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Abstract

In the present work methanolic and water extracts of 19 medicinal plants, commonly used in Sudanese folk medicines
against gastrointestinal tract, infectious diseases were investigated for their antioxidant activity. Antioxidant assays
were carried out by using different in vitro models such as DPPH (2, 2-diphenyl-1picrylhydrazyl) radical scavenging
and Iron chelating activity. Methanolic and water extracts of Punica granatum showed the highest total antioxidant
activity of 71+0.03 and 73+0.01 respectively. The antioxidant activities of water extracts were poor when compared to
the methanol extract. The iron chelating power of methanol and aqueous extracts of Commiphora myrrha 58+0.01 and
Azadirachta indica 57£0.20 respectively.
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1. Introduction

An antioxidant is a molecule capable of slowing or preventing the oxidation of other molecules [1].Free Free radical are
chemical species, which contains one or more unpaired electron due to which they are highly unstable and cause
damage to other molecules by extracting electron from them in order to attain stability [2].Antioxidants Antioxidants
terminate these chain reactions by removing free radical intermediates, and inhibit other oxidation reactions by being
oxidized themselves [1]. When the generation of these species exceeds the levels of antioxidant mechanism, it leads to
oxidative damage of tissues and biomolecules, eventually leading to disease conditions, especially degenerative diseases
[3].

Many Sudanese medicinal plants are considered potential sources of antioxidants compounds. In some cases, other
active constituents are known. Punica granatum, Acacia nilotica, Terminalia chebula, all of which have antioxidants
activity, showed high content of phenolic like gallic acid [4-6].

Commiphora myrrh useful herbal remedies for controlling oxidative damages and genotoxicity induced by lead acetate
intoxication [7].The best protection against squalene peroxidation provided by Myrrha essential oils [8].
Punicagranatumethanolic and aqueous extracts revealed high antioxidant activity [9]. A high correlation between
antioxidant capacity and proanthocyanin, ellagitannins contents was found

Phenolics, flavonoids, anthocyanins, and tannins of P. granatum juices, were investigated. A high correlation between
antioxidant capacity and proanthocyanin, ellagitannins contents was found [10],[11]. The antioxidant capacity of P.
granatum peel extracts was 10 times higher than the pulp extracts and has more potential effective compound [12]. This
difference in antioxidant activity due to the presence of P. granatum peel tannins, anthocyanins and ellagic acid
derivatives [13].daily Daily intakes of P. granatum by-product augment the human immune system's antioxidant
capacities [14].Severe erosion of gastric mucosa treated bymethanolic extract of P.granatum fruit rind [15].

Acacia nilotica bark was active with 75% inhibition for the scavenging of superoxide-freeradicals barks 78% and fruits
(66%) showed over 50% inhibition of glycation production assay [16]. A significant correlation was recognized
between the phenolic content and antioxidant properties of Indian Acacia nilotica [17]. The high scavenging property of
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A. nilotica may be due to hydroxyl groups existing in the phenolic compounds that can scavenge the free radicals. It has
an inspiring range of medicinal uses with potential antioxidant activity [18].

Furanocoumarins were one of the main active constituents of Ruta graveolens and were also reported to be potent
antioxidants while total phenolic content showed good correlation with nitric oxide reduction potential. Antioxidant
activity of in vitro, culture was significantly higher compared to in vivo plant material [19],[20].

Terminalia chebula were investigated for antilipid peroxidation, antisuperoxide radical formation and free radical
scavenging activities [21-27]. T. chebula fruits had the potential to play a role in the hepatic prevention of oxidative
damage in living systems [28].

Triphala, a composite mixture of Terminalia chebula, Terminalia belerica and Emblica officinalis, supplementation
exerted antioxidants effect and regarded as protective drug against stress [29]. Triphala effectively useful in the
treatment of constipation and other gastric problems, appetite and the amount, frequency and consistency of stool were
improved [29],[30]. Also were used for treatment of disorders related to respiratory tract, hepatic, and gastrointestinal
also was associated with hypolipidemic effect. Antioxidant and reactive oxygen species scavenging properties in
Triphala have been observed [31],[32].

The essential oils of Rhynchosia minima, Cistanche phelypaea and Striga hermonthica exhibited antioxidant activity
[91.[33].[34].

A significantly high inhibition of lipid peroxidation activity up to 89 %, and that depended on the amount of phenolic
compounds produced by the Usnea longissima[35],[36],methanol extracts of U. longissima has strong antioxidative and
antigenotoxic effects [37].

