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Abstract

Background: The present study compares the protective properties of aqueous extracts of six medicinal plants, Phyllanthus emblica, Terminalia
chebula (black and yellow), Terminalia arjuna, Balsamodendron Mukul and Alium sativum against lipid per-oxidation in mice brain.
Methods: The antioxidant activities were analyzed by lipid per-oxidation assay, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical assay, total antioxidant
activity and metal chelation.
Results: The extracts (fruits and bark) showed inhibition against thiobarbituric acid reactive species (TBARS) induced by pro-oxidant (10 µM FeSO4)
in mice brain. Moreover, the free radical scavenging activities of the extracts was evaluated by the scavenging of DPPH radical (IC50, 23.23±1.2 µg/ml
(Phyllanthus emblica), 20.24±0.9 µg/ml (Terminalia chebula yellow) and 17.33±1.1 µg/ml (Terminalia chebula black), 19.44±0.45 µg/ml (Terminalia
arjuna), 56.59±2.1 µg/ml (Balsamodendron Mukul) and ˂ 200 µg/ml (Alium sativum).
Conclusion: The higher antioxidant and inhibitory effect of Terminalia chebula black in this study could be attributed to its significantly higher
phenolic content, Fe(II) chelating ability, reducing ability and free radical scavenging activity. Therefore oxidative stress in brain could be potentially
prevented by the intake of these plants.

Key words: Antioxidant activity, Balb c mice, iron chelation, phenolics, oxidative stress, medicinal plants.

Introduction

Reactive oxygen species (ROS) are generated spontaneously in cells during metabolism and are implicated in the aeitology of different
degenerative diseases, such as heart diseases, stroke, rheumatoid arthritis, diabetes and cancer (Halliwell et al., 1992). Oxidative stress results from
either a decrease of natural cell antioxidant capacity or an increased amount of reactive oxygen species (ROS) in organisms. It is well established, that
free radicals are associated with processes that lead to cell degeneration, especially in the brain (Shulman et al., 2004). However, consumption of
foods rich in antioxidant phytochemicals may help to fight against degenerative diseases caused by oxidative stress by improving body’s antioxidant
status. Studies have shown that the use of polyphenolic compounds found in medicinal plants, tea, fruits and vegetables is associated with low risk of
these diseases (Hertog et al., 1993). Consequently, there is a great deal of interest in edible plants that contain antioxidants and health-promoting
phytochemicals as potential therapeutic agents.

The brain and nervous system are particularly vulnerable to oxidative stress due to limited antioxidant capacity (Vega-Naredo et al., 2005).
Most brain cells such as neurons, do not make glutathione, and instead rely on surrounding astrocytes to provide useable glutathione precursors,
because the brain has limited access to the bulk of antioxidants produced by the body. Hence, neurons are the first cells to be affected by a shortage of
antioxidants, and are most susceptible to oxidative stress (Perry et al., 2004). Recently, phenolic compounds have attracted researchers’ interest owing
to their antioxidant capacity; they can protect the human body from free radicals, whose formation is associated with the normal natural metabolism of
aerobic cells. Polyphenols are common constituents of the human diet, present in most foods and beverages of plant origin. It is considered that they
contribute to the prevention of various neurodegenerative diseases such as Alzheimer’s diseases. The in vitro studies have shown the antioxidant
properties of polyphenols and their ability to modulate the activity of various enzymes (Sabir et al., 2012).

Phyllanthus emblica L. (Euphorbiaceae) is a(n) euphorbiaceous plant of high medicinal value which is widely distributed in China, India,
Indonesia, Malaysia and Pakistan. Emblica fruit is well accepted by consumers for its special taste. It has abundant amounts of vitamin C and
superoxide dismutase (Verma and Gupta, 2004). The fruit is reported to have hypolipidemic and hypoglycemic activities, and acts as an important
constituent of many hepato-protective formulations available (Antarkar et al., 1980; Panda and Kar, 2003).

