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Abstract - The antioxidant enzyme and DPPH radical scavenging activity with variations in drying methods of diploid and
tetraploid in Platycodon grandiflorum were determined. Antioxidant enzyme activities were measured as superoxide
dismutase (SOD), catalase (CAT), peroxidase (POX), and ascorbate peroxidase (APX). The roots of Platycodon
grandiflorum were freeze-dried, indoor-dried, hot-air dried, and microwave dried. The root extract of P. grandiflorum have
shown the highest SOD enzyme activity of 92% in tetraploid of freeze-dried and indoor-dried while diploid of microwave
dried showed the lowest SOD enzyme activity of 47.5%. The activity of CAT showed higher values in the root of tetraploid
than in the diploid of P. grandiflorum in all drying methods. The APX activity showed relatively higher values in the root
extract of freeze-dried both the diploid and tetraploid, but the difference in comparison with other extracts was not
significant. The POX activities according to drying methods of diploid and tetraploid in P. grandiflorum showed relatively
high values in freeze-dried and indoor-dried compared with other drying methods, and the POX activity between the diploid
and tetraploid was not significant difference in each drying method. The DPPH radical scavenging activity with variation in
drying methods of diploid and tetraploid in P. grandiflorum was the highest in the freeze-dried, and was higher in tetraploid
than diploid in all the concentrations. In conclusion, the root of P. grandiflorum had the potent biological activities in both
diploid and tetraploid. In particular, the tetraploid root of P. grandiflorum showing high antioxidant enzyme activity could
be good materials for development of source of functional healthy food.
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Introduction

Platycodon grandiflorum is a perennial flowering plant
belonging to the family Campanulaceae and is grown
commercially in East Asia. Roots of P. grandiflorum have
been used as a traditional oriental medicine and food for
bronchial asthma, hepatic fibrosis, bone disorders (Lee et al.,
2004; Choi et al., 2009; Jeong et al., 2010; Lee, 1973), hyper-
cholesterolemia and hyperlipidemia (Kim et al., 1995). Roots
of P. grandiflorum containing triterpenoid saponin, inulin,

phytosterin, platycidinin, proteins, lipids, carbohydrates,
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iron, and fibers are similar to the ginseng roots and are being
cultivated for food or medicine material. Recent studies
indicate that platycodins are one of the most essential
functional components in P. grandiflorum in terms of the
inhibition of pancreatic lipase (Zhao and Kim, 2004),
cholesterol lowering, and antiobesity effects (Zhao et al.,
2006). P. grandiflorum is well known to affect various
pharmacological effects for human health and its consumption
is increasing. In order to develop functional products using
the physiological functionality of P. grandiflorum is needed a
mass production of natural materials and the breeding of
superior varieties. The creating of giant P. grandiflorum by

the polyploidy breeding method can maximize its effects.
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The polyploidy breeding method in plants is a way to increase
radically the emergence of new useful traits and the quantity
by polyploidy obtained through quantitative doubling of the
genome, which is a set of chromosomes. Polyploids, although
frequently encounter low seed setting rates or complete
sterility (Lewis, 1980), usually show larger organ size and
superior cold tolerance (Kato and Birchler, 2006). For
medicinal plants, polyploidy may increase the amounts of
secondary metabolites (Thao et al., 2003) which functional
compounds are accumulated in the vegetative parts such as
purple coneflower (Gao et al., 1996; Nilanthi et al., 2009). So
polyploidy breeding is an effective approach of germplasm
development for medicinal plants. Methods using colchinine
for polyploidy induction are common for a wide range of
plant species (Luckett, 1989; Ishizaka and Uematsu, 1994;
Pinheiro et al., 2000; Petersen et al., 2003; liu et al., 2007).
Some reports were presented that the tetraploid induction of
P. grandiflorum by colchicine treatment have also been
available for breeding (Kim et al, 2003; Wang et al., 2006;
Wu et al., 2011). Recently, plant and plant-derived products
are treated a part of the healthcare system by applying the
bioactive phytochemicals. Antioxidant compounds in food
play an important role as a health-protecting factor. Most of
the antioxidant compounds in a typical diet are derived from
plant sources and belong to various classes of compounds
with a wide variety of physical and chemical properties. The
main characteristic of an antioxidant is its ability to eliminate
free radicals. Highly reactive free radicals and oxygen species
are present in biological systems from a wide variety of
sources. Plant have antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT), peroxidase (POD), and
ascorbate peroxidase (APX) against ROS (reactive oxygen
species) (Zhou et al., 2005). The production of activated
oxygen species occurs when plants are subjected to stress
conditions (Dionisio-Sese and Tobita, 1998). Both enzymatic
and nonenzymatic antioxidant systems are present in plants.
Superoxide radicals are detoxified by SOD and hydrogen
peroxide is destroyed by CAT and different kinds of
peroxidases (Kang and Saltveit, 2002). A major hydrogen
peroxide-detoxifying system in plant is the ascorbategluta-
thione cycle that includes APX and glutathione reductase
(GR) (Asada, 1994). It is now widely accepted that reactive

