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A high throughput chemiluminescence (CL) platform for rapidly evaluating antioxidant activity of total
flavonoid glycosides from plant extracts was developed originally based on their inhibition effects on
the CL reaction of 1,1-dipheny-2-picrylhydrazyl (DPPH�)–luminol or H2O2–luminol system. With the
method, total flavonoid glycosides extracts were screened through detecting the inhibited CL intensity,
which was reversely correlative to antioxidant activity of the studied plant extracts. A complete analysis
could be performed rapidly in a 96-well plate format, giving a very high throughput of 96 samples in
about 10 min including sampling and detection. Owing to its automatic, rapid, sensitive and high
throughput characteristics, the presented platform has been used to evaluate the antioxidant activity
of pure compounds and eleven total flavonoid glycosides extracts from crude drugs (Radix Scutellariae,
Rhizoma Belamcandae, Fructus Aurantii Immaturus, Caulis Lonicerae, Flos Carthami, Pollen Typhae, Folium
Apocyni Veneti, Flos Lonicerae, Radix Puerariae, Fructus Aurantii, Flos Chrysanthemi).

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

It is well known that free radicals and/or active oxygen species
play important roles in the development of some diseases, such as
the aging process, heart disease and cancer (Finkel & Holbrook,
2000). It is significant to look for efficient ways to decrease or de-
press yielding of free radicals in body for health. Thus, finding some
natural antioxidative compounds, which could be isolated from
herbal medicine and efficiently clear free radicals, has attracted
increasing attention.

As extracting herbal medicine to obtain the antioxidant com-
pounds, it remains a key problem that how to simply and rapidly
ascertain the studied plants containing antioxidative compounds.
For this goal, many methods, including free radicals and active oxy-
gen scavenging in vitro, have been developed for evaluating the
antioxidant activity of studied plant extracts (Antolovich, Prenzler,
Patsalides, McDonald, & Robards, 2002; Termentzi, Kefalas, &
Kokkalou, 2006). Generally, most of these methods require some
suitable substrates so that antioxidative effectiveness may be eval-
uated by measuring the inhibition extent of oxidation between the
substrate and the radicals or active oxygen species with the studied
plant extracts. Alternatively, the ability to scavenge specific radicals
or active oxygen species may be targeted as, for example, hydroxyl
ll rights reserved.
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radical (OH�) (Jung, Heo, & Wang, 2008; Parejo et al., 2002), superox-
ide radical (O��2 , OOR�) (Magalhães, Segundo, Reis, & Lima, 2008;
Tsukagoshi, Saito, & Nakajima, 2008), nitric oxide radical (NO�) (Sil-
va, Malva, & Dias, 2008), DPPH� (Barros et al., 2008; Karagöler, Erdağ,
Emek, & Uygun, 2008) or Hydrogen peroxide (H2O2) (Ak & Gülçin,
2008; Coyle, Philips, Morrisroe, Chancellor, & Yoshimura, 2008; Spi-
teller, Özen, Smelcerovic, Zuehlke, & Mimica-Dukić, 2008) and de-
tected by combination of special analysis techniques including
spectrophotometry (Kulys & Bratkovskaja, 2007), electrochemistry
(Milardovic, Kereković, Derrico, & Rumenjak, 2007; Shpigun, Arhar-
ova, Brainina, & Ivanova, 2006), chemiluminescence (Narasimhan,
Govindarajan, Vijayakumar, & Mehrotra, 2006; Taubert et al.,
2003), flow injection analysis (Wang, Wang, & Yang, 2007), fluores-
cence (Aldini et al., 2006; Woraratphoka, Intarapichet, & Indrapic-
hate, 2007), capillary electrophoresis (Sha, Yin, Zhang, He, & Yang,
2007), high performance liquid chromatography (Baltrušaitytė,
Venskutonis, & Čeksterytė, 2007) and high performance liquid chro-
matography/mass spectroscopy (Chen et al., 2008), etc. However, all
these methods adopt an assay mode of sample by one after another,
which is very time-consuming and display inferior throughput. In
addition, many of these methods suffer serious interference from
reaction reagents or solution background, which require some addi-
tional sample pretreatment procedures, such as filtration or centri-
fugation. Therefore, there is an improved demand for the
development of simple and rapid methods with high throughput
property to evaluate the antioxidant activity of plants extracts.
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In this study, a novel and high throughput chemiluminescence
(CL) platform for rapidly evaluating antioxidative activity was con-
structed successfully based on the screened materials’ inhibition
effects on the luminol CL system with the typical free radical or ac-
tive oxygen species, DPPH� or H2O2 as the CL provocation agent. As
our best knowledge, it is the first time to report the DPPH�–luminol
system and its application, so we optimise the reaction conditions
of the DPPH�–luminol CL. Using this platform (with the DPPH�–
luminol or H2O2–luminol CL system), a complete assay can be per-
formed rapidly in a 96-well plate format including manual sam-
pling, automatic addition of the CL reaction reagents and
detection, giving a high throughput of 96 samples in about
10 min. Compared with the previous methods, this platform re-
quires low consumption of agents and automatic operation and
especially, possesses a high throughput property of sample assay,
which can be competent enough for the antioxidant screening of
a large-scale plant samples.

