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Abstract

The rind of rambutan, which is normally discarded was found to contain extremely high antioxidant activity when assessed using
several methods. Although having a yield of only 18%, the ethanolic rambutan rind extract had a total phenolic content of
762 ± 10 mg GAE/g extract, which is comparable to that of a commercial preparation of grape seed extract. Comparing the extract’s
pro-oxidant capabilities with vitamin C, a-tocopherol, grape seed and green tea, the rind had the lowest pro-oxidant capacity. In addi-
tion, the extract at 100 lg/ml was seen to limit oxidant-induced cell death (DPPH at 50 lM) by apoptosis to an extent similar to that of
grape seed. The extracts were not cytotoxic to normal mouse fibroblast cells or splenocytes while the powderised rind was seen to have
heavy metals contents far below the permissible levels for nutraceuticals. Our study for the first time reveals the high phenolic content,
low pro-oxidant capacity and strong antioxidant activity of the extract from rind of Nephelium lappaceum. This extract, either alone or in
combination with other active principles, can be used in cosmetic, nutraceutical and pharmaceutical applications.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The powerful antioxidant properties of vitamins C, E and
b-carotenes are well known (Krinsky & Johnson, 2005;
Scheibmeir et al., 2005). However, there is another group
of naturally-occurring inhibitors of oxidation that are
receiving a lot of attention lately, namely the phenolics and
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polyphenolics, which are secondary plant metabolites. Stud-
ies have shown that polyphenols are better scavengers of free
radicals than vitamins C and E (John, Jianmei, Joseph &
Yukio, 2003). For instance, green tea is thought to be partic-
ularly effective at protecting against free radical damage in
the gastrointestinal tract (Orner, Dashwood, & Dashwood,
2004). Other antioxidant herbs include bilberry (Valentová,
Ulrichová, Cvak, & Šimánek, 2006), grape seed extract
(Hwang et al., 2004), pomegranate (Rosenblat, Hayek, &
Aviram, 2006) and milk thistle (Jacobs, Dennehy, Ramirez,
Sapp, & Lawrence, 2002.

Much of the interest in plant phenolics are in flavonoids.
Flavonoids are some of the most powerful and effective anti-
oxidant compounds available to humans; and since we are
unable to produce flavonoids ourselves, we must get them
from the food we eat and from supplements. Several studies
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have shown that normal intake of flavonoids through eating
a range of fruits and vegetables is not enough to keep mod-
ern levels of free radicals at bay (Clarkson & Thompson,
2000). Food companies are increasingly promoting the
health benefits of antioxidants contained in fruits and vege-
tables. The trend has been to investigate a variety of plants
as new potential sources of antioxidants (Miliauskas, Vens-
kutonis & van Beek, 2004; Peschel et al., 2006). Besides vita-
mins, a defined range of herbal extracts represents the most
potential in the antioxidant market. Companies must be
careful to have substantial documentation of antioxidant
evaluation of their natural ingredients. The antioxidant
market is set to grow over the foreseeable future; however
what is often lacking is good science that shows the antiox-
idant claims of these compounds.

Native to Southeast Asia, rambutan (Nephelium lappa-

ceum L.) belongs to the same family (Sapindaceae) as the
sub-tropical fruits lychee and longan (Marisa, 2006). This
fruit is an important commercial crop in Asia, where it is
consumed fresh, canned, or processed, and appreciated
for its refreshing flavour and exotic appearance (Ong,
Acree, & Lavin, 1998). In Malaysia, the dried fruit rind
has been employed in local medicine.