oxygen species (ROS) are responsible for various stress-
induced damage to macromolecules and ultimately to cellular
structure (Moftah and Michel, 1987; Kandpal et al., 1981),
and needs to be scavenged for maintenance of normal growth.
Ascorbate peroxidase, catalase and peroxidase, together with
low-molecular mass scavengers such as ascorbate, glutathione
and proline, act as the main defense against ROS produced in
various parts of plant cells (Apel and Hirt. 2004). The induc-
tion of ROS-scavenging enzymes, such as SOD, POXs and
CAT, is the most common mechanism for detoxifying ROS
synthesized during stress responses (Wojtaszek, 1997; Mittler,
2002). The objective of this study was conducted to obtain
tetraploid to have higher contents of pharmaceutical con-
stituents as well as higher yield in P. grandiflorum by
colchicine treatment, and their antioxidant activity and the
antioxidative defence system enzymes SOD, CAT, APX and
POD were compared with diploid.

Materials and Methods

Plant material

The diploid plant of Platycodon grandiflorum was grown
in Geumsan county, Chungcheong province and purchased
from local market. Tetraploid plants were provided by the
cooperative research laboratory of this study, Chungbuk
National University. Root samples were freeze-dried, indoor-
dried, hot-air dried, and microwave dried and then ground.

Each sample powder was stored at 20 C for experiments.

Induction of tetraploid

Tetraploid mutants were induced in a similar method to the
procedure described by Kim et al. (2003). The colchicine
treatment on seedlings were performed at the time of
cotyledon emergence. After the treatment, seedlings were
washed 3~4 times with distilled water and planted on 12cm
pots containing of equal volume of perlite and coarse sand.
Survival rate and chromosome numbers were counted 30
days after transplanting. After 4 months, measurement of
stomates and morphological characters were made. To induce
polyploids in adult plants, growing points were covered with
cotton balls and sprayed with concentration of 0.05%

colchicines solution 3 times a day for 3 days. The ploidy level
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of Platycodon grandiflorum was estimated chromosome
counting of root tips from obtained mutants by morphological

characteristics.

Assay of antioxidant enzyme

SOD activity

The superoxide dismutase (SOD) activity was measured
using SOD assay Kit-WST purchased from Sigma-Aldrich
(Sigma-Aldrich Co., Japan). This assay is based on the
colorimetric assay for the measurement of total antioxidant
capacity of crude aqueous fractions. The 60 pL of sample
solution (sample and blank2) or doubledistilled water (blank1
and blank3) was mixed with 600 uL of WST working
solution. For Blank2 and Blank3, 60 uL of dilution buffer
was added. Then, 60 L of enzyme working solution was
added to each sample and blank1. The plate was incubated at
37°C for 20 min, and the OD (Optical density) was determined
at 450 nm using a spectrophotometer (Biochrom Co., England).
SOD activity (inhibition rate percent) was calculated using

the following equation:

SOD activity={[(Ablank 1-Ablank3)-(Asample- Ablank2)]/
(Ablank 1-Ablank3)}x100.

CAT activity

Catalase (CAT) activity was assayed by the method of
Mishra et al. (1993). The reaction mixture contained 50 mM
potassium phosphate buffer (pH 7.0), 11 mM H,O,, and the
crude enzyme extract. The reaction was initiated by addition
of H,O, to the mixture, and enzyme activity was determined
by monitoring the decline in absorbance at 240 nm (e=36 M

-1 .
cm’ ), because of H,O, consumption.