Using the presented CL platform, we screened eleven total fla-
vonoid glycosides extracts from Radix Scutellariae, Rhizoma Belam-
candae, Fructus Aurantii Immaturus, Caulis Lonicerae, Flos Carthami,
Pollen Typhae, Folium Apocyni Veneti, Flos Lonicerae, Radix Puerariae,
Fructus Aurantii, Flos Chrysanthemi to assess their antioxidant activ-
ity and search for antioxidants. Although these plant species have
been extensively studied for their chemical components, little
information about their flavonoid glycosides content or antioxida-
tive and antiradical scavenging activity has been hitherto reported.
The results were compared with those obtained with two reference
substances: baicalin, an antioxidant of natural origin; ascorbic acid,
one of the most widely used antioxidants employed in the food and
pharmaceutical industries.
2. Experimental

2.1. Plant materials and chemicals

All the eleven Chinese crude drugs, Radix Scutellariae (RS), Rhi-
zoma Belamcandae (RB), Fructus Aurantii Immaturus (FAI), Caulis
Lonicerae (CLE), Flos Carthami (FC), Pollen Typhae (PT), Folium Apo-
cyni Veneti (FAV), Flos Lonicerae (FL), Radix Puerariae (RP), Fructus
Aurantii (FA) and Flos Chrysanthemi (FCI) were purchased from
the Chinese crude drug branch office of Xiaoshan medicine Ltd.,
Com. (Hangzhou, China).

Luminol was obtained from the Institute of Analytical Science of
Xi’an Jiaotong University (Xi’an, China). DPPH� was purchased from
Sigma–aldrich Co. (St. Louis, MO, USA). 30% H2O2 solution was ob-
tained from the Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). Baicalin (BN) and L-ascorbic acid (AA) were purchased from
the National Institute for the Control of Pharmaceutical and Biolog-
ical Products (Beijing, China). Analytical reagent-grade chemicals
and double-distilled water were used to prepare all solutions.

The 10 mg ml�1 standard stock solutions of Baicalin and AA
were freshly prepared by diluting 100 mg of them in 10 ml meth-
anol and water, respectively. The standard solutions were stored in
a refrigerator and protected from light. Dilutions of these standards
were prepared by appropriate dilution with water. A 0.01 M lumi-
nol stock solution was prepared by dissolving luminol in 0.01 M
sodium hydroxide solution. The working solution of luminol was
prepared by directly diluting this stock solution to 1.0 � 10�4 M
with 0.01 M sodium hydroxide solution. A 0.01 M DPPH� stock
solution was freshly prepared by dissolving 39 mg DPPH� solid in
methanol and diluting with methanol to 10 ml. The working solu-
tion of DPPH� was freshly prepared by diluting this stock solution
to 1.0 � 10�5 M with double-distilled water. 0.1% H2O2 solution
was freshly prepared by appropriately diluting 30% H2O2 with dou-
ble-distilled water.
2.2. Extraction of total flavonoid glycosides and sample preparation

Before extraction, all the cut crude drugs were crushed and
through a 20-eye sieve to obtain the homologous size of powders.
The powders obtained were firstly soaked in chloroform for
30 min, followed by reflux extraction in a 90 �C water bath with
about 10 times volume of chloroform for 1 h. After the extraction
procedure repeated twice, the residues were separated from the
chloroform extracts by filtration with absorbent gauze. The resi-
dues were then refluxed and extracted in the 90 �C water bath with
about 10 times volume of 70% ethanol solution (v/v) for twice (1 h
per time). The ethanol extracts were obtained by filtration with fil-
ter paper and concentration with decompression equipment. The
extracts were adsorbed statically on a D101 macroporous resin col-
umn for 30 min. The elution was firstly carried out with distilled
water for 30 min, followed by elution of 50% ethanol (v/v) for
1 h. Finally, the elutes of 50% ethanol (v/v) were collected, concen-
trated and lyophilised in turn to prepare the total flavonoid glyco-
sides solids. Before used, the total flavonoid glycosides extracts
obtained were grinded into fine powder with a mortar and stored
at a dry box away from light.