The dried ripe fruit of Terminalia chebula (Combretaceae), which is a native plant in India and Southeast Asia, is commonly known as black
myroblans in English and harad in Hindi and has traditionally been used for a popular folk medicine for homeostatic, antitussive, laxative, for diuretic
and cardiotonic treatments (Bartakhar and Arnold, 1991). T. chebula exhibits in vitro antioxidant and free radical-scavenging activities (Cheng et al.,
2003). Its antimicrobial, anticancer anti-anaphylaxis and anti-diabetic activities have been reported (Sabu et al., 2002). Chebulinic acid, ellagic acid
and gallic acid are the most important phenolics of T. chebula (Saleem et al., 2002). Terminalia arjuna (Combretacea) bark is used as astringent,
aphrodisiac, cardiotonic, antiulcer, anti-diabetic and used in diarrhea (Tripathi and Singh, 1996). Terminalia arjuna active constituents include
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tannins, cardenolide, triterpenoid saponins (arjunic acid, arjunolic acid, arjungenin, arjun glycosides), flavonoids (arjunone, arjunolone, luteolin),
gallic acid, ellagic acid, oligomeric proanthocyanidins (OPCs) and phytosterol (Kapoor, 1990). Reported pharmacological activities of
Balsamodendron Mukul are anti-hypercholesterolaemic, anti-inflammatory, antibacterial, anti-diabetic and anti-obesity etc (Darshan, 2012). A
detailed chemical study of Balsamodendron Mukul revealed that it is a complex mixture of steroids, diterpenoids, aliphatic esters, carbohydrates and
amino acids (Rout et al., 2012). Whereas, Alium sativum (Alliaceae) have been claimed to prevent everything from high cholesterol to cancer (Rahman
et al., 2012). Garlic contains some sulphur-containing compounds such as alliin, ajoene, diallylsulphide, dithin, S-allylcysteine and enzymes as well as
some non sulphur-containing compounds including vitamin B, proteins, minerals, saponins and flavonoids (Olusanmi and Amadi, 2009).

The reports from literature have shown that there is still limited information on potential use of these plants in the management of neuro-
degenerative diseases associated with oxidative stress. These plants were chosen as they are frequently used in the diet and also in the herbal medicine
as antihyperchloesterolaemic drugs. As the antioxidant activity can vary greatly depending on the pro-oxidant used, we determined the effect of
aqueous extracts against neurotoxic agents such as iron sulphate. Hence, the objective of this study is to investigate the antioxidant and inhibitory
effect of yellow and black Terminalia chebula varieties, Terminalia arjuna, Phyllanthus emblica, Balsamodendron Mukul and Alium sativum on
Fe(II) induced lipid per-oxidation in mice brain in vitro.

Materials and Methods
Chemicals

Thiobarbituric acid (TBA), malonaldehyde-bis-dimethyl acetal (MDA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), quercetin, gallic acid and
1,10- phenanthroline were purchased from Sigma Aldrich (St. Louis, MO, USA). Sodium nitroprusside (SNP) was obtained from Merck (Darmstadt,
Germany) and ferrous sulphate from Biocehmicals (Lahore).

Preparation of the plant extracts

Fruits of Phyllanthus emblica, Terminalia chebula yellow, Terminalia chebula black, Balsamodendron Mukul, Alium sativum and bark of
Terminalia arjuna were collected and authenticated by a botanist. The voucher specimens: Phyllanthus emblica (HU/FEM/RC/S01029), Terminalia
chebula yellow (HU/FEM/RC/S01030), Terminalia chebula black (HU/FEM/RC/S01031), Balsamodendron Mukul (HU/FEM/RC/S01032) and Alium
sativum (HU/FEM/RC/S01033) were deposited in Herbarium of Faculty of Eastern Medicine and Surgery, Hamdard University Karachi, Pakistan.
Dried and finely ground plant material (5 g) was soaked in hot water (250 ml) for 30 minutes and filtered using whatman filter paper. The obtained
residues were further extracted twice and then concentrated using a rotary evaporator at 50 0C, giving a percentage yield of 17–19.2%. Serial dilutions
of these were made to obtain the desired concentration of plant extracts for the experiment. The aqueous extract was used as these are non toxic and
suitable for their use in traditional medicine. All animal studies were used in strict accordance with the NIH Guide for the Care and Use of Laboratory
Animals. Male balb c mice (2.0– 2.5 months and 24–30 g), were purchased from National Institute of Health Islamabad and used for in vitro studies.
The animals were kept in separate cages with continuous access to food and water in a room with controlled temperature (22 ± 3 oC) and on a 12 h
light/dark cycle with lights turned on at 7:00 a.m.