APX activity

Ascorbate peroxidase (APX) activity was determined by
monitoring the decline of absorbance at 290 nm as ascorbate
(e=2.8 mM” cm'l) was oxidized, by the method of Chen and
Asada (1989). The reaction mixture contained 100 mM
potassium phosphate buffer (pH 7.5), 0.5 mM ascorbate, and
0.2 mM H,0,.

POX activity

Peroxidase (POX) activity was determined specifically

with guaiacol at 470 nm (e=26.6 mM” cm'l), following the
method of Egley et al. (1983). The reaction mixture contained
40 mM potassium phosphate buffer (pH 6.9), 1.5 mM
guaiacol, and 6.5 mM H,0O; in 1 ml with crude enzyme
extract. Control assays in which the enzyme extracts or

substrates were replaced by buffer were performed.

Assay of DPPH radical scavenging rate

100 uL of various concentrations (100, 250, 500, 1000,
2500, 5000 and 10000 mg L) of extracts of diploid and
tetraploid in Platycodon grandiflorum were added to 900 uL
of 100% methanol containing 100 uM DPPH, and the
reaction mixture was shaken for 5 min in the slight vortex.
Leaving room temperature for 30 min under darkness, the
absorbance of DPPH was determined by spectrophotometer
at 517 nm. The DPPH radical scavenging activity was
calculated according to the following equation: Scavenging
effect on DPPH radical (%) = [(A-B)/A] x 100, Where A is
the absorbance at 517 nm without pigment compositions and
B is the change in absorbance at 517 nm with pigment

compositions incubation (Brand-Williams et al., 1995).

Data analysis

The statistical analysis was performed using the procedures
of the Statistical Analysis System. ANOVA procedure
followed by Duncan Multiple Range Test was used to
determine the significant difference at p < 0.05, 0.001 highly

significant.

Results and Discussion

Antioxidant enzyme activity

This study shows that the plants induced polyploidy
mutants can be achieved the activities of SOD, CAT, APX,
and POX. The comparative results of the antioxidant enzyme
activity in different drying methods of diploid and tetraploid
in P. grandiflorum plants are shown in figure 1~4. The root
extract of P. grandiflorum had the highest SOD enzyme
activity of 92% in tetraploid of freeze-dried and indoor-dried
while diploid of microwave dried showed the lowest SOD
enzyme activity of 47.5% (Figure 1). The activity of CAT

showed higher values in the root of tetraploid than in the
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Fig. 1. SOD activities according to drying methods of diploid
and tetraploid in Platycodon grandiflorum. Asterisk indicates
a significant difference between diploid and tetraploid at
*p<0.05, **p<0.01, ***p<0.001 level. The bars represent the
standard error. NS: not significant. FD: freeze dried, ID:
indoor dried, HD: hot air dried, MD: microwave dried.
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Fig. 2. CAT activities according to drying methods of diploid
and tetraploid in Platycodon grandiflorum. Asterisk indicates
a significant difference between diploid and tetraploid at
*p<0.05, **p<0.01, ***p<0.001 level. The bars represent the
standard error. NS: not significant. FD: freeze dried, ID:
indoor dried, HD: hot air dried, MD: microwave dried.

diploid of P. grandiflorum in all drying methods (Figure 2).
The APX activity showed relatively higher values in the root
extract of freeze-dried both the diploid and tetraploid, but the
difference in comparison with other extracts was not
significant (Figure 3). The POX activities according to drying
methods of diploid and tetraploid in P. grandiflorum showed
relatively high values in freeze-dried and indoor-dried

compared with other drying methods, and the POX activity
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Fig. 3. APX activities according to drying methods of diploid
and tetraploid in Platycodon grandiflorum. The bars represent
the standard error. NS: not significant. FD: freeze-dried, ID:
indoor-dried, HD: hot-air dried, MD: microwave dried.
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Fig. 4. POX activities according to drying methods of diploid
and tetraploid in Platycodon grandiflorum. The bars represent
the standard error. NS: not significant. FD: freeze-dried, ID:
indoor dried, HD: hot-air dried, MD: microwave dried.

