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Abstract

In the present study, an aqueous extract from Choerospondias axillaries fruit was evaluated for its in vivo antioxidant activity, using
the D-galactose induced mouse aging model, and for its in vitro scavenging effects on the superoxide anions, DPPH, H2O2, OH�. The
reducing power and Fe2+-chelating ability, as well as the inhibition of lipid peroxidation were also evaluated. The flavonoid and phenolic
contents of the extract were determined. Pertaining to the in vivo activity, the intragastric administration of the extract inhibited D-gal-
actose induced oxidative damage. Furthermore, in the in vitro assays, the extract showed a high antioxidant effect, especially scavenging
of DPPH anions and its reducing power. The total content of phenolic and flavonoid compounds was 568 mg of gallic acid equivalents/g
dry material and 2.09 mg of quercetin equivalents/g dry material respectively. These results provide scientific support for the empirical
use of C. axillaries fruit as a medicine for cardiovascular diseases.
� 2007 Published by Elsevier Ltd.
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1. Introduction

Choerospondias axillaris (Roxb.) B.L. Burtt and A.W.
Hill (Anacardiaceae) is a medicinal plant used in Mongolia.
Its fruit (abbreviated as CAF) is commonly used for the
treatment of cardiovascular diseases. The constituents of
CAF have been investigated chemically and shown to
include phenolic compounds and flavonoid content (Lian,
Zhang, Chong, & Zhou, 2003).

Phenolic compounds are widely found in the secondary
products of medicinal plants, as well as in many edible plants
(Hagerman et al., 1998). The ability of phenolic compounds
to serve as antioxidants has been recognized, leading to
speculation about the potential benefits of ingesting pheno-
lic-rich foods. Several studies have described the antioxidant
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properties of medicinal plants, foods, and beverages which
are rich in phenolic compounds (Brown & Rice-Evans,
1998; Krings & Berger, 2001).

In Mongolian medicine several properties, such as treat-
ment of myocardial ischemia, calming nerves, ameliorating
blood circulation and improving microcirculation, have
been reported for CAF (Dai, Li, Chen, & Deng, 1992;
Shi et al., 1985). The constituents responsible for the effects
of CAF are always conceded to be the total flavonoids,
because compounds of this kind are known to be antioxi-
dants. The oxidative damage caused by reactive oxygen
species (ROS), such as the superoxide radical ðO��2 Þ and
hydroxyl radicals (OH�), on lipids, proteins and nucleic
acids may trigger various diseases including cardiovascular
disease. Epidemiological studies have shown that adminis-
tration of antioxidants may decrease the probability of car-
diovascular diseases (Abe & Berk, 1998; Madhavi,
Deshpande, & Salunkhe, 1996).

In view of these findings, the aim of the present study
was to evaluate the in vivo and in vitro antioxidant activity
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of a water extract from CAF. Because of the many ways in
which an antioxidant can protect biological molecules
against oxidative damage, we carried out different reactions
to assess antioxidant activity, so as to determine the true
antioxidant potential of the fruit (Aruoma, 2003). Further-
more, investigation into the presence of bioactive compo-
nents, such as the flavonoid and phenolic content, was
also pursued.
2. Materials and methods

2.1. Plant material

The plant material used was the dried fruit of C. axillaris
which was obtained from the Inner Mongolia Mongolian
medicine store and supply station (Huhhot, China), and
authenticated by Dr. Minjian Qin (College of Traditional
Chinese Medicine, China Pharmaceutical University, Nan-
jing, PR China) and a specimen was deposited in the Her-
barium of College of Traditional Chinese Medicine, China
Pharmaceutical University.

2.2. Chemical

All the chemicals and reagents were of analytical grade.
D-Galactose was purchased from the Beijing Chemical-
Regent Company (Beijing, China) and dissolved in 0.9%
saline and distilled water at concentrations of 19 mg ml�1.
Commercial kits used for determination of MDA, GSH,
SOD and GSH-px were purchased from Jiancheng Insti-
tute of Biotechnology (Nanjing, China). a,a-Diphenyl-b-
picrylhydrazyl (DPPH), Folin–Ciocalteu phenol reagent,
gallic acid, 30% hydrogen peroxide, b-nicotinamide ade-
nine dinucleotide (NADH), phenazine methosulfate
(PMS), nitroblue tetrazolium chloride (NBT), ethylenedi-
aminetetraacetic acid disodium salt (EDTA-2Na) and
ascorbic acid were purchased from Sigma–Aldrich (St.
Louis, USA).

