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Extracts of medicina plants have been reported to be very much
effectivein the control of chronic diseases dueto their high antioxidant
contents. Focus of the present study is the exploitation of safer and
cheaper sources of the antioxidants based on the natural origin. Litichi
chinensis Sonn. is used for its hypoglycemic activity in the traditional
medicinal system of Indian subcontinent. The antioxidant activity of
the aqueous and organic extracts of leaves, stem and fruit pulp of
L. chinensiswasinvestigated using 2,2'-azinobi s(3-ethyl benzothiazoline-
6-sulpohonic acid) (ABTS) decolourization assay, the ferric reducing
anti-oxidant power (FRAP) assay, 2.2'-diphenyl-1-picrylhydrazil
(DPPH) assay, the total phenolic content (TPC) assay and the total
antioxidant activity assay. Using the ABTS decolourization assay,
L. chinensis extracts showed a wide range of antioxidant activity in
termsof trolox equival ent antioxidant capacity (TEAC); from 5.64-0.126
mM for leaves of L. chinensis (LCL), from 4.12-0.23 mM for stem
(LCS) and from 0.66-0.24 mM for fruit pulp of L. chinensis (LCPL).
The total phenolic content assay exhibited 1.72, 1.46 and 1.41 mM
gallic acid equivalents for ethyl acetate, aqueous (before partitioning)
and aqueous (after partitioning) fractions of the stem respectively. The
ferric reducing antioxidant power assay indicated high reducing power
of leaves and stem of Litchi chinensis. Methanol, 1-butanol, agueous
and ethyl acetate fractions of all the parts of Litchi chinensis showed
strong DPPH and peroxyl radicals scavenging activity. The results
obtained in the present study demonstrated that all the pats studied are
potential sources of natural antioxidants. Although the radical scavenging
and inhibition of lipid peroxidation studies show usefulness of Litchi
chinensis extracts in vitro conditions, yet verification of their in vivo
activity and especially during disease conditions needs further experi-
mentation.
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INTRODUCTION

Oxygen based free radicals and other reactive species, collectively named as
reactive oxygen species (ROS) are produced in vivo during oxidation'. Reactive
oxygen species are not only associated with lipid peroxidation leading to food
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deterioration, but are also involved in development of avariety of diseases, includ-
ing cellular ageing, mutagenes's, carcinogenes's, coronary heart disease, diabetes and
neurodegeneration®®. Foods rich in antioxiants may be used to help the human
body in reducing the oxidative damage by ROS"®. Various phytochemicals from
teas, spices and herbs have been shown to have their rolein the suppression of ROS
in vivo®. Keeping in view the positive role of phytochemicals on human health,
different antioxidant compounds including butylated hydroxytoluene (BHT), propyl
galate (PG), tert-butylhydroquinone (TBHQ), etc. are synthesized in laboratory’.
However, these compounds have been charged with damaging liver and causing
cancer to experimental animals®. Therefore, exploitation of safer and cheaper anti-
oxidants of natura origin is highly desired™.

Litchi chinensis Sonn., amember of Spindaceae family, hasitsoriginin China
and is now widely spread in the tropical and sub-tropical regions of the world™.
Litchi fruit is high in vitamin C and the essential mineral potassium®. Different
anthocyanins, phenalics, tannins have been identified and quantified in pericarp
and peel of litchi®*™.

Antioxidant activity of the aerial partsincluding stem, leaves and fruit pulp has
not been as much studied as that of peel and pericarp of this plant. Focus of the
present study is to investigate the antioxidant potential of various aqueous and
organic extracts of aerial parts of L. chinensis by using antioxidant assays including
theABTSradical cation decolourization, the FRAP assay, the TPC assay, the DPPH
decol ourization assay and the total antioxidant power using linoleic acid emulsion
system.

EXPERIMENTAL

All the chemicals used were of analytical reagent grade. Methanol, 1-butanol,
chloroform, n-hexane, ethyl acetate, glacial acetic acid, potassium persulphate,
potassium dihydrogen phosphate, dipotassium hydrogen phosphate, iron(l11) chloride
andiron(Il) chloride were purchased from E. Merck whiletrolox (6-hydroxy-2,5,7,8-
tetramethyl-chroman-2-carboxylic acid), ABTS (2,2'-azinobis-(3-ethylbenzothiazo-
line-6-sulphonic) diammonium salt), gallic acid, Tween 20 (polyoxyethylenesorbitan
monolaurate), iron(I1) sulphate, potassium thiocyanate, 1,1-diphenyl-2-picrylhydrazil
(DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), Folin-Ciocalteau's reagent (FC Reagent)
were purchased from Fluka (Switzerland).

