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ABSTRACT

Artemisia abyssinica, belongs to the family Asteraceae, is an herb commeoenly used in folk
medicine. Antibacterial and antioxidant activities of six organic solvent extracts (n-hexane,
dichloromethane [CH,Cl,, 100%], dichloromethane:methanol [CH,Cl;MeOH, 1:1], methanol
[MeOH, 100%], methanol:water [MeOH:H,0, 8.5:1.5] and water [H,O, 100%]) of the aemal parts
of A. abyssinica extracts were investigated. Antibacterial activity was evaluated using the agar
diffusion assay against Gram-negative Escherichia coli and Pseudomonas aeruginosa and
Gram-positive Staphylococcus aureus and Bactllus megatertum bacterial strains. The minimum
inhibitory concentration of the Artemista abyssinica extracts was tested using a two-fold dilution
method at concentrations ranging from 32-512 ug mL ™. Antioxidant activities were measured using
the 1,1-diphenyl-2-picrylhydrazyl and superoxide dismutase-like activity methods. Among the
tested extracts, n-hexane and water extracts exhibited strong antibacterial activity. These extracts
also exhibited good antioxidant activity with a 50% inhibition concentration. The extracts were also
screened for their degradation effects of high melecular weight biomolecules, such as DINA and
bovine serum protein,
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INTRODUCTION

Medicinal plants are valuable sources of natural products for maintaining human health. Many
studies have investigated the potential uses of these plants for health purposes because of the
widespread interest in the use of traditional plant-derived products (drug and supplements). Among
the numercus herbs used in oriental medicine, growing interest has focused on Artemisia spp.,
which may have great possibilities based on its use in home remedies (Choi et al., 2013). The genus
Artemisia L. (family Asteraceae, tribe Anthemideae) 1s large with approximately 500 species widely
distributed in Europe, North America, Asia and South Africa (Marco and Barbera, 1990; Bora and
Sharma, 2011). Species of this genus are important medicinal plants used by many cultures
in folk and modern medicine due to their therapeutic effects (Tan et al., 1998; Abad ef al., 2012;
Chot et al.,, 2013). Herbal teas from these species are used as analgesic, antispasmodie,
antihelminthic, antidiarrheal and diuretic agents (Darias ef «l., 1985; Tan et al, 1998,
Benjumea et al., 2005) while several extracts and essential oils also have a number of important
biclogical effects, such as antihyperglycemic (Ribnicky ef al., 2006), antimicrobial (Setzer ef al.,
2004), antioxadant (Kim ef al., 2003; Kordali et al., 2005, Gouvela and Castilho, 2011;

31



Astan J. Biochem., 10 (1) 51-41, 2015

Akrout ef al, 2011) and anti-inflammatory (Mino et al., 2004) properties. Furthermore, some
species of genus Artemisia are frequently utilized for the treatment of diseases such as malara
(Dhingra et al., 2000; Mueller ef al., 2000; Willcox and Bodeker, 2004; Willcox, 2009), hepatitis,
cancer and infection by fungi, bacteria and viruses (Lee and Lin, 1988; Wilairatana and
Liooareesuwan, 2002; Lee ef al., 2002, 2003; Seo et al., 2003). Chemically, Artemisia has been a
productive genus in the search for new chemical constituents and biologically active compounds;
artemisinin has not only antimalarial activity but also profound cytotoxicity against tumor
cells (Efferth, 2007) and arglabin was used to treat certain types of cancer in the former USSR
{(Wong and Brown, 2002). Therefore, many Artemisia species of the world have been extensively
investigated. This genus is rich in sesquiterpenocids, monoterpencds, flavencids and coumarins
{(Marco and Barbera, 1990; Tang ef al., 2000; Wong and Brown, 2002; Mahmoud and Ahmed,
2008; Bora and Sharma, 2011). Artemisia abyssinica 1s distributed in regions of North Africa and
the Middle East. It 1s quite commonly used in folk medicine as a remedy for heart troubles, cough,
rabies, tonsillitis, gonorrhea, syphilis and leprosy (Gevid ef al., 2005; Nibret and Wink, 2010). This
plant grows abundantly in various parts of Saudi Arabia and is locally known as “Aathir”, where
decoction of the fresh whole plant is traditionally used to treat diabetes mellitus (Mossa, 1985). The
essential oil composition, diabetic activity and preliminary toxicity of the methanol extract of this
species have been previously investigated (Qureshi ef al., 1990).