2.3. Animals

Male Kunming mice (20 ± 2 g) were purchased from the
Experimental Animal Center of China Pharmaceutical
University and they were group-housed (10 mice per cage)
with free access to food and water, and kept in a regulated
environment at 25 ± 1 �C under 12 h light/12 h dark condi-
tions. After 1 week of acclimatization to the home cage, the
mice were randomly divided into five groups and i.p.
injected with D-galactose (150 mg kg�1) once daily for 60
days. From day 15, the ageing control group (group AC) mice
were p.o. administered with 0.3 ml of saline each; the CAF
treatment group (group CAF) mice were p.o. administration
CAF (250 mg kg�1, 750 mg kg�1 and 2250 mg kg�1). The
normal control group (group NC) mice were i.p. injected with
0.3 ml of saline for 60 days and p.o. administration 0.3 ml
saline.
2.4. Extract preparation

The fruit (500 g) was powdered with a blender and
extracted in water at 100 �C for 1 h. The extract was filtered
and extracted once again under the same conditions with
new solvent. The filtered extracts were mixed and evapo-
rated to 500 ml in a rotary evaporator under reduced pres-
sure. This produced an aqueous extract containing
136 mg ml�1 of total dissolved solids (determined by
freeze-drying). The extract was then frozen in 10 ml ali-
quots, stored at �20 �C and thawed as required. Upon
thawing for assays, the extract was warmed to 40 �C to
redissolve any solids that had formed during cooling.

2.5. Determination of total phenolic compounds and

flavonoid content in extract

Total phenolic content was determined by the Folin–
Ciocalteau method (Ordonez, Gomez, Vattuone, & lsla,
2006). CAF (0.5 ml, 0–20 mg ml�1) was mixed with
2.5 ml of 0.2 N Folin–Ciocalteau reagent for 5 min and
2.0 ml of 75 g l�1 Na2CO3 were then added. The absor-
bance was measured at 760 nm after 2 h of incubation at
room temperature. Results were expressed as gallic acid
equivalents.

Total flavonoids content was estimated according to a
literature procedure (Ordonez et al., 2006). To 0.5 ml of
each sample, 0.5 ml of 2% AlCl3 ethanol solution was
added. After 1 h at room temperature, the absorbance
was measured at 420 nm. Total flavonoid content was cal-
culated as quercetin from a calibration curve.

2.6. Measurement of super-oxide dismutase (SOD) activity

and malondialdehyde (MDA) level in mouse brain

Mice were decapitated, and their brains were removed
rapidly and homogenized in cold saline. The homogenate
(10%) was centrifuged at 3000g at 4 �C for 20 min, and
the supernatant was used for an assay. The assay for
total SOD was based on its ability to inhibit the oxida-
tion of oxymine by the xanthine–xanthine oxidase system
(Oyanagui, 1984). The hydroxylamine nitrite produced
by the oxidation of oxymine had an absorbance peak
at 550 nm. SOD activities were expressed as units per
microgram of brain protein. The thiobarbituric acid reac-
tion (TBAR) method was used to determine the MDA
(detected at 532 nm) (Ohkawa, Ohishi, & Yagi, 1979).
MDA content was expressed as nanomoles per milligram
of brain protein.

2.7. Determination of GSH content and glutathione

peroxidase (GSH-px) activity

Mice were decapitated and the blood was collected, cen-
trifuged at 4000g, at 4 �C for 10 min to collect serum for
the assay. GSH was measured using dithiobisnitrobenzoic
acid (DTNB) which reacts with the free thiol to give a
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mixed disulfide plus 2-nitro-5-thiobenzoic acid, which can
be quantified by its absorbance, at 412 nm (Ball, 1966).
The activity of GSH-px was determined by quantifying
the catalyzed reaction rate of H2O2 and GSH. One unit
(U) of GSH-px was defined as the amount that reduced
the level of GSH by 1 lmol.

2.8. Protein assay

Protein concentration was measured by the Lowry
method (Lowry, Rosebrough, Farr, & Randall, 1951).
Bovine serum albumin was used as the standard.

2.9. DPPH radical-scavenging activity assay

Each extract (0–20 mg ml�1) dissolved in deionised
water (2 ml), was mixed with 2 ml of methanolic solution
containing DPPH radicals, resulting in a final concentra-
tion of 0.1 mM DPPH. The mixture was shaken vigorously
and left to stand for 30 min in the dark, and the absorbance
was then measured at 517 nm against a blank (Hsu, Cou-
par, & Ng, 2006). Ascorbic acid was used as the control.
The percentage scavenging effect was calculated as

Scavenging rate ¼ ½1� ðA1 � A2Þ=A0� � 100%

where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract, A2 was the absorbance without DPPH.

2.10. OH�-scavenging assay

OH�-scavenger ability was measured according to a liter-
ature procedure (Smirnoff & Cumbes, 1989) with a few
modifications. OH radicals were generated from FeSO4

and H2O2, and detected by their ability to hydroxylate
salicylate. The reaction mixture (3 ml) contained 1 ml
FeSO4 (1.5 mM), 0.7 ml H2O2 (6 mM), 0.3 ml sodium salic-
ylate (20 mM) and varying concentrations of CAF. After
incubation for 1 h at 37 �C, the absorbance of the hydrox-
ylated salicylate complex was measured at 562 nm. The
percentage scavenging effect was calculated as

Scavenging rate ¼ ½1� ðA1 � A2Þ=A0� � 100%

where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract, A2 was the absorbance without sodium salicylate.

