Drug Development and Industrial Pharmacy, 33:841-847, 2007
Copyright © Informa Healthcare USA, Inc.

ISSN: 0363-9045 print / 1520-5762 online

DOI: 10.1080/03639040701378019

informa

healthcare

Characterization of Antioxidant Activity of Extracts from

Flos Lonicerae

Wu Lan

College of Food Science and Biotechnology, Tianjin University of Science and Technology, Tianjin, China
Department of Horticulture, Beijing Vocational College of Agriculture, Beijing, China

Zhang Zhaojun and Zhang Zesheng

College of Food Science and Biotechnology, Tianjin University of Science and Technology,

Tianjin, China

Antioxidants are emerging as prophylactic and therapeutic
agents for various diseases. However, little is known about the
antioxidant property of the extract from Flos Lonicerae, a medi-
cally useful traditional Chinese medicine herb. Here the antioxi-
dant capacity of water, methanolic and 70% ethanolic extracts
prepared from Flos Lonicerae to scavenge DPPH radical and
reduce Fe** to Fe?" is evaluated. Chlorogenic acid, a major com-
ponent of Flos Lonicerae, isidentified and further purified from
70% ethanolic extract with HPL C and its antioxidant capacity is
also characterized. The content of total phenolic compounds and
chlorogenic acid in Flos Lonicerae is determined. The present
results demonstrate that all Flos Lonicerae extracts examined
her e exhibit antioxidant activity and chlorogenic acid is a major
contributor to this activity, which implicates that the Flos
Lonicerae extract may serve as potential source of natural antiox-
idantsfor treatment of some diseases.

Keywords Flos Lonicerae; chlorogenic acid; antioxidant

INTRODUCTION

In recent years, antioxidants have gained alot of importance
due to their potential as prophylactic and therapeutic agentsin
many diseases (Venkat Ratnamaet al., 2006). Free radicals are
highly reactive molecules or chemical species containing
unpaired electrons that can cause oxidative stresses that dam-
age lipids, proteins, enzymes, carbohydrates, and DNA in cell
and tissues, and have been known to be associated with patho-
genesis of various disorders such as cancer, diabetes, cardio-
vascular diseases, neurodegenerative disorders, and other
diseases. Antioxidants can scavenge and react with free radi-
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cals and prevent these damages caused by them (Ames et al.,
1993; Aruoma et al., 1998; Block et al., 1992; Halliwel et a.,
1999; Hertog et a., 1995; Venkat Rathama et a., 2006). There-
fore the discovery of antioxidants has lead to a medical revolu-
tion that is promising a new paradigm of healthcare.

Flos Lonicerae, also called Jinyinhua, is a commonly used
TCM herb. It has latent-heat-clearing, antipyretic, detoxicant,
and anti-inflammatory actions. It has been, therefore, pre-
scribed to treat fever due to common cold, febrile disease, dys-
entery, carbuncles, and virulent swellings (Chang H. M et al.,
1986; Ministry of Public Health of the People's Republic of
China, 2000). Several kinds of maor components, such as
chlorogenic acid and its analogues, flavonoids, iridoid gluco-
sides, and triterpenoid saponins have been investigated for
their effective activities (Chai et al., 2005; Li et al., 2003;
Song, et al., 2006). Although great progresses have been made
in the studies and clinical applications about Flos Loniceraein
the last couples of years (Chang et al., 1986; Ministry of Public
Health of the People’s Republic of China, 2000), the antioxi-
dant property of the Flos Lonicerae extract is till unclear. In
this study, the antioxidant property of extracts differently pre-
pared from Flos Lonicerae was tested with two in vitro assays,
DPPH radical scavenging assay and ferric reducing assay,
which have been widely used to evaluate the antioxidant
capacity of plant extracts (Benzie & Strain, 1996; Sregjayan &
Rao, 1996; Stratil et al., 2006; Villano et a., 2007). The
present results demonstrate that all three extracts prepared here
exhibit antioxidant activity, which provides us with new antici-
pation for application of the Flos Lonicerae extract as antioxi-
dant in some diseases. To further explore the property of the
Flos Lonicerae extract, we analyzed the contribution of chloro-
genic acid, one magjor component of Flos Lonicerae, to the
antioxidant activity of Flos Lonicerae extract. We aso deter-
mined the content of chlorogenic acid and total phenolic com-
pounds in Flos Lonicerae and its extract, and the relationship
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among total phenolic compounds content, chlorogenic acid con-
tent and the antioxidant activity of the extract was analyzed.

