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Abstract Coreopsis tinctoria Nutt., Asteraceae, is widely used as an ornamental plant and as a popular tea
production in China. In this paper, we report about the free radical-scavenging, nitrite-scavenging and N-nitrosamine
formation inhibitory activities of ethyl acetate extract (EAE) and n-butanol extract (BE) of C. tinctoria ﬂowering
tops (CTF). The results showed the BE contained higher total phenolic content (TPC) , total flavonoid content (TFC)
and total proanthocyanidin (TPA) contents with DPPH, ABTS and *OH radical-scavenging activities (IC50) of
25.79±2.753, 26.61±3.158 and 2349.8±0.672 μg/ml, respectively. However, EAE showed higher radical-scavenging
activities, with IC50 ABTS and *OH values of 13.71±2.973 and 321.6±0.576 μg/ml, respectively. The nitritescavenging and N-nitrosamine inhibitory activities (IC50) of EAE were 122.10±1.03 and 2362.86±11.26 μg/ml,
respectively, whereas those of BE were 118.23±1.30 and 2182.79±10.74 μg/ml, respectively. Given these activities,
we propose that CTF can be potentially used as a rich source of natural free radical and nitrite scavengers.
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1. Introduction
Potentially reactive oxygen species (ROS), such as
superoxide radical (O2•−, *OOH), hydrogen peroxide
(H2O2), hydroxyl radical (OH*), and peroxyl (ROO*)
radicals, are generated continuously inside the human
body as a consequence of exposure to exogenous chemicals
in our environment and/or to endogenous metabolic
processes. The ROS play an important role in the pathogenesis
of various serious diseases, such as neurodegenerative
disorders, cancer, cardiovascular diseases, atherosclerosis,
and inﬂammation. [1] Antioxidants with free radicalscavenging activities (RSA) may have great significance
in the protection and therapeutics of diseases involving
free radicals [2].
Vegetables and fruits provide beneficial nutrients to the
human body. However, vegetables and plants produce
trace nitrite or imine during growth with nitrogenous
fertilizer as its metabolite. In addition, some spoiled or
pickled vegetables, meat, and other food have high nitrite
contents. People are gradually paying attention to food
safety related to these substances. Many studies have
shown that nitrate- and amine-rich food intake may result

in increased risk of endogenous formation of carcinogenic
N-nitroso compounds.[3] Therefore, materials that can
scavenge nitrites or prevent nitrosamine formation are of
great interest.
According to several studies, compounds that can
scavenge free radicals or inhibit electron transfer, such as
ascorbic acid, phenolics, flavonoids, and volatile oil, can
effectively block nitrite combined with secondary amine
to generate N-nitrosamines. [4] Traditional folk herbs or
plants for the treatment of some diseases demonstrate
antioxidant or free RSA. Recent studies have focused on
antioxidant compounds or free radical-scavenging
substances, particularly those from natural plant sources
[5,6].
Coreopsis tinctoria Nutt.. (also known as plains
coreopsis) of the family Compositae is an annual forb that
grows in disturbed areas, such as roadsides and cultivated
fields. The plant is frequently called “calliopsis” by
indigenous residents in different regions worldwide. [7] C.
tinctoria infusion has been traditionally used for a long
time in many countries, specifically in Portugal, to control
hyperglycemia for treating the symptoms of diabetes.[8]
However, C. tinctoria is widely used not only as an
ornamental plant but also as a functional food in China.
This plant has long been cultivated on a large scale at the
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Kunlun Mountains (altitude: ~3000 m) in north-western
China (Xinjiang Uygur Autonomous Region). It is often
called “Kunlun snow chrysanthemum” or “high altitude
aromatic chrysanthemum” by indigenous residents. C.
tinctoria ﬂowering tops (CTF) is rich in vitamins, amino
acids, volatile oil, polyphenols, selenium, zinc, and other
essential nutrients; CTF has been demonstrated to have
many nutraceutical properties, such as helping reduce
blood pressure and cholesterol levels, as well as regulate
blood sugar levels.[9][10] In recent years, the CTF from
the Kunlun Mountains have become a popular health
product used as an herbal tea/beverage in China.
Consumers of these CTF believe that the product has
substantial biological activities, such as for scattering cold,
cleaning heat, detoxification, brightening eyes, sedation,
reducing blood pressure, increasing appetite and treating
gastrointestinal discomfort. [11] Thus, the CTF from
Kunlun Mountains has recently been the subject of
considerable scientific and therapeutic studies.
In recent years, a great number of researches about the
CTF have been reported. The CTF extracts have been
shown to have excellent pharmacologic properties,
including hypolipidemic, hypoglycaemic, antioxidant, and
the reduction of blood pressure as well as vasorelaxant
properties [12,13,14,15].
The present study aimed to prepare extracts of CTF
from the Kunlun Mountains in China, namely, ethyl
acetate extract (EAE) and n-butanol extract (BE). The free
RSA of the extracts were evaluated through four in vitro
models, namely, 2,2-diphenylpicrylhydrazyl (DPPH), 2,2'azinobis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS),
*
OH, and *O2−. Moreover, the nitrite-scavenging and Nnitrosamine formation inhibitory activities of EAE and BE
were investigated. This study may provide a foundation
for broadening the applications of CTF in the preparation
of food ingredients or raw materials.