Production of TBARS from brain tissue

Production of TBARS was determined using a modified method (Ohkawa et al., 1979). The mice were anaesthetized with chloroform,
sacrificed by decapitation and the brain was quickly removed and placed on ice. One gram of brain tissue were homogenized in cold 100 mM Tris
buffer pH 7.4 (1:10 w/v) and centrifuged. The homogenates (100 µl) were incubated with or without 50 µl of the freshly prepared oxidant (iron) and
different concentrations of the plant extracts together with an appropriate volume of de-ionized water to give a total volume of 300 µl at 37 oC for 1 hr.
The color reaction was carried out by adding 200, 500 µl, 500 µl each of the 8.1% Sodium dodecyl sulphate (SDS), acetic acid (pH 3.4) and 0.6%
TBA respectively. The reaction mixtures, including those of serial dilutions of 0.03 mM standard MDA were incubated at 97 oC for 1 h. The
absorbance was read after cooling the tubes at 532 nm in a spectrophotometer.

Antioxidant activity by DPPH radical scavenging

The antioxidant activity of the plant extracts were measured using the stable DPPH radical according to the method of Hatano et al., (1998).
Briefly 0.25 mM solution of DPPH radical (0.5 ml) was added to the sample solution in ethanol (1 ml) at different concentrations (25-200 µg/ml) of
aqueous extracts. The mixture was shaken vigorously and left to stand for 30 minutes in the dark, and the absorbance was measured at 517 nm. The
capacity to scavenge the DPPH radical was calculated using the following equation: (%) scavenging = [(Ao - A1)/Ao)] x 100, Where, Ao is the
absorbance of the control reaction and A1 is the absorbance of the sample itself. The IC50 values (Extract concentration that cause 50% scavenging)
were determined from the graph of scavenging effect percentage against the extract concentration. All determinations were carried out in triplicate.

Total antioxidant assay

The assay was based on the reduction of molybdenum, Mo (VI)-Mo (V) by the extracts and subsequent formation of a green
phosphate/Mo (V) complex at acidic pH (Prieto et al., 1999). The extracts at different concentrations (25-200 µg/ml) were mixed with 3 ml
of the reagent solution (0.6 M H2SO4, 28 mM sodium phosphate and 4 mM amonium molybdate). The tubes were incubated at 95 0C for 90
mins. The mixture was cooled to room temperature and the absorbance of the solution was measured at 695 nm.
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Metal chelating activity

The Fe(II) chelating ability of the aqueous extracts were determined using a modified method of Puntel et al., (2005).

Determination of Phenolics content

The total phenolics content as gallic acid equivalent was determined by the method of Singleton et al., (1999). The aqueous extract (0.5 ml)
was added to 2.5 ml, 10% Folin-Ciocalteau’s reagent (v/v) and 2 ml of 7.5% sodium carbonate. The reaction mixture was incubated at 45 0C for 40
minutes and the absorbance was measured at 765 nm in the spectrophotometer. Gallic acid was used as a standard phenol. The mean of three readings
was used and the total phenol content was expressed as milligrams of gallic acid equivalents/g extract.

Determination of Flavonoid content

The total flavonoids as quercetin equivalents were determined by the method of Kosalec et al., (2004). Quercetin was used to make the
calibration curve [0.04, 0.02, 0.0025 and 0.00125 mg/ml in 80% ethanol (v/v)]. The standard solutions or extracts (0.5 ml) were mixed with 1.5 ml of
95% ethanol (v/v), 0.1 ml of 10% aluminium chloride (w/v), 0.1 ml of 1 mol/l sodium acetate and 2.8 ml of water. The volume of 10% aluminium
chloride was substituted by the same volume of distilled water in the blank. After incubation at room temperature for 30 min, the absorbance of the
reaction mixture was measured at 415 nm. The mean of three readings was used and the total flavonoid content was expressed as milligrams of
quercetin equivalents/g of extract.