MATERIALS AND METHODS

Materials

The Flos Lonicerae sample was collected from HeNan Prov-
ince of China. HPLC apparatus was purchased from American
Lab Alliance Corporation. Beckman DU-640 spectrophotometer
equipped with a thermostatized auto-cell-holder was purchased
from Beckman Corporation. The chlorogenic acid reference,
DPPH and Folin-Ciocalteu reagent were purchased from the
Sigma corporation. All reagents used in HPLC analyses were
HPLC grade. The other reagents were of analytical grade.

Methods
Preparation of Flos Lonicerae Extracts

Flos Lonicerae sample was dried at 50°C to constant
weight. Approximately 10g of pulverized sample were added
to a round-bottomed flask containing 250 mL of different sol-
vents including distilled water, methanol and 70% ethanol
solution respectively. The mixture was heated under reflux for
4 h. The extracts were filtered and the residue was re-extracted
under the same conditions. Combine the extracts. The pooled
extract was concentrated and evaporated to dryness with rotary
evaporator under reduced pressure. The residue was dissolved
with 30 mL of water into a 100 mL of flask and the product
was stored at 4°C for 24 h followed by centrifugation with
10,000 rpm for 30 min. The supernatant fraction was desig-
nated as Flos Lonicerae crude extract and lyophilized to fine
powder for long term storage and dissolved with methanol for
identification and quantification analysis with HPLC.

HPLC Analysis

The dissolved extract was filtered through 0.22 pum mem-
brane filter before loading it into the HPLC system (Lab Alli-
ance Corporation; Pump, Series Ill; Detector, model 525).
Chromatography was carried out on analytical column (Kromasil
C18, 5 um, 250 x 4.6 mm) and preparative column (Kromasil
C18, 20um, 250 x 22mm) at 25°C. The sample loops of 20 pL
and 1 mL were used for sample injection. The mobile phase
consisted of two solvent components. water (solvent A) and
acetonitrile-citrate acid-water (20:40:40, V/V, solvent B). Gra
dient elution was that the solvent B was increased from 5-100%
within 30 min. The flow rate was 0.2 mL/min for analytical and
0.8 mL/min for preparative purpose respectively. The wave-
length used to detect chlorogenic acid was 324 nm. 20 pL of
different concentrations (0.02—0.50 mg/mL) of chlorogenic acid
reference was loaded into HPLC system for construction of the
calibration curve by plotting the peak areas versus the concen-
trations. Each extract powder was dissolved with methanol to a
concentration of 0.5 mg/mL and 20 uL of the crude extract was
loaded into HPLC system for identification and quantification
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of chlorogenic acid in Flos Lonicerae respectively. The content
of chlorogenic acid in Flos Lonicerae was determined from the
corresponding calibration curve and the content was expressed
asin mg of chlorogenic acid per gram of Flos Lonicerae. The
peak area of chlorogenic acid in each extract was mean of three
paralel measurements for chlorogenic acid quantification.
Comparing the retention time with that of chlorogenic acid ref-
erence the chromatography peak was identified. The chloro-
genic acid used for antioxidant activity assay was produced
through preparative column separation and manually collected
according to the retention time and chromatography peak of
chlorogenic acid under the same chromatography conditions.