Curcuma longa essential oils revealed antioxidant activity and reduced the concentration of DPPH free radical
[38].Natural Natural preservatives of C. longa as phenolic curcuminoids, essential oil, has significant antioxidant
activity [39]. Curcumin improved the antioxidant status and partially protected against the adverse effects of Aflatoxin
B1[40]. C. longa extract was rich in cinnamaldehyde, curcumin, and berberin, and exhibited less antioxidant activity
[41]. Methanolic extracts of C. longa rhizome exhibited the highest radical scavenging activity associated with the
higher concentration of phenolic content [42]. Ethanolic extracts of C. longa has antioxidant activities more than
aqueous extract [43]. There was significant difference in total phenolic content and antioxidant activity for turmeric
extract[44]. C. longa revealed reduction of oxidative stress and attenuates the development of fatty streaks in rabbits fed
a high-cholesteroldiet[45]. The turmeric oil not only retained the antioxidant activity but also showed significantly
higher antioxidant activity indicating that the spice constituents were resistant to thermal denaturation[46].

Oil of Nigella sativa seeds possessed reproducible antioxidant effects, particular thymoquinine [47]. Shoots extracts of
N. sativa exhibitedhigher DPPH radical scavenging, reducing and chelating activities than roots [48]. Essential oil of
black cumin provided antioxidant activity equivalent to or higher than those of synthetic antioxidants and could be a
better natural antioxidant [49].N. sativa extract and Curcumin revealed reducing power and antioxidative potentials
attributed to high total phenolic contents and possessed valuable as food preservative and nutritional health supplements
[50] .N. sativa increased the superoxide dismutase, glutathione peroxidase activities and decreased the lipid
peroxidation, myeloperoxidase activity, preserve the cell membrane integrity and prevented oxidative stress by
scavenging reactive oxygen species [51-55].Black cumin seed oil, and its fractions exhibited moderate antioxidant; the
phospholipid exhibited greater antioxidant followed by glycolipids and neutral lipids [56].

Extracts from young flowers and leaves of Azadirachta indica has strong antioxidant potential. An indicator of
oxidative stress, prompting the recommendation to use neem as a vegetable bitter tonic to promote good health [57].
Ethanol extracts of A. indica revealed the highest total flavonoid content and the ethyl acetate extracts showed the
highest inhibition of lipid peroxidation [58]. Neem protected against chemically induced carcinogens and liver damage
by boosting antioxidant levels[59] .A. indica extracts were added to the cosmetic preparations due to their antioxidant
property, topical anti-inflammatory property, anti-dermatitis and antiacne [60] .

2. Methodology

2.1. DPPH radical scavenging assay

DPPH (2,2-diphenyl-1-picryl hydazyl) is usually used as a reagent to evaluate free radical screening activity of
antioxidants. DPPH is stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic
molecule [61]. The reduction activity of DPPH radical is determined by the decrease in absorbance at 517nm induced
by antioxidants. N-Propyl gallate is the reagent used as standard.The extracts are able to reduce the stable radical DPPH
to the yellow colored diphenylpicrylhydrazine.

DPPH is a commercially available stable free radical, which is purple in colour. The antioxidants' molecules present in
the plant extracts, when incubated, react with DPPH and converted it into diphenylhydazine, which is yellow in colour.
The degree of discoloration of purple to yellow was measured at 517nm, which is a measure of which is scavenging
potential of plant extracts [62].

The DPPH radical scavenging was determined with some modifications [63]. 5 mg of the plant crude extracts samples
were dissolved in 1 ml of Dimethyl Sulphoxide (DMSO) while DPPH was prepared in ethanol (300uM). 10ul of plant
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extracts was added to 90 pl of DPPH solution; in 96-wells plate, the test samples were allowed to react with 2.2 Di (4-
tert-octylphenyl)-1-picryl-hydrazyl stable free radical (DPPH) for half an hour at 37°C. After incubation, decrease in
absorbance was measured at 517nm using multiplate reader spectrophotometer. Percentage radical scavenging activity
by samples was determined in comparison with a DMSO treated control group. All tests and analysis were run in
triplicate. The DPPH radical scavengingactivity of plant extract was calculated as percentage inhibition.

