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Abstract The Cosmos bipinnatus has been used in a
traditional herbal remedy for various diseases such as
jaundice, intermittent fever, and splenomegaly. The present
study describes the preliminary evaluation of antioxidant
activities and antigenotoxic effect of Cosmos bipinnatus
flowers according to four different colors (white, pink,
orange, and violet). The antioxidants properties were
evaluated by determining TPC, DPPH RSA, ABTS RSA,
and RP. The highest TPC of methanolic CFE (at concen-
tration of 1 mg/ml) showed in violet colored CF
(1,013 uM), and ICso of DPPH RSA, ABTS RSA, and
RP were also the lowest in violet colored CFE with values
0f0.61, 1.48, and 0.82 mg/ml, respectively. The antigenotoxic
effect of the CFE on DNA damage induced by H,O, in
human leukocytes was evaluated by Comet assay. Pretreat-
ments with CFE produced significant reductions in oxidative
DNA damage at the concentration of 500 pg/ml, except for
violet colored CFE. The EDs, value of white colored CFE
has shown the highest inhibition (0.40 mg/ml) on H,0,
induced DNA damage, followed by orange > pink > violet
color. These results suggested that Cosmos bipinnatus has
significant antioxidant activity and protective effect against
oxidative DNA damage.
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Abbreviations

ABTS  2,2'-azino-(bis 3-ethylbenzthiazoline-6-sulphonic
acid)

CF cosmos flowers

CFE cosmos flowers extract

DMSO dimethyl sulfoxide

DPPH  1,1-diphenyl-2-picrylhydrazyl

EDs the estimated dose for 50% reduction in oxidative
DNA damage

ICsg the concentration required for inhibiting 50% of
activity

PBS phosphate buffered saline

ROS reactive oxygen species

RP reducing power

RSA radical scavenging activity
TPC total phenolic contents
Introduction

Oxidative stress generated by ROS, such as hydroxyl
radicals and hydrogen peroxide, is thought to be implicated
in pathological conditions such as inflammation and cancer,
as well as neurodegenerative disorders [1]. Cells are
equipped with different kinds of mechanisms to combat
against ROS and to maintain the redox homeostasis of the
cell. For example, superoxide dismutase, catalase, and
glutathione play a critical role in neutralizing the free
radicals produced during cellular functions [2].

There has been an increased interest in identifying
antioxidant phytochemicals, because these molecules can
inhibit the propagation of free radical reactions, and protect
the human body from diseases [3]. An increasing number of
investigations have been carried out to find antioxidative
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materials, which not only prolong the shelf life of food
products but also participate as radical scavengers in living
organisms. As with other synthetic food additives, commer-
cial antioxidants have been criticized, mainly due to possible
toxic effect. Therefore, there is an increasing interest in the
antioxidative activity of natural compounds [4, 5].

Plants may contain phenolic compounds such as pheno-
lic acids, coumarins, flavonoids, stilbenes, tannins, lignins,
and lignans [6]. The antioxidant activity of phenolic
compounds is mainly due to their redox properties, which
allow them to act as reducing agents, hydrogen donators,
and singlet oxygen quenchers [7]. Cosmos is a genus within
the family Asteraceae. They are late-flowering annuals or
tuberous perennials. Cosmos are the most widely studied
species of the genus, and are generally considered to be
short-day plants [8]. Most of cosmos, including Cosmos
bipinnatus, are native to Mexico and the southwestern
USA. C. bipinnatus offers flowers of white, pink, violet, or
lavender color blooms. These plants can attain a height of 3
to 6 ft and have an open and sprawling habit. Finely cut and
thread-like simple leaves are pinnately cut into deep lobes
appearing compound [9]. The cosmos has been used in a
traditional herbal remedy for various diseases such as
jaundice, intermittent fever, and splenomegaly [10], and
triterpene alcohols such as helianol of cosmos were
reported to show anti-inflammatory activity [11]. Several
other studies have been investigated in the cosmos [12, 13],
however, there have been few reports regarding character-
istics and physiological activities of cosmos flowers. The
objective of this study was to evaluate the antioxidant and
antigenotoxic activity in methanolic extracts of cosmos
flowers according to various colors.

