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-
The aim of this study was to examine the in vitro antioxidant potential of different fractions of Rhamnus triquetra. The methanolic extract |
of this plant was dissolved in distilled water and successively partitioned with n-hexane, chloroform, ethyl acetate and n-butanol. Phyto- |
chemical screening revealed the presence of alkaloids, terpenoids, tannins, phenolics, sugars, saponins and flavonoids. The antioxidant
potential of crude methanolic extract, all these fractions and remaining aqueous fraction was evaluated by different methods i.e., DPPH |
free radical scavenging activity, total antioxidant activity, ferric reducing antioxidant power assay, ferric thiocyanate assay and total |
phenolic content assay. All the fractions exhibited significant antioxidant potential. The results revealed that ethyl acetate soluble fraction |
showed the highest % inhibition of DPPH radical (92.01 + 0.21) having an ICs, value of 7.59 + 0.65 ng/mL, total antioxidant activity |
value (1.840 £ 0.08), highest ferric reducing antioxidant power value of (2137.7 £ 0.58 ug/mL) and inhibition of lipid peroxidation (61.94
+ 1.17 %). The chloroform fraction showed the highest total phenolic content value (121.5 £+ 1.10 pg/g) as compared to other fractions. :
|

Key Words: Rhamnus triquetra, Antioxidant potential, Oxidative stress, Organic fractions, Lipid peroxidation.

INTRODUCTION

The scavenging of reactive oxygen species (ROS) is one of
the possible mechanisms of action of antioxidant compounds.
Chain breaking antioxidants prevent damage by interfering
with the free radical propagation'. Reactive oxygen species
may be the causative factor involved in many human degene-
rative diseases and antioxidants are known to have some degree
of preventive and therapeutic effects on these disorders.
Reactive oxygen species produced in vivo include superoxide
radical, hydrogen peroxide (H,O,) and hypochlorous acid.
Hydrogen peroxide and superoxide can interact in the presence
of certain transition metal ions to yield a highly reactive oxidi-
zing species, the hydroxyl radical’. Hydrogen peroxide, one
of the main ROS, causes lipid peroxidation and DNA oxidative
damage in cells®. Our group is working on evaluating the
antioxidant and antimicrobial activity of medicinal plants. We
are also extracting the pure natural metabolites responsible to
the particular activity*. Recently, many synthetic antioxidant
components have been shown undesirable side effects such as
toxicity and carcinogenicity, so interest has been increased
towards naturally occurring antioxidants. Vitamins, phenolic
compounds, essential oils and extracts from the plants are
naturally occurring antioxidants. At this time there is an

increasing interest worldwide to identify antioxidant compounds
that are pharmacologically potent and have low or no side
effects for use in preventive medicine and the food industry”.
Many plants produce significant amount of antioxidants to
reduce the oxidative stress and are a potential source of new
phytochemical with antioxidant activity’. Rhamnaceae, the
Buckthorn family, is a large family of flowering plants, mainly
trees, shrubs and some vines. About 50-60 genera and ca. 870-
900 species are present in this family. The rhamnaceae is
distributed throughout the world but most common in the sub-
tropical and tropical areas. Economic uses of the rhamnaceae
are essentially as ornamental plants and used as the material
of various brilliant green and yellow dyes. Rhamnus belongs
to family rhamnaceae. They are native throughout the tempe-
rate and subtropical Northern Hemisphere, and also more
locally in the subtropical Southern Hemisphere parts of Africa
and South America. The bark, leaves, and fruit of several
species of Rhamnus have been used as laxatives, notably R.
cathartica and R. frangula and some other species of Rhamnus
have also been used as folk medicine for treating constipation,
inflammation, tumors and asthma’?®.

Rhamnus triquetra belong to family rhamnaceae and are
widely distributed in Pakistan as well as in Jammu and Kashmir.
It is an evergreen shrub and it grows up to 7 m. The plant
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needs light, substrate and heavy soils. The plant depends on
acid, neutral and alkaline clay. Leaves and fruits are used
mostly and their extracts are useful for hemorrhagic septicemia
in cattle. The bark is astringent and deobstruent’. The juice of
the bark is used in the treatment of diarrhea and dysentery'.
Wood is hard, so it is used for agricultural implements and
small carving''.