2. Materials and methods

2.1. Chemicals and reagents

Ammonium thiocyanate, L-ascorbic acid, concanavalin
A, 1,1-diphenyl-2-picryl-hydrazyl (DPPH), Folin-Ciocal-
teu reagent, gallic acid, linoleic acid, NBT (tetrazolium
salt), potassium persulfate, superoxide dismutase, tert-
butylphenol (BHT), xanthine and xanthine oxidase were
purchased from Sigma Chemicals (MO). EmblicaTM was
obtained from EMD (Darmstadt, Germany); and grape
seed extract was purchased from Vitis AG (Trittenheim,
Germany). DL-a-tocopherol and tocotrienol from Fluka
Biochemika (Buchs, Switzerland), trichloroacetic acid from
Merck (Darmstadt, Germany), ABTS diammonium salt
from Amresco Inc. (Solou, OH). All cell cultures were pur-
chased from American Tissue Culture Collection (Manas-
sas, VA). The cell death detection ELISAPLUS kit and
cell proliferation kit II was from Roche Applied Science
(Mannheim, Germany). RPMI 1640 with L-glutamine,
sodium pyruvate, foetal bovine serum, penicillin-steptomy-
cin, HEPES buffer solution and typan blue stain were ob-
tained from Invitrogen New Zealand Ltd. (Auckland),
phosphate buffered saline from ICN Biochemicals Inc.
(Aurora, OH) and accutase from Innovative Cell Technol-
ogies, Inc. (San Diego, CA).

2.2. Plant collection

Fresh fruit pulp, rind, seed and leaves of N. lappaceum
L. were obtained from Kuala Lumpur. The plant was
authenticated by the Herbarium of the Forest Research
Institute of Malaysia (FRIM), Kepong, Malaysia.
2.3. Preparation of plant extracts

The fruit pulp, seed, rind and leaves were washed with
copious amounts of water and distilled water. These were
then allowed to air dry at room temperature for 2–3 h. Fol-
lowing this, plant parts were placed in a circulating oven at
40 �C until completely dry. The dried fruit pulp, seed, rind
and leaves were powdered using a Waring blender or milled
using the Fritsch dry miller.

Deionised water or ethanol (analytical grade) at 1:10
(w/v) concentrations were added to the powdered pulp,
seed, rind and leaves. Water extraction was carried out
at 40 �C while solvent extraction was performed at room
temperature for 24 h in an orbital shaker. The suspension
thus obtained was filtered using a 114 Whatman filter
paper and the filtrate collected. Aqueous filtrate was con-
centrated using a freeze drier while solvent filtrate was con-
centrated using a rotary evaporator. The method of
supercritical extraction (SFE) was used only on the rind
of N. lappaceum.

2.4. Supercritical fluid extraction

Extraction was carried out using the supercritical fluid
extraction system Thar SFE 500 from Thar Technologies
(Pittsburgh, PA). Eighty grams of powdered rind or leaves
of N. lappaceum L. were placed in the extraction vessel,
and CO2 at a pressure of 300 bar and temperature of
50 �C was passed through the vessel for 2 h. The gas flow
rate was set at 30 g/min. The components (oils and actives)
soluble in liquid CO2 precipitated at the end of the run
were collected. The product thus obtained was a com-
pletely pure extract with no liquid organic solvents. Etha-
nol however, was used to wash down the lines and the
precipitate was further concentrated on a rotary evapora-
tor. The residue remaining after the SFE extraction was
re-extracted using ethanol as solvent. A ratio of 1:20, that
is 100 g of powderised rind to 2000 ml of ethanol, was used
for further extraction and processed as described for the
ethanol extraction.

2.5. Antioxidant assays

Five different free radical-scavenging assays were
performed.

2.5.1. Scavenging activity onto DPPH radicals

Scavenging activity of DPPH (1,1-diphenyl-2-pic-
rylhydrazyl) free radicals by the extracts was assessed,
according to the modified method reported by Chang
et al. (2002). An aliquot total of 950 ll of 0.004% DPPH
ethanolic solution was added to 50 ll of an extract of dif-
ferent concentrations and the mixture was allowed to react
at 37 �C for 10 min. Then, absorbance was measured at
515 nm with a Cary 50 Bio UV–visible spectrophotometer
(Varian, Inc., Palo Alto, CA). All measurements were done
in triplicate.
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2.5.2. Scavenging activity onto galvinoxyl radicals

Galvinoxyl, another stable phenoxyl radical can be
reduced by hydrogen-donating free radical scavengers.
The concentrations of extracts and standards required to
achieve 50% phenoxyl radical-scavenging activity were
determined, according to the method of Shi, Noguchi,
and Niki (2001). An aliquot of 900 ll of galvinoxyl metha-
nol working solution (5 mM) was added to 90 ll of a sam-
ple of different concentrations to make a final volume of
990 ll and the mixture was allowed to react at 37 �C. After
20 min, the absorbance value was measured at 428 nm. All
measurements were done in triplicate.