Materials and Methods
Material

Cosmos (Cosmos bipinnatus) flowers (CF) were collected
in early fall 2007 at rural district of Masan City, Korea.
DPPH, ABTS, and DMSO were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Folin—Ciocalteu
reagents were from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Hydrogen peroxide, sodium chloride,
sodium hydroxide, potassium chloride, and potassium
phosphate were also purchased from Sigma Chemical Co.
(St. Louis, MO). All the other organic solvents and
chemicals used were of analytical grade.

Preparation of Extracts from CF

Each 5 g of fresh CF were extracted with 100 ml of
methanol for overnight at room temperature and filtered
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through a Whatman no. 1 filter paper (Tokyo, Japan).
Solvents were then removed by evaporation in vacuo, and
the dried extracts were obtained. The solvent extracts from
CF were named as CFE. The CFE were then dissolved in
DMSO with concentration of 50 mg/ml for experiments,
and diluted with DMSO when needed.

TPC

TPC of CFE were determined according to the method of
Gutfinger [14]. Each CFE (1.0 ml) was mixed with 1.0 ml
of 2% Na,CO5 and added 0.2 ml of 50% Folin—Ciocalteu
reagent after standing for 5 min, and centrifuged at
13,400xg for 5 min after 30 min incubation at room
temperature. The absorbance was measured with a spectro-
photometer (Shimadzu UV-1601, Tokyo, Japan) at 750 nm.
TPC were expressed as gallic acid equivalents.

DPPH RSA

The DPPH RSA of CFE was determined according to the
method of Lee et al. [15]. After 0.1 ml of each
concentration of CFE had been mixed with 0.9 ml of
0.041 mM DPPH in ethanol for 10 min, the absorbance of
the sample was measured at 517 nm by a spectrophotom-
eter (Shimadzu UV-1601, Tokyo, Japan). RSA was
expressed as a percentage inhibition and it was calculated
by using the following formula:

DPPH RSA(%)=[1—(sample OD/control OD)] x 100

ABTS RSA

The ABTS RSA was evaluated with the method of Muller
[16]. The CFE (0.1 ml), potassium phosphate buffer
(0.1 ml, 0.1 M, pH 5.0) and hydrogen peroxide (20 ul,
10 mM) were mixed and incubated at 37 °C for 5 min.
After preincubation, ABTS (30 ul, 1.25 mM, in 0.05 M
phosphate-citrate buffer, pH 5.0) and peroxidase (30 pl,
1 IU/ml) were added to the mixture and then it was
incubated at 37 °C for 10 min. The absorbance level was
obtained with an enzyme-linked immunosorbent assay
reader (Sunrise RC/TS/TS Color-TC/TW/BC/6Filter, Tecan
Austria GmbH.) at 405 nm.

ABTS RSA(%)=[1—(sample OD/control OD)] x 100

RP

RP of CFE was determined according to the method of
Oyaizu [17]. CFE (1.0 ml), sodium phosphate buffer
(1.0 ml, 0.2 M, pH 6.6) and potassium ferricyanide
(1.0 ml, 10 mg/ml) were mixed and incubated at 50 °C
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for 20 min. Trichloroacetic acid (1.0 ml, 100 mg/ml) was
added to the mixture and centrifuged at 13,400xg for 5 min.
The supernatant (1.0 ml) was mixed with distilled water
(1.0 ml) and ferric chloride (0.1 ml, 1.0 mg/ml), and then its
absorbance was measured at 700 nm.