2. Materials and Methods
2.1. Plant and Materials
C. tinctoria Nutt. (Compositae) flowering tops was
collected in October 2013 in Hetian County (Xijiang
Uygur Autonomous Region, China) and was identified by
Vice Prof. Peng Li (School of Pharmacy, Shihezi
University). A voucher specimen (No.CTF-006) was kept
in the herbarium of the Key Laboratory of Xinjiang
Endemic Phytomedicine Resources, Shihezi University.
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2.3. Preparation of CTF Extracts
Dried CTF (200 g) were crushed into coarse powder
and exhaustively extracted three times with 70% aqueous
ethanol at 80 °C for 1 h by ultrasonic-assisted extraction.
The solvent-seed ratio used was 23:1 (v/w). The crude
alcoholic extract was concentrated under reduced pressure
at 40 °C and obtained a viscous mass of 46 g. The extract
was suspended in distilled H2O (0.5 L) and defatted with
petroleum ether (0.5L).The aqueous layer was
successively extracted with ethyl acetate and n-butanol.
The resulting extracts, EAE and BE, were collected. The
solvents were evaporated in a rotary evaporator at 40 °C,
and the residues were lyophilized.

2.4. Determination of Total Flavonoid
Content (TFC), Total Phenolic Content
(TPC), and Total Proanthocyanidin (TPA)
content
TFC was measured using the colorimetric-based
method assay. [16] TFC was calculated from the
calibration curve and expressed as milligram of quercitrin
per gram dry extracts,. The standard curve regression
equation for TFC was as follows: A = 0.0357 C + 0.0168
R2 = 0.9994, where A is the absorption, C is the quercitrin
concentration in μg/ml, and R2 is the relative regression
coefficient.
TPC and TPA content were determined using a
previously described method. [17] TPC and TPA were
calculated from the calibration curve and expressed as
milligram of gallic acid and proanthocyanidin per gram
dry extracts, respectively. The standard curve regression
equation for TPC was as follows: A = 0.0872 C + 0.0291
R2 = 0.9997, where A is the absorption, C is the gallic acid
concentration in μg/ml. The standard curve regression
equation for TPA was as follows: A = 0.00897C −
0.01109 R2 = 0.9976, where A is the absorption, C is the
proanthocyanidin concentration in μg/ml.

2.5. DPPH, ABTS, and *OH Radical-scavenging
Assay
The DPPH, ABTS, and *OH radical-scavenging
properties of the extracts with different concentrations
(10–300 μg/ml for DPPH; 10–150 μg/ml for ABTS and
*
OH) were determined using a previously described
method. [18] Ascorbic acid and BHA at the same
concentrations as the samples were both set as the positive
controls.

2.2. Chemicals and Reagents
2,2’-azinobis(3-ethylbenzthiazoline-6-sulphonic acid)
(ABTS) was purchased from Fluka (Menlo Park,
CA,USA). 2,2-diphenyl-1-picrylhydrazyl (DPPH) was
purchased from Sigma–Aldrich Co. (St. Louis, USA).
Quercitrin, proanthocyanidin and gallic acid (>98%) were
purchased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China).
Ascorbic acid, butylated hydroxyanisole (BHA), ethylene
diamine tetraacetic acid (EDTA) and other chemicals were
of analytical reagent grade. All reagents were obtained
from Sinopharm chemical reagent Co., Ltd. (Shanghai,
China).

2.6. Scavenging Activity of the Superoxide
Anion (O2*-) Assay
Up to 0.5 ml of EAE or BE solution (150 μg/ml in
methnol) was added to 4.5 ml of 50 mmol/L Tris–HCl
buffer (pH 8.2). The mixture was incubated at 25 °C for
20 min, and then 10 μL of 45 mmol/L pyrogallol (25 °C)
was added. The absorbance of the reaction mixture was
measured at 325 nm every 30 s until the reaction time
reached 6 min. The same concentration of EAE or BE
without pyrogallol was used as the blank. The autooxidation rate constant (Kb) of pyrogallic acid was
calculated from the curve of λ = 325 nm vs. time. The
negative control did not contain any test sample. A low
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Kb value suggests a high anti-autoxidation activity.
Ascorbic acid and BHA at the same concentrations as the
samples were set as the positive controls.

vs. nitrite scavenging activity (%), we conducted a linear
regression analysis to determine the IC50 (50%
concentration of inhibition for nitrite scavenging activity)
values of each test sample.

