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Abstract

Hypericum is a well-known plant genus in herbal medicine. Aypericum mysorense is well
known in folklore medicine for its varied therapeutic potential. The /n vifro antioxidant activity of
petroleum ether, benzene, ethyl acetate, methanol and ethanol extract of leaf of Hypericum
mysorense have been tested using various antioxidant model systems viz; DPPH, hydroxyl,
superoxide, ABTS and reducing power. The scavenging effect increases with the concentration
of standard and samples. Among the solvent tested, ethanol extract exhibited highest DPPH
(116.33% inhibition), hydroxyl (101.84%), superoxide (116.09%) and ABTS (119.22%) radical
scavenger activity. Methanol extract of A. mysorense shows the highest reducing ability. The
aim and purpose of this study is to show the significant free radical scavenging potential of A,
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Introduction

The genus Hypericum is a large genus of herbs or shrubs with
more than 450 species distributed worldwide. The plants grow
widely in temperate regions and are used in folklore medicine in
many parts of the world. It has attracted much attention in
investigation of metabolites, many of which are biologically active
compounds with phloroglucinol moiety [1]. It has been reported that
it contains some antiviral prenylated phloroglucinol derivatives [2],
and variety of compounds such as flavonoids [3], xanthones [4],
chromenyl ketones [5], hyperforins derivatives [6], n-alkanes [7],
napthodianthrones [8]and essential oil [9]. The phytochemistry of
Hypericum has attracted the attention of scientists mainly for the
two marker compounds, hypericin and hyperforin due to their
potent biological activities.

Hypericum mysorense belongs to the family Hypericaceae.
Hypericum mysorenseis a plant native of the Nilgiri Hills in India. It
is closely related to Hypericum perforatum. Hypericum mysorense
is mentioned in Ayurvedic texts because it possess anti-viral and
nerve calming properties. Hypericum mysorense has been used to
treat wounds as a part of the Ayurvedic system of traditional
medicine [10]. Some research has been organised to check the
antiherpetic properties in Hypericum mysorense extracts [11][12].
All living organisms contain complex systems of antioxidant
enzymes. Some of these systems, like the thioredoxin system, are
conserved throughout evolution and are required for life.

Antioxidants in biological systems have multiple functions, including
defending against oxidative damage and participating in the major
signaling pathways of cells. One major action of antioxidants in
cells is to prevent the damage caused by the action of reactive
0xygen species.

Reactive oxygen species (ROS) and reactive nitrogen species
(RNS) generated in our body are quite reactive and harmful to the
cells. If generated ROS and RNS are not scavenged, they can
damage important molecules, such as proteins, DNA and lipids,
which lead to the development of a variety of diseases, including
aging, mutagenesis, carcinogenesis, coronary heart disease,
diabetes and neurodegeneration [13][14][15].

Reactive oxygen species include hydrogen peroxide, the
superoxide anion, and free radicals, such as the hydroxyl radical.
These molecules are unstable and highly reactive, and can
damage cells by chain reactions, such as lipid peroxidation or
formation of DNA adducts that could cause cancer promoting
mutations or cell death. In order to reduce or prevent this damage,
all cells invariably contain antioxidants. The natural antioxidants
may have free radical scavengers, reducing agents, potential
complexes of peroxidant metals, quenchers of singlet oxygen etc
[16]. The antioxidants can interfere with the oxidation process by
reacting with free radicals [17]. Recently interest has been
increased considerably in finding natural occurring antioxidants that
are used in foods or medicinal materials to replace synthetic
antioxidants which are being restricted due to their side effects
such as carcinogenicity [18]. Antioxidants principles from natural
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resources possess multifacetedness in their multitude and
magnitude of activity and provide enormous scope in correlating
imbalance [19]. Hence, the present study aims to examine the
antioxidant capacity of leaf extracts of A. mysorensefor their in vivo
antioxidant activity.