Antibiotic resistance by bacteria causing infectious diseases has become an international
concern. The worldwide development of multidrug-resistant KEscherichia coli, Fseudomonas
aeruginosa and many other P-lactamase originators has become a major therapeutic problem.
Plants are appreciated sources of natural products. The use of compounds from Artemisia spp., for
pharmaceutical leads has gradually increased (Ribnicky et al., 2009; Fiamegos ef al., 2011). The
antibacterial activity of Artemisia spp., against multidrug-resistant strains of Staphylococcus
aureus, It coli and P. aeruginosa, opportunistic pathogens widely distributed in hospitals as well
as increasingly isolated from community acquired infections, has been reported (Zheng ef al., 1995).
Information regarding the chemical constituents of plants is necessary, not only for the discovery
of beneficial agents but also because such knowledge may facilitate the identification of new
sources. Conventionally obtainable synthetic antibacterial and antioxidant medications are often
associated with unwanted side effects and antibacterial drug resistance. The application of
phytochemicals with known antibacterial properties can be a highly beneficial treatment against
resistant bacterial strains. Artemisia species have a high phenolic and flavoncid content which
provides strong antioxidant properties and radical scavenging activities (Ramezani ef al., 2004;
Shi et al., 2010). The aim of the present study was to investigate the antimicrobial activity of
various extracts of Artemisia abyssinica against Gram-negative and Gram-positive bacterial strains
using the agar diffusion technique. The antioxidant activities of the Artemisia abvssinica extracts
were also tested using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and superoxide dismutase
(50D)-like methods.

MATERIAL AND METHODS

Plant material: The aerial parts of Artemisia abyssinica were collected from the desert near
Riyadh, Saudi Arabia, in April 2010 and identified by a specialized taxonomist. A voucher specimen
(Art-1-10) was deposited in the Natural Products Laboratory, Department of Chemistry, College
of Science, King Faisal University, Saudi Arabia. The collected plant materials were stored in a dry
and dark place at. room temperature with passive ventilation for 2 weeks. The dried plant materials
were ground to powder using a plant grinder. The plant powder was stored in airtight containers
and maintained at 4°C until use.
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Table 1: Extraction scheme of Artemisia abyssinica

Sample code Weight of dry plant material (g) Extraction solvent Weight of total extract (g)
Arterisia 1 300 n-Hexane 1.23
Artemisia 11 30.0 CH,Cl; (100 %) 1.66
Artenusia 111 30.0 CH.Cl, +MeOH (1:1) 3.30
Artemisia IV 30.0 MeOH (100 %) 3.83
Artemisia V 30.0 MeOH +H;O (8.5:1.5) 3.93
Artemisia VI 30.0 H.O (100%) boiling 3.80

Extraction procedure: Extraction of the chemical constituent of the dry powdered aerial parts
of Artemisia abyssinica was performed using the following organic solvent systems according to the
polarity: n-hexane, dichloromethane (CH,CL,, 100%), dichloromethane:methanol (CH,Cl,:MeOH,
1:1), methancl (MeOH, 100%), methanol:water (MeOH:H,O, 8.5:1.5) and water (H,O, 100%).
Soxhlet and flask extraction procedures were adapted for extraction. Thirty grams of the powered
samples was packed in muslin cloth and used for extraction by a Soxhlet apparatus at a
temperature below the boiling temperature of each solvent. A portion of the powdered plant samples
was soaked in a conical flask containing solvent, wrapped with aluminum foil and placed in a
shaker for 48 h. After 48 h, the extracts were filtered using Whatman filter paper No. 1 and
concentrated using a vacuum rotary evaporator. The extracts were stored at 4°C for measurement,
of antioxidant and antimicrobial activities. The extraction scheme is given in Table 1.

Bacterial strains and antibacterial activities: Bacterial strains used in the present study were
purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). Antibacterial
analyses were performed against standard strains of Gram-negative K. coli ATCC 25922 and
P. aeruginosa ATCC 27853 and Gram-positive 5. aureus ATCC 25923 and B. megaterium
ATCC 14591, All procedures were approved by the Committee of Scientific Research Ethies of King
Faisal University.