Table 1: Total phenolic and flavonoid contents among aqueous extract of plants; Mean ± SD.

Extracts Phenolics (mg/g) Flavonoids (mg/g)
Phyllanthus emblica 160.91± 1.12 25.1± 0.8
Terminalia chebula yellow 292.78±0.3 17.1± 0.42
Terminalia chebula black
Terminalia arjuna
Balsamodnedron Mukul
Alium sativum

323.5±5.3 18.1± 0.31
96.3±1.1 20.2±0.42
13.56±0.45 17.1±0.3
4.3±0.21 1.2±0.13

Statistical analysis

The results were expressed as means ± standard deviation. The data was analyzed by one way ANOVA and different group means were
compared by Duncan multiple range (DMR) test where necessary. P < 0.05 was considered significant in all cases. The software Package Statistica
was used for analysis of data.

Results
Lipid per-oxidation in mice brain

Lipid per-oxidation in mice brain homogenate was induced with iron and the potential antioxidant effect of aqueous extract of plants was
determined. Figure 1(a) shows the antioxidant effect of Phyllanthus emblica, Terminalia chebula yellow and Terminalia chebula black in mice brain.
Here, the TBARS was induced with 10 µM iron. The results revealed that treatment with Fe(II) caused a significant (P < 0.05) increase in
thiobarbituric acid reactive substances (TBARS) compared to the basal. Three separate controls were used for Phyllanthus emblica, Terminalia
chebula yellow and Terminalia chebula black (Figure 1). Treatment with different concentrations of Phyllanthus emblica, Terminalia chebula yellow
and Terminalia chebula black caused a marked decrease in lipid per-oxidation (Figure 1). The antioxidant effect of Terminalia arjuna,
Balsamodendron Mukul and Alium sativum in mice brain is shown in Figure 1(b). The results revealed that treatment with Fe(II) caused a significant
(P < 0.05) increase in thiobarbituric acid reactive substances (TBARS) compared to the basal. However, treatment with different concentrations of
extracts (25-200 µg/ml) caused a significant decrease in lipid per-oxidation (Figure 1b). Except Alium sativum all the extracts showed ability to reduce
the lipid per-oxidation. Phyllanthus emblica and Terminalia chebula black demonstrated higher ability in decreasing lipid per-oxidation compared to
the other plant species. Terminalia chebula yellow caused a decrease in lipid peroxidation up to 75 µg/ml, above which it showed the pro-oxidant
effect by causing increase in lipid per-oxidation.

DPPH radical scavenging activity

The radical scavenging activities of the extracts were analyzed by measuring the scavenging of stable DPPH radical (Figure 2). All the
extracts possessed high antioxidant activity which is evident by their ability to scavenge DPPH radical to higher than 50% (Figure 3). On the basis of
their IC50 values (extract concentration that cause 50% scavenging) their antioxidant activity can be ranked as Phyllanthus embilica > Terminalia
chebula black > Terminalia chebula yellow > Terminalia arjuna > Balsamodendron Mukul > Alium sativum.
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Total antioxidant activity by phosphomolybdenum assay

The total antioxidant activity of different plants extract was expressed as ascorbic acid equivalent (Figure 3). All the extracts possessed
reducing activity. However, the order of their reactivity was Terminalia chebula black > Terminalia chebula yellow > Phyllanthus emblica > Alium
sativum > Balsamodendron Mukul.