Materials and methods

Collection of plant material

Hypericum mysorense Heyne was collected from Kothagiri, Nilgiri
Biosphere Reserve, Western Ghats, and Tamil Nadu. The plant
samples were identified with the help of local flora and
authenticated by Botanical Survey of India, Southern Circle,
Coimbatore, Tamil Nadu, and India. A voucher specimen of
collected plants was deposited in the Ethnopharmacological Unit,
PG & Research Department of Botany, V.O. Chidambaram
College, Thoothukudi District, and Tamil Nadu.

Chemicals

All the chemicals and reagents used in the experiments were of
analytical grade and were obtained from BDH (England and India),
E. Merck (Germany), Sigma Chemical Company (U.S.A.),
Sarabhai, M. Chemicals (India) and LOBA-Chemie Indo Austranol
Co., (India). Whenever necessary, the solvents were redistilled
before use.

Preparation of plant extract

H. mysorense leaf was cut into small pieces, washed and dried at
room temperature; the dried leaf was powdered in a Wiley mill. The
coarse leaf powder (100g) of A. mysorense was extracted
successively with petroleum ether, benzene, ethyl acetate,
methanol and ethanol, each 250 ml in a Soxhlet apparatus for 24
hrs. All the extracts were filtered though Whatman No.41 filter
paper. All the extracts were concentrated in a rotary evaporator.
The concentrated extracts were used for /7 vifro antioxidant activity.
The methanol extract was used for estimation of total phenolic and
flavonoid.

Estimation of total phenolic content

Total phenolic contents were estimated using Folin-Ciocalteau
reagent based assay as previously described [20] with little
modification. To 1mL of each extract (100pug/mL) in methanol, 5mL
of Folin-Ciocalteau reagent (dluted ten-fold) and 4mL (75g/L) of
Na,CO3 were added. The mixture was allowed to stand at 20°C for
30min and the absorbance of the developed colour was recorded at
765nm using UV-VIS spectrophotometer. 1mL aliquots of 20, 40,

60, 80, 100 pg/mL methanolic gallic acid solutions were used as
standard for calibration curve. The absorbance of solution was
compared with gallic acid calibration curve. The total phenolic
content was expressed as gallic acid equivalents (GAE g/100g dry
weight of extract).

Estimation of flavonoids

The flavonoids content was determined according to Eom ef a/.
[21] An aliquot of 0.5ml of sample (1mg/mL) was mixed with 0.1mL
of 10% aluminium chloride and 0.1mL of potassium acetate (1M).
In this mixture, 4.3ml of 80% methanol was added to make 5mL
volume. This mixture was vortexed and the absorbance was
measured spectrophotometrically at 415nm. The value of optical
density was used to calculate the total flavonoid content present in
the sample.

DPPH radical scavenging activity

The DPPH is a stable free radical and is widely used to assess the
radical scavenging activity of antioxidant component. This method
is based on the reduction of DPPH in methanol solution in the
presence of a hydrogen donating antioxidant due to the formation
of the non radical form DPPH-H.

The free radical scavenging activity of all the extracts was
evaluated by 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) according to
the previously reported method [22]. Briefly, an 0.1mM solution of
DPPH in methanol was prepared, and 1mL of this solution was
added to 3 mL of the solution of all extracts at different
concentration (50,100,200,400 & 800ug/mL).The mixtures were
shaken vigorously and allowed to stand at room temperature for 30
minutes. Then the absorbance was measured at 517 nm using a
UV-VIS spectrophotometer (Genesys 10S UV: Thermo electron
corporation). Ascorbic acid was used as the reference. Lower
absorbance values of reaction mixture indicate higher free radical
scavenging activity. The capability to scavenging the DPPH radical
was calculated by using the following formula.

DPPH scavenging effect (% inhibition) = {(Ag —A1)/Ag)*100}

Where, Ay is the absorbance of the control reaction, and A, is the
absorbance in presence of all of the extract samples and reference.
All the tests were performed in triplicates and the average of the
results were calculated.