The antibacterial activity of A. abyssinica extracts (I-IV) was examined individually by the agar
diffusion technique (Bauer ef al., 1986), using cotton swabs for each bacterial suspension (10° mL™)
and inoculated plates on which the bacteria were spread uniformly on the agar surface. The agar
surface was perforated with 6 mm diameter holes, aseptically cut and filled with the various
A, abyssinica extracts. The antibacterial test was performed against the Gram-negative strains
K. coli and F. aeruginosa and Gram-positive S, aureus and B. megaterium. The tested extracts were
used at a concentration of 10 mg extract/mL of dimethylsulfoxide (DMSC) 10% because DMSO at,
this concentration does not inhibit microorganism growth. Luria-Bertani (LB) agar medium
{10 g bacto-tryptone, b g yeast extract, 20 g agar and 10 g NaCl in 1 L de-ionized water) was made
for incculation and bacterial growth. An aliquot of the solution of the verified A. abyssinica extracts
{(I-IV) equivalent to 100 pg was placed separately in agar, cut in the agar. The LLB agar plates were
incubated for 24 h at 37°C and the resulting inhibition zones were measured. Based on the
inhibition zone diameter data analysis, the antibacterial activities were determined against
Gram-negative and Gram-positive bacteria.

Minimum Inhibitory Concentrations (MIC): Minimum Inhibitory Concentration (MIC) values
of A, abyssinica extracts (I-1V) were determined for the bacterial strains (Gram-negative K. coli,
F. aeruginosa and Gram-positive S. aureus and B. megaterium). All bacterial strains were
grown in LB broth separately with 50 pL containing approximately 5x10* CFU of 18 h grown
cultures of each organism to be tested. The extracts were first dissolved in 10% DMSO and
then diluted to the highest concentration (20 mg mL™) for testing; serial two-fold dilutions were
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made to obtain a final concentration of the extracts in nutrient broth ranging of 512-16 pg mL ™.
MIC wvalues of the extracts against bacterial strains were determined based on a microwell dilution
method (NCCLS., 2001). In brief, 96-well plates were prepared by dispensing into each well 95 pl
nutrient broth and b pli inocula. A 100 pL aliquot from the stock solutions of the A. abyssinica
extracts (1-4) in DMSO initially prepared at a concentration of 20 mg mL™" was added to the first
wells. Then, 100 pL from their serial dilutions was transferred into six consecutive wells. The last
well, containing 195 pL nutrient broth without compound and & uL inocula on each strip, was used
as negative control. The final volume in each well was 200 uL.. The plate was covered with a sterile
plate sealer and incubated for 18 h at 37°C. The MIC was defined as the lowest concentration of
the compounds to inhibit the growth of the microorganisms after incubation. The values were the
means from triplicate experiments.

Estimation of antioxidant activities of Artemisia abyssinica extracts using DPPH:
Radical scavenging activity of A. abyssinica extracts (I-1V) against stable DPPH was determined
spectrophotometrically, When DPPH reacts with an antioxidant compound which can donate
hydrogen, it 1s reduced. Changes in the color (from purple to yellow) were measured at 520 nm on
a UV/Visible light spectrophotometer. Radical scavenging activity of A. abyssinica extracts (I-1V)
was tested according to a previcusly reported method (Gulein, 2010}, as described below. Extract
solutions were prepared by dissolving 200 ug of A. abyssinica extracts (I-1V) in 400 uL, DMSO and
mixed vigorously. The solution of DPPH in ethanol (6x107° M) was prepared daily, before UV
measurements. Three milliliters of this solution was mixed with 77 pLi A. abyssinica extract solution
in 1 cm path length microcuvettes. A negative control was prepared by adding 77 uL, DMSO and
3 mL DPPH ethanolic solution. The samples were kept in the dark for 15 min at room temperature
and the decrease in absorption was measured. Absorption of blank sample containing the same
amount of ethanol and DPPH solution was prepared and measured daily. Ascorbic acid was used
as an antioxidant standard. Determination of antioxidant activities of each A. abyssinica extract
(I-IV) using DPPH was performed in triplicate. The percentage of antioxidant activity was
determined according to the following equation:

Antioxidant activity (%) = 100-[( Absorbance of sample- Absorbance of blank)=100]

Determination of SOD-like activity: The Ariemisia abyssinica extracts were assayved for SOD
enzyme-like activity (Bridges and Salin, 1981). The SOD-like activity of A. abyssinica extracts
(I-IV) was assayed by using phenazine methosulfate to generate superoxide anion radicals at
pH = 8.3 (phosphate buffer). Eeduction of nitroblue tetrazolium to form blue formazan was used
as an indicator of superoxide production and measured spectrophotometrically at 560 nm. The
addition of phenazine methosulfate (9.3x107° M) to a solution of nitroblue tetrazolium (3%107° M),
NADI (4.7x107* M) and phosphate buffer (final volume of 1 mL) led to a change in the OD (A1)
560 nm per 4 min. The reactions in blank samples and in the presence of A. abvssinica extracts
(I-IV) were measured. For comparative purposes, the activity of native harseradish SOD was also
determined. The superoxide radical scavenging ratio (%) was calculated according to the following
equation:

Superoxide radical scavenging ratio (%) = %XIOO

where, A is the absorbance of positive control and A, is the absorbance of the test samples.
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Agarose gel electrophoresis: The Artemisia abyssinica extracts (I-IV) (20 pg) were added
individually to 1 ug of the DNA isclated from E. coli (Youssef and Al-Omair, 2008). The samples
were incubated for 1 h at 37°C. The DNA was analyzed using horizontal agarose gel
electrophoresis. The electrophoresis was performed using 0.7% (w/v) agarose gels in TAE buffer
(b mM sodium acetate, 1 mM EDTA and 0.04 M Tris-HCI) at pH 7.9. The agarose gels were stained
with ethidium bromide (0.5 pg mL™") and the DNA was visualized on a UV transilluminator
{(Sambrook et al., 1989),

Polyacrylamide gel electrophoresis: Bovine serum albumin (BSA; 1 mg) was treated with
A. abyssinica extracts (I-IV; 20 pg) individually. The reaction mixtures were incubated for 1 h at
37°C. The protein samples were analyzed by using vertical one-dimensional sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (Laemmli, 1970).

RESULTS AND DISCUSSION

Antibacterial activity: The Artemisia abvssinica extracts were tested for antibacterial activity
against Gram-negative and Gram-positive bacterial strains using the agar diffusion method. All
the A. abyssinica extracts exhibited broad inhibitory activity against the tested bacteria (Table 2).
The n-hexane, 100% H,O, 100% MeOH and 8.5:1.56 MeOH-H,O extracts showed good activity
compared to the 100% CH,Cl, and 1:1 CH,Cl,-MeQOH extracts. Growth of K. coli was inhibited by
n-hexane (20 mm), 100% H,O (19 mm), 100% MeOH (17 mm), 8.5:1.5 MeOH-H,O (14 mm), 100%
CH,Cl, (12 mm) and 1:1CH,C1,-MeOH (11 mm). The MIC for n-hexane, 100% H,0, 100%
MeOH, 8.5:1.56 MeOH-H,O, 100% CH,Cl, and 1:1 CH,Cl,-MeOH extracts of K. coli ranged from
32-266 pg mlL?! (Table 3). A larger inhibition zone was observed with 100% H,O (20 mm),

Table 2: Effect. of Artemisia abyssinica extracts on some microorganisms

E. coli P. geruginosa S. aureus B. megaterium
Artemisia abyssinica solvent ATCC 25022 ATCC 27853 ATCC 25023 ATCC 14591
n-Hexane 20 18 15 16
CH,CL, (100%) 12 13 14 12
COH,Cl+ MeOH (1:1) 1 10 12 10
MeCH (100%) 14 15 16 14
MeCQH+H,0 (8.5:1.5) 17 18 16 18
H,0 (100%) hoiling 19 20 18 18
Ampicillin 22 23 21 20

Results are expressed as zone inhibition in millimeters diameter

Table 3: Minimum inhibitory concentration of Artemisia abysstnica extracts (ug mL~) against some microorganisms