Control-Test

%lInhibition of DPPH radical=x100
Control

2. 2. Iron chelating activity assay

The iron chelating ability was determined according to the modified method [64]. Briefly, the Fe+2 were monitored by
measuring the formation of ferrous ion-ferrozine complex. The experiment was carried out in 96 microtiter plate. 50 ul
of two mM FeClI2 was added to one ml of the extract(5 mg/ml). The reaction was initiated by adding 0.2 ml of 5mM
ferrozine. The mixture was vigorously shaken and left at room temperature for 10 minimums; the absorbance was
measured at 562 nm. EDTA was used as standard, and DMSO as control. All tests and analysis were run in triplicate.
The percentage inhibition offerrozine-Fe2+complex formation was calculated as:

Control-Test

%Inhibition of Iron chelating =x100
Control

3. Results and discussion

The scavenging effect of methanol extracts with the DPPH radical is in the following order: P. granatum (71£0.03), T.
chebula (68+0.01),C. phelypaea (57+0.01),S. argel (48+0.01) and U. molliuscula.(41+0.01).The scavenging effect of
aqueous extracts with the DPPH radical is in the following order: P. granatum (73+0.01), T. chebula (66+0.02),C.
phelypaea (55+0.02), H. abyssinica(48+0.11) and mixture of C. phelypaea and H. abyssinica (46+0.05). Table (1).

The iron chelating Power of methanol extracts in the following order: C. myrrha (58+0.01), R. graveolens (53+0.11),
A.lebbeck (47£0.01), mixture of Solenstemma argel, Trigonella foenum — graecum and Cymbopogon proximus
(46%0.02) and U. molliuscula. (44+0.01). The iron chelating Power of aqueous extracts in the following order:A. indica
(57%0.20), C. longa (43£0.02),C. myrrha (42+0.02) and C. colocynthis (33+0.01) Table (1).

The investigation of nineteen Sudanese medicinal plants was based on their use by traditional uses for treatment of
gastrointestinal tract infections. The experimental data of these species reveal that some extracts are highly having the
effect of scavenging free radical and iron chelating power.

Cysteine, glutathione, ascorbic acid, tocopherol, flavonoids, tannins and aromatic amines reduced DPPH by their
hydrogen donating activity [65],[66].1t has been established that tannins and flavonoids have strong free radical
scavenging and antiinflammatory activities [66]. Flavonoids possess antioxidative and radical scavenging properties and
regulate cellular activities of the inflammation-related cells which induced mast cells, macrophages, lymphocytes and
neutrophils. For instance, some flavonoids inhibit histamine release from mast cells, and others inhibit T-cell
proliferation [67]. Antioxidants are also included in formulations to prevent deterioration from oxidation. In this regard,
antioxidants are grouped into three categories. The first, true antioxidants for anti-oxygen probably inhibit oxidation by
reacting with free radicals. The second which are reducing agents, have a lower redox potential than the drug or
adjuvants which they are intended to protect and are therefore, more readily oxidized. The third are antioxidant
synergist, which usually have little antioxidants effect themselves but probably enhance the action of true antioxidants
by reacting with heavy ions, which catalyze oxidation [68].

The aqueous and acetone extract of S. hermonthica was further separated into aqueous and ethyl acetate fraction and
assayed for their in vitro antioxidants properties using 2,2-diphenyl-1-picryl hydrazyl (DPPH). The crude extract
exhibited a weak antioxidant activity. Luteolin is the mainDPPH radical scavenger of the ethyl acetate fraction isolate
from Striga hermonthica [34].Plants Plants and their products have been used for many years for human health. There
are still many plants, which have various medicinal values but still not explored and used. Plants contain many novel
compounds with medicinal value, which need scientific exploration. The free radicals are produced in aerobic cells due
to consumption of oxygen in cell growth [69],[70].

Free radical cause decrease in membrane fluidity, loss of oxygen receptor activity and damage to membrane protein
leading to death. These free radicals are involved in different diseases like cancer, cardiovascular disease, diabetes,
rheumatoid arthritis, epilepsy and degradation of essential fatty acids [69-71]. Antioxidant helps in treatment of above
diseases. Phenolic compounds of P. granatum, A. nilotica, T. chebula, C. colocynthis, S. argel, U.molliuscula, C. longa,
N. sativa and A. indica can be referred to be responsible for the antioxidants activity.
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Table 1:Antioxidant Activity of Different Medicinal Plants Using DPPH Screening and Iron Chelating Power Methods