Hydroxyl radical scavenging activity

The scavenging capacity for hydroxyl radical was measured
according to the modified method of Halliwell [23]. Stock solutions
of EDTA (1ImM), FeCl; (10 mM), Ascorbic Acid (1mM), H,O,
(10mM) and Deoxyribose (10 mM) were prepared in distilled
deionized water.

The assay was performed by adding 0.imL EDTA , 0.01mL of
FeCls, 0.1mL H,0,, 0.36mL of deoxyribose, 1.0mL of the extract of
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different concentration (50,100,200,400 &800ug/mL) dissolved in
distilled water,0.33mL of phosphate buffer (50mM , pH 7.9), 0.1mL
of ascorbic acid in sequence . The mixture was then incubated at
379C for 1 hour. 1.0mL portion of the incubated mixture was mixed
with 1.0mL of 10%TCA and 1.0mL of 0.5% TBA (in 0.025M NaOH
containing 0.025% BHA) to develop the pink chromogen measured
at 532nm. The percentage inhibition was calculated by comparing
the results of the test with those of the control using the above
formula.

Superoxide radical scavenging activity

The superoxide anion scavenging activity was measured as
described by Srinivasan ef a/. [24]. The superoxide anion radicals
were generated in 3.0 ml of Tris — HCL buffer (16 mM, PH 8.0),
containing 0.5 mL of NBT (0.3mM), 0.5 mL NADH (0.936mM)
solution, 1.0 mL extract of different concentration (50,100,200,400
& 800ug/mL), and 0.5 mL Tris — HCI buffer (16mM, P 8.0). The
reaction was started by adding 0.5 mL PMS solution (0.12mM) to
the mixture, incubated at 25°C for 5 min and the absorbance was
measured at 560 nm against a blank sample, ascorbic acid. The
percentage inhibition was calculated by comparing the results of
the test with those of the control using the above formula

Antioxidant activity by radical cation (ABTS +)

ABTS assay was based on the slightly modified method of Huang
et al. [25]. ABTS radical cation (ABTS+) was produced by reacting
7mM ABTS solution with 2.45 mM potassium persulphate and
allowing the mixture to stand in the dark at room temperature for
12-16 h before use. The ABTS + Solution were diluted with ethanol
to an absorbance of 0.70+0.02 at 734 nm. After addition of sample
or trolox standard to 3.9 mL of diluted ABTS+ solution, absorbance
was measured at 734 nm by Genesys 10S UV-VIS (Thermo
scientific) exactly after 6 minutes. Results were expressed as trolox
equivalent antioxidant capacity (TEAC). The percentage inhibition
was calculated by comparing the results of the test with those of
the control using the above formula.

Reducing power

The reducing power of the extract was determined by the method
of Kumar and Hemalatha [26]. 1.0 mL of solution containing
50,100,200,400 &800ug/mL of extract was mixed with sodium
phosphate buffer (5.0 mL, 02 M, pH6.6) and potassium
ferricyanide (5.0 mL, 1.0%): The mixture was incubated at 50°C for
20 minutes. Then 5mL of 10% trichloroacetic acid was added and
centrifuged at 980 g (10 minutes at 5°C) in a refrigerator centrifuge.
The upper layer of the solution (5.0 mL) was diluted with 5.0 mL of
distilled water and ferric chloride and absorbance read at 700 nm.
The experiment was repeated thrice and the average of the results
were calculated.

Statistical analysis

Antioxidant activities like DPPH radical scavenging activity,
hydroxyl radical scavenging activity, superoxide radical activity,
ABTS radical cation scavenging activity and reducing powers were
estimated in triplicate determinations. Data were analyzed using
the statistical analysis system SPSS (SPSS software for windows
release 17.5; SPSS Inc., Chicago IL, USA) Estimates of mean,
standard error for aforesaid parameters were calculated.

Results and Discussion

Total phenolic and total flavonoid contents

The total phenolic and total flavonoid contents of the methanol
extract of H. mysorense leaf was found to be 0.98g 100g~" and
1.02g 100g°" respectively.