E. coli P. geruginosa S. aureus B. megalerium
Artemisia abyssiniea solvent ATCC 25922 ATCC 27853 ATCC 25023 ATCC 14591
n-Hexane 32 16 32 32
CH,Cl; (100%) 256 256 64 128
CH,Cla+MeOH (1:1) 256 256 516 256
MeOH (100%) 128 256 256 128
MeCQH+H,0 (8.5:1.5) 32 64 64 32
H,0 (100%) boiling 32 32 32 32
Ampicillin 8 4 16 8
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n-hexane, 8.5:1.5 MeOH-H,0 (18 mm) for F. aeruginosa while other extracts, such as 100%
CH,ClL, (13 mm) and 1:1 CH,CL,-MeOH (10 mm) had comparatively smaller inhibition zones.
Arlemisia abyssinica extracts of n-hexane, 100% H,OQ, 100% MeOH and 8.5:1.56 MeOH-H,0, 100%
CH,Cl, and 1:1 CH,Cl,-MeOH showed a MIC ranging from 32-256 ug mL™' for P. aeruginosa.
Gram-positive bacterial strain (S. aureus) was inhibited by the A. abyssinica extracts. The MIC
of A. abyssinica extracts for S. aureus ranged from 82-516 ug mL™". Inhibition of B. megaterium
bacterial strain by A. abyssinica extracts was observed with 100% H,O (18 mm) and
8.5:1.56 MeOH-H, O (18 mmy), n-hexane (16 mm), 100% MeOH (14 mm), 100% CH,CL, (12 mm)
and 1:1 CH,Cl,-MeOH (10 mm). The MIC of A. abyssinica extracts for B. megaterium ranged
from 32 to 265 ug mL™".

Antioxidant activity
DPPH radical scavenging and SOD-like activities: The capacity of Artemisia abyssinica
extracts to scavenge DPPH free radical activity is shown in Fig. 1. The DPPH free radical is
stable at room temperature which produces a wviclet solution in ethanol. In the presence of
antioxidant compounds DPPH reduces, producing an uncolored ethanclic solution. The 100%
H,O, 8.5:1.5 MeOH-H,0, n-hexane and 100% MeQOH A. abyssinica extracts inhibited DPPH free
radicals by 61.7£1.18, 57.1+0.69, 54.840.98 and 50.6+0.87%, respectively. These extracts showed
a high seavenging capacity compared to 1:1CH,Cl,-MeOH and 100% CH,Cl, extracts which
inhibited the DPPH free radicals by 47.8+1.12% and 43.6£1.03%, respectively. This finding
indicates that A. abyssinica extracts have inhibitory activities against the DPPH radicals. In the
present study, a DFPH assay was used to evaluate the antioxidant activity of extracts of
A. abyssinica, demonstrating that polar extracts had good antiradical activity. Differences in
polarity {and thus extract ability) of antioxidative compenents may explain why the antioxidant
activity of the extracts differed (Galvez ef al., 2005).

Free radicals are injurious byproducts generated during normal cellular metabelism which cause
oxidative damage to cells (Abdi and Ali, 1999) antioxidants are thought to have a significant role
in cellular defense against free radicals. Many recent reports have described the presence of
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Fig. 1: Antioxidant activities of Artemisia abvssinica extracts using DPPH
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Fig. 2. Degradation effect of Artemisia abyssinica extracts on DNA 1sclated from K. colt 7,
Lane 1: DNA, Lane 2: DNA-DMSO, Lane 3: n-Hexane, Lane 4: CH,Cl, (100%), Lane b:
CH,CL,-MeOH (1: 1), Lane 6: MeOH (100%), Lane 7. MeOH-H,O (8.5: 1.5) and Lane 8:
H,O (100%) boiling

Table 4: Superoxide dismutase (S0OD) like activity of Artemisia abyssinicae extracts as antioxidant enzyme

SOD like activity

Parameters A through 4 min Inhibition (%)
Control 0.698 -

HR SOD 0.157 77.5
n-Hexane 0.339 51.4
CH,CL, (100%) 0.392 43.8
CH,Cly+MeOH (1:1) 0.375 46.3
MeOH (100%) 0.554 19.3
MeOH+H,0 (8.5:1.5) 0.527 53.2

H,O (100%) boiling 0.308 55.9

antioxidants and compounds with radical-scavenging activity in fruits, vegetable, herbs and cereals
{(Hou et «l., 2005). DPPH radicals have been extensively used to estimate the free radical
scavenging capability of antioxidants (Mensor et al., 2001).