About 1 mg ml�1 sample stock solutions of total flavonoid gly-
cosides from the 11 crude drugs were prepared by dissolving
10 mg of the respective extract powder above obtained with
10 ml methanol. Sample solution of each plant extract with a series
of concentrations (0.5, 1.0, 10, 50 and 100 lg ml�1) was prepared
by appropriate dilution of the each sample stock solution with
methanol.

2.3. HPLC conditions

Chromatographic validation of the extracts was performed on a
reversed-phase Agilent SB-C18 column (250 mm � 4.6 mm i.d.) by
the HPLC system (Agilent 1100, American) equipped with the qua-
ternary pump and DAD detector. The mobile phase consisted of
solvent A and solvent B with gradient programme (0–30 min,
10–30% A; 30–45 min, 30–55% A; 45–55 min, 55–60% A; 55–
65 min, 60–90% A; 65–70 min, 90–95% A) using a 0.02% acetonitrile
solution of formic acid as solution A and a 0.02% aqueous solution
of formic acid as solution B. The flow rate was maintained at
1.0 ml min�1 and the injection volume was 10 ll. The DAD detec-
tion was carried out at 280 nm. The column temperature was kept
at 30 �C.

2.4. CL apparatus

An infinite F200 microplate reader instrument (Tecan Group
Ltd., Switzerland) was used for CL study. The setup of the CL sys-
tem for antioxidant determination is shown in Fig. 1. The piston
injection pump 1 was used to inject DPPH� or H2O2 (oxidant) solu-
tion in the storage bottle 1 at an injection rate of 300 ll s�1 into a
well of the 96-well plate (greiner black plate), which had been pre-
added a extract solution containing total flavonoid glycosides. The
luminol solution was then added with another pump 2 in the same
well at 300 ll s�1. After that, the 96-well plate is promptly moved
by the movable plate carrier to adjust the well added the luminol
solution to be just below the detection head. Along with mixing
of the extract solution, the oxidant (DPPH� or H2O2) solution and
the luminol solution, CL was produced resulting from the oxidation
of the oxidant and the luminol, which could be inhibited by the
studied extract. The CL was simultaneously transmitted with the
optical fibre and collected with the photomultiplier tube (PMT)
of the ultra-weak CL analyser equipped with the Magellan data
acquisition treatment interface (Tecan Group Ltd., Switzerland,
Switzerland). The signal was recorded using an IBM-compatible
computer. The manipulation of the injection pump and movable



Fig. 1. Schematic diagram of CL platform for the determination of antioxidant activity.
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plate carrier, date acquisition and treatment were performed with
a Magellan software running under Windows XP.

2.5. DPPH� scavenging activity

Sample solutions of each plant extract with a series of concen-
trations (0.1, 0.5, 1.0, 10, 50, 100 and 1000 lg ml�1) were mea-
sured. With a 96-well microplate, all sample solutions (10 ll per
sample) were added in different wells in order with an eppendorf
transferpettor. After that, the 96-well microplate was placed on the
movable plate carrier in the infinite F200 instrument. 100 ll DPPH�

(1.0 � 10�5 M) was then automatically injected into a well pre-
added the extract solution, followed by the automatic addition of
100 ll luminol solution (1.0 � 10�5 M). After waiting for 1 s, CL
intensity (I) was automatically detected with a 0.1 s integration
time and recorded with the Magellan software. The CL of the con-
trol (using 10 ll methanol instead of the extract sample solution)
was performed at the same conditions. The CL of the background
was recorded using 10 ll methanol and 100 ll double-distilled
water instead of the extract sample and DPPH� solutions, respec-
tively. All the wells were examined automatically and one by one
by the instrument in about 10 min. In order to obtain good accu-
racy, the test of DPPH� scavenging activity for all sample solutions,
the controls and the background were repeated three times. The
inhibition percentage of DPPH�–luminol CL by the extract solution
was calculated according to the formula:

Inhibitionð%Þ ¼ ½ðIcontrol � IsampleÞ=ðIcontrol � IbÞ� � 100%

where Isample, Icontrol and Ib were the CL intensities for the extract
solutions, the controls and the background, respectively. The Inhibi-
tion rate was plotted against the sample extract concentration, and
a logarithmic regression curve was established in order to calculate
the IC50 (inhibitory concentration 50), which is the amount of sam-
ple necessary to decrease by 50% the CL intensity from the control.
The results are expressed as antiradical efficiency.