To the best of our knowledge no studies on antioxidant
activity has been reported yet on Rhamnus triquetra therefore
itis important to report in vitro antioxidant potential of aqueous
and organic fractions of this species by using ferric reducing
antioxidant power, total antioxidant activity by using different
assays. These antioxidant assays can give an idea about the
chemistry of this plant.

EXPERIMENTAL

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical, 2,4,6-
tripyridyl-s-triazine (TPTZ), trolox, gallic acid, Folin-Ciocalteu
phenol reagent and butylated hydroxytoluene (BHT) were
obtained from the Sigma Chemical Company Ltd. (USA) and
the organic solvents (n-hexane, chloroform, ethyl acetate, n-
butanol), sulphuric acid, sodium phosphate, ammonium
molybdate, ferric chloride from Merck (Pvt.) Ltd. (Germany).

Collection and identification of plant material: The
aerial part (stem) of Rhamnus triquetra was collected from
the Azad Jammu and Kashmir in March 2010. The plant was
identification by Mr. Muhammad Ajaib of the Department of
Botany, GC University, Lahore and a voucher specimen has
been deposited in the herbarium (voucher specimen numbers
are GC.Herb.Bot.854) of the same university.

Extraction of plant material: Since certain compounds
get denatured in sunlight, so plant material was dried under
shade for 2 weeks after which it was grinded to a uniform
powder. The methanolic extract was prepared by soaking 6 kg
of dry powdered of plant material in methanol (10 L x 5) at
room temperature for few days so that alkaloids, terpenoids
and other organic constituents get extracted from plants. The
methanolic extract was concentrated using a rotary evaporator
to yield the residue (575 g), which was dissolved in distilled
water (1 L) and partitioned with n-hexane (1.5 L x 3), chloro-
form (1.5 L x 3), ethyl acetate (1.5 L x 4) and n-butanol (2 L
x 4), respectively. These organic fractions and remaining water
fraction was concentrated separately on rotary evaporator and
these residues thus obtained and initial crude methanolic extract
were used to evaluate their in vitro antioxidant activities.

Phytochemical screening of the plant extract: Qualita-
tive phytochemical screening were performed using standard
procedures to identify the phytochemical constituents, i.e.,
alkaloids, terpenoids, saponins, tannins, sugars, phenolics,
flavonoids and cardiac glycosides, using standard procedures'>".

Test for terpenoids (Salkowski test): 2 mL of chloroform
was added to 0.5 g each extract followed by 3 mL of conc.
H,SO, that was added carefully to form a layer. Presence of
terpenoids was indicated by preparation of a reddish brown
layer at the interface of the organic and aqueous layer.

Test for flavonoids: We used two methods for flavonoids.
In the first test added few drops of 1 % aluminium chloride
solution to plant extracts, a persistent yellow colouration

indicates the presence of flavonoids. While in second method,
Benedict’s reagent was sprayed on TLC card which have spots
of samples. In UV light green fluorescence showed flavonoids
presence.

Test for saponins: 0.5 g of plant extracts were added to
5 mL distilled water in a test tube. Stable persistent froth that
is observed after vigorous shaking mixed with 3 drops of olive
oil forms an emulsion indicates presence of saponins.

Test for tannins: For indicating presence of tannins in
plant extracts, ca. 0.5 g of the extracts were boiled in 10 mL
of water and then filtered, then added few drops of 0.1 % ferric
chloride, brownish-green or blue- black colouration indicates
presence of tannins in the extracts.

Test for alkaloids: Draggendroftf’s reagent was sprayed
on TLC card on which sample spots are present. If orange
colour has appeared then alkaloids confirmed.

Test for phenolics: Neutral solutions of ferric chloride
was added to ca. 0.5 g of each extract. The bluish green colour
indicates the presence of phenolics.

Test for reducing sugars (Fehling’s test): 1 mL of water
and 5-8 drops of Fehling’s solution (A and B) was added to
0.5 g of each plant extract. It is heated and observed for brick
red precipitate, indicating the presence of sugars.