2.5.3. Scavenging activity onto ABTS radicals
ABTS (2,2-azinobis 3-ethylbenzothiazoline 6-sulfonate)

is oxidised to the coloured nitrogen centred radical cation
ABTS+ in a persulfate system. The radical-scavenging
capacities of extracts and positive controls were assessed,
according to the modified method reported by Re et al.
(1999). Two hundred microlitres of the working solution
(5 mM, pH 7.4) were mixed with 20 ll of extract in a
microtitre plate to a final volume of 220 ll, and the mix-
ture was allowed to react for 6 min, before measuring its
absorbance at 690 nm using an AsYS microplate reader
UVM-340 (ASYS Hitech GmbH, Eugendorf, Austria).
The positive controls used in all the scavenging assays were
L-ascorbic acid and commercial grape seed extract (Vitis
vitalTM). Scavenging activity was expressed as IC50, which
represents the final concentration of the extract (lg/ml) in
the reaction mixture required to inhibit 50% of the free
radical-scavenging activity. All measurements were done
in triplicate.

2.5.4. Scavenging activity onto superoxide anions

An enzyme system (xanthine/xanthine oxidase) forms
the superoxide anions which react with NBT (tetrazolium
salt) to form a red formazan. An antioxidant substance
absorbs or destroys superoxide anions, thereby reducing
the formation of formazon. The results are presented as
percent inhibition and compared to the positive control
superoxide dismutase, using the modified method of
Chang, Lin, Chuang, and Chiang (1996). Stock solutions
of NBT (0.2 M Tris-HCl, 5 mM MgCl2, 0.75 mM NBT),
xanthine (66 mM xanthine in 0.5 M NaOH) and 27 mM
EDTA were prepared. An NBT working solution was pre-
pared by adding stock solutions of the above to give a final
concentration of 0.15 mM NBT, 3 mM xanthine,
0.108 mM EDTA and 0.05 M Na2CO3. The final pH of
the working solution was pH 10–10.2. The assay was con-
ducted in 96-well plates where 25 ll of extracts were added
to 200 ll of NBT working solution and 25 ll of xanthine
oxidase (0.3 units/ml). The reaction was allowed to proceed
for 5 min after which its absorbance at 560 nm was
recorded using an AsYS microplate reader UVM-340.
Superoxide dismutase, L-ascorbic acid and grape seed
served as the positive controls. All measurements were
done in triplicate.
2.6. Inhibition of induced lipid autooxidation

Linoleic acid undergoes autoxidation under specified
conditions. Autoxidative activity is determined by the abil-
ity to inhibit the peroxidation of linoleic acid. The results
are presented as percent inhibition and compared to posi-
tive controls: 1% tert-butylphenol (BHT) and a-tocopherol
(vitamin E). The modified method of Lee and Lim (2000)
was followed, where a mixture containing extract, 5% lino-
leic acid in 0.05 M phosphate buffer (pH 7.0, containing
0.5% Tween-80) was incubated for 16 h at 40 �C in the
dark. One hundred microlitres of this incubated mixture
was aspirated and mixed with 3 ml of 70% ethanol,
100 ll of 0.3 g/ml ammonium thiocyanate and 100 ll of
2.45 mg/ml ferrous chloride in 3.5% hydrochloric acid.
The addition of acid–alcohol solution stopped the autoxi-
dation reaction and hydroperoxides formed complexed
with the ferric thiocyanate to produce an absorbance at
500 nm, which was measured after 3 min. Extract concen-
trations used were; rind at 0.1 and 0.4 mg/ml and leaves
at 0.3 and 0.7 mg/ml. All measurements were done in
triplicate.

2.7. Pro-oxidant assay

Reducing power of iron ion was measured according to
the method of Bing and Yuejin (2005), where equal volumes
of extract and 1% potassium ferricyanate [K3Fe(CN6)] were
incubated at 50 �C for 20 min. An equal volume of 10% tri-
chloroacetic acid was added and the mixture centrifuged at
3000g for 10 min. The upper layer of the solution (1.0 ml)
was mixed with 1 ml of distilled water and 0.2 ml of 0.1%
ferric chloride (FeCl3) and its absorbance at 700 nm was
recorded. Ethanol or distilled water was used as the negative
control while EmblicaTM (a commercial antioxidant with
very low pro-oxidant activity) was used as the positive con-
trol. Comparison of pro-oxidant capabilities was performed
with Vitamin C, grape seed, tocotrienol, tocopherol and
green tea. Results are expressed in comparison with positive
controls at concentrations ranging from 0.1 mg/ml to
0.5 mg/ml. All measurements were done in triplicate.