between the diploid and tetraploid was not significant
difference in each drying method (Figure 4). Significant roles
of POX have been suggested in plant development processes
(Gaspar et al., 1985), which was involved in scavenging of
H,0; produced in chloroplasts (Asish and Anath, 2005). The
antioxidant enzyme activities differ significantly in different
plants. The SOD is one of the enzymes, in vivo, to catalyze
the reaction that converts the harmful reduced oxygen formed
in cell due to rancidity into hydrogen peroxide; is generated
in most aerobic or anaerobic biological organisms; is
switched to water and oxygen by the CAT and APX, and
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loses then its toxicity. In other words, the SOD and APX
enzymes of the cellular antioxidative system involved in
H,0, metabolism; SOD, which catalyses the disproportiona-
tion of Oy radicals into H,O, and molecular oxygen, and
APX, an enzyme that scavenges H,O> (Bonnet ef al., 2000).
Typically, the APX plays the most important scavenger role
in the cytoplasm and chloroplasts of plants, and ascorbic acid
is used as a reduction substrate (Wheeler et al., 1998). APX
activity, which is important component of the antioxidant
system, plays a key role in eliminating H>O» molecules and in
the modulation of its steady-state levels in various plant
subcellular compartments (Najami et al., 2008). The CAT is
also an antioxidant enzyme that protects cells by dispatching
of in vivo harmful oxygen and is a typical enzyme that acts to
decompose and scavenge the H,O, together with APX. In this
study, we are considered that relatively high antioxidant
enzyme activity in the tetraploid of P. grandiflorum is
influenced by providing some stress on plant under forced
polyploidy induction. The antioxidant enzymes, indicating a
high activity to remove harmful free radicals, have the effect
of prevention and inhibition of various diseases and aging. In
the tetraploid of P. grandiflorum, we can also expect to see
these benefits for the next variety of natural foods and
cosmetics where the need to apply functional substances may
also be required. That is, with this study, in a variety of
resource plants, we can sure to take advantage of their higher

value as valuable materials of healthy functional foods, as

they showed higher antioxidant enzyme activity. In conclu-
sion, we have showed that the root of P. grandiflorum had the
potent biological activities in both diploid and tetraploid. In
particular, the tetraploid root of P. grandiflorum showing
high antioxidant enzyme activity could be good materials for

development of source of functional healthy food.

DPPH radical scavenging activity

The investigation of the antioxidant activity of natural
substances is based on the measuring of the electron donor
capacity of DPPH with the ability to inhibit the oxidation by
donating electrons in free radicals causing this lipid peroxida-
tion (Boo ef al,, 2012), that is, free radical are known to be a
major factor in biological damages, and DPPH has been used
to evaluate the free radical-scavenging activity of natural
antioxidants (Yokozawa et al., 1998; Zhu et al, 2001).
Active oxygen caused by in vivo metabolism removed by the
body's antioxidant system, but excessive free radicals induced
stress, causing the lipid peroxidation by combining with
unsaturated fatty acids in the cell membrane, and brought
intracellular structural and functional damage. The measure-
ment results of free radical scavenging activity at seven
different concentrations, 100, 250, 500, 1000, 2500, 5000 and
10000 mg/L are shown in Table 1. The DPPH radical
scavenging activity with variation in drying methods of
diploid and tetraploid in P. grandiflorum was the highest in
the freeze-dried, and was higher in tetraploid than diploid in

Table 1. DPPH radical scavenging activities according to drying methods of diploid and tetraploid in Platycodon gradinflorum

DPPH radical scavenging activity, % of control

Plant ricrtyhl:(i Concentration (mg/L)
100 250 500 1000 2500 5000 10000

FD 10.0+0.64" 10.540.51°  11.3+0.32°  12.14029°  16.040.75"  21.4+191°  33.3+1.66"
o ID 9.8+0.45° 10.1£0.68"  10.9+0.51*  11.240.24*  13.3+0.85"  17.120.77°  29.5+1.35™
Diploid HD 9.7+0.18" 1024024 10.6+0.62°  11.3+0.10°  13.6+037°  17.240.94°  28.2+1.86
MD 8.9+0.47" 10.0+0.24°  10.8+0.17°  11.740.20°  14.2+0.53®  18.4+1.13®  29.6+0.98"
FD 10.6+0.88" 104£0.72°  10.8+0.98"  12.1£026"  16.1£0.60"  222+1.04"  35.2+0.87"
_ D 10.4+0.79" 10.540.56°  10.940.79°  11.140.73"  14.9+021° 18.9+1.41® 31.5+1.21®
Tetraploid 10.140.43° 102£0.40"  10.7£0.40"  11.7+029"  13.3+0.98"  18.8+1.63"  32.2+1.86"
MD 9.2+0.55" 102+0.12°  10.7£0.72°  11.6£0.73"  14.7+129°  19.8+2.11°  31.6+3.22%