2.11. Inhibition of lipid peroxidation in rat liver homogenate

Peroxidation of the liver homogenate was induced by
FeCl2–H2O2 (Yen & Hsieh, 1998). Briefly, 1% liver homog-
enate was incubated with 0.5 mM, each, of FeCl2 and H2O2

with CAF (0–20 mg ml�1). After incubation at 37 �C for
60 min, the formation of MDA in the incubation mixture
was measured at 535 nm (Buege & Aust, 1978). BHT was
used as the positive control. The percentage inhibitory
effect was calculated as
Inhibitory rate ¼ ½1� ðA1 � A2Þ=A0� � 100%

where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract, A2 was the absorbance without liver homogenate.

2.12. O��2 -scavenger activity assay

The enzyme xanthine oxidase catalyzes the oxidation of
xanthine to uric acid. During this reaction, molecular oxy-
gen acts as an electron acceptor, producing O��2 . Xanthine
oxidase activity was evaluated by spectrophotometric mea-
surement of the production of uric acid from xanthine
(Robak & Gryglewski, 1988). A 100 lM solution of xan-
thine in 0.1 M PBS at pH 7.8, with 0.04 U ml�1 of xanthine
oxidase, was incubated at room temperature. The forma-
tion of uric acid was observed at 295 nm. After 10 min,
the reaction was stopped by adding 0.1 M HCl. Different
concentrations of CAF (0–0.5 mg ml�1) were added to
the test tubes before the addition of the enzyme. The inhib-
itory effect was calculated as

Inhibitory rate ¼ ½1� ðA1 � A2Þ=A0� � 100%

where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract, A2 was the absorbance without xanthine oxidase.

The non-enzymatic generation of superoxide anions was
measured in samples which contained 10 lM PMS, 100 lM
NADH and 600 lM NBT in 0.1 M PBS at pH7.8 (Robak
& Gryglewski, 1988). After 2 min of incubation at room
temperature, the reaction was stopped by adding 0.1 M
HCl, and the absorbance was measured at 560 nm. Differ-
ent concentrations of CAF (0–2 mg ml�1) were added to
the test tubes before the addition of PMS. The percentage
scavenging effect was calculated as

Scavenging rate ¼ ½1� ðA1 � A2Þ=A0� � 100%

where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract, A2 was the absorbance without PMS.

2.13. H2O2 scavenging activity assay

H2O2 scavenging activity was measured according to a
literature procedure (Zhao, Xiang, Ye, Yuan, & Guo,
2006) with a few modifications. H2O2 (1.0 ml, 0.1 mM)
and 1.0 ml of various concentrations of the extract were
mixed, followed by 100 ll 3% ammonium molybdate,
10 ml H2SO4 (2 M) and 7.0 ml KI (1.8 M). The mixed solu-
tion was titrated with Na2S2O3 (5 mM) until the yellow
color disappeared. The percentage scavenging effect was
calculated as

Scavenging rate ¼ ðV 0 � V 1Þ=V 0 � 100%

where V0 was volume of Na2S2O3 solution used to titrate
the control sample in the presence of hydrogen peroxide
(without extract), V1 was the volume of Na2S2O3 solution
used in the presence of the extract.
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2.14. Reducing power assay

The reducing power was determined according to a liter-
ature procedure (Tsai, Huang, & Mau, 2006). Each extract
(0–20 mg ml�1) dissolved in deionised water (2.5 ml), was
mixed with 2.5 ml of 200 mM PBS (pH 6.6) and 2.5 ml of
1% K3Fe(CN)6, and the mixture was incubated at 50 �C
for 20 min. After 2.5 ml of 10% trichloroacetic acid (w/v)
were added, the mixture was centrifuged at 200g for
10 min. The upper layer (5 ml) was mixed with 5 ml of deion-
ised water and 1 ml of 0.1% FeCl3, and the absorbance was
measured at 700 nm against a blank. Ascorbic acid was used
as the control. Increased absorbance of the reaction mixture
indicates increased reducing power of the sample.

2.15. Fe2+-chelating activity assay

Fe2+-chelating activity was measured according to a lit-
erature procedure (Hsu et al., 2006) with a few modifica-
tions. The reaction mixture (2.15 ml) contained 500 ll
CAF (0–20 mg ml�1), 50 ll FeCl2 (2 mM) and 1.6 ml
deionised water. The mixture was shaken vigorously and
left at room temperature for 5 min; 100 ll of ferrozine
(5 mM in methanol) were then added, mixed and left for
another 5 min to complex the residual Fe2+. The absor-
bance of the Fe2+–ferrozine complex was measured at
562 nm against a blank. EDTA-2Na was used as the con-
trol. The chelating activity of the extract for Fe2+ was cal-
culated as

Chelating rate ¼ ½1� ðA1 � A2Þ=A0� � 100%

where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract, A2 was the absorbance without ferrozine.