2.8. Heavy metal content determination

Lead, arsenic and mercury content of the powdered rind
of N. lappaceum was determined against international stan-
dards. Inductively coupled plasma-optical emission spec-
troscopy (ICP-OES) was used for the determination of
arsenic and lead, and atomic absorption spectroscopy
(AAS) for the determination of mercury. All measurements
were done in triplicate.

2.9. Phenolic content determination

Total phenolics were determined using the Folin-Cio-
calteu method, modified according to Miliauskas et al.
(2004), which is based on a colorimetric oxidation and
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reduction reaction. A 1-ml aliquot of the extract at defined
concentrations was added to 5 ml of Folin-Ciocalteu
reagent; 4 ml of 7.5% Na2CO3 solution was added to the
mixture after 3–5 min and was thoroughly mixed. The
absorbance at 765 nm was recorded after 1 h. A linear
dose-response regression curve was generated using the
absorbance reading of gallic acid at the wavelength of
765 nm after 30 min. Total phenolic content of the sample
was calculated. The content of phenolic compounds in a
respective sample was expressed in mg/g of extract, gallic
acid equivalents (GAE). All measurements were done in
triplicate.

2.10. Measurement of cell proliferation of cultured cells by
XTT assay

Confluent cells (3T3 mouse fibroblasts cells and 4T1
mouse mammary gland tumor cells) were harvested and
counted before being plated onto 96-well plates at
5 � 103 cells/well. Following this, known concentrations
of aqueous and ethanol extracts of the rind of N. lappace-

um were added into each of the 96 wells. The plates were
then incubated for 24 h in a humidified CO2 incubator
(Nuaire, Plymouth, MN) at 37 �C. At the end of the incu-
bation period, the 96-well culture plates were removed
from the CO2 incubator at the end of the culture periods
and cell proliferation was determined using the XTT cell
proliferation kit, as recommended by the manufacturers.
The XTT labelling and electron-coupling reagents were
thawed using a water bath set at 37 �C. Five millilitres of
labelling and electron-coupling reagents were mixed with
0.1 ml of the coupling reagent, and the concoction mixed
thoroughly, to obtain a clear solution. Fifty microlitres of
the XTT labelling mixture was pipetted into each of the
96 wells at 50 ll/well. Following this, the culture plates
were returned to the humidified 5% CO2 incubator and
incubated for a further 6 h. The absorbance of the test sam-
ples was read at a wavelength of 450 nm, using an ELISA
plate reader (Expert Plus ELISA Reader; ASYS Hitech
GmbH). The reference wavelength used was 650 nm. The
XTT labelling reagent alone was used as blank. All mea-
surements were done in triplicate.

2.11. Measurement of cell death by apoptosis in cells cultured

in extracts of the rind of N. lappaceum

Confluent cells (3T3 or 4T1 cells) were harvested and
counted before being plated onto 96-well plates at
5 � 103 cells/well. Following this, known concentrations
of aqueous and ethanol extracts of the rind of N. lappace-

um were added into each of the 96 wells. The extracts were
appropriately diluted in complete RPMI 1640 medium to
obtain final concentrations of 50 lg/ml, 100 lg/ml and
500 lg/ml. One hundred microlitres of the diluted extracts
were added into the wells containing the cultured cells.
Wells containing cells in medium without any added
extracts were used as negative control. Grape seed extract
used in the same concentrations was used as the positive
control. The plates were then incubated in a humidified
5% CO2 incubator at 37 �C for 24 h. Cell death due to
apoptosis in cells cultured in the presence and absence of
the extracts was determined using the cell death detection
kit, as recommended by the manufacturers. All measure-
ments were done in triplicate.