2.7. Nitrite-scavenging Activity
The nitrite-scavenging activity of the extracts was
determined using a previously described method with
slight modification. [19] In brief, EAE or BE solutions
(200 μg/ml in methanol) measuring 0.05, 0.1, 0.2, 0.5, and
1.0 ml were placed in a 10.0 ml volumetric flask.
Approximately 2.0 ml of citric acid–disodium hydrogen
phosphate aqueous buffer (pH3.0) was added. After
vigorous shaking, 1.0 ml of NaNO2 (100 μg/ml) was
added. The solution was placed in a 37 °C water bath for 1
h. Subsequently, 2.0 ml of p-aminobenzene sulfonic acid
(0.4%, w/v) was added, and the solution was blended for 5
min. Approximately 1.0 ml of naphthalene ethylenediamine hydrochloric acid solution (0.2%, w/v) was added,
followed by the addition of distilled water to obtain a 10.0
ml solution. The solution was mixed, incubated for 15 min
at room temperature, and scanned by a UV-2401PC
spectrophotometer using quartz cuvettes (1.0 cm)
(Shimadzu, Japan) at λ = 538 nm against the control. The
control contained all the reagents except for the test
sample. Ascorbic acid and BHA, at the same
concentrations as the samples, were both set as the
positive controls. The assay was performed in triplicate.
The decrease in absorbance upon the addition of the test
samples was used to calculate the nitrite-scavenging
activity. The nitrite-scavenging activity was calculated
using equation 1.

Nitrite scavenging activity (%)
sample ODs -sample OD0
(1 −
) × 100
=
Control OD

(1)

where control OD, sample ODs, and sample OD0 are the
absorbances of the control (containing all reagents without
test sample), the test sample, and the sample blank
(containing test sample without NaNO2 solution),
respectively. Basing on the plot of concentration (log C)

Sample
EAE
BE

2.8. Inhibition of N-nitrosamine Formation
Assay
The inhibition of N-nitrosamine formation of the
extracts was determined using a previously described
method. [20] The inhibition of N-nitrosamine formation
was calculated using the equation 1.

2.9. Statistical Analysis
Statistical analyses were performed using SPSS 10.0
software. Data are presented as mean ± standard deviation
(SD). The total variation present in a set of data was
estimated through one-way-ANOVA. Statistical significance
was considered at P < 0.05.

3. Results and Discussion
3.1. Determination of TFC, TPC, and TPA
Contents
Table 1 presents the TPC, TFC, and TPA contents of
CTF extracts. EAE and BE had significantly higher TPC
and TFC in dry extracts, but BE had the highest TFC and
TPA. In addition, the TFC and TPA content of BE were
significantly different (P < 0.05) from those of EAE.
These results suggested that BE fraction contained a large
amount of phenolics, flavonoids, and proanthocyanidin.
However, these results were significantly different from a
previous study by Woo et al. (2010) who reported that
EAE fraction of CTF from Korea show the highest TPC
and TFC. [21] These differences may be due to the
geographical location, climatic and ecologic parameters,
and harvesting period.

Table 1. Total Phenolic, Flavonoid, and Proanthocyanidin Contents of C. tinctoria Flowering Tops Extracts
Total flavonoids contentB
Total proanthocyanidin contentC
Total phenolic contentA
549.62±3.03a

201.22±1.17a

a

b

588.63±6.16

272.46±1.63
A

14.16±0.50a
20.77±0.072b
B

Each value is presented as mean ± SD (n = 3). Expressed as milli-gram of gallic acid per gram dry extract. Expressed as milligram of rutin per gram
dry extract. CExpressed as milligram of proanthocyanidin per gram dry extract.
Means that do not share the same letter are significantly different (LSD) at the P < 0.05 level in each column. EAE, ethyl acetate extract; BE, n-butanol
extract.

3.2. In Vitro Testing of Radical-scavenging
Capacity of CTF Extracts
The DPPH RSA of EAE and BE are presented in Figure
1(A). The RSA values increased with increasing DPPH
sample concentration. At 40–80 μg/ml, BE showed
significantly higher RSAs than EAE and positive controls
ascorbic acid and BHA.
In ABTS·+ assay, the RSA of EAE and BE increased in
a dose-dependent manner (Figure 1(B)). At >10 μg/ml,
EAE showed significantly higher RSA than the other
samples. RSA decreased in the following order:
EAE > ascorbic acid or BHA > BE.