2.16. Statistical analysis

All experiments were performed with each assay in trip-
licate. Data are presented as mean ± standard deviation of
mean (SDM). The Duncan test and a one-way analysis of
variance (ANOVA) were used for multiple comparisons
(SPSS program, ver 12.0).

3. Results and discussion

3.1. Extract yields, total phenolic and flavonoid content

CAF is commonly used for the treatment of cardiovas-
cular diseases in Mongolia. As usual, CAF and remedy
adjuvants are pulverized and mixed with water to form a
pill for oral use. However, water extraction of CAF and
use of the extract, as raw materials of medicine, has been
reported to retain the primary activities (Deng & Ji, 2002;
Yang et al., 1999; Wu et al., 2000). We used water as our
solvent and 13.6% (w/w) bulk materials were extracted
from the fruit. Although most antioxidant activities from
plant sources are derived from phenolic-type compounds
(Bravo, 1998; Cai, Luo, Sun, & Corke, 2004), antioxidant
activity does not always correlate with the presence of large
quantities of these polyphenolic compounds, hence both
data need to be examined together. For this, the extract
was analyzed for total phenolic and flavonoid content.
The total phenolic content in the fruit extract was 56.8%
(w/w) of the extract material. However, it is surprising that
the flavonoid content was low, yielding only 0.2% (w/w) of
the extract material. This result is different to the 3.65%
from dried CAF reported in literature (Fan, Sai, Aodeng,
& Song, 2005), and it is speculated that the total flavonoid
content may contain many kinds of flavonoid, most of
which do not chelate with AlCl3 and hence be spectromet-
rically detected, such as isoflavone and flavonone.

3.2. Antioxidant effects of CAF in D-galactose induced

ageing mice

Rodents injected with D-galactose display symptoms
which resemble accelerated ageing. The free radicals gener-
ated from oxidation of D-galactose overrun the capacity of
cells to neutralize them. This causes the chain reaction of
lipid peroxidation and the resultant end products, such as
MDA, which combine with protein and phospholipid, lead
to injury of the cellular membrane (Hayakawa, Hattori, Sug-
iyama, & Ozawa, 1992). The long-term administration of
galactose induced changes in these redox-related biomarkers
in mice, including decrease in SOD, GSH-px activities and
GSH levels, as well as increase of the MDA level. In compar-
ison to NC group mice, the SOD activity significantly
declined by 35.9% in AC group mice and the MDA content
remarkably increased by 33.5%. CAF could increase the
activity of SOD and decrease the level of MDA (Table 1).
The content of GSH and the activity of GSH-px in the AC
group mice was significantly reduced by 20.8% and 19.1%,
respectively. Treatment with CAF completely inhibited the
reduction of GSH and GSH-px (Table 1). This is in accor-
dance with the result obtained with adriamycin-induced rat
heart and the liver peroxidation model (Bagenna, Tai, Wang,
Xu, & Li, 2002).

3.3. DPPH radical-scavenging activity

The role of an antioxidant is to remove free radicals.
One mechanism through which this is achieved involves
donating hydrogen to a free radical and hence its reduction
to an unreactive species. Addition of hydrogen removes the
odd electron feature which is responsible for radical reac-
tivity. Ascorbic acid showed an excellent scavenging activ-
ity (IC50 = 0.1673 mg ml�1). It was observed that CAF also
had strong scavenging activity, with an IC50 value of
0.5329 mg ml�1 (Fig. 1a).

3.4. OH-scavenging activity

Scavenging of OH is an important antioxidant activity
because of very high reactivity of the OH radical which



Table 1
Effect of CAF on MDA, GSH content and SOD, GSH-px actificially senescent mouse brain

Group MDA (nmol (mg protein)�1) SOD (U (mg protein)�1) GSH (mg l�1) GSH-px (U l�1)

NC 0.468 ± 0.061 938 ± 75.9 365 ± 69.5 1102 ± 125.8
AC 0.625 ± 0.082## 601 ± 86.1## 289 ± 90.6# 891 ± 87.5##

CAF (250 mg kg�1) 0.600 ± 0.077 863 ± 77.4** 324 ± 84.5 949 ± 74.1
CAF (750 mg kg�1) 0.527 ± 0.074* 906 ± 64.0** 340 ± 58.8 1040 ± 83.2*

CAF (2250 mg kg�1) 0.488 ± 0.096** 929 ± 52.0** 353 ± 61.9 1097 ± 97.7**

N = 10.
* P < 0.05 vs. AC group.