Determination of Total Phenolic Compounds Content

Total phenolic compound content in each extract was spec-
trophotometrically determined according to the Folin-Ciocalteu
procedure by reading the absorbances at 760 nm against a
methanol blank (Singleton & Rossi, 1965). Briefly, samples
(150 pL, three replicates) were introduced into test tubes and
then 750 pL of Folin-Ciocalteu reagent and 600 pL of sodium
carbonate (7.5%) were added. The tubes were mixed and incu-
bated at 50°C for 10 min. Absorption at 760 nm was measured.
The total phenolic content was expressed as in mg of gallic
acid equivaents (GAE) per gram of Flos Lonicerae.

Scavenging DPPH Radical Assay

The capacity of each sample to scavenge DPPH radical was
spectrophotometrically measured according to Sregjayan-Rao
procedure (Sregjayan & Rao, 1996). Briefly, the freshly pre-
pared stock solution of each extract was diluted into different
concentrations of solutions (50, 100, 250, 500, 1000, and
2000 png/mL) with methanol. The preparative chlorogenic acid
used in this assay was quantified and al so dissolved with metha:
nol. 100 uL of each solution was added into methanolic solution
of DPPH radical (100 uM, 2.90 mL). The mixture was shaken
vigorously for 30 sec and left to stand for 20 min at room tem-
perature in dark area. Absorbance was recorded at 517 nm. The
effect of DPPH radica scavenging of the sample was calculated
according to the formula: Scavenging effect (%) = [(Ac-Aa) /
Ac] x 100%. Where Ac is the absorbance of the control and Aa
is the absorbance of the sample. DPPH radical scavenging reac-
tion kinetics of the samples, including 1000 pg/mL of prepara-
tive chlorogenic acid, chlorogenic acid reference and 70%
ethanolic extract, was observed. Absorbance was recorded at
regular intervals of 15 sec for total 2 min after shaking the mix-
ture vigoroudy for 30 sec. Ascorbic acid and methanol were
served as positive and negative control respectively. The results
are mean £ SD of three parallel measurements.

Ferric Reducing Antioxidant Power (FRAP) Assay

Ferric reducing antioxidant power (FRAP) assay isasimple
and reliable colorimetric method and commonly used for
measuring the antioxidant capacity (Benzie & Strain, 1996).
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Briefly, 900 uL of FRAP reagent, prepared freshly and
warmed at 37°C, was mixed with 90 pL of distilled water and
30 uL of test sample (100 pg). The FRAP reagent contained
2.5mL of a10 mM TPTZ solution in 40 mM HCI plus 2.5 mL
of 20 mM FeCl;-6H,0 and 25 mL of 0.3 M acetate buffer, pH
3.6. The mixture was shaken vigorously for 30 sec and left to
stand for 30 min at room temperature and the readings at the
absorption maximum (595 nm) were recorded. The ferric
reducing reaction kinetics of the samples, including 100 pg of
preparative chlorogenic acid, chlorogenic acid reference, and
70% ethanolic extract, was also observed. The readings were
taken every 30 sec using a Backman DU-640 spectrophotome-
ter at 37°C for up to 30 min. Ascorbic acid and methanol were
served as positive and negative control, respectively. Results
are mean = SD of three parallel measurements.

RESULTS AND DISCUSSION

Identification and Quantification Analysis
It is well known that the pharmacological and biological
activities of Flos Lonicerae are closely linked with its
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functional components (Chai et al., 2005; Chang et a., 1986;
Li Jet al., 2003; Song et a., 2006), of which chlorogenic acid
has been extensively studied due to its high content and effec-
tive activities (Azuma et a., 2000; Delcy et d., 2002; Plumb
eta., 1999; Yasuhisa et a., 2004). In this study, we prepared
three Flos Lonicerae extracts with different solvents and the
chlorogenic acid component was identified in all three extracts
by comparing the retention time with that of chlorogenic acid
reference [Figure 1A (ab,c,e)] and quantified with HPLC
(Table 1). The linear regression equation shows good linear
regression within the test ranges (0.02-0.50 mg/mL) for chlo-
rogenic acid standard.