2.12. Measurement of oxidant-induced cell death by

apoptosis in cells cultured in the extracts of the rind of N.

lappaceum

Confluent cells (3T3 or 4T1 cells) were harvested and
counted before being plated out in 96-well plates at
5 � 103 cells/well. Following this, 100 ll of known concen-
trations (50 lg/ml, 100 lg/ml and 500 lg/ml) of aqueous
and ethanol extracts of the rind of N. lappaceum were
added into each of the 96 wells. Grape seed extract used
in the same concentrations was used as the positive control,
while cells in medium without any added extracts were used
as negative control. The plates were then incubated in a
humidified 5% CO2 incubator at 37 �C for 1 h. Following
this, 100 ll of known concentration of DPPH were added
to all the wells. The culture plates were incubated for
24 h in a humidified 5% CO2 incubator at 37 �C. Wells con-
taining cells and oxidants alone served as positive control,
i.e., where maximum cell death was expected, while wells
containing cells, oxidants and grape seed extract were used
as negative control where only low levels of cell death were
expected. Oxidant-induced cell death by apoptosis in cells
cultured in the presence and absence of the extracts was
determined using the cell death detection kit, as recom-
mended by the manufacturers. All measurements were
done in triplicate.

2.13. Effect of culturing murine splenocytes in the presence of

extracts of the rind of N. lappaceum

A seven-week old male BALB/c mouse was painlessly
killed with ether. Once the mouse was dead, it was dipped
in 70% alcohol to sterilise the animal, prior to taking it into
the clean area for culture purposes. The spleen from the
sacrificed animal was removed aseptically. The spleen was
placed in a sterile petri dish containing complete RPMI
1640 media. The splenocytes were then gently teased out
from the splenic capsule. The splenocyte suspension was
then transferred into sterile 15 ml tubes and centrifuged
at 500g for 5 min at 4 �C. After centrifugation, the superna-
tant was discarded and 5 ml of complete RPMI 1640 med-
ium was added to the tube. The pellet was resuspended in
the medium by gentle mixing. The mixture was left on ice
while the number of white blood cells were determined
using a haemocytometer. The splenocyte suspension was
appropriately diluted in complete RPMI 1640 medium, to
obtain a final cell concentration of 1 � 105 cells/ml. One
hundred microlitres of the diluted splenoyctes were then
pipetted into the wells of sterile 96-well tissue culture plates
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Fig. 1. DPPH-scavenging activity, expressed as 1/IC50, of the aqueous
and ethanolic extracts of fruit pulp, seed, rind and leaf of Nephelium
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(1 � 104 cells/well). Following this, known concentrations
(10 lg/ml, 50 lg/ml, 100 lg/ml and 125 lg/ml) of the aque-
ous and ethanol extracts of the rind of N. lappaceum were
added into the wells containing the splenocytes, and cul-
tured for 24 h, 48 h and 72 h in a humidified 5% CO2 incu-
bator at 37 �C. Wells containing cells in culture medium
alone with no added extracts were taken as the negative
control, while wells that contained 25 lg/ml concanavalin
A served as the positive control. At the end of the specified
culture periods (24 h, 48 h and 72 h), the plates were
removed from the incubator and cell proliferation was
determined using the XTT cell proliferation determination
kit as described above. All measurements were done in
triplicate.

2.14. Statistical analysis

Results were expressed as mean ± standard error. Statis-
tical comparisons between groups were performed with
Student’s t-test for independent observations. Differences
were considered significant at p < 0.05.

3. Results and discussion

3.1. Extraction yields

Water and ethanol extraction of the fruit pulp, seed,
rind and leaves of the N. lappaceum was carried out as
described earlier. The extraction yields of aqueous and eth-
anol are given in Table 1. Extraction with ethanol dis-
played a higher yield, while fruit pulp followed by the
seed, rind and finally the leaves displayed the highest solids
extracted in the ethanolic extraction. Aqueous extraction,
however, saw fruit pulp followed by rind, leaves and finally
the seed.