Phenolic compounds are considered as the most important
antioxidative components of herbs and other plant materials, and
good correlation between the concentration of plant phenolics and
the total antioxidant capacity has been reported [27]. The
polyphenolic compounds, like flavonoids and phenolic acids,
commonly found in plants [28] and their epidemiological studies
have shown that many of these antioxidant compounds possess
anti-inflammatory, antiatherosclerotic, antitumor, antimutagenic,
anticarcinogenic, antibacterial, or antiviral activities to a greater or
lesser extent [29].

It has long been recognized that naturally occurring substances in
higher plants have antioxidant activity. Among those substances,
the flavonoids widely distributed in plants have the ability to
scavenge free radicals, superoxide and hydroxyl radicals by single-
electron transfer [30]. Depending on their structure, flavonoids are
able to scavenge practically all known Reactive Oxygen Species.
According to our present investigation, the high contents of phenols
and flavonoids in A mysorense can explain its high radical
scavenging activity.

DPPH radical scavenging activity

DPPH have been used extensively as a free radical to evaluate
reducing substance. The effect of antioxidants on DPPH radical
scavenging is thought to be due to their hydrogen donating ability
[31]. A freshly prepared DPPH solution exhibits a deep purple
colour with absorption maxima at 517nm. This purple colour
generally fades or disappears when an antioxidant is present in the
medium. Thus, antioxidant molecules can quench DPPH free
radicals and convert them to a colourless product, resulting in a
decrease in absorbance at 517nm. DPPH radical scavenging
activity of petroleum ether, benzene, ethyl acetate, and methanol
and ethanol extracts of leaf of 4. mysorense is shown in Figure 1.
The scavenging effect increases with the concentration of standard
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and samples. Among the solvent tested, ethanol extract exhibited
highest DPPH radical scavenging activity at 800 pg/ml
concentration (116.33% inhibition) followed by methanol extract
(109.28% inhibition). The lowest inhibition was shown by petroleum
ether extract (76.16%). ICsq values of ethanol extract of leaf of A.

mysorese and standard ascorbic acid were 25.67ug/ml and
20.11ug/ml respectively (Table 1). Chandrashekar ef al [32]
evaluated antioxidant activity of H.perforatum, H.japonicum, and H.
patulum. Extract of H. mysorense was found to scavenge DPPH
radicals more efficiently than other AHypericum species.
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m 50
m 100
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m 400
m 800

Figure 1. DPPH radical scavenging activity of different solvent extracts of leaf of H. mysorense

Table 1. ICsq value of different solvent extract of whole plant of 4. feschenaultiana (pg/ml)

Different solvent extract DPPH Hydroxyl Superoxide ABTS
assay assay assay assay
Petroleum ether 18.75 19.89 22.05 20.06
Benzene 19.38 17.23 20.53 20.98
Ethylacetate 19.84 19.05 20.97 21.34
Methanol 24.22 22.11 24.15 22.53
Ethanol 25.67 23.16 25.88 24.98
Standard (Ascorbic acid) 20.11 19.46 22.18 -
Standard (Trolox) - - - 20.67

Hydroxyl radical scavenging activity

Hydroxyl radical can be formed by the Fenton reaction in the
presence of reduced transition metals (such as Fe2*) and H,0,,
which is known to be the most reactive of all the reduced forms of
dioxygen and is thought to initiate cell damage /7 vivo [33]. These
oxygen radicals induce some oxidative damage to biomolecules
like carbohydrates, proteins, lipids [34][35] and nucleic acids, and
this damage causes aging, cancer, and several diseases
[36][37][38]. The cell damaging action of hydroxy! radical is well
known, as it is the strongest among free radicals [39]. Thus,
removing OH- is very important for the protection of living systems.