** P < 0.01 vs. AC group.
# P < 0.05 vs. NC group.

## P < 0.01 vs. NC group.

a b

dc

Fig. 1. (a) The DPPH radical-scavenging activity of CAF extract; (b) the OH�-scavenging activity of CAF extract; (c) the O��2 -scavenging activity of CAF
extract and (d) the H2O2-scavenging activity of CAF extract. The absorbance values were converted to scavenging effects (%) and data plotted as the
means of replicate scavenging effect (%) values ± 1 S.D. (n = 3) against extract concentration in mg extract per ml reaction volume.
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enables it to react with a wide range of molecules found in
living cells, such as sugars, amino acids, lipids and nucleo-
tides. Although OH formation can occur in several ways,
by far the most important mechanism in vivo is the Fenton
reaction, where a transition metal is involved as a pro-oxi-
dant in the catalyzed decomposition of superoxide and
hydrogen peroxide (Stohs & Bagchi, 1995). With this assay,
the IC50 value of CAF was 7.4462 mg ml�1, while the value
of ascorbic acid was 0.0164 mg ml�1 (Fig. 1b).

3.5. Inhibition of lipid peroxidation

In biological systems, lipid peroxidation generates a
number of degradation products, such as MDA, and it is
found to be an important cause of cell membrane destruc-
tion and cell damage (Yoshikawa, Naito, & Kondo, 1997).
In the present study, we measured the potential of CAF to
inhibit lipid peroxidation in rat liver homogenate, induced
by the FeCl2–H2O2 system. Obviously, CAF showed mod-
erate activity at the concentrations tested. Even at 20 mg
ml�1, CAF only yielded 44.2% protection (Fig. 2). As the
positive control, BHT showed a plateau of inhibitory abil-
ity ranging from 78.0–85.5% at 1.25–20 mg ml�1. Decrease
in lipid peroxidation by CAF may be a result of it scaveng-
ing OH produced by FeCl2–H2O2 and H2O2 in the reaction
system, and on the other hand, polyphenols in CAF may
contain phenolic hydroxyl group, with the ability to accept
electrons, which can combine with free radical competi-
tively to decrease lipid peroxidation induced by free
radicals.



Fig. 2. Inhibition of lipid peroxidation by CAF extract. The absorbance
values were converted to inhibitory effects (%) and the data plotted as the
mean of replicate inhibitory effects (%) values ± 1 S.D. (n = 3) against
extract concentration in mg extract per ml reaction volume.
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3.6. O��2 -scavenging activity

Xanthine oxidase catalyzes the oxidation of xanthine to
uric acid. During oxidation of xanthine, O��2 and H2O2 are
formed (Britigan, Pou, Rosen, Lilleg, & Buettner, 1990).
This enzyme is consequently considered to be an important
source of O��2 . The superoxide anion is a radical which
reacts with NO with a high rate constant, generating the
oxidant peroxynitrite (ONOO�) (Espey et al., 2002; Singh
& Evans, 1997; White et al., 1994). At physiological pH,
ONOO� and other reactive nitrogen species have been
implicated in the pathophysiology of a variety of dis-
eases including some cardiovascular diseases (Demiryurek,
Cakici, & Kanzik, 1998; Persinger, Poynter, Ckless, &
Janssen-Heininger, 2002). Ascorbic acid showed an excel-
lent inhibitory activity (IC50 = 0.0164 mg ml�1), while the
IC50 value of CAF was 0.1012 mg ml�1 (Fig. 3).

In the non-enzymatic system, O��2 can be generated
in vitro and assayed by the PMS/b-NADH/NTB system.
Using this assay, the IC50 values of ascorbic acid and
CAF were 0.0344 mg ml�1 and 0.6781 mg ml�1, respec-
tively (Fig. 1c).
Fig. 3. Inhibition of xanthine oxidase by CAF extract. The absorbance
values were converted to inhibitory effects (%) and the data plotted as the
means of replicate inhibitory effects (%) values ± 1 S.D. (n = 3) against
extract concentration in mg extract per ml reaction volume.
3.7. H2O2-scavenging activity

Although H2O2 is not very reactive, its high penetrabil-
ity of cellular membrane leads to OH formation when it
reacts with Fe2+ or the superoxide anion radical in the cell.
As shown in Fig. 1d, CAF demonstrated H2O2 scavenging
activity in a concentration dependent manner. Compared
with CAF, ascorbic acid was more effective for scavenging
H2O2. CAF only scavenged 32.8% of H2O2 even at the
maximum concentration of 20 mg ml�1, while ascorbic acid
exhibited a scavenging rate of 100% at the same concen-
tration.