Test for cardiac glycosides (Keller-Killiani test): In
aqueous solution (0.5 g each sample added in 5 mL water)
added glacial acetic acid (2 mL) having ferric chloride (1 drop).
Conc. H,SO, was added in this solution. At the interface brown
ring shows the deoxysugar characteristic of cardenolides
presence. Below brown ring violet ring may be formed. Just
above the brown ring a greenish ring may be formed in the
acetic acid layer and this ring spread gradually throughout
this layer.

Determination of antioxidant activity

Sample preparation for antioxidant activity: The sample
solutions of different extracts were prepared by dissolving 0.02
g of the extract in 20 mL of the methanol (1000 pg/mL).

DPPH radical scavenging activity: The DPPH radical
scavenging activities of various fractions of plant were
examined by comparison with that of a known antioxidant
i.e., butylated hydroxytoluene (BHT), using the method of
Tauheeda et al.". The following concentrations of the samples
(1000, 500, 250, 120, 60, 30 and 15 pg/mL) were mixed with
3 mL of methanolic solution of DPPH (0.1 mM). The mixture
was shaken vigorously and allowed to stand at room tempe-
rature for one an hour. ICs, values (concentration of sample
required to scavenge 50 % of free radicals) were calculated
from the regression equation. Synthetic antioxidant reagent,
BHT was used as reference positive.

Inhibition free radical DPPH was calculated in following
way:

1(%) = (Aconlrol _Asample) %100

A

Each sample was assayed in triplicate and the mean values
were calculated.

Total antioxidant activity by the phosphomolybdenum

method: The total antioxidant activities of various fractions of

the plant were evaluated by the phosphomolybdenum complex

control
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formation method". Briefly, 500 ug/mL of each sample was
mixed with 4 mL of reagent solution (0.6 M sulphuric acid,
28 mM sodium phosphate and 4 mM ammonium molybdate)
in sample vials. The blank solution contained 4 mL of reagent
solution. The vials were capped and incubated in water bath
at 95 °C for 90 min. After the samples had been cooled to
room temperature, the absorbance of mixture was measured
at 695 nm against the blank. The antioxidant activity was
expressed relative to that of BHT. All determinations were
assayed in triplicate and mean values were calculated.

Ferric reducing antioxidant power (FRAP) assay: The
FRAP assay was performed according to Benzie and Strain'®
with some modifications. The stock solutions included 300 mM
acetate buffer (3.1 g CH;COONa-3H,0O and 16 mL CH;COOH,
pH 3.6), 10 mM TPTZ (2.,4,6-tripyridyl-s-triazine) solution in
40 mM hydrochloric acid, and 20 mM ferric chloride hexa-
hydrate solution. The fresh working solution was prepared by
mixing 25 mL acetate buffer, 2.5 mL TPTZ solution and 2.5 mL
ferric chloride hexahydrate solution, which was then warmed
to 37 °C before using. The solutions of plant fractions and that
of trolox were prepared in methanol (500 pg/mL). 10 pyL of
each fractions and BHT solution were taken in separate test
tubes and 2990 pL of FRAP solution was added to each to
make a total volume upto 3 mL. The fractions were allowed to
react with the FRAP solution in the dark for 0.5 h. The
absorbance of the coloured product (ferrous tripyridyltriazine
complex) was checked at 593 nm. The FRAP values are
determined as micromoles of Trolox equivalents (TE) per mL
of the sample using the standard curve constructed for different
concentrations of Trolox. The results were expressed in Trolox
equivalents uM/mL.