2.6. H2O2 scavenging activity

The test of H2O2 scavenging activity is similar to that of DPPH�

scavenging activity. All sample solutions (10 ll per sample) were
pre-added in different wells in order with an eppendorf transfer-
pettor and the 96-well microplate was placed on the movable plate
carrier in the infinite F200 instrument. 100 ll H2O2 (0.1%) was then
automatically and in order injected into all the wells on a 96-well
plate. After standing for 5 min, 100 ll luminol solution
(1.0 � 10�5 M) was injected into one well to produce CL (Here, pre-
liminary test confirmed that the CL with the standing time of 5–
10 min was stable and easily detected. Thus, the standing time
was selected to be 5 min). The CL intensity (I) was automatically
detected with a 0.1 s integration time and recorded with the
Magellan software. The CL test of each well was undergone one
by one and all the wells in the same microplate could be examined
in about 5 min. The CL of the control (using 10 ll methanol instead
of extract sample solution) was performed at the same conditions.
Also, the CL of the background was recorded using 10 ll methanol
and 100 ll double-distilled water instead of the extract sample and
H2O2, respectively. The test of H2O2 scavenging activity for all sam-
ple solutions, the controls and the background were repeated three
times. The inhibition percentage of H2O2–luminol CL by the extract
solution was calculated according to the formula:

Inhibitionð%Þ ¼ ½ðI0control � I0sampleÞ=ðI
0
control � IbÞ� � 100%

where Isample
0
, Icontrol

0
and Ib were the CL intensities for the extract

solutions, the controls and the background, respectively. The Inhibi-
tion percentage was plotted against the sample extract concentra-
tion, and a logarithmic regression curve was established in order
to calculate the IC50 (inhibitory concentration 50), which is the
amount of sample necessary to decrease by 50% the CL intensity
from the control. The results are expressed as antioxidative
efficiency.

3. Results

3.1. Extraction of total flavonoid glycosides

As it is known, many plants simultaneously contains flavonoids
and flavonoid glycosides compounds, which could possess high
efficient antioxidative activity. When extracting the crude drugs
to obtain total flavonoid glycosides, it is necessary to isolate and
get rid of the flavonoids from the extracts of the total flavonoid gly-
cosides. Referring to literature (Naczk & Shahidi, 2004; Stalikas,
2007), flavonoids can be extracted from herbal medicines with
chloroform as extraction solvent by which flavonoid glycosides sel-
dom can be extracted. However, flavonoid glycosides can always
be extracted with polar solvents, such as some mixture solvents,
methanol–water and ethanol–water. The flavonoid glycosides can



H. Yao et al. / Food Chemistry 115 (2009) 380–386 383
also be purified by using macroporous resin chromatography tech-
niques. Based on these facts, it should be able to obtain the total
flavonoid glycosides containing negligible flavonoids by using the
extraction and purification procedures above mentioned in the
Section 2.2. In preliminary tests, the crude drug, Radix Scutellariae
was selected to optimise the experimental conditions for extrac-
tion and purification, including the time, frequency and the vol-
umes of chloroform or 70% ethanol refluxing, and the
constituents of elution solvent for the macroporous resin chroma-
tography. The final lyophilised powders, the total flavonoid glyco-
sides extracts, were identified by high performance liquid
chromatography. The peak of standard baicalin is at 27.8 min
(Fig. 1 Supporting information) and the profiles for the 70% ethanol
extract (Fig. 2b) and the 50% ethanol elute (Fig. 2c) also appear the
baicalin peak at 27.8 min and 27.9 min, respectively and some un-
known peaks before the baicalin peak, which could be attributed to
the other flavonoid glycosides. There is no peak of the baicalin is
observed in the HPLC profile of chloroform extract (Fig. 2a), but
some peaks occur with retention times beyond 30 min, which
could be partly attributed to flavonoid aglycones. These results
show that the extraction and purification procedures in the Section
2.2 can well serve the obtaining of total flavonoid glycosides. In
addition, the durability test of the isolation procedure for the other
crude drugs was further confirmed by selecting Flos Lonicerae and
Radix Puerariae as trial objects. The final HPLC profiles of the total
flavonoid glycosides extracts for the two crude drugs were shown
in Figs. 2 and 3 Supporting information.
Fig. 2. HPLC profiles of (a) chloroform extract, (b) 70% ethanol ext
3.2. DPPH�–luminol CL system conditions