DNA Damage Determination by Alkaline Comet Assay

Leucocytes were isolated as a fraction of mononuclear cells
(containing lymphocytes and monocytes) from anonymous
buffy coat preserves by gradient centrifugation with
Histopaque-1077 (Sigma, Deisenhofen, Germany). Leu-
kocytes were incubated with methanol extracts of cosmos
dissolved in DMSO and diluted into concentrations 10, 50,
100, and 500 pg/ml for 30 min at 37 °C in a dark incubator.
For oxidative stimulus they were then resuspended in PBS
with 200 uM H,O, for 5 min on ice. After each treatment,
samples were centrifuged at 250xg for 5 min and washed
with PBS. 1% DMSO without oxidative stimulus was
treated for negative control. The leukocytes were then
mixed with 75 pl of 0.7% low melting agarose, and added
to the slides precoated with 0.5% agarose. The slide was
then immersed in lysis solution (2.5 M NaCl, 100 mM
EDTA, 10 mM Tris, and 1% sodium laurylasarcosine; 1%
Triton X-100 and 10% DMSO) for 1 h at 4 °C. The slides
were next placed into an electrophoresis tank containing
300 mM NaOH and 10 mM Na,EDTA (pH 13.0) for
40 min. For electrophoresis of the DNA, an electric current
of 25 V/300+3 mA was applied for 20 min at 4 °C. The
slides were washed three times with a neutralizing buffer
(0.4 M Tris, pH 7.5) for 5 min at 4 °C, and then treated with
ethanol for another 5 min before staining with 50 ul of
ethidium bromide (20 pg/ml). Measurements were made by
image analysis (Kinetic Imaging, Komet 4.0, UK) and
fluorescence microscope (Leica DMLB, Germany), deter-
mining the percentage of fluorescence in the tail (tail
intensity, TI; 50 cells from each of two replicate slides).

Statistical Analysis

All measurements were done in triplicate, and antioxidant
experimental values were expressed as means + standard
deviation. The data for Comet assay were the means of
three determinations and was analyzed using the SPSS
package for Windows (Ver. 12). The mean values of the
DNA damage (tail intensity) from each treatment were
compared using one-way analysis of variance (ANOVA)
followed by Duncan’s multiple range test. P value of less
than 0.05 was considered significant.

Results and Discussion
Antioxidant Activity of CFE

Polyphenolic compounds such as flavonoids and anthocya-
nins are of great interest for their radical scavenging
activity. Intake of dietary antioxidants that act as radical-
scavengers is expected to be effective in preventing many
diseases [18, 19]. TPC, DPPH RSA, ABTS RSA, and RP
of CFE are shown in Table 1. The TPC of each CFE at
concentration of 1 mg/ml were listed in Table 1. Violet CFE
(1012.93+£7.86 uM) had higher TPC values, while that of
white CFE (361.94+1.45 uM) showed the lowest value
among the studied. Radical scavengers were evaluated by
their reactivity toward a stable free radical, DPPH or
ABTS. The DPPH and ABTS systems have both been
commonly used to measure the total antioxidantive status of
various biological specimens because of their good repro-
ducibility and easy quality control [20, 21]. The highest
DPPH radical scavenging effect was detected in violet CFE
(IC50=0.61+£0.06 mg/ml, Table 1) followed by orange
(IC50=0.84+0.08 mg/ml), pink (IC50=1.45+£0.31 mg/ml),
and white CFE (ICs50=1.65+0.29 mg/ml). However, ICsq
values of ABTS RSA decreased in the following order:

Table 1 Total phenol contents (TPC), DPPH radical scavenging activity (RSA), ABTS radical scavenging activity (RSA), and reducing power
(RP) of extracts from various colored cosmos (Cosmos bipinnatus) flowers

Colors of cosmos flowers

White Pink Orange Violet
TPC (uM GAE) 361.94+1.45 404.37+7.66 612.21+3.34 1012.93+7.86
DPPH RSA (ICs0)* 1.65+0.29 1.45+£0.31 0.84+0.08 0.61+0.06
ABTS RSA (ICsp)* 1.82+0.17 1.93+0.48 4.27+1.20 1.48+0.07
RP (ICs)° 2.12+0.06 1.46+0.01 1.39+0.07 0.82+0.06

All measurements were done in triplicate, and all values are means + standard deviation.