3.8. Reducing power

An electron-donating reducing agent contributes to anti-
oxidant activity by its capacity to donate an electron to free
radicals, which results in neutralization of the radical, and
the reduced species subsequently acquires a proton from
solution. Another reaction pathway in electron donation
is the reduction of an oxidized antioxidant molecule to
regenerate the ‘‘active” reduced antioxidant. As showed
in Fig. 4, the reducing power of CAF was 0.601 at
0.625 mg ml�1 and 0.828 at 2.5 mg ml�1. However, ascor-
bic acid only showed slightly higher activity with a reduc-
ing power of 0.746 and 0.926 at 0.625 mg ml�1 and
2.5 mg ml�1, respectively.

3.9. Fe2+-chelating activity

Iron and copper are essential transition metal elements
in the human body required for the activity of a large range
of enzymes and for some proteins involved in cellular res-
piration, O2 transport and redox reactions. Unfortunately,
they contain unpaired electrons that enable them to partic-
ipate in one-electron transfer reactions. Hence, they are
powerful catalysts of autoxidation reactions (Lloyd,
Hanna, & Mason, 1997). With this assay, EDTA-2Na
showed strong Fe2+-chelating activity. Even at the minimal
concentration of 0.3125 mg ml�1, its chelating rate was
Fig. 4. Reducing power of CAF extract. The absorbance values were
directly plotted as the mean of replicate absorbance values ± 1 S.D. (n = 3)
against extract concentration in mg extract per ml reaction volume.
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86.4%. However, CAF showed little Fe2+-chelating activ-
ity. Even at 20 mg ml�1, CAF did not reach a level of 6%
(Fig. 5). It seems to be different from the literature reports
stating that the main components in CAF are flavonoids,
since flavonoid usually contains high Fe2+-chelating activ-
ity. However, their scavenging potential and metal chelat-
ing ability are dependent upon their unique phenolic
structure and the number and position of the hydroxyl
groups (Pazos, Gallardo, Torres, & Medina, 2005). It
may be that the flavonoids in the extract do not have the
required structure, which attributes to this result. On the
other hand, since the reaction is dependent on the affinity
of an antioxidant towards Fe2+ in relation to ferrozine,
the assay is affected by both the binding constant and the
concentration of antioxidant and thus further investiga-
tions have to be carried out to assess whether the weak che-
lating ability for Fe2+ leads to this result.

CAF has been reported to be effective in treating car-
diovascular diseases in humans. Many researches (Kirk,
Sutllerland, Wang, Chait, & LeBoeuf, 1998; Youdim,
Shukitt-Hale, MacKinnon, Kalt, & Joseph, 2000) indi-
cated free radicals and lipid peroxidation metabolites as
the main cause of cardiovascular diseases. In this study
we demonstrated the antioxidant properties of an aqueous
extract of CAF using various testing systems. The data
suggested that CAF possesses direct and potent antioxi-
dant activities through multiple mechanisms. Especially,
the DPPH radical-scavenging activity and the reducing
power of CAF were very potent and nearly as effective
as ascorbic acid itself, which is an efficient organic elec-
tron and hydrogen donor (Fig. 1a and Fig. 4). Combined
with the efficiency of C. axillaris in the treatment of car-
diovascular diseases, the present study suggests that its
biological functions are due, at least partially, to its pro-
tective effects against oxidation. The effect of inhibition of
xanthine oxidase may be another important factor in this
mechanism.
Fig. 5. Fe2+-chelating activities of CAF extract. The absorbance values
were converted to chelating effects (%) and data plotted as the mean of
replicate chelating effects (%) ± 1 S.D. (n = 3) against extract concentra-
tion in mg extract per ml reaction volume.
Acknowledgments

This work was supported by the grants from the Tradi-
tional Chinese Medicine Research Foundation of Science
and Technology (No.04-05ZP33) and by Program for
New Century Excellent Talents in University (NCET-04-
0506).
References

Abe, J., & Berk, B. C. (1998). Reactive oxygen species as mediators of
signal transduction in cardiovascular disease. Trends in Cardiovascular

Medicine, 8, 59–64.
Aruoma, O. I. (2003). Methodological considerations for characterizing

potential antioxidant actions of bioactive components in plant food.
Mutation Research, 9–20.

Bagenna, T. W.-Q., Tai, W. Q., Wang, Z. M., Xu, L., & Li, B. S. (2002).
Protective function of total flavnoids of fructus choerospondiatis to
adriamycin-induced rat heart and liver peroxidation. Journal of Inner

Mongolia University for Nationalities, 17(3), 267–269.
Ball, C. R. (1966). Estimation and identification of thiols in rat spleen after

cysteine or glutathione treatment: relevance to protection against
nitrogen mustards. Biochemical Pharmacology, 15, 809–816.

Bravo, L. (1998). Polyphenols: chemistry, dietary sources, metabolism,
and nutritional significance. Nutrition Reviews, 56(11), 317–333.