Since it is the first time to report the DPPH�–luminol CL system,
the experiment conditions were examined. The concentration of
DPPH� had a great effect on the CL intensity of DPPH�–luminol reac-
tion with the proposed CL platform. When keeping the luminol
concentration at 1.0 � 10�4 M in 0.01 M NaOH solution and using
10 ll distilled water as the determined sample, the CL intensity
(I) was continuously increasing with increasing the concentration
of DPPH� over the range 1.0 � 10�6–1.0 � 10�5 M. Above
1.0 � 10�5 M, the CL intensity (I) decreased gradually (Fig. 4 Sup-
porting information). Thus, 1.0 � 10�5 M DPPH� was selected for
subsequent studies.

The influence of 5.0 � 10�6–1.0 � 10�3 M luminol in 0.01 M
NaOH on the CL reaction was examined using 10 ll distilled water
as the determined sample when the concentration of DPPH� was
fixed at 1.0 � 10�5 M. The maximum CL intensity was obtained
when the concentration of luminol was 1.0 � 10�4 M, hence
1.0 � 10�4 M luminol in 0.01 M NaOH was selected for further
studies (Fig. 5 Supporting information). Similarly, the medium
NaOH of luminol solution was optimised at 0.01 M.

In addition, Injection rates of luminol and DPPH� solutions be-
tween 50 ll s�1 and 300 ll s�1 were studied under the above con-
ditions. The optimal injection rates for the two solutions were
300 ll s�1, respectively. The selected injection volume for the both
solutions was 100 lL and the integration time for CL determination
ract and (c) 50% ethanol elute. Crude drug: Radix Scutellariae.



Table 1
DPPH�–luminol CL inhibition rate of the total flavonoid glycosides extracts and standard antioxidants.A,B

Plant resources or standard antioxidants The concentrations of extracts or standard antioxidants (lg ml�1)

0.1 0.5 1 10 50 100 1000

DPPH�–luminol CL inhibition rate (%)

AA / / / 7.83 ± 4.10m 97.24 ± 4.10c 99.93 ± 0.06a 99.97 ± 0.03a

BN 19.38 ± 1.35l 55.55 ± 2.19i 85.27 ± 2.19f 93.73 ± 0.33e 98.35 ± 0.70b 99.97 ± 0.14a 99.98 ± 0.53a

RS 17.94 ± 2.61l 53.27 ± 1.38i 82.43 ± 3.55f 93.13 ± 1.74e 98.09 ± 0.56b 99.47 ± 0.34a 99.98 ± 0.72a

RB / 8.80 ± 5.93m 28.18 ± 1.41k 63.96 ± 27.43h 98.16 ± 0.31b 99.41 ± 0.30a 99.97 ± 0.43a

FAI / / 7.40 ± 5.97m 59.55 ± 0.37h 94.97 ± 1.84d 99.81 ± 0.03a 99.94 ± 0.03a

CLE / 3.90 ± 0.33n 13.18 ± 0.17l 22.53 ± 0.93k 51.33 ± 1.81i 72.48 ± 0.76g 99.41 ± 0.11a

FC / 27.13 ± 5.66k 59.11 ± 2.60h 95.80 ± 3.44d 99.92 ± 0.01a 99.95 ± 0.06a 99.98 ± 0.01a

PT / 9.40 ± 2.62m 24.92 ± 11.51k 66.01 ± 17.63h 98.43 ± 0.94b 99.48 ± 0.31a 99.41 ± 0.50a

FAV / 27.47 ± 1.58k 37.30 ± 2.31j 97.47 ± 1.19c 99.79 ± 0.15a 99.71 ± 0.30a 99.74 ± 0.20a