A

B

Figure 1: The inhibitory effect of aqueous extracts of plants against lipid peroxidation in mice brain. (a). antioxidant activities of Phyllanthus emblica,
Terminalia chebula yellow and Terminalia chebula black on iron sulphate induced lipid peroxidation in mice brain. (b). antioxidant activity
of Terminalia arjuna, Balsamodendron Mukul and Alium sativum. The results are means of three separate experiments ± SD. Values in
figures followed by different letters are significantly (P < 0.05) different from each other by DMR test.
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Figure 2: DPPH radical scavenging activity of Phyllanthus emblica, Terminalia chebula yellow, Terminalia chebula black, Terminalia arjuna,
Balsamodendron Mukul and Alium sativum. Values are means ± SD (n=3).

Figure 3: Total antioxidant activity of Phyllanthus emblica, Terminalia chebula yellow, Terminalia chebula black, Terminalia arjuna,
Balsamodendron Mukul and Alium sativum measured by phosphomolybdenum reduction assay. Values are means ± SD (n=3).
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Figure 4: The Fe(II) chelating ability of Phyllanthus emblica, Terminalia chebula yellow, Terminalia chebula black, Terminalia arjuna,
Balsamodendron Mukul and Alium sativum measured by reaction with 1,10-phenanthroline. Values are means ± SD (n=3).

Iron chelating ability

The Fe(II) chelating ability of the extracts is shown in Figure 4. The order of chelation was Terminalia chebula black > Phyllanthus emblica
> Terminalia chebula yellow > Terminalia arjuna > Balsamodendron Mukul.

Phytochemical analysis of plants

Phyto-chemical analysis of plants showed the high content of phenolics and flavonoids. Mean values of total phenolic and flavonoid content
are shown in Table 1. The results revealed that the highest phenolic content was found in Terminalia chebula black (323.5±5.3 mg/g) followed by
Terminalia chebula yellow (292.78±0.3 mg/g), Phyllanthus emblica (160.91± 1.12 mg/g) and Terminalia arjuna (96.3± 1.1 mg/g). Whereas, the
highest flavonoids was found in Phyllanthus emblica (25.1± 0.8 mg/g), Terminalia arjuna (20.2 ± 0.42 mg/g), followed by Terminalia chebula black
(18.1± 0.31mg/g) and Terminalia chebula yellow (17.1± 0.42 mg/g).

Discussion

Oxidative stress is now recognized to be associated with more than 200 diseases, as well as with the normal aging process (Ghasanfari et al.,
2006). There is a strong correlation between thiobarbituric acid-reactive substances (TBARS) as a marker of lipid per-oxidation and products that
reflect oxidative damage to DNA (Chen et al., 2005). It is known that metal-catalyzed generation of ROS results in an attack not only on DNA and
proteins, but also on other cellular components involving polyunsaturated fatty acid residues of phospholipids, which are extremely sensitive to
oxidation (Shacter, 2000). Inhibition of lipid per-oxidation in rabbit brain homogenate is analogous to neuro-protection (Muralikrishnan et al., 2008).
The brain is particularly vulnerable to oxidative damage because of its high oxygen utilization, its high content of oxidizable polyunsaturated fatty
acids and the presence of redox-active metals (Cu, Fe). Increases in the formation of TBARS in iron(II) sulphate (10 µM)-induced oxidative stress
compared to the normal, suggest possible damage of tissues with an overload of iron. Free iron in the cytosol and mitochondria can cause considerable
oxidative damage by increasing superoxide production, which can react with Fe(III) to regenerate Fe(II) that participates in the Fenton reaction (Fraga
and Oteiza, 2002). Iron overload results in the formation of lipid per-oxidation products, which have been demonstrated in a number of tissues,
including the brain, liver and kidneys (Houglum et al., 1990, Sabir et al., 2012). Storage of iron in the liver leads to liver cirrhosis. Rats overloaded
with iron showed toxic effects, such as hepatocellular hypertrophy, cardiomyopathy, pancreatic atrophy, splenic white pulp atrophy and hemosiderosis
in the liver, heart, pancreas and endocrine glands, respectively (Whittaker et al., 1997). The possible mechanisms of iron toxicity include free radical-
mediated per-oxidative reactions, which are readily catalyzed by iron. The protections offered by the aqueous extracts of Phyllanthus emblica,
Terminalia chebula yellow Terminalia chebula black, Terminalia arjuna and Balsamodendron Mukul suggest that they may be useful to ameliorate
the oxidative stress in the mice brain. The decrease in the Fe(II) induced lipid per-oxidation in the mice brain homogenates in the presence of the
extracts could be as result of the ability of the extracts to chelate Fe(II) and/or scavenge free radicals produced by the Fe(II) catalyzed production of
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reactive oxygen species (ROS) in the mice,s brain. However, the higher ability of the extracts to protect the mice’s brain could be because of their
higher extractable phytochemical content (Table 1).