The chlorogenic acid content in Flos Lonicerae extracts
was calculated as shown in Table 1. The content (0.51—
1.44%) of chlorogenic acid in Flos Lonicerae (HeNan) is
lower than the content (3.36—3.83%) of chlorogenic acid in
Flos Lonicerae (HanZhong) (Hai et al., 2006), but similar to
the criterion (1.5%) provided in China Pharmacopoeia (2000
edition). Moreover, the total phenolic compounds content in
Flos Lonicerae and its extracts were also quantified
(Table 1).
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FIGURE 1. A, HPLC analyses. The HPLC profile a, b, and c represents the identification of chlorogenic acid in water, methanolic and 70% ethanolic extracts
from Flos Lonicerae respectively. The HPLC profile d represents purified chlorogenic acid from 70% ethanolic extract with HPLC. There are several
contaminant constituents in the prepared chlorogenic acid fraction around chlorogenic acid peak, which are caused by manual collection during purification. The
peaks labeled with retention time are chlorogenic acid, because their retention time is identical with that of chlorogenic acid standard (e, 13.97 min). 10 ug the
samples (a,b,c,d) were respectively loaded into the HPL C system except chlorogenic acid standard (5 pg). B, The structure of chlorogenic acid.
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TABLE1
Chlorogenic acid and total phenolic compounds contents in Flos Lonicerae and its extracts

Chlorogenic Acid

Total Phenolic Compounds

Solvents (mg/g) (mg GAE/g)

H,O 5.09 + 0.642 134.54 + 6.34° 8.60+ 0.832 205.43 + 9.76°
Methanol 13.89+1.182 338.45+ 13.36° 2.32+1.942 428.93+ 16.39°
70% Ethanol 14.38+ 1.212 345.36 + 13.45° 254+1.762 432.08 + 16.54°

Results are mean + SD of three parallel measurements. aand b stand for chlorogenic acid or total phenolic com-
pounds in Flos Lonicerae(a) and its extracts (b), respectively.

Determination of Antioxidant Property of Flos Lonicerae
Extracts

Increasing understanding of free radicals role in diseases is
opening new area for the applications of antioxidants in pre-
vention and therapy of healthcare system (Ames, 1993; Block,
1992; Halliwel & Gutteridge, 1999; Hertog, 1995; Venkat
Rathama et al., 2006). So far many antioxidants including
superoxide dismutase, catalase, genistein, lycopene, quercetin,
ellagic acid, coenzyme Q10, indole-3-carbinol, Vitamin C, and
Vitamin E have been investigated to be pharmacologically
active and therapeutic agents for treatment of various diseases.
Although the delivery of some antioxidants through oral route
can be improved through NDDS including chemical modifica-
tions, coupling agents, liposomes, microparticles, and nano-
particles, which are designed largely dependent on the
physicochemica characteristics, biopharmaceutical properties
and pharmacokinetic parameters of the antioxidant to be for-
mulated, the investigation on antioxidants is still needed
because some problems for its further application remain to be
resolved, such as the bioavailability and the inability to reach
the sites of action, etc. (Venkat Rathama et al., 2006). Human
antioxidant defense is equipped with many endogenous antiox-
idants to combat oxidative stresses. However, this defense sys-
tem could be weakened or damaged under disease conditions
(Anderson, 1996), which makes it necessary to rely on exoge-
nous antioxidants including natural or synthesized antioxidants
(Zhang et al., 2006). Herbal medicines with antioxidant proper-
ties have been widely examined and epidemiological studies
also accepted these reagents to retard or inhibit the progression
of some diseases (Schinella et al., 2003). Some extracts of
TCM have been found to bear strong antioxidant activity to
inhibit oxidative stresses and the in vivo studies of some plant
extracts with antioxidant activity were performed to investigate
their physicochemical and biopharmaceutical properties
(German'o et al., 2006; Schinellaet al., 2003; Venkat Ratnama
et al., 2006). It was reported that blood lipid were markedly
decreased by intravenous injection combined with concomi-
tantly oral administration of Flos Lonicerae extract for cases of
hyperlipidemia (Chang & Paul, 1986). Therefore, we suspect
that the activity of Flos Lonicerae extract may be linked with
its antioxidant components, because antioxidants have been