In the assay for scavenging activity against *OH, the
RSA of EAE and BE exhibited a dose-dependent increase
(Figure 1(C)). EAE showed excellent radical-scavenging
activity. BE exhibited a certain extent of •OH radicalscavenging activity similar to that of ascorbic acid and BHA.
In the assay for scavenging activity against O2*−, the
auto-oxidation rate of pyrogallic acid was spectrophotometrically recorded for 6 min (Figure 1(D)). EAE and BE
inhibited O2*−, but their activities were weaker than that of
ascorbic acid. In this section, the Kb values of pyrogallic
acid were calculated from the plot of OD values versus
time (Table 2). The scavenging activity of BE against O2*−
was similar to BHA (P > 0.05) but significantly more
efficient than EAE (P < 0.05). EAE showed certain anti-
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autoxidation activities compared with the control (P < 0.05),
but weaker activities than ascorbic acid and BHA. These
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results suggested that EAE and BE could scavenge
superoxide radicals and help prevent oxidative damage.

Figure 1. α,α-Diphenyl-β-picrylhydrazyl (DPPH), 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic acid (ABTS), superoxide anion (*O2), and hydroxyl
radical (*OH)-scavenging activity of extracts from Coreopsis tinctoria flowering tops. Data are presented as mean ± SD (n = 3). DPPH assay (A); ABTS
assay (B); hydroxyl radicals assay (C); superoxide anion radical-scavenging assay (D). EAE, ethyl acetate extract; BE, n-butanol extract; BHA,
butylated hydroxyanisole; CTF, Coreopsis tinctoria flowering tops
Table 2. Inhibition of Pyrogallic Acid Auto-oxidation by C. tinctoria Flowering Tops Extracts
Sample

Control

EAE

BE

Ascorbic acid†

BHA†

Kb value

0.285±0.026d

0.180±0.019c

0.114±0.016b

0.0466±0.002a

0.135±0.012b

Values that do not sharing the same letter are significantly different (LSD) at the P < 0.05 level in each row. EAE, ethyl acetate extract; BE, n-butanol
extract; and BHA, butylated hydroxyanisole.
†
Reference compounds.

Table 3 lists the RSA of EAE, BE, and standard
compound (ascorbic acid and BHA) needed to inhibit the
three radicals, as indicated by IC50 (50% concentration of
inhibition for RSA). In DPPH RSA, BE showed a
significant difference (P < 0.05) from EAE and ascorbic
acid, as well as higher inhibition than EAE. In the ABTS

assay, EAE and BE showed significant differences
(P < 0.05) from each other. The inhibitory effect of EAE
on ABTS·+ was strongest than that of BE, ascorbic acid, or
BHA. In addition, EAE showed the highest inhibition
among BE, ascorbic acid, and BHA in the assays for the
scavenging activity against *OH.

Table 3. IC50 of C. tinctoria Flowering Tops Extracts for Various Antioxidant Systems (μg /ml)
Sample

DPPH radical scavenging assay (IC50)

ABTS*− radical scavenging assay (IC50)

EAE

53.47 ± 3.644b

13.71 ± 2.973a

321.6 ± 0.576a

BE

25.79 ± 2.753a

26.61 ± 3.158c

2349.8 ± 0.672b

Ascorbic acid†

46.54 ± 1.741b

18.02 ± 2.247b

2458.4 ± 0.025b

BHA†

22.91 ± 2.012a

17.78 ± 3.061b

2759.0 ± 0.056b

*

OH radical scavenging assay (IC50)

Each value in the table is expressed as mean ± SD (n = 3). Means that do not sharing the same letter are significantly different (LSD) at the P < 0.05
level in each column. EAE, ethyl acetate extract; BE, n-butanol extract; and BHA, butylated hydroxyanisole.
† Reference compounds.

Several reports have conclusively shown a close
relationship between TPC and antioxidative activity or
radical-scavenging capacity of fruits and vegetables. [22]
Zalaru et al (2014) reported that a good relationship
between the TPC of CTF from Romania and its
antioxidant capacity. [23] In our results, BE contained
relatively high TPC, TFC, and TPA contents, but its RSA
capacity was weaker than EAE except for DPPH assay.