Antioxidants are substances that neutralize free radicals and their negative effects. They act at different stages (prevention, interception and
repair) and by different mechanisms: reducing agents by donating hydrogen, quenching singlet oxygen, acting as chelators and trapping free radicals
(Devasagayam et al., 2004). DPPH• is considered to be a model of a stable lipophilic radical. A chain reaction of lipophilic radicals is initiated by lipid
auto-oxidation. Antioxidants react with DPPH•, reducing the number of DPPH free radicals to the number of their available hydroxyl groups.
Therefore, the absorption at 517 nm is proportional to the amount of residual DPPH•. It is visually noticeable as a discoloration from purple to yellow.
The high DPPH radical scavenging activity of these plants suggests their use in diseases arising from free radical attack. In the phosphomolybdenum
assay, which is a quantitative method to evaluate water-soluble and fat-soluble antioxidant capacity (total antioxidant capacity), the plant extracts
demonstrated electron-donating capacity showing its ability to act as chain terminators, transforming relative free radical species into more stable non-
reactive products (Dorman et al., 2003). Allhorn et al., (2005) reported that the reducing property can be a novel anti-oxidation defense mechanism,
possibly through the ability of the antioxidant compound to reduce transition metals. Therefore, the higher reducing ability of the black Terminalia
chebula extract may have contributed to the higher protective effect observed. The use of iron chelation is a popular therapy for the management of
Fe(II)- associated oxidative stress in brain. The iron chelating ability of studied plants is again an indicator of the neuro-protective property of the
plants as iron is involved in the pathogenesis of Alzheimer,s disease and other diseases by multiple mechanisms.

Plant-derived polyphenolic flavonoids are well known to exhibit antioxidant activity through a variety of mechanisms including scavenging
of ROS, inhibiting lipid per-oxidation and chelating metal ions (Shahidi et al., 1997). The high content of phenolics and flavonoids in the extracts of
plants contributes to the antioxidant activity. In addition, Phyllanthus emblica and Terminalia chebula contained high amount of ascorbic acid which
also contribute to the antioxidant activity (Naik et al., 2005; Barthakur et al., 2001). Our results are in agreement to the results of Xioli et al., (2007),
where methanolic extract of Phyllanthus emblica has shown DPPH radical scavenging activity, hydroxyl radical scavenging, superoxide radical
scavenging and metal chelation. The aqueous extracts of Emblica officinalis, Terminalia chebula and Terminalia belerica have shown their ability to
scavenge DPPH and superoxide. They show greater efficacy in lipid per-oxidation and plasmid DNA assay (Naik et al., 2005). These results have
indicated that these plants are potential candidates of antioxidant activities.

Finally the results of this study demonstrated the high efficacy of the crude aqueous extract of P. emblica, Terminalia chebula black,
Terminalia chebula yellow, Terminalia arjuna and Balsamodendron Mukul growing in Pakistan, in free radical scavenging, inhibition of reactive
oxygen species and lipid per-oxidation which may be associated with their high medicinal use as a functional food and effectiveness in treatment of
diseases associated with oxidative stress in brain. Phyllanthus Emblica and Terminalia chebula fruit can be considered as a source of plant
antioxidants, with a potential use in food, cosmetics and pharmaceutical fields. As part of the mechanisms through which the extractable
phytochemicals in Terminalia chebula (black and yellow), Terminalia arjuna and Phyllanthus emblica protect the brain may be through their
antioxidant properties, iron chelating, reducing abilities and radical scavenging activities. However, more detailed studies are required to evaluate the
neuro-protective ability of these plants.
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