Supercritical fluid extraction (SFE) was carried out on
the rind only and the yield of dry matter was 0.42%. The
residue after SFE when re-extracted with ethanol gave a
yield of 16.3% of dry matter, very similar to the yield when
direct extraction with ethanol was performed (see Table 1).
Therefore, SFE prior to ethanolic extraction does not
increase yield any further. As such the simple and direct
extraction with ethanol is recommended to process the
extracts.
Table 1
Yields of the aqueous and ethanolic extracts of the fruit pulp, seed, rind
and leaves of Nephelium lappaceum

Extract Extraction yield (%)a

Aqueous Ethanolic

Fruit pulp 18.6 ± 0.2 22.2 ± 0.3
Seed 4.0 ± 0.1 20.0 ± 0.2
Rind 13.2 ± 0.2 17.8 ± 0.2
Leaf 10.2 ± 0.2 14.8 ± 0.1

a Values are the mean ± standard deviation (n = 5).
3.2. Antioxidant assays

3.2.1. Scavenging activity onto DPPH radicals

All extracts were evaluated for their DPPH-scavenging
ability and their activity is shown in Fig. 1. As observed
in Fig. 1, the rind and leaves of N. lappaceum displayed
the highest DPPH radical-scavenging ability, with the eth-
anolic rind extracts having the highest 1/IC50 value. The
activity exhibited by the ethanolic rind extracts is compara-
ble to Vitamin C and far better than grape seed extracts.
The SFE extracts of the rind of N. lappaceum did not exhi-
bit any DPPH-scavenging activity (results not shown),
however the residue when re-extracted with ethanol exhib-
ited activity similar to ethanolic extracts. Further studies
on the antioxidant ability of N. lappaceum were carried
out using the rind and leaves only.

3.2.2. Scavenging activity onto galvinoxyl and ABTS

radicals

Rind and leave extracts were evaluated for its galvinoxyl
and ABTS-scavenging ability and their activities are shown
in Table 2. Both galvinoxyl and ABTS assays show that the
ethanolic extracts of the rind of N. lappaceum have far bet-
ter radical-scavenging activity than Vitamin C and grape
seed.
Table 2
Galvinoxyl- and ABTS-scavenging activity of the rind and leaf of
Nephelium lappaceum

Extract Galvinoxyla (IC50, lg/ml) ABTSa (IC50, lg/ml)

Aqueous Ethanolic Aqueous Ethanolic

Rind 19.4 ± 0.3 1.7 ± 0.1 16.5 ± 0.2 1.7 ± 0.1
Leaf 26.1 ± 0.3 13.7 ± 0.2 24.5 ± 0.3 12.2 ± 0.2
Grape seed 21.2 ± 0.2 7.5 ± 0.3 32.8 ± 0.3 2.7 ± 0.1
Vitamin C 3.7 ± 0.1 Not relevant 7.7 ± 0.1 Not relevant

a Values are the mean ± standard deviation (n = 5).
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3.2.3. Scavenging activity onto superoxide anions and

inhibition of induced lipid autooxidation

Rind and leave extracts were evaluated for their scav-
enging activity onto superoxide anions and inhibition of
induced lipid autooxidation and their activities are shown
in Tables 3 and 4. It was observed that at the concentra-
tions tested (50 lg/ml), the aqueous and ethanolic extracts
of the rind of N. lappaceum exhibited similar scavenging
ability for superoxides as superoxide dismutase (5 lg/ml)
and aqueous grape seed extracts. Concentrations of rind
and leaf of N. lappaceum and grape seed tested had the fol-
lowing IC50 values; aqueous rind 0.4 mg/ml; ethanolic rind
0.1 mg/ml; aqueous leaf 0.7 mg/ml; ethanolic leaf 0.3 mg/
ml; aqueous grape seed 0.7 mg/ml; ethanolic grape seed
0.3 mg/ml.

The inhibition of induced lipid autooxidation by the
aqueous and ethanolic extracts of rind and leaf of N. lappa-

ceum at various concentrations is shown in Table 4. Aque-
ous extracts of both the rind and leaf managed to protect
lipid autooxidation by about 50% at the very low concen-
trations of 0.4 mg/ml and 0.7 mg/ml, respectively. The con-
centration of the ethanolic extracts of rind tested was
0.1 mg/ml, which may be too low for effective protection
against lipid autooxidation.