thought to be involved in reducing production of free radicals
and arterial deposition of cholesterol as well as blood lipid
(Chang & Paul, 1986; Chenni et al., 2006; Ilker et al., 2004;
José et d., 2003; Ramkumar et a., 2003; Ravi et al., 2001;
Yang et a., 2006; Zhang et a., 2001). To determine whether
the Flos Lonicerae extracts bear the antioxidant activity, the
invitro scavenging DPPH radical assay and ferric reducing
assay were carried out. DPPH is one of the stable nitrogen cen-
tered free radicals. Although DPPH is artificial radical which
can not be reproduced in vivo situation, they are widely
adopted to evaluate the antioxidant activity of substances and
can be an indicator of the antioxidant potential prior to their
consumption (Villano, 2007). The scavenging DPPH radical
assay results indicated that all Flos Lonicerae crude extracts
examined here bear the capacity to scavenge DPPH free radi-
cal. 23-47% of DPPH radicals were scavenged within 20 min
when the concentration of each extract is over 1000 pg/mL,
which is, however, lower than that of ascorbic acid (81%), a
potent antioxidant to scavenge free radicals (Figure 2A). The
ferric reducing assay results also showed the similar results
(Figure 2B).

Among three Flos Lonicerae extracts the antioxidant activ-
ity of water extract is the lowest and that of the other two
extracts is relatively higher and similar, which is consistently
linked with the total phenolic compounds content in the
extracts (Table 1) and in agreement with previous reports about
the correlation between antioxidant activity and total phenolic
compounds content in the extracts (Katalinic et al., 2004; Sun
& Ho, 2005).

According to the above analyses, the Flos Lonicerae
extract is pharmacologically active and may function as free
radical scavenger and metal chelator to finally prevent the
generation of free radicals and inhibit the oxidative damages.
Therefore, the Flos Lonicerae extract could serve as a novel
potential source of natural antioxidants that could be applied
in some diseases. In this study, however, we just character-
ized the in vitro antioxidant activity of the Flos Lonicerae
extract, the studies and applications about the Flos Lonicerae
extract as antioxidant are still in its infancy stage, in the
future many factors should be considered for its further
application such as its solubility, permeability, stability,
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FIGURE 2. Determination of the antioxidant capacity of Flos Lonicerae crude extracts. A, Determination of the antioxidant capacity of Flos Lonicerae extracts
to scavenge DPPH radical; B, Determination of the antioxidant capacity of Flos Lonicerae extracts to reduce Fe** to Fe?*. Results are mean + SD of three parallel

measurements and calculated with MS Excel software.

metabolism, bioavailability, toxicological evaluation and
clinical trials and so on.

Contribution of Chlorogenic Acid to Antioxidant Activity
of Flos Lonicerae Extract