Ferric thiocyanate (FTC) assay: The antioxidant activities
of the various fractions of the plant on the inhibition of linoleic
acid peroxidation were assayed by the thiocyanate method"”.
0.1 mL of each of sample solution (0.5 mg/mL) was mixed
with 2.5 mL of linoleic acid emulsion (0.02 M, pH 7) and
2 mL of phosphate buffer (0.02 M, pH 7). The linoleic
emulsion was prepared by mixing 0.28 g of linoleic acid, 0.28
g of Tween-20 as emulsifier and 50.0 mL of phosphate buffer.
The reaction mixture was incubated for 5 days at 40 °C. The
mixture without extract was used as the control. The 0.1 mL
aliquot of the mixture was taken and mixed with S mL of 75 %
ethanol, 0.1 mL of 30 % ammonium thiocyanate and 0.1 mL
of 20 mM ferrous chloride in 3.5 % hydrochloric acid and
allowed to stand at room temperature. Precisely after 3 min
the addition of ferrous chloride to the reaction mixture, the

absorbance was recorded at 500 nm. The antioxidant activity
was expressed as percentage inhibition of peroxidation (IP %):

Inhibition of lipid peroxidation (%) = {M}xloo
( control

The antioxidant activity of BHT as reference standard was
assayed for comparison.

Total content of phenolics: The total phenolics of the
various fractions of plant were determined with the Folin
Ciocalteu reagent by a reported method'®. The 0.1 mL (0.5
mg/mL) of sample was combined with 2.8 mL of 10 % sodium
carbonate and 0.1 mL of 2 N Folin-Ciocalteu reagent. After
40 min, the absorbance at 725 nm was measured using a UV-
visible spectrophotometer. The total phenolics were expressed
as milligrams of gallic acid equivalents (GAE) per gram of
sample using a standard calibration curve constructed for
different concentrations of gallic acid. The curve was linear
between 50 and 400 ug/mL of gallic acid. Results were
expressed in GAE pg/mL.

Statistical analysis: All the measurements were perfor-
med in triplicate and statistical analysis was realized by statistical
software. Results are presented as average + SEM.

RESULTS AND DISCUSSION

The phytochemical analysis conducted on Rhamnus triguetra
extracts revealed the presence of tannins, flavonoids, sugars,
alkaloids, terpenoids, phenolics and saponins in methanolic,
n-hexane, chloroform, ethyl acetate and n-butanol soluble
fractions.

The amount of common bioactive components like
terpenoids, alkaloids, phenolics, flavonoids and saponins were
concentrated in medium polar and polar fractions (i.e., chloro-
form, ethyl acetate and butanol) as expected, while the quantity
of sugars was good in remaining aqueous fraction. The results
were tabulated in Table-1.

Antioxidant potential of the plant extracts were summa-
rized in Table-2. The DPPH radical is widely used in the model
system to evaluate antioxidant activities in a relatively short
time. DPPH scavenging was due to their hydrogen donating
ability or radical scavenging activity. When a solution of DPPH
is mixed with that of a substance that can donate a hydrogen
atom or transfer electron to DPPH thus neutralize the free
radical character and then this gives rise to the reduced form
1,1-diphenyl-2-picryl hydrazine (non radical) with the loss of
the violet colour. Radical scavenging activity increased with
increasing percentage of the free radical inhibition'®. The

TABLE-1
PHYTOCHEMICAL CONSTITUENTS OF VARIOUS FRACTIONS OF Rhamnus triquetra.
(“+” REPRESENTS PRESENCE AND “—” REPRESENTS ABSENCE)

n-Hexane soluble Chloroform soluble

Ethyl acetate soluble n-Butanol soluble Remaining aqueous

LS fraction fraction fraction fraction fraction
Terpenoids + ++ +++ ++ -+
Flavonoids + ++ +++ +++ +
Tannins = — + + _
Alkaloids - + + ++ _
Phenolics + ++ +++ ++ +
Sugar = - + + ++
Cardiac glycosides - = + — _
Saponins - — + 4 —
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TABLE-2
FREE RADICAL SCAVENGING ACTIVITY OF THE VARIOUS
FRACTIONS OF Rhamnus triquetra USING 1, 1-DIPHENYL-2-
PICRYL HYDRAZYL RADICAL (DPPH)