Britigan, B. E., Pou, S., Rosen, G. M., Lilleg, D. M., & Buettner, G. R.
(1990). Hydroxyl radical is not a product of the reaction of xanthine
oxidase and xanthine. Journal of Biological Chemistry, 263,
17533–17538.

Brown, J. E., & Rice-Evans, C. A. (1998). Luteolin rich artichoke extract
protects low-density lipoprotein from oxidation in vitro. Free Radical

Research, 29, 247–255.
Buege, J. A., & Aust, S. T. (1978). Microsomal lipid peroxidation.

Methods in Enzymology, 52, 302–310.
Cai, Y., Luo, Q., Sun, M., & Corke, H. (2004). Antioxidant activity and

phenolic compounds of 112 traditional Chinese medicinal plants
associated with anticancer. Life Sciences, 74, 2157–2184.

Dai, H. Y., Li, Q. A., Chen, L. F., & Deng, H. W. (1992). Protective effect
of extract from Choerospondias axillaris fruit on myocardial ischemia
of rats. Chinese Traditional and Herbal Drugs, 23, 641–643.

Demiryurek, A. T., Cakici, I., & Kanzik, I. (1998). Peroxynitrite a putative
cytotoxin. Pharmacol. Toxicol., 82, 113–117.

Deng, G. L., & Ji, L. J. (2002). Effect of extract from Choerospondias

axillaries on immunologic function and sports endurance of mice.
Journal of Sports and Science, 23(5), 53–54.

Espey, M. G., Miranda, K. M., Thomas, D. D., Xavier, S., Citrin, D.,
Vitek, M. P., et al. (2002). A chemical perspective on the interplay
between NO reactive oxygen species and reactive nitrogen species.
Annals of the New York Academy of Sciences, 962, 196–205.

Fan, H. Y., Sai, Y., Aodeng, G., & Song, T. (2005). Research on
extracting process of flavonoids from Choerospondias axillaxi. Acta

Scientiarum Naturalium Universitatis NeiMongol, 36(1), 81–83.
Hagerman, A. E., Riedl, K. M., Jones, G. A., Sovik, K. N., Ritchard, N.

T., Hartzfeldt, P. W., et al. (1998). High molecular weight plant
polyphenolics (tannins) as biological antioxidants. Journal of Agricul-

tural and Food Chemistry, 46, 1887–1892.
Hayakawa, M., Hattori, K., Sugiyama, S., & Ozawa, T. (1992). Age-

associated oxygen damage and mutations in mitochondrial DNA in
human hearts. Biochemical and Biophysical Research Communications,

189, 979–985.
Hsu, B., Coupar, I. M., & Ng, K. (2006). Antioxidant activity of hot water

extract from the fruit of the Doum palm, Hyphaene thebaica. Food

Chemistry, 98, 317–328.
Kirk, E. A., Sutllerland, P., Wang, S. A., Chait, A., & LeBoeuf, R. C.

(1998). Dietary isoflavones reduce plasma cholesterol and anthero-
sclerosis in C57BL/6 mice but not dietary isoflavones reduce plasma



H. Wang et al. / Food Chemistry 106 (2008) 888–895 895
cholesterol and antherosclerosis in C57BL/6 mice but not LDL
receptor deficient mice. The Journal of Nutrition, 128(6), 954–959.

Krings, U., & Berger, R. G. (2001). Antioxidant activity of some roasted
foods. Food Chemistry, 72, 223–229.

Lian, Z., Zhang, C. Z., Chong, L., & Zhou, Y. W. (2003). Studies on
Chemical Constituents of Choerospondias axillaries. Journal of Chinese

Medicinal Materials, 26(1), 23–24.
Lloyd, R. V., Hanna, P. M., & Mason, R. P. (1997). The origin of the

hydroxyl radical oxygen in the Fenton reaction. Free Radical Biology

and Medicine, 22(5), 885–888.
Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951).

Protein measurement with the Folin phenol reagent. The Journal of

Biological Chemistry, 193, 265–275.
Madhavi, D. L., Deshpande, S. S., & Salunkhe, D. K. (1996). Food

antioxidants: technological, toxicological, health perspective. New
York: Marcel Dekker (pp. 1–5).

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Analytical Biochemistry,

95, 351–358.
Ordonez, A. A. L., Gomez, J. D., Vattuone, M. A., & lsla, M. I. (2006).

Antioxidant activities of Sechium edule (Jacq.) Swartz extracts. Food

Chemistry, 99, 452–458.
Oyanagui, Y. (1984). Reevaluation of assay methods and establishment of

kit for superoxide dismutase activity. Analytical Biochemistry, 142,
290–296.

Pazos, M., Gallardo, J. M., Torres, J. L., & Medina, I. (2005). Activity of
grape polyphenols as inhibitors of the oxidation of fish lipids and fish
muscle. Food Chemistry, 92, 547–557.