Chlorogenic acid, an ester formed between caffeic acid and
quinic acid (Figure 1B), is one of the most naturally existed phe-
nolic compounds found in plants and has been regarded as one
of the most important chemical standards for quality evaluation
of Flos Lonicerae (Chai et al., 2005). As a potent antioxidant
and metal chelator, chlorogenic acid displays significant inhibi-
tory effect on oxidative damage of liposome, deoxyribose and
protein, and remarkable free radical scavenging activity (Chen
et a., 2004; Dinis et a., 2002; Kono et al., 1998; Motoyo et a.,
1994; Wang et al., 2006; Yasuhisa et al., 2004). Chlorogenic
acid can modulate the activity of glucose-6-phosphatase
involved in glucose metabolism (Hemmerle et al., 1997) and
reduce the risk of cardiovascular diseases by decreasing oxida
tion of low density of lipoproteins (LDL), a major cholesterol-
carrying lipoprotein in plasma (Heinecke et al., 1998; Nardini et
al., 1995; Nardini et a., 1997; Steiberg et a., 1992). Chlorogenic
acid can aso reduce blood glucose, cholesterol and triacylglyc-
erols, which partially result from the direct inhibition of glucose-
6-phosphatase. As a well-known potential antioxidant, the
investigation on the absorption and metabolism of chlorogenic
acid was conducted. Choudhury et al. reported that intravenous
or intraperitoneal administration of chlorogenic acid to rats
results in very low concentrations of chlorogenic acid in urine
(Choudhury et a., 1999), because chlorogenic acid could be
picked up by liver in which the concentrations of cholesteral, tri-
acylglycerol and minerals could be modified by chlorogenic acid
(Azumaet a., 2000; Delcy et al., 2002). Asfor application, Shi,
et a., reported that chlorogenic acid can prepared as a water-

soluble antioxidant through microencapsulation, which is very
helpful to promote its application in the future (Shi, 2006).

To further understand the antioxidant property of the Flos
Lonicerae extracts, the major component of Flos Lonicerae
chlorogenic acid was purified from 70% ethanolic extract with
HPLC [Figure 1A(d,e)] and its antioxidant property was
observed as shown in Figure 3 A, B. Preparative chlorogenic
acid exhibits potent antioxidant activity, which is much higher
than that of 70% ethanolic extract and even that of ascorbic
acid. Moreover, the reaction kinetics of the test samples was
observed respectively as shown in Figure 4 A, B. The present
study indicates that higher content of chlorogenic acid exhibits
higher efficiency to scavenge DPPH radical and reduce Fe** to
Fe?*. For example, preparative chlorogenic acid can scavenge
80% DPPH radicals within 20s and keep stable, while 70%
ethanolic extract and ascorbic acid can only scavenge 15% and
45% DPPH radicals under the same conditions and finally keep
stable after 65 and 35 sec, respectively. The antioxidant activ-
ity of preparative chlorogenic acid is slightly lower than that of
chlorogenic acid standard, which is caused by the impurity of
chlorogenic acid manually collected [(Figure 1A (d,e)]. Fur-
thermore, the chlorogenic acid content in Flos Lonicerae
extracts also reflects the antioxidant activity to some extent.
The chlorogenic acid content in the water extract is lower than
that of ethanolic and methanolic extracts by over 50%, which
seems to be correlated with the antioxidant activity of the Flos
Lonicerae extracts [Table 1, Figure 1A (a—) and Figure 2].
According to the above analysis, it is evident that the antioxi-
dant activity of Flos Lonicerae extract is mainly contributed by
the presence of chlorogenic acid. Up to now, we have opti-
mized the conditions for chlorogenic acid preparation from Flos
Lonicerae extract and characterized its antioxidant property,
which not only provides a new source for naturally, potential
antioxidant but also helps to promote further investigation and
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application of Flos Lonicerae extract as antioxidant, because
thein vivo effects of chlorogenic acid as antioxidant have been
extensively investigated with anima models (Azuma, 2000;
Choudhury, 1999; Delcy, 2002; Plumb, 1999).

CONCLUSIONS

In this study, we characterized the antioxidant property of
extracts from Flos Lonicerae with two different ways. DPPH
radical scavenging assay and ferric reducing assay. The present
results demonstrated that the extracts of Flos Lonicerae exhibit
antioxidant activity and this activity is correlated with the total
phenolic compounds content in the extract and mainly
contributed by the presence of chlorogenic acid, which pro-
vides us with new pharmaceutical perspective for application
of Flos Lonicerae extract as antioxidant in some diseases.
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