Fresh Litichi chinensis fruit was purchased from local fruit market and its
leaves and stem were collected from Botanic Garden of GC University, Lahore,
Pakistan. Pulp of the fruit was separated manually. Leaves, stem and pulp were
allowed to dry at room temperature under shade. A finely ground amount equal to
10geachof leaves (LCL), stem (LCS) and pulp (LCPL) was soaked in methanol in
1:20 w/v separately in cork-fitted flasks for 24 h at 30 °C and 240 rpm. The extract
obtained the next day wasfiltered and stored at 4 °C while the residue was reextra-
cted in another 200 mL methanol under the same conditions. Both the filtrates
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obtained were mixed and asmall volume of methanolic extract equal to about 5 mL
was stored in a capped bottle at 4 °C, while rest of the extract was concentrated
through rotary evaporator at 30 °C. The residue obtained was suspended in appro-
priate volume of distilled water. Subsequently different fractions of aqueous extract
were abtained using organic solvents (25 x 3 mL) of varying polarity. The agueous
and organic extracts were stored in refrigerator at 4 °C.

ABTS™* Assay protocol: ABTS* Assay protocol as developed by Re et al.*®.
wasfollowed. ABTSwas dissolved in doubly distilled water to a7 mM concentration.
ABTSradical cation (ABTS*) was produced by reacting ABTS stock solution with
2.45 mM potassium persulfate (final concentration) and allowing the mixture to
stand in the dark at room temperature for 12-16 h before use. For the study of
antioxidant activity of standard antioxidant and plant samples, the ABTS stock
solution was diluted with PBS buffer (pH 7.4) to an absorbance of 0.700 (+0.020)
at 734 nm and equilibrated at 30 °C. For plant extracts, the dilution was madein the
respective solvents. After addition of 10 uL of neat or diluted stock solutionto 2.99
mL of diluted ABTS* solution (A = 0.700 + 0.020), the absorbance reading was
taken at 30 °C exactly 1 min after initial mixing up to 8 min. Appropriate solvent
blanks were run in each assay. The percentage inhibition of absorbance was cal cu-
lated by the following formula and was plotted as a function of concentration of
antioxidants and of Trolox for the standard reference data:

% Inhibitiong 734 nm = (1 —AdA) x 100
where A, is the absorbance of radical cation solution before addition of sample/
standard antioxidants while A is the absorbance after addition of the sample/standard
antioxidants. Each measurement was made in triplicate and at least three times at
each concentration level of standards and sample.

Total phenolic content assay: Total soluble phenolics in L. chinensis plant
extracts were determined with Folin-Ciocalteu reagent according to the method of
Singleton et al.*” using gallic acid as a standard phenolic compound. A volume of
40 uL of each sample and standard was transferred into separate test tubes and to
each added 3.16 mL water and 200 pL of Folin-Ciocalteu's reagent. The mixture
was mixed well, waited for 8 min and then added 600 yL of sodium carbonate
solution with continuous stirring. The solution was l&ft at 40 °C for 0.5 h and absorbance
of each solution at 765 nm against the blank (without phenolic solution) was deter-
mined. A curve was plotted between absorbance and concentration. The concentration
of total phenolic compounds of all fractions of litchi plants was determined as
milligrams of gallic acid equivalent (GAE) by using the following equation that
was obtained from the standard gallic acid graph.

Absorbance = 0.0555 x Gallic acid (mg/L)

Ferricreducing antioxidant power assay (FRAP): FRAP assay was performed
as described by Benzie and Strain method™. Experiment was conducted at 37 °C at
pH 3.6 with ablank sample. FRAP reagent was prepared by mixing 25 mL acetate
buffer (pH 3.6), 2.5 mL (10 mmol/L) TPTZ solution and 2.5 mL (20 mmol/L)
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FeCl;.6H,0 solution. 300 pL freshly prepared FRAP reagent was warmed to 37 °C
and a reagent blank reading was taken at 593 nm; 10 uL of sample/standard anti-
oxidant was then added along with 30 puL H,O. Absorbance readings were taken
after every 1 min for 4 min. The change in absorbance (AAsqs) between final reading
and reagent blank was noted. For reference data AAsqs values for arange of trolox
concentrationswere noted and astandard curve was drawn. Final resultswere expre-
ssed as micromole trolox equivalents (TE) per gram on dried basis (umol TE\g, db).