No  Tested material Extract RSA%+STD Iron chelating %+STD
1 Commiphora myrrha (resin) M;OOH ‘Séiggg 2288;
2 Punica granatum ( Fruits peel) '\H/ISOOH ;;iggi igiggg
3 Acacia nilotica (Gum) M;g : ;giggg ggigg?
4 Ruta graveolens (Aerial parts) m;g H ggiggi gaiiaoolll)
5 Rhynchosia minima (Roots) LllzegH ;%88? giiggg
6 Hydnora abyssinica (Fruits ) '\H/Isg 3 5118(3;%01015) ?ngooll)
7 Haplophylum tuberculatum (Aerial parts) LllzegH ggiggi ggiggg
8 Terminalia chebula (Fruits) I\H/IzegH ggiggé igiggi
9 Cistanche phelypaea (Aerial parts) '\H/I;g H g;igg% %iggg
10  Striga hermonthica (Stem) '\H/I;g : ggiggi g?iggi
11 Usnea (Aerial parts) hﬂfg i iéiggé ggiggé
12 Solenostemma argel (Leaves) I\H/Igg : ggiggi ﬂiggé
13 Citrullus colocynthis (Fruits) I\H/Igg : ggigg; égiggi
14 Curcuma longa (Roots) '\H/I;g : iiiggi igiggg
15  Albizia lebbeck (Leaves) '\H/I;g : igigg% g;iggi
16 Nigella sativa (seeds) m;g : giig% jgiggz
17 Mixture 1(Aerial parts, Leaves, seeds) Mzeg H giigg; igiggé
18  Mixture 2(Aerial parts, Fruits) Mzeg : igiggg (13%1?0021)
19  Azadirachta indica(gum) I\Hllzeg : ggiggg g?ig%
n-propyl gallate 75%
EDTA 95%

Mixture 1: Solenostemma argel ,Trigonella foenum — graecum and Cymbopogon proximus
Mixture 2: Cistanche phelypaea and Hydnora abyssinica

The results of DPPH test as it can be seen in Table (1) indicate that RSA% of aqueous extracts of P. granatum, H
.abyssinica, T. chebula, and mixture of H. abyssinica with C. phelypaea are higher than methanolic extracts, which
show aqueous extracts are potent antioxidants. These results reveal an existence of phenolic compounds such as
flavonoids found in aqueous extracts, which are powerful antioxidant and have good radical scavenging activities than
other study plants [72].This This study suggests that compounds with antioxidants activity (phenolic compounds) are
found more in aqueous extract of P. granatum, H. abyssinica and T. chebula than methanolic extracts.

In recent years, there has been growing interest in the role of free radical in cancer, atherosclerosis and ageing and their
prevention using antioxidants [73]. Our attention has been focused particular; nineteen medicinal plants commonly used
Sudanese medicinal plants. DPPH scavenging activity has been used by various researchers as a quick and reliable
parameter to assess the in vitro antioxidant activity of crude plant extracts [74].With With the DPPH test the ability of a
compound to act as donor for hydrogen atoms electrons is measured spectrophotometrically, and the extracts of P.
granatum, T. chebula, C. phelypaea, S. argel and seemed to be good scavengers of reactive oxygen species.

Some variation in the extent of extract antioxidant activity was observed with each type of assay used in this study. The
extracts of P. granatum, T. chebula and C. phelypaea, had good DPPH scavenging activity, but had low iron chelating
power activity, while the extracts of A. lebbeck and A. indica had relatively high antioxidant potential, according to iron
chelating test. These differences may have been due to different antioxidant mechanisms.The methanolic and aqueous
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extracts of P. granatum and T. chebula exhibited strong antioxidant activity. Previous phytochemical studies on these
plants, have indicated the presence of flavonoids and phenolic compounds that are responsible for the strong antioxidant
properties of these plants. In light of this evidence, these bioactive substances (antioxidants) could have extranutritional
properties and a novel role in diet-disease relationships. Additional studies are necessary to show the radical scavenging
activity under physiological conditions and to determine whether there is any link between their antiradical properties
and their biological effects [75].Some Some of the of the experimental plants showed moderate to low antioxidant
activity in methanolic and aqueous extracts. The extracts were found to have a different level of antioxidant activity.
The antioxidant activity of the five plants C. phelpaea, S. argel, U. molliuscula, C. myrrha and mixture of C. phelypaea
and H. abyssinica are moderately in both methanolic and aqueous extracts.

The iron chelating power of methanolic and aqueous extracts of C. myrrha, R. graveolens A. indica and C. longa,
showed good iron chelating activity. In mammals, iron was trapped by specific proteins, when iron was mobilized; it
becomes extremely dangerous for cells and tissues entering a redox cycle that generates toxic free radicals, leading to
lipid peroxidation, protein oxidation and DNA damage. There was evidence of iron involvement in the pathogenesis of
neoplasia, neurodegenerative diseases, rheumatoid arthritis, xenobiotic intoxication, post-ischaemic reperfusion,
malaria, haemochromatosis and thalassemias [75].

4. Conclusion

The phenolic, flavonoid and terpenoids compounds appear to be responsible for the antioxidant activities of the extracts
of all effective plants tested in the present study. From these results, it is generally clear that the methanolic and water
extracts have powerful antioxidant activities against various antioxidant systems in vitro, and these plants can be used
as an easily accessible source of natural antioxidants and as a possible food supplement or in pharmaceutical
applications.
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