FL / 30.02 ± 0.47j 43.10 ± 2.42i 97.11 ± 1.16c 99.79 ± 0.17a 99.72 ± 0.30a 99.72 ± 0.31a

RP / 48.49 ± 12.30i 52.27 ± 7.17i 91.30 ± 0.17e 99.91 ± 0.06a 99.94 ± 0.07a 99.96 ± 0.01a

FA / 13.24 ± 4.38l 14.50 ± 2.65l 53.92 ± 3.33i 92.32 ± 0.63e 99.60 ± 0.03a 99.91 ± 0.06a

FCI / 39.67 ± 6.20j 47.11 ± 2.54i 99.45 ± 0.31a 99.95 ± 0.17a 99.83 ± 0.24a 99.97 ± 0.03a

A Values are the average of three replicates ± SD; ‘‘/” represents a value near zero (below 0.1%).
B Values in the same column with different superscripts are significantly (p 6 0.05) different.
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Fig. 3. IC50 of total flavonoid glycosides extracts on DPPH�–luminol CL (aver-
age ± SD, n = 3). Values in the column with same superscripts are no statistical
different (p P 0.05).
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was 0.1 s because they produced high CL intensity (Fig. 6 Support-
ing information).

3.3. DPPH� scavenging activity

A rapid estimation of radical scavenging ability by using DPPH�

in vitro could save much laboratory work and provide valuable
information about screened samples, giving a basis for further iso-
lation procedures. The radical (DPPH�) scavenging activities of the
total flavonoid glycosides extracts (a series of concentrations) were
calculated as DPPH�–luminol CL inhibition rate (%). The results
were compared with those of two standard antioxidants, AA and
BN. As shown in Table 1, all the DPPH� CL inhibition rates (%) for
the eleven extracts and two standard compounds appear the posi-
tive dose-dependent relationships. Except for the extract from Cau-
lis Lonicerae (CLE), 100 lg ml�1 of the other extracts or the standard
antioxidants had similar and excellent radical scavenging activities
(beyond 99.4% of DPPH�–luminol CL inhibition rate, p > 0.05). At
10 lg ml�1, the CL inhibition rates of Baicalin and the total flavo-
noid glycosides extracts of Radix Scutellariae (RS), Flos Carthami
(FC), Folium Apocyni Veneti (FAV), Flos Lonicerae (FL), Radix Puera-
riaev (RP) and Flos Chrysanthemi (FCI) were about 93.73%, 93.13%,
95.80%, 97.47%, 97.11%, 91.30% and 99.45%, respectively. When at
1 lg ml�1, the CL inhibition rate can still reach about 82.43% for
the RS extract, followed by about 59.11% and 52.27% for FC and
RP extracts, respectively. At 0.5 lg ml�1 level, the extract of RS
compared with the other extracts possessed the best radical scav-
enging activity (about 53.27% inhibition rate). Among the eleven
extracts, the total flavonoid glycosides of CLE appeared the worst
radical (DPPH�) scavenging activity.

From Table 1, the half-inhibition concentrations (IC50) of the
eleven extracts and standard antioxidants on DPPH�–luminol CL
were calculated and shown in Fig. 3. The standard antioxidant
BN possessed a lowest IC50 value, 0.37 ± 0.03 lg ml�1, followed
by 0.45 ± 0.06, 0.46 ± 0.07, 0.60 ± 0.07, 0.63 ± 0.05, 0.72 ± 0.03 and
0.73 ± 0.02 lg ml�1 for the flavonoid glycosides extracts from RS,
FCI, RP, FL, FAV and FC, respectively. The IC50 values of the extracts
from RB, PT, FA and FAT were within the range of 2–6 lg ml�1. The
flavonoid glycosides extract of CLE showed a worst IC50 values,
17.63 ± 0.33 lg ml�1. However, the standard antioxidant, AA also
had a worse IC50 values, 13.57 ± 2.42 lg ml�1.

According to these results above, the radical scavenging activity
of total flavonoid glycosides could be suggested as: RS extract > FCI
extract > RP extract > FL extract > FAV extract > FC extract > RB ex-
tract > PT extract > FA extract > FAT extract > CLE extract.
3.4. H2O2 scavenging activity

H2O2 scavenging ability was widely used to evaluate the antiox-
idative activity of plant extracts. The most common applied meth-
od is to determine the inhibition rate of plant extracts studied on
H2O2–luminol CL reaction. In this paper, the presented CL platform
also used a H2O2–luminol CL system. Similar to the supposed
DPPH�–luminol CL system, the conditions for H2O2–luminol CL sys-
tem were optimised and the optimal ones were described as in
Section 2.5.