Hydroxyl radical scavenging activity of petroleum ether, benzene,
ethyl acetate, methanol and ethanol extracts of A. mysorense leaf
is shown in Figure 2. Of these, the ethanol extract (101.84+0.078%
inhibition) was found to be more effective in quenching the hydroxyl
radicals produced in the reaction mixture. The lowest inhibition was
shown by benzene extract (68.39+0.093). ICs, values of ethanol
extract of leaf of A mysorese and standard ascorbic acid were
23.16ug/ml and 19.46pg/ml respectively (Table 1). All the leaf
extracts of H. mysorense scavenge hydroxyl radicals in a
concentration dependent manner. The scavenging of the hydroxyl
radicals may be due to the presence of phenolic compounds in the
extracts [40].
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Figure 2. Hydroxyl radical scavenging activity of different solvent extracts of leaf of H. mysorense

Superoxide radical scavenging activity

Superoxide anion is a weak oxidant produced during various
biological reactions is highly toxic [41]. Superoxide anion radical is
known as an initial radical and plays an important role in the
formation of other reactive oxygen-species, such as hydrogen
peroxide or singlet oxygen. Superoxide is generated in vivo by
several oxidative enzymes, including xanthine oxidase. A decrease
in absorbance indicated the antioxidant activity of the extracts

which may be due to the inactivation or consumption of superoxide
anion radicals produced in the reaction mixture [40].

Superoxide anion radical scavenging activity of leaf extracts of A.
mysorense was denoted in Figure.3. It indicates that, ethanol
extract of H. mysorense exhibited the maximum superoxide radical
scavenging activity of 116.09% which is higher than the standard
ascorbic acid whose scavenging effect is 93.51%. 1Csq values of
ethanol extract of leaf of A. mysorense and standard ascorbic acid
are 25.88ug/ml and 22.18ug/ml respectively (Table 1).
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Figure 3. Superoxide radical scavenging activity of different solvent extracts of leaf of A.mysorense

ABTS radical cation scavenging activity

Actually, the ABTS radical cation scavenging activity also reflects
hydrogen-donating ability. Hagerman ef a/ [42] reported that the
high molecular weight phenolics (tannins) have more ability to
quench free radicals (ABTS). H. mysorense extracts were
subjected to ABTS radical cation scavenging activity and the
results were shown in Figure 4. The ethanol extract exhibited

potent ABTS radical cation scavenging activity in concentration
dependent manner. At 800 ug/ml concentration, ethanol extract of
H. mysorense possessed 119.22 % scavenging activity on ABTS
which is higher than the standard trolox whose scavenging activity
is 79.16%. ICsq values of ethanol extract of A mysorense and
standard trolox were 24.98ug/ml and 20.67ug/ml respectively
(Table 1).
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Figure 4. ABTS radical cation scavenging activity of different solvent extracts of leaf of A.mysorense

Reducing power

Several reports indicated that the reducing power of bioactive
compounds were associated with antioxidant activity [43].
Therefore, it is necessary to determine the reducing power of
phenolic constituents contained in the plant extracts to elucidate
the relationship between their antioxidant effect and their reducing

power. Figure 5 shows the reducing ability of different solvent
extracts of leaf of A. mysorense when compared to ascorbic acid. It
is seen that, when the concentration of the solution is increased,
the absorbance of the solution also gets increased. A higher
absorbance indicates a higher reducing power. Among the solvent
tested, it is evident that methanol extract exhibited higher reducing
activity but it is lesser than the standard ascorbic acid.

Reducing power (OD)

Concetration pg/ml

m50
m 100
200
m 400
m 800

Figure 5. Reducing power activity of different solvent extracts of leaf of A.mysorense

Conclusion

The present study observed a marked radical scavenging effect of
leaf extracts of H. mysorense was observed in the present study.
The observed bioactivities of extracts could be ascribed to the
presence of secondary metabolites present in the extracts in
particular phenolic compounds. The plant appears to be promising

resource for bioactive agents which can be exploited for the
prevention and treatment of oxidative stress diseases. However,
further investigation is required for the purification and
characterization of the active metabolites which may lead to the
discovery of novel bioactive molecules of industrial and
pharmaceutical importance.
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