GAE gallic acid equivalents
*ICso (mg/ml), concentration for scavenging 50% of DPPH radicals

®ICso (mg/ml), concentration for increasing 0.500 value in optical density
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violet > white > pink > orange CFE. The power of certain
antioxidants is associated with their reducing power (RP)
[22]. Duh [23] reported that the reducing properties of
antioxidants are generally related with the presence of
reductants. RP was the highest in violet CFE, and this order
of the RP showed similar trends to the DPPH RSA.

DPPH RSA and RP showed high positive relationship
with TPC of CFE. That means order of the amount of TPC
of CFE (violet > orange > pink > white) exactly coincided
with the order of DPPH and RSA. However, ABTS RSA
showed different pattern. Though violet CFE exhibited the
highest ABTS RSA, the other colored CFE presented
different order of ABTS RSA with that of TPC and DPPH
RSA. The antioxidant activities of some putative antiox-
idants have been attributed to various mechanisms such as
the prevention of chain initiation, the binding of transition
metal ion catalysts, the decomposition of peroxides, the
prevention of continued hydrogen abstraction and radical
scavenging [24]. Hence, there may not always be linear
correlation between antioxidant activities each other.

Oh et al. [25] reported antioxidant activities of two
(purple and white) different Wisteria floribunda flowers,
and there was no direct relationship between color and
antioxidant activity of the flowers. Cyanidins are major
pigment compounds responsible for the color of flowers
with biological activities including antioxidant and anti-
mutagenic activities [26]. However, it is difficult to deduce
direct proportion relation of the amount of cyanidins and
antioxidant activity because there are too many other
compounds in the extracts of flowers.

@ Springer

Protective Effect of Cosmos on Oxidative DNA Damage
in Human Leukocytes

The genotoxic effects of H,O, and the protective ability of
various CFE were assessed in normal human leukocytes by
the Comet assay (Fig. 1). The Comet assay, also known as
single cell gel electrophoresis assay has been used
successfully for evaluating DNA damage and has been
suggested as an excellent technique for use with biological
markers in the detection, monitoring, and prognosis of

Colors
white | 0.40
pink 0.55
orange [ 0.52
violet 1.08
1 1 1 1 1 1

00 02 04 06 08 10 12 14
ED50 (mg/ml)

Fig. 2 Comparison of the antigenotoxic activities of cosmos flowers
extract in human leukocytes in the Comet assay assessed by the
estimated dose that would result in a 50% reduction in oxidative DNA
damage (ED50) from 200 uM H,0,
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chronic degenerative disease including certain types of
cancer, diabetes and atherosclerosis [27]. The protective
effect of CFE increased as its concentration increases from
10 to 500 pg/ml. At concentration 500 pg/ml, all CFEs
except violet CFE, exhibited the greatest protective effect
on H,O, induced DNA damage which was no statistical
difference compared to DMSO treated negative control.
The possible mechanism by which CFE inhibited oxidative
DNA damage in human leukocytes can be ascribed to the
chemical structure of the phenolic compound contained in
CF. The phenolic compound in CF may act by providing
hydrogen atoms from their phenolic hydroxyl groups to
scavenge hydroxyl radical generated from hydrogen perox-
ide. The protective effect of polyphenolic compounds
(tannic, ellagic, and gallic acid) on oxidative DNA damage
measured by Comet assay has been demonstrated by
Labieniec and Gabryelak [28].

The concentrations of CFE that would produce 50%
reduction in DNA damage in estimated from the regression
equations were, in decreasing order of efficacy, white
(40.2 pg/ml), orange (51.8 pg/ml), pink (55.1 pg/ml), and
violet (107.6 ng/ml; Fig. 2). Although violet CFE might be
expected to be more effective in inhibiting oxidative DNA
damage than other colors CFE due to having high TPC,
DPPH RSA, ABTS RSA, and RP, white CFE has shown
the highest inhibition of cellular DNA damage induced by
H>0,. These results are in concordance with the results of
Rim et al. [29] who reported that leaves of Akebia quinata
was higher in inhibiting of oxidative DNA damage, despite
of having lower concentration of total phenol and weaker
antioxidant activities than flowers of Akebia quinata. 1t is
suggested that extract of white CFE might contain other
possible antigenotoxic agents compared to that of violet CFE.
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