Determination of the antioxidant activity of different A. abyssinica extracts based on SOD-like
activity is presented in Table 4. The 100% H,O, 8.5:1.5 MeOH-H,O and n-hexane extracts were
more active than the 100% MeOH, 100% CH,Cl, and 1 CH,Cl,-MeOH extracts. For A. abyssinica,
the water, methanol/water and rn-hexane extracts exhibited strong antioxidant activity based on
the DFPH and SOD-like activity methods. These findings, especially for Artemisia campestris, were
comparable to these reported by Akrout et af. (2010),

Effect of Artemisia abyssinica extracts on DNA in vitro: The DNA degradation effects of
10 pg of the A. abyssinica extracts in vitro 1s illustrated in Fig. 2. The negative control (only DINA)

and the positive control (DNA in DMSO) exhibited no DNA degradation through the incubation
periad, as illustrated in Fig. 2, lanes 1 and 2, respectively. The A. abyssinica extracts of n-hexane,
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Fig. 3: Degradation effect of Ariemisia abyssinica extracts on Bovine Serum Albumin (BSA),
Lane 1: BSA, Lane 2. BSA-DMSO, Lane 3: n-Hexane, Lane 4: CH,Cl, (100%), Lane 5:
CH,CL+MeOH (1:1), Lane 6: MeOH (100%), Lane 7: MeOH+H,O (8.5:1.5) and Lane 8 H,O
(100%) boiling

100% CH,Cl, 1:1 CH,Cl,-MeOH, 100% MeOH and 8.5:1.5 MeOH-H,0O completely degraded the
DNA, as shown in Fig. 2, lanes 3-7, respectively. The A. abyssinica extracts of 100% H,O had
strong DNA degradation effects, as shown in Fig. 2, lane 8. Therefore, the polar and nonpolar
A. abyssinica extracts are promising as antitumor agents in vive to inhibit the DINA replication in
cancer cells and to prevent tumor growth. More work in vive must be performed to elucidate the
therapeutic roles of these extracts and to determine the exact pathway of A. abyssinica extracts
IR VU0,

Additional biochemical studies to reveal the effects of A. abyssinica extracts on BSA as a high
molecular-weight biologic compound were performed. The effects of the 4. abyssinica extracts on
BSA are illustrated in Fig. 3, BSA and BSA in DMSO were used as controls, as shown Fig. 3,
lanes 1 and 2, respectively. The A. abyssinica extracts of n-hexane and 100% CH,Cl, complstely
degraded the BSA, as shown in Fig. 3, lanes 3 and 4, respectively. The A. abyssinica extracts of
1:1 CH,Cl,- MeOH, 100% MeOH and 8.5:1.5 MeOH-H,O, also exhibited strong degradation effects
on BSA as compared to the control as shown in Fig. 3, lanes 5, 6 and 7, respectively. Morecver, the
degradation effects of the A. abyssinica extracts of 100% H,O exhibited significant, degradation
effects on BSA, as shown in Fig. 3, lane 8,

Polar and nonpolar extracts of 4. abyssinica interact with nucleophilic molecules, including
DNA and proteins. The findings of the present study demonstrated that A. abyssinica extracts
degraded DNA and protein in vitro. The A. abyssinica extracts may interact with DNA forming
inter and intra-strand adduects, hindering DINA replication, thus leading to cell cycle arrest and
apoptosis.

CONCLUSION

All extracts exhibited antibacterial activity against the tested strains. Of all the extracts,
the water, n-hexane and methanol-water extracts had the highest inhibitory effects against the
tested Gram-negative and Gram-pesitive bacterial strains. The results also revealed that
Artemisia abyssinica extracts have strong DINA degradation effects. Hence, potentially therapeutic
compounds isolated and purified from Artemisia abyssinica could be used as an effective source of
antioxidants to degrade the DNA in cancer cells and treat bacterial diseases in humans and plants.
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