With the H2O2–luminol CL platform, the antioxidative (scaveng-
ing H2O2) activities of the eleven extracts and BN were examined.
As shown in Table 2, all the CL inhibition rates (%) appear the po-
sitive dose-dependent relationships, which are similar to those in
Table 1. At every concentration level from 0.5 to 1000 lg ml�1,
the total flavonoid glycosides extract of RS possessed the highest
CL inhibition rate compared with the other ten extracts. At
1000 lg ml�1, the total flavonoid glycosides extracts from RS, FC,
FAV, FL and FCI showed the CL inhibition rates beyond 90%. At
100 and 50 lg ml�1, still, the five extracts showed good H2O2 scav-
enging activity (the CL inhibition rates at the two concentrations
were beyond 86% and 77%, respectively). At 1 lg ml�1, only did
the extracts from RS showed considerable H2O2 scavenging activity



Table 2
H2O2–luminol CL inhibition rate of the total flavonoid glycosides extracts and standard antioxidants.A,B

Plant resources or standard antioxidants The concentrations of extracts or standard antioxidants (lg ml�1)

0.5 1 10 50 100 1000

H2O2–luminol CL inhibition rate (%)a

BN 23.02 ± 3.88i 64.07 ± 7.28f 72.71 ± 1.89f 92.02 ± 1.20c 95.88 ± 0.66b 98.03 ± 0.16a

RS 25.02 ± 1.79i 67.52 ± 4.36f 71.59 ± 3.44f 93.37 ± 2.54c 95.12 ± 0.43b 97.95 ± 1.08a

RB / / 23.32 ± 0.49i 28.63 ± 7.91i 64.21 ± 4.94f 87.70 ± 1.35c

FAI / 13.37 ± 3.65j 18.11 ± 4.02i 50.79 ± 6.12g 65.99 ± 1.52f 86.41 ± 6.19c

CLE / / / 6.78 ± 0.99k 50.67 ± 4.22g 75.56 ± 0.17e

FC / 23.09 ± 10.81i 52.25 ± 1.80g 77.93 ± 4.43e 87.67 ± 1.73c 92.91 ± 5.01c

PT / 40.82 ± 7.28h 43.42 ± 4.98f 66.38 ± 3.51f 68.48 ± 2.27f 83.35 ± 0.05d

FAV / 46.72 ± 6.20h 58.63 ± 1.26g 77.10 ± 1.45e 87.39 ± 0.29c 93.99 ± 2.53c

FL / 32.42 ± 3.21i 52.04 ± 6.84g 78.11 ± 1.33e 86.99 ± 0.72c 92.94 ± 3.36c

RP / / / 21.81 ± 3.75i 34.36 ± 2.80i 62.51 ± 0.51f

FA / 26.36 ± 2.84i 44.33 ± 0.60h 57.13 ± 4.43g 63.55 ± 3.79f 88.42 ± 1.76c

FCI / 14.94 ± 10.08j 49.58 ± 6.23g 84.32 ± 1.61d 90.73 ± 4.10c 92.94 ± 2.87c

A Values are the average of three replicates ± SD; ‘‘/” represents a value near zero (below 0.1%).
B Values in the same column with different superscripts are significantly (p 6 0.05) different.
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(vs. those from the other extracts at the same concentration level,
p > 0.05).

IC50 of the eleven extracts and BN on H2O2–luminol CL were cal-
culated and shown in Fig. 4. BN had a good IC50 values,
1.66 ± 0.76 lg ml�1. The RS extract possessed a lowest IC50 value,
1.40 ± 0.76 lg ml�1, followed by 1.85 ± 1.73, 2.45 ± 1.14,
5.65 ± 0.99 and 5.71 ± 0.72 lg ml�1 for the flavonoid glycosides ex-
tracts from FAV, FL, PT and FCI, respectively. IC50 values of the ex-
tracts from FA, FC, RB and FAI were within the range of 10–
100 lg ml�1. The total flavonoid glycosides extracts of CLE and RP
showed inferior IC50 values, 229.93 ± 34.27 lg ml�1 and
187.81 ± 27.79 lg ml�1, respectively. Combined these results with
the CL inhibition rates, the H2O2 scavenging activities of total flavo-
noid glycosides extracts could be suggested as: RS extract > FAV ex-
tract > FL extract > FCI extract > PT extract > FC extract > FA
extract > RP extract > RB extract > FAT extract > CLE extract.