Diphenyl-2-picrylhydrazyl radical scavenging capacity assay (DPPH assay):
Free radical scavenging activity of water and organic solvent extracts was measured
by 1,1-diphenyl-2-picryl-hydrazil (DPPH"*) using the method of Shimada et al.”.
DPPH solution (3 mL, 25 mg/L) in methanol was mixed with appropriate volumes
of neat or diluted sample solutions. The reaction progress of the mixture was monitored
at 515 nm over atime period. Upon reduction, the colour of the solution faded. The
percentage of the DPPH remaining was calculated as:

% DPPHem = [DPPH] en/[DPPH] =0 % 100

where [DPPH]em corresplnds to absorbance of DPPH solution at time t while
[DPPH] - i's the absorbance before the addition of sample or standard antioxidant.

A kinetic curve showing the scavenging of DPPH radical in terms of decrease
in absorbance at 593 nm as afunction of time (min) was plotted for each fraction of
the samples.

Total antioxidant activity determination: Total antioxidant activity of aqueous
and organic extracts of litchi plant was determined according to the method employed
by Mitsuda et al.”. The solution, which contain 100 mL each of neat or diluted
plant extract of litchi plant in 2.5 mL of potassium phosphate buffer (0.04 M, pH
7.0) was added to 2.5 mL of linoleic acid emulsion in potassium phosphate buffer
(0.04 M, pH 7.0). Each solution was then incubated at 37 °C in sealed bottles in
dark. The solution without added extract was used as blank, while the solutions
containing 100 mL (50 pg/20 L) of Trolox was used as positive control. At intervals
of 24 h during incubation, 0.1 mL of each solution was transferred to a beaker
containing 3.7 mL of ethanol. After addition of 0.1 mL each of FeCl, (20mM in 3.5%
HCI) and thiocyanate solution (30 %) to the ethanolic sample, the solution was
stirred for 1 min. The absorption values of the solutions measured at 500 nm were
taken as lipid peroxidation values.

RESULTSAND DISCUSSION

ABTS Radical cation decolourization assay: ABTS decolourization assay
whichiséectron-transfer-based assay, was applied to eval uate the antioxidant potential
of various extracts of litchi plant. The antioxidant components having aredox potential
lower than that of ABTSradica cation have the ability to scavenge the colour of the
radical proportionate to their amount. TEAC values were obtained by calculating
the % inhibition on addition of the sample and subsequently comparing with a
calibration curve formed against Trolox as standard antioxidant. Bar graphs were
plotted between TEAC vaues and their corresponding fraction of thesample (Fig. 1).
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Fig. 1. TEAC (micromolar) values of the extracts of (A) leaves, ethyl acetateis 10 times
diluted (B) Stem, all fractions are 10 times diluted (C) pulp of L. chinensisusing

the ABTSradical cation decolourization assay



5078 Khan et al. Asian J. Chem.

LCSand LCL showed relatively higher antioxidant activity as compared to the
extractsof LCPL. TEAC vaduesranged from 5.64-0.126 uM for ag. (AP) and n-hexane
of LCL, respectively, from 4.12-0.230 pM for ag. (BP) and chloroform fractions of
LCS, respectively and for LCPL from 0.66-0.24 uM for ag. (AP) and n-hexane,
respectively. Overall ag. (BP) showed highest while n-hexane of LCS showed the
least TEAC values.

Total phenalic content assay: The FCR actually measures reducing capacity
of phenolic compounds. Phenolic compounds have been reported to be powerful
antioxidants due to presence of hydroxyl groupsin their structures. Phenolic com-
pounds react with FCR only under basic conditions. Dissociation of a phenolic
proton leads to phenolate anion, which is capable of reducing FCR. The blue compound
formed between phenolate and FCR is independent of the structure of phenolic
compounds, therefore ruling out the possibility of coordination complex formed
between the metal centre and phenolic compounds. Despite the undefined chemical
nature of FCR, the total phenol assay by FCR isa convenient, simple and reproducible
assay.

Different parts of LCPL were found to be containing less phenaolic contents as
compared with those of LCS and LCL. Of the |leaves, the total phenoloic contents
of ag. (AP) and ethyl acetate fractionswere highest at 10.9 uM of gallic acid equivalent/
10 pL of leavesfraction, respectively, followed by 4.05 and 3.75 uM of GAE/40 pL
of 1-butanol and ag. (B.P) fractions respectively (Fig. 2A-C). Of the stem, the total
phenolic contents of methanol, ag. (B.P), 1-butanol, ethyl acetate fractions were
found highest at 11.45m 6.77, 6.59, 3.34 UM of gallic acid equivalents/40 pL of
corresponding fraction. Ethyl acetate, ag. (B.P), ag. (A.P) and 1-butanol werefound
to the the highest in TPC as compared with other fractions of the pulp. Although
extracts of fruit pullp showed low values of TPC, but the total phenolic contents
tended to be highest in leaves followed by stem and fruit pulp.
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Fig. 2. GAE values of the extracts of A) leaves B) stem,methanolic fraction 10 times
diluted C) pulp L. chinensis using TPC assay

Ferric reducing antioxidant power assay: FRAP assay was used to assess
"antioxidant or reducing power" of biological and abiological samplesthrough the
reduction of ferric to ferrous ions at low pH. The conversion of ferric to ferrous
causes formation of a coloured ferrous-tripyridyltriazine (TPTZ) complex. TEAC
va ues of different agueousand organic fractions of the medicina plantswere evaluated
using Trolox as standard reductant.