St Concentration in Scavenging (%) of
assay (ug/ml) DPPH radical + SEM*

250 89.01 £ 0.89
Crude methanolic 120 62.89 +£0.21
extract 60 52.1 +£0.86
30 40.47 £ 0.61
1000 71.43 +0.49
n-Hexane soluble 500 60.28 + 0.58
fraction 250 42.36 +0.71
120 33.29 +0.62
250 87.49 +0.31
Chloroform soluble 120 71.24 £0.29
fraction 60 54.72 £ 0.10
30 41.09 +0.37
60 92.01 £0.21
e 30 89.72 + 0.68
15 51.2 +£0.89
60 80.43 £ 0.73
r-Butanol soluble 30 62.69 %091
15 48.71 +0.68
Remaining aqueous 00 LB
fraction 250 60.47 +0.90
120 45.21 +0.39
60 91.49 +£0.13
BHTY 30 75.54 £ 0.07
15 42.62 +0.04

“Standard error mean of three assays. "Standard reference antioxidant.

colour change from violet to yellow and fall in absorbance of
the stable radical DPPH was measured for different concen-
trations and results are shown in Table-2. In our results, the
ethyl acetate soluble fraction showed the highest DPPH scaven-
ging activity of 92.01 £ 0.21 at a concentration of 60 ug/mL,
while n-hexane soluble fraction revealed the lowest scavenging
value of 71.43 + 0.49 at a concentration of 1000 ug/mL. In the
present study, in some cases, methanolic extract and polar
fraction (ethyl acetate) showed higher or similar antioxidant
activities as compared to the standard BHT. This is due to
most bioactive compounds such as polyphenols including
tannins, flavonoids existed in higher polar fraction®.

For each fraction, the I1Csy value was calculated from
the plotted curves. Lower ICs, value indicates better DPPH
radical scavenging activity. The polar fraction (ethyl acetate)
of methanolic extract of Rhamnus triquetra provided the 1Cs,
value of 7.59 + 0.65 pg/mL than the non polar fraction (n-

hexane) with ICsy of 182.99 + 1.48 (Table-3). Total antioxidant
capacity/activities of all fractions was evaluated by spectro-
photometrically by phosphomolybdenum method which is
based on the reduction of Mo(VI) to Mo(V) by the sample
analyte and the subsequent formation of green phosphate
Mo(V) complex at acidic pH. Electron transfer occurs in this
assay depends upon the structure of the antioxidant*. The
antioxidant activities of the fractions were compared with the
reference standard antioxidant BHT. The ethyl acetate fraction
displayed the highest total antioxidant activity value (1.840 +
0.08), followed by the slightly less potent methanol, #-butanol,
chloroform and remaining aqueous soluble fraction, while the
n-hexane soluble fraction had the lowest total antioxidant
activity (Table-3).

The FRAP assay is a simple and inexpensive procedure
that measures the total antioxidant levels in a sample by taking
into account of their oxidation-reduction potential. The method
described measures the ferric reducing ability of plasma
(FRAP). It utilizes the reducing potential of the antioxidants
to react with the ferric tripyridyltriazine (Fe(II)-TPTZ) complex
and produce the intense blue colour ferrous tripyridyltriazine
(Fe(I)-TPTZ) complex™. The reaction conditions favour reduc-
tion of the complex and thereby colour development provided
that a reductant (antioxidant) is present. Among all the Rhamnus
triquetra fractions, the ethyl acetate fraction showed the highest
FRAP value (2137.2 £ 0.58 ng/mL) and then the other fractions
which followed the order: methanolic extract (2126.7 = 0.91
pg/mL) > n-butanol (1709.3 + 0.19 pg/mL) > chloroform
(1565.2 + 0.94 pg/mL) > aqueous fraction (357.5 £ 0.57pg/
mL) while the n-hexane soluble fraction revealed the lowest
FRAP value (266.5 + 0.46 pg/mL) (Table-3).