3.3. Pro-oxidant assay

A pro-oxidant is defined as a substance that can produce
oxygen byproducts of metabolism, which can cause dam-
age to cells. It is known that vitamin C at higher concentra-
Table 3
Superoxide-scavenging ability of the aqueous and ethanolic extracts of the
rind and leaf of Nephelium lappaceum

Extracts Superoxide scavenging activity (%)a

Aqueous Ethanol

Rind 47.5 ± 0.5 41.4 ± 0.5
Leaf 28.2 ± 0.3 6.6 ± 0.2
Grape seed 41.1 ± 0.4 21.4 ± 0.2
Superoxide dismutase (5 lg/ml) 46.9 ± 0.5 NA

Concentration of extracts in reaction mixture was 50 lg/ml.
a Values are the mean ± standard deviation (n = 5).

Table 4
Inhibition of induced lipid autoxidation of the aqueous and ethanolic
extracts of rind and leaf of Nephelium lappaceum

Extracts Inhibition of autoxidationa (concentration used in
parentheses, mg/ml)

Aqueous Ethanol

Rind 49.5 ± 0.5 (0.4) 0 ± 0.0 (0.1)
Leaf 50.5 ± 0.5 (0.7) 4.5 ± 0.2 (0.3)
Grape seed 15.3 ± 0.4 (0.7) 11.6 ± 0.3 (0.3)
BHT NA 80.0 ± 0.7
Tocopherol NA 73.0 ± 0.5

BHT and tocopherol used at 1% concentration.
a Values are the mean ± standard deviation (n = 5).
tions tends to behave like a pro-oxidant. The interaction of
vitamin C with ‘free’, catalytically active metal ions could
contribute to oxidative damage, through the production
of hydroxyl and alkoxyl radicals. However it is uncertain
whether these mechanisms occur in vivo. We have evaluated
the rind and leaf of N. lappaceum for its pro-oxidant capa-
bility and compared it against vitamin C, grape seed and
EmblicaTM, a commercially available plant extract used
in cosmetics and as a nutraceutical, known for its very
low pro-oxidant capacity (see Fig. 2).

Vitamin C showed the highest pro-oxidant activity,
induced by transition metals. Among the positive controls
EmblicaTM, followed by tocotrienol, green tea (results not
shown) and finally a-tocopherol showed lower pro-oxidant
capacity. Aqueous rind of N. lappaceum exhibited the low-
est pro-oxidant capacity, even lower than EmblicaTM while
the ethanolic rind extract had lower pro-oxidant capacity
than vitamin C, tocotrienol and ethanolic grape seed ex-
tract. The ethanolic rind extract was seen to have compara-
ble pro-oxidant profiles to aqueous grape seed extract,
green tea and tocotrienol.

3.4. Heavy metal content

Lead, arsenic and mercury contents of powdered N. lap-

paceum were determined against international standards,
using the ICP-OES, for the determination of arsenic and
lead, and AAS for the determination of mercury. The levels
of these heavy metals in the rind and leaf of the powdered
N. lappaceum were far below the maximum permissible lev-
els for nutraceuticals (see Table 5).

3.5. Total phenolic content

The total phenolic content of the extracts were deter-
mined using the Folin-Ciocalteu method. Although the
total phenolic content of the ethanolic extracts of the rind
of N. lappaceum is comparable to grape seed ethanol
extracts, its DPPH-scavenging activity is far higher than
that of grape seed (see Fig. 3). It has been shown that phe-
nolic content tends to correspond with scavenging activity
(Auger et al., 2004; Bagchi et al., 2006), however this does
not hold true when comparing with the commercial grape
seed extract. On the other hand, the rind and leaf extracts
of N. lappaceum, having lower total phenolic content, are
seen to have correspondingly lower scavenging activity.

3.6. Measurement of cell death by apoptosis in cells cultured

in the presence of N. lappaceum extracts

Confluent 3T3 and 4T1 cells were incubated in the pres-
ence and absence of aqueous and ethanolic extracts of the
rind of N. lappaceum. The enrichment factor, which refers
to the amount of mono- and oligonucleosomes in the cyto-
plasm of the apoptotic cells is presented in Fig. 4a and b.
Apoptosis levels in cells treated with N. lappaceum and
grape seed extracts were lower compared to the cells
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Table 5
Lead, arsenic and mercury determination of the rind and leaf of powdered
N. lappaceum

