
Pak. T. Biol. Sci., 13: 423-430.

Irshaid, F., K. Mansi, A. Bam-Khaled and T. Aburjia, 2012.
Hepatoprotetive, cardioprotective and
nephroprotective actions of essential o1l extract of
Artemisia sieberi in alloxan induced diabetic rats.
Iran J. Pharm. Res., 11: 1227-1234.

Kahkonen, M.P., Al Hopia, HJ. Vuorela, J.P. Rauha,
K. Pihlaja, T.S. Kujala and M. Heinonen, 1999.
Antioxidant activity of plant extracts containing
phenolic compounds. IT.  Agric. Food Chem.,
47: 3954-3962.

Karaman, I, F. Salin, M. Gulluce, H. Oiguteu, M. Sengul
and A. Adyguzel, 2003. Antimicrobial activity

of aqueous and  methanol extracts of
Juniperus oxycedrus 1. T. Ethnopharmacol.,
85:231-235.

Katalime, V., M. Milos, T. Kulisic and M. Jukic, 2006.
Screening of 70 medicinal plant extracts for
antioxidant capacity and phenols. Food Chem.,
94: 550-557.

Khalil, S.A., 1995, A survey of plants used in Jordaman
traditional medicine. Int. I. Pharmacogn., 33: 317-323.

Lamchoun, F., A. Settaf, Y. Cherrah, M. Zemzami and
B. Lyoussi et al.,, 1999. Antittmowr principles from
Peganum harmala seeds. Therapie, 54: 753-758.

Miliauskas, G., P.R. Venskutonis and T.A. van Beek, 2004.
Screening of radical scavenging activity of some
medicinal and aromatic plant extracts. Food Chem.,
85:231-237.

Mowa, D.J, MF. Richter, IM. Boeira, J.A. Pegas
Henriques and 1. Saffi, 2007. Antioxidant properties
of beta-carboline alkaloids are related to their
antimutagenic  and  antigenotoxic  activities.
Mutagenesis, 22: 293-302.

NCCLS 2000. Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria that Grow
Aerobically. 5th Edn., National Committee for Clinical
Laboratory Standards, Approved Standard M7-AS5,
Wayne, PA, TUSA.

Obeidat, M., M. Shatnawi, M. Al-Alawi, E. Al-Zubi and
H. Al-Dmoor et al, 2012. Antimicrobial activity
of crude extracts of some plant leaves. Res.
J. Microbiol., 7: 59-67.



Pak. J. Biol. Sci., 17 (3): 372-379, 2014

Ojala, T., S. Remes, P. Haansuu, H. Vuorela, R. Hiltunen,
K. Haahtela and P. Vuorela, 2000. Antimicrobial
activity of some coumarin containing herbal plants
growing i Finland. J. Ethnopharmacol., 73: 299-305.

Oran, S.A. and D.M. Al-Eisawi, 1998. Check list of
medicinal plants in Tordan. Dirasat. Med. Biol. Sci.,
25: 84-112.

Padam, B.S., H.S. Ti, F.Y. Chye and M.I. Abdullah, 2012.
Antibacterial and Antioxidative  Activities of
the Extracts of Banana
(Musa paradisiaca cv. Mysore) Inflorescences
I. Biol. Sei1., 12: 62-73.

Peschel, W., F. Sanchez-Rabaneda, W. Diekmann,
A. Plescher and I. Gartzia et al., 2006. An industrial
approach 1n the search of natural antioxidants from
vegetable and fruit wastes. Food Chem., 97: 137-150.

Rafat, A., K. Philip and 8. Mumandy, 2010. Antioxidant
potential and phenolic content of ethanolic extract of
selected malaysian plants. Res. J. Biotech., 5: 16-19.

Rao, MU, M. Sreemvasulu, B. Chengaiah, K.J. Reddy
and CM. Chetty, 2010. Herbal medicines for
diabetes mellitus: A review. Int. J. PharmTech.
Res., 2: 1883-1892.

Re, R, N. Pellegrim, A. Proteggente, A. Parmala, M. Yang
and C. Rice-Evans, 1999. Antioxidant activity
applying an improved ABTS radical cation
decolorization assay. Free Radic. Biol Med,
26:1231-1237.

Rios, L. and M.C. Recios, 2005. Medicinal plants and
antimicrobial activity. J. Ethnopharmacol., 100: 80-84.

Romero, M.R., M.A. Serrano, M. Vallejo, T. Efferth,
M. Alvarez and J.J. Marir, 2006. Antiviral effect of
artemisimn from Artemisia annua against a model
member of the Flaviviridae family, the bovine
viral diarthoea virus (BVDV). Planta Medica,
72:1169-1174.

Scalbert, A., I.T. Johnson and M. Saltmarsh, 2005.
Polyphenols: Antioxidants and beyond. Am. J. Clin.
Nutr., 81: 2158-2178.

Various Solvent

379

Taguri, T., T. Tanaka and I. Kouno, 2006. Antibacterial
spectrum  of plant polyphenols and
depending upon hydroxyphenyl structure. Biol
Pharm. Bull., 29: 2226-2235.

Taha, F.S., G.F. Mohamed, S H. Mohamed, S.8. Mohamed
and M.M. Kamil, 2011. Optimization of the extraction
of total phenolic compounds from sunflower meal
and evaluation of the bioactivities of chosen extracts.
Am. J. Food Technol., &: 1002-1020.

Tarawneh, K.A., F. Irshaid, A.S. Jaran, M. Ezealarab and
K.M. Khleifat, 2010. Evaluation of antibacterial and
antioxidant activities of methanolic extracts of some
medicinal plants in northern part of Jordan. J. Biol.
Sei., 10: 325-332.

Tawaha, K., F.Q. Alali, M. Gharaibeh, M. Mohammad and
T. El-Elimat, 2007. Antioxidant activity and total
phenolic content of selected Tordanian plant species.
Food Chem., 104: 1372-1378.

Toroglu, S., 2011. In vitro antimicrobial activity and
synergistic/antagoristic  effect of
between antibiotics and some spice essential oils.
I. Environ. Biol., 32: 23-29.

Velioglu, Y.S., G. Mazza, L. Gao and B.D. Oomah, 1998.
Antioxidant activity and total phenolics in selected
fruits, vegetables and grain products. I. Agric. Food
Chem., 46: 4113-4117.

Willoughby Sr., J.A., SN. Sundar, M. Cheung, A.5. Tm,
J. Modiane and G.L. Firestone, 2009. Artemisimn
blocks prostate cancer growth and cell cycle

extracts

interactions

progression by disrupting Spl interactions with the
cyclin-dependent kinase-4 (CDK4) promoter and
mbubiting CDK4 gene expression. J. Biol. Chem.,
284: 2203-2213.

Yildirim, A., A. Maviand A. Kara, 2001. Determination
of antioxidant and antimicrobial activities of
Rumex crispus L. extracts. J. Agric. Food Chem.,
49: 4083-4089.



	PJBS.pdf
	Page 1