LCL and LCS showed good reducing power while LCPL showed low TEAC
values. In al the three parts ag. (AP), ag. (BP), methanol and 1-butanol fractions
showed high TEAC values (Fig. 3A-C).
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Fig. 3. TEAC values of the extracts of (A) leaves (methanol, n-butanol and aq. BP are 10
times diluted) (B) stem (except chloroform all are 10 times diluted) (C) pulp of

L. chinensis using the FRAP assay
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DPPH Radical scavenging capacity assay: DPPH Radical scavenging capacity
assay was employed to investigate the reaction kinetics of sample antioxidantswith
DPPH radical. Upon reaction with sample antioxidants, the colour of DPPH solution
fades. The reaction progress can be monitored by noting the absorbance readings at
515 nmasafunction of time. % DPPH,.,, Was plotted against thetime (min). Methanal,
1-butanol, ag. (AP) and ag. (BP) and ethyl acetate fractions of all the plant extracts
showed maximum scavenging of DPPH free radical. Scavenging of DPPH free
radical started at a greater pace for the first two minutes, which continued at relatively
slower pace for the rest of the time (Fig. 4A-C).
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Fig. 4. % DPPH remaining values of the extract of (A) leaves (ag. BP, 1-butanol and methanol
5timesdiluted, ethyl acetate 15 timesdiluted) (B) stem (chloroform 3 times concen-
trated. ag. (AP) and ethyl acetate 10 times diluted, respectively) (C) pulp (ethyl
acetate and ag. (AP) 10 times conc. 1-butanol and n-hexane 15 times conc, methanol
13 times conc.) of L. chinensis as a function of time

The scavenging effect of different fractions of leaves, stem and fruit pulp on the
DPPH radical decreased in the order of ethyl acetate > 1-butanol > methanol > aq.
(BP) >trolox > ag. (AP) > n-hexane > chloroform; ag. (AP) > ethyl acetate > 1-butanol
> trolox > ag. (BP) > n-hexane > methanol > chloroform and trolox > ag.(BP) >
chloroform > ag.(AP) > ethyl acetate > methanol > 1-butanol > n-hexane, respectively.

The kinetics of the reaction between the sample and the DPPH radical showed
that the extracts contained a mixture of different types of antioxidant components,
of which some reacted instantaneously with DPPH radical and discharged its colour
while some took longer period of time to react completely.

Total antioxidant activity assay: Thiocyanate method was employed to deter-
mine total antioxidant activity of the extracts of the traditional medicinal plants.
During linoleic acid oxidation, peroxides are formed. These peroxides have ability
to oxidize Fe** to Fe*. Fe* ion on reaction with thiocyanate ions (SCN") forms
complex which can be measured spectrophotometrically at 500 nm. The added
standard or sample solutions try to inhibit or slow down oxidation of linoleic acid
and thus formation of peroxide values. Thus low peroxidation values indicate high
antioxidant power of the sample and vice versa. Antioxidant activity of the aqueous
and organic fractions of the plants was determined as a function of time. Standard
antioxidant Trolox was used as positive control. The results showed that n-butanol,
Aqg. (AP), Ag. (BP) and methanol fractions of all the parts of L. chinensis had
potent peroxyl radical scavenging activity (Fig. 5 A-C). The antioxidant components
of the samples were so potent that even after incubation of 192 h; there was aslight
increase in the peroxidation value.
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Fig. 5. Peroxidation values of extracts of (A) leaves (B) stem (C) pulp of L. chinensis
using thiocyanate method
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The results presented here show a useful data about the total antioxidant activity

and the ability of L. chinensis extracts to metal chelation activity and to slow down
lipid oxidation in in vitro systems. They would certainly prove helpful in correlating
the antioxidant activity of L. chinensis extracts with their antidisease activity. Further-
more, the extracts may be used as good source of natural antioxidantsfor maintaining
health conditions. As L. chinensis is abundantly available and potent antioxidant,
S0 extracts may be used in phytochemical drugs and food industry.
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