Persinger, R. L., Poynter, M. E., Ckless, K., & Janssen-Heininger, Y. M.
W. (2002). Molecular mechanisms of nitrogen dioxide induced
epithelial injury in the lung. Molecular and Cell Biochemistry,

234/235, 71–80.
Robak, J., & Gryglewski, R. J. (1988). Flavonoids are scavengers of

superoxide anions. Biochemical Pharmacology, 37, 837–841.
Shi, S., Li, Z. X., Tian, F. J., Bai, Y. F., Tian, L., Yang, Y. M., et al.

(1985). Effect of flavanoid from Choerospondias axillaries fruit on left
ventricle function and hemodynamics of anaesthesia dog. Inner

Mongolia Pharmaceutical Journal, 2, 14–15.
Singh, S., & Evans, T. W. (1997). Nitric oxide the biological mediator of

the decade fact or fiction? European Respiratory Journal, 10, 699–707.
Smirnoff, N., & Cumbes, Q. J. (1989). Hydroxyl radical scavenging

activity of compatible solutes. Phytochemistry, 28(4), 1057–1060.
Stohs, S. J., & Bagchi, D. (1995). Oxidative mechanism in the toxicity of

metal ions. Free Radical Biology and Medicine, 18(2), 321–336.
Tsai, S. Y., Huang, S. J., & Mau, J. L. (2006). Antioxidant properties of hot

water extracts from Agrocybe cylindracea. Food Chemistry, 98, 670–677.
White, R. C., Brock, T. A., Chang, L. Y., Crapo, L. Y., Briscoe, P., Ku,

D., Bradley, W. A., Gianturco, S. H., Gore, J., & Freeman, B. A.
(1994). Superoxide and peroxynitrite in atherosclerosis. In Proceedings

of the national academy of sciences of the United States of America (pp.
1044–1048), vol. 91.

Wu, X. Y., Liu, D. Y., Niu, Q. L., Wu, G., Li, S. R., & Gao, B. Z. (2000).
Effects on Choerospondias axillaries compound injection on platelet
aggregation and thrombosis. Journal of Medicine & Pharmacy of

Chinese Minorities, 6(supplement), 66–67.
Yang, Y. M., Tan, J. M., Xu, J. H., Xu, C. Y., Li, Z., Bai, Y. F., et al.

(1999). Effect of Choerospondias axillaries compound injection on
hemo dynamics of anesthetized cats. Journal of Medicine & Pharmacy

of Chinese Minorities, 5(2), 39–40.
Yen, G. C., & Hsieh, C. L. (1998). Antioxidant activity of extracts from

Du-zhong (Eucommia urmoides) towards various peroxidation models
in vitro. Journal of Agricultural and Food Chemistry, 46, 3952–3957.

Yoshikawa, T., Naito, Y., & Kondo, M. (1997). Food and diseases. In M.
Hiramatsu, T. Yoshikawa, & M. Inoue (Eds.), Free radicals and

diseases (pp. 11–19). New York: Plenum press.
Youdim, K. A., Shukitt-Hale, B., MacKinnon, S., Kalt, W., & Joseph, J.

A. (2000). Polyphenolics enhance red blood cell resistance to oxidative
stress: in vitro and in vivo. Biochimica et Biophysica Acta, 1523,
117–122.

Zhao, G. R., Xiang, Z. J., Ye, T. X., Yuan, Y. J., & Guo, Z. X. (2006).
Antioxidant activities of Salvia miltiorrhiza and Panax notoginseng.
Food Chemistry, 99, 767–774.


	In vitro and in blank vivo antioxidant activity of aqueous extract from Choerospondias axillaris fruit
	Introduction
	Materials and methods
	Plant material
	Chemical
	Animals
	Extract preparation
	Determination of total phenolic compounds and flavonoid content in extract
	Measurement of super-oxide dismutase (SOD) activity and malondialdehyde (MDA) level in mouse brain
	Determination of GSH content and glutathione peroxidase (GSH-px) activity
	Protein assay
	DPPH radical-scavenging activity assay
	OH-scavenging assay
	Inhibition of lipid peroxidation in rat liver homogenate
	 {{\rm{O}}}_{2}^{{\rm {\centerdot}} -}-scavenger activity assay
	H2O2 scavenging activity assay
	Reducing power assay
	Fe2+-chelating activity assay
	Statistical analysis

	Results and discussion
	Extract yields, total phenolic and flavonoid content
	Antioxidant effects of CAF in d-galactose induced ageing mice
	DPPH radical-scavenging activity
	OH-scavenging activity
	Inhibition of lipid peroxidation
	 {{\rm{O}}}_{2}^{{\rm {\centerdot}} -}-scavenging activity
	H2O2-scavenging activity
	Reducing power
	Fe2+-chelating activity

	Acknowledgments
	References