These results showed that TPC was not consistent with
free radical-scavenging ability. Hwang et al. (2010)
reported that EAE of CTF from Korea can significantly
scavenge DPPH and ABTS+ radicals, and EAE fraction
effectively inhibits DPPH and ABTS+ radicals in a dosedependent manner. [24] These results were consistent with
our results showing that EAE had higher inhibitory
capacity for DPPH and *OH.
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3.3. Nitrite Scavenging and Inhibition of
N-nitro Samine Formation Activities
The nitrite-scavenging and N-nitrosamine formation
inhibitory activities of EAE and BE were investigated
using a diazotization-coupling reaction system in vitro
(Table 4). In the nitrite-scavenging activity assay, the IC50
values of EAE, BE, ascorbic acid, and BHA were

122.10±1.03, 118.23±1.30, 11.51±0.38, and 99.80±1.67
μg/ml, respectively. The IC50 values of EAE, BE, and
BHA were significantly different (P < 0.05) from those of
ascorbic acid. Nitrite-scavenging capacity decreased in the
following order: ascorbic acid > BHA or BE or EAE
(Figure 2(A)). The nitrite-scavenging activity of EAE or
BE was comparable with that of BHA (P > 0.05) but
weaker than that of ascorbic acid.

Table 4. IC50 of C. tinctoria Flowering Tops Extracts for Nitrite-scavenging and N-nitrosamine Formation Inhibitory Capacities (μg/ml)
sample

EAE

BE

ascorbic acid†

BHA†

Nitrite scavenging activity IC50

122.10±1.03b

118.23±1.30b

11.51±0.38a

99.80±1.67b

N-nitrosamine inhibitory activity IC50

2362.86±11.26b

2182.79±10.74 b

4.64 ± 0.86a

2097.42 ± 13.21b

Values that do not sharing the same letter are significantly different (LSD) at the P<0.05 level in each row. EAE, ethyl acetate extract; BE, n-butanol
extract; and BHA, butylated hydroxyanisole.
†Reference compounds.

TPC.[25] In our results, BE contained relatively high TPC
content, but its nitrite-scavenging and N-nitrosamine
formation inhibitory capacities were similar to EAE.
These results showed that TPC was not consistent with
nitrite-scavenging and N-nitrosamine formation inhibitory
capacities.
The main chemical components of CTF are essential
oils, flavonoids, organic acids, polyphenols, terpenoids,
saponins, steroids and other chemical components. [26]
There are a number of compounds have been identified
from CTF, such as kaempferol-3-O-D-glycoside,
quercetin-3-O-glycoside, quercetin-3-O-rutinoside, 3,4',5,
6,7-pentahydroxyflavanone-O-hexoside, chlorogenic acid,
flavanomarein, flavanokanin, quercetagitin-7-O-glucoside,
3,4',5,6,7-pentahydroxyflavanone, 3',5,5',7-tetrahydroxyflavanone-O-hexoside, marein, 3',5,5',7-tetrahydroxy
flavanone, okanin, dicaffeoylquinic acid, and coreopsin.
These aglycones and glycosides of flavanone/chalcone are
different types of flavonoids, and they are known for their
antioxidant and free RSA.

4. Conclusions

Figure 2. Nitrite-scavenging and N-nitrosamine formation inhibitory
activities of extracts from C. tinctoria flowering tops. Data are presented
as mean ± SD (n = 3). Nitrite scavenging assay (A); N-nitrosamine
formation inhibitory activity assay (B). EAE, ethyl acetate extract; BE,
n-butanol extract; BHA, butylated hydroxyanisole; CTF, Coreopsis
tinctoria flowering tops

The IC50 values of inhibition of N-nitrosamine
formation of EAE, BE, ascorbic acid, and BHA were
2362.86±11.26, 2182.79±10.74, 4.64±0.86, and 2097.42 ±
13.21 μg/ml, respectively. The IC50 values of EAE, BE,
and BHA were significantly different (P < 0.05) from
those of ascorbic acid. The N-nitrosamine formation
inhibitory capacities decreased in the following order:
ascorbic acid > BHA or BE or EAE (Figure 2(B)).
It has been reported that the antioxidant and nitritescavenging capacities of different solvent extracts from
sugarcane tops are positively correlated with their

The results presented in this study should be considered
as the first report on the nitrite-scavenging, N-nitrosamine
formation inhibitory activity of CTF extracts.
In vitro studies demonstrated that EAE and BE of CTF
from Kunlun Mountains possessed significant free radicalscavenging properties, as well as certain nitritescavenging and N-nitrosamine formation inhibitory
activities. Therefore, we propose that CTF can be used as
a rich source of natural free radical and nitrite scavengers.
Additional studies are required for the analyses of
chemical compositions in these extracts.
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