Heavy metala (mg/kg) Rind of N. lappaceum Leaf of N. lappaceum

Lead (Pb) 0.36 ± 0.03 0.15 ± 0.01
Arsenic (As) <0.01 <0.01
Mercury (Hg) <0.02 <0.02

a Values are the mean ± standard deviation (n = 5).
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cultured in the absence of plant extracts in both 3T3 and
4T1 cells, at the concentration tested (100 lg/ml). The
aqueous and ethanolic extracts of the rind of N. lappaceum

appear to protect 3T3 cells from cell death due to apoptosis
by about 60%. A similar protection from cell death due to
apoptosis was observed in 4T1 cells. However, the level of
protection of 4T1 cells from apoptotic death by N. lappace-

um extracts appear to be lower than that observed for nor-
mal 3T3 cells. The lower levels of apoptosis in 4T1 cells
may be due to the defective apoptotic pathways in tumour
cells where there is an over-expression of the inhibitor of
apoptotic proteins, which suppresses the activity of apop-
totic activators (Yang et al., 2003). Therefore, owing to
such low levels of apoptosis in untreated cancer cells, it
may not be possible to find a significant difference in the
apoptotic rate between treated and untreated cancer cells.

3.7. Apoptosis levels in cells exposed to oxidants in the

presence of N. lappaceum extracts

This study suggests that reactive oxygen species (ROS),
such as DPPH, can induce significant apoptotic cell death.
The rate of apoptotic cell death due to the free radical
DPPH was observed to increase significantly in both nor-
mal 3T3 mouse fibroblast and murine mammary cancer
cells (4T1). The rate of apoptotic death in 3T3 cell lines
was markedly reduced following the addition of 100 lg/



Fig. 4. The effect of aqueous and ethanolic extracts (100 lg/ml) of the rind of Nephelium lappaceum on 3T3 cells (a) and 4T1 cells (b) without the addition
of oxidants. * Designates a significant difference from cell (p < 0.05). # Designates a significant difference from grape seed (p < 0.05).
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ml N. lappaceum extracts when 5 lM and 50 lM DPPH
was used (see Fig. 5a and b).

The extracts may work in two ways, firstly as a direct
free radical scavenger of the oxidant DPPH, which can
reduce the activation of the apoptotic pathway (Miller &
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Fig. 6. Proliferation curves for murine splenocytes cells cultured in 125 lg/ml
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extract. However, at 50 lM DPPH, grape seed extract was
seen to provide a more significant protection against apop-
tosis. The grape seed extract used in this study is from a
commercial source and may contain a higher concentration
of active compounds, compared to the N. lappaceum

extracts used here.

3.8. Effect of culturing murine splenocytes in the presence of

N. lappaceum extracts

Splenocytes obtained from BALB/c mice, were cultured
in the presence of aqueous and ethanol extracts from the
rind of N. lappaceum for either 24 h, 48 h or 72 h in a
humidified 5% CO2 incubator. At the end of each incuba-
tion period, cell proliferation was determined and its find-
ings are depicted in Fig. 6a and b. Proliferation observed
when the splenocytes were cultured in the presence of con-
canavalin A was used as positive control, while splenocytes
cultured in medium without addition of plant extracts
served as the negative control. At the concentrations
(10 lg/ml, 50 lg/ml, 100 lg/ml and 125 lg/ml) studied,
the extracts did not affect the splenocytes proliferation over
a period of 72 h.

4. Conclusion

The ethanolic extract of the rind of N. lappaceum has a
high free radical-scavenging activity, comparable to that of
vitamin C and much higher than that of grape seed. In
addition, it has been shown to have superoxide-scavenging
ability of 30%, in contrast to SOD (superoxide dismutase),
which has a 50% scavenging ability. The aqueous extract
also reduces autoxidation of linoleic acid by 50%. It is an
ideal antioxidant, as it has no pro-oxidant activity induced
by transition metals, unlike vitamin C at higher concentra-
tions. The ethanolic rind extract has a phenolic content in
the range of 762–822 mg/g GAE. In addition, when using
cultured cells, the extract was seen to possess a significant
amount of antioxidative property and limits cell death by
apoptosis. More importantly, rambutan extracts did not
show any inhibitory effects on cultured normal mouse
fibroblast cells or splenocytes, suggesting that the extract
does not contain compounds that are cytotoxic to normal
cells.
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