The ferric thiocyanate method measures the amount of
peroxide generated at the initial stage of linoleic acid emul-
sion during incubation. Here, peroxide reacts with ferrous
chloride to form ferric chloride, which in turn reacts with
ammonium thiocyanate to produce ferric thiocyanate, a reddish
pigment. Low absorbance values measured via the ferric
thiocyanate method indicate high antioxidant activity®. Our
results revealed that ethyl acetate soluble fraction rendered
the maximum inhibition of lipid peroxidation (61.94 + 1.17
%) and n-hexane displayed minimum value (46.07 + 0.51).
The inhibition of lipid peroxidation by BHT (standard) was
62.91 £ 0.16. The antioxidant activity of phenolic compounds
is mainly due to their redox properties and chemical structure,
which allow them to act as reducing agent, hydrogen donators

TABLE-3
IC;,, TOTAL ANTIOXIDANT ACTIVITY, FRAP VALUES, LIPID PEROXIDATION INHIBITION
AND TOTAL PHENOLICS VALUES OF DIFFERENT FRACTIONS OF Rhamnus triquetra

IC;, of DPPH . Inhibition of lipid Total phenolics
S. No Sample assaS)L; (ug/mL) £ TOté.ﬂ .amlOdeaI:t LTI TEa peroxidation (%) (GAE%) mg/g of
SEM* asilly R (L) 2 S + SEM* extract) + SEM®
1 Crude methanolic extract 70.26 £ 0.27 1.740 £ 0.01 2156.7 £ 0.91 57.12 £0.73 114.17 £ 1.63
2 n-Hexane soluble fraction 182.99 + 1.48 0.100 + 0.026 266.5 + 0.46 46.07 £ 0.51 9.3+0.51
3 Chloroform soluble fraction 60.09 + 0.54 1.359 £ 043 1565.2 + 0.94 53.39 £ 0.56 121.5+1.10
4 Ethyl acetate soluble fraction 7.59 £ 0.65 1.840 + 0.08 2137.2 £0.58 61.94 +£1.17 80.74 £ 1.29
5 n-Butanol soluble fraction 37.98 +1.35 1.537 £ 0.002 1709.3 £0.19 49.68 £ 0.92 98.17 + 1.54
6 Remaining aqueous fraction 94.73 £0.74 1.183 £ 0.016 357.5+£0.57 54.21 £ 0.88 28.83+1.2
7 BHT" 12.10 +0.29 1.2186 + 0.015 - 62.91 +0.16 -
Blank - - 2.30 - 1.15

iStandard error mean of three assays. *Standard reference antioxidant.
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and singlet Q- quenchers® and chelating transitional metals,
inhibiting lipoxygenase and scavenging free radical®. Folin-
Ciocalteu (FC) reagent was used to determine total polyphenols
in samples. Folin-Ciocalteu reagent consists of a yellow acidic
solution containing complex polymeric ions formed from
phosphomolybdic and phosphotungstic heteropoly acids.
These reagents oxidizes phenolates resulted in the production
of complex molybdenum- tungsten blue which can be detected
spectrophotometrically at 725 nm and calculated as gallic acid
equivalents. Gallic acid is a water soluble polyhydroxy phenolic
compound which can be found in various natural plants®. The
standard curve equation is y (absorbance) = 0.006x + 0.139.
The absorbance value was inserted in the above equation and
the total amount of phenolic compound was calculated. In
present result chloroform soluble fraction possessed the highest
amount of total phenolic compounds, having value (121.5 £+
1.10 pg/g) followed by crude methanolic fraction (114.17 £
1.63), n-butanol fraction (98.17 + 1.54 ug/g), ethyl acetate
fraction (80.74 + 1.29) and aqueous fraction (28.83 £ 1.2 ug/g),
while the n-hexane fraction exhibited the lowest total phenolic
contents (9.3 £ 0.51 pg/g) (Table-3).

Conclusion

According to the results of this study, the methanolic
extract of Rhamnus triquetra may be suggested as a potential
source of natural antioxidant. It was concluded that as ethyl
acetate soluble fraction of this plant exhibit the highest
percentage inhibition of DPPH radical (92.01 £ 0.21) as
compared to other fraction and also lower ICs, value (7.59 +
0.65 pg/mL). This fraction also showed total antioxidant
activity FRAP value and inhibition of lipid peroxidation while
chloroform showed highest total phenolic contents when
assayed while n-hexane soluble fraction showed the minimum
value. Thus further phytochemical investigations may bring
new natural antioxidants into the food industry that might
provide good protection against the oxidative damage which
occur in the body and our daily foods.
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