4. Discussion

According to the screening results of the presented CL platform,
although the orders of DPPH� and H2O2 scavenging activities for the
eleven total glycosides extracts were a little disagreed, it can still
find that the crude drugs, RS, FC, PT, FAV, FL, FA and FCI could con-
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Fig. 4. IC50 of total flavonoid glycosides extracts on H2O2–luminol CL (average ± SD,
n = 3). Values in the column with same superscripts are no statistical different
(p P 0.05).
tain a considerable amount of flavonoid glycosides. Especially, the
extracts from RS, FC could include bioactive flavonoid glycosides,
which are able to scavenge radical and active oxygen species high
efficiently. These results could guide the further isolation work to
obtain efficient antioxidative compounds from RS, FC, PT, FAV, FL,
FA and FCI. However, the largest difference between DPPH� and
H2O2 scavenging examinations using the presented CL platform
were observed for the RP extract. In DPPH�–luminol CL test, RP
was an excellent inhibitor, but extremely converse in H2O2–lumi-
nol CL test. The reasons could be that the RP extract included, be-
sides flavonoid glycosides, the other compounds, which could
greatly enhance the H2O2–luminol CL and antagonize the flavonoid
glycosides. Actually, similar results can also be found in previous
reports with some reported reasons (Parejo et al., 2002): (1) anti-
oxidant properties of single compounds within a group can vary
remarkably so that the same levels of extracts do not necessarily
correspond to the same antioxidant responses; (2) the different
methods used to determine the antioxidant activity are based on
different mechanisms of reaction so that they often give different
results; and (3) extracts are very complex mixtures of many differ-
ent compounds with distinct polarity as well as antioxidant and
prooxidant properties, sometimes showing synergic actions. Thus,
although the presented CL platform is rapid, sensitive and high
throughput, it could have a possibility to provide false positive or
negative result in antioxidant screening. In consequence, extracts
showing poor antioxidant properties with the presented CL plat-
form should not be discarded as poor sources of antioxidants with-
out having been tested with other methods and compared with
different standards.

Noticeably, ascorbic acid can greatly enhance the CL intensity of
H2O2–luminol system. The reason could be that H2O2 oxidise
ascorbic acid to produce the ascorbyl radical, which may act as re-
dox mediator accelerating luminol oxidation by formation of ex-
cited luminol radical that is a resource of emitting CL. Ascorbic
acid could inhibit the DPPH�–luminol CL, but the inhibition was
very inferior to the same concentration of baicalin. These results
identified that ascorbic acid was not suitable to be used as a refer-
ence substance for the presented CL platform. In our work, the
other reference substance was baicalin, which belongs to flavonoid
glycosides and showed excellent antioxidative activity with the
presented CL platform. With the platform, 0.1 lg ml�1 baicalin
could even be detected with the inhibition rates of 7.7 ± 2.12%
and 19.38 ± 1.75% for H2O2–luminol and DPPH�–luminol systems,
respectively. Obviously, baicalin is a quite suitable positive control,
because it has similar chemical and physicochemical properties to
those of the samples to be studied.
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5. Conclusion

A novel chemiluminescent platform for rapidly evaluating
antioxidative activity of total flavonoid glycosides from different
plant extracts was developed originally based on their inhibition
effects on DPPH�–luminol and H2O2–luminol. A complete analysis
could be performed rapidly in a 96-well plate format, giving a
very high throughput of 96 samples in about 10 min including
sampling and detection. Compared with the previous methods,
this platform requires low consumption of agents and automatic
operation, shows sensitive detection ability and especially, pos-
sesses a high throughput property of sample assay and the
surprising dynamic ranges of 0.5–1000 lg ml�1 (using DPPH�–
luminol CL) and 1–1000 lg ml�1 (using H2O2–luminol CL) for
evaluating antioxidant activity of flavonoid glycosides. Owing to
these intriguing advantages, the presented CL platform were
successfully used to screen the antioxidant activity of the total
flavonoid glycosides extracts from the eleven crude drugs studied,
which provided a further study clue that it is possible to find the
high efficient antioxidative compounds from the plant resources,
RS, FC, FAV, FL, FA and FCI.
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