“Data represent the mean values+SE of three independent experiments. Means with the same letter in column are not significantly different
at p<0.05 level by Duncan’s multiple range test. FD: freeze-dried, ID: indoor-dried, HD: hot-air dried, MD: microwave dried.
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all the concentrations. Overall, the DPPH radical scavenging
activity showed that the increase was proportional to the
concentration. Cells are oxidized and damaged by the free
radical, depending on the growth of cells. It has been reported
that saponin components of P. grandiflorum have antioxidant
capacity to inhibit the oxidation by donating electrons to the
free radical due to strong reduction (Fu et al, 2009; Kim et
al., 2010; Ryu et al., 2012). In this study, the DPPH radical
scavenging activity appeared to concentration dependent, and
depending on the polyploid of plants, there were significant
differences between tetraploid and diploid. Therefore further
study is needed to require about tetraploid characterization to
compare functional components between obtained tetraploid
and diploid for P. grandiflorum. The effective source of the
tetraploid plants including P. grandiflorum could be employed
in all medicinal preparation to combat myriad diseases

associated with oxidative stress.

Acknowledgement

This research was supported by High Value-added Food
Technology Development Program of IPET, Ministry of
Agriculture, Food and Rural Affairs, Republic of Korea.

Literature Cited

Apel, K. and H. Hirt. 2004. Reactive oxygen species: Metabol-
ism, oxidative stress, and signal transduction. Annu. Rev.
Plant Biol. 5:373-99.

Asada, K. 1994. Production and action of active oxygen species
in photosynthetic tissues. /n Foyer, C.H. and P.M. Mullineaux
(eds.), Causes of Photooxidative Stress and Amelioration of
Defense Systems in Plants. CRC Press, London, England.
pp.77-105.

Asish, K.P. and B.D. Anath. 2005. Salt tolerance and salinity
effects on plants. A review Ecotoxicol. Environ. Saf. 60: 324
-349.

Bonnet, M., O. Camares and P. Veisseire. 2000. Effects of zinc
and influence of Acremonium lolii on growth parameters,
chlorophyll a fluorescence and antioxidant enzyme activities
of ryegrass (Lolium perenne L. cv Apollo). J. Exp. Bot.
51(346):945-953.

Boo, H.O., J.H. Shin, J.S. Shin, E.S. Choung, M.A. Bang, K.M.

Choi and W.S. Song. 2012. Assessment on antioxidant
potential and enzyme activity of some economic resource
plants. Korean J. Plant Res. 25(3):349-356.

Brand-Williams, W., MLE. Cuvelier and C. Berset. 1995. Use of
a free radical method to evaluate antioxidant activity. Food
Sci. Tech. 28:25-30.

Chen, G.X. and K. Asada. 1989. Ascorbate peroxidase in tea
leaves: occurrence of two isozymes and the differences in
their enzymatic and molecular properties. Plant Cell Physiol.
30:987-998.

Choi, J.H., Y.P. Hwang, H.S. Lee and H.G. Jeong. 2009.
Inhibitory effect of Platycodi Radix on ovalbumin-induced
airway inflammation in a murine model of asthma. Food
Chem. Toxicol. 47:1272-1279.

Dionisio-Sese, M.L. and S. Tobita. 1998. Antioxidant responses
of rice seedlings to salinity stress. Plant Sci. 135:1-9.

Egley, G.H., R.N. Paul, K.C. Vaughn and S.O. Duke. 1983.
Role of peroxidase in the development of water-impermeable
seed coats in Sida spinos L. Planta 157:224-232.

Fu, X.J., H.B. Liu, P. Wang and H.S. Guan. 2009. A study on
the antioxidant activity and tissues selective inhibition of
lipid peroxidation by saponins from the roots of Platycodon
grandiflorum. Am. J. Chin. Med. 37(5):967-975.

Gao, S.L., DN. Zhu, Z.H. Cai and D.R. Xu. 1996. Auto-
tetraploid plants from colchicine-treated bud culture of Salvia
miltiorvhiza Bge. Plant Cell Tiss. Org. Cult. 47( 1):73-77.

Gaspar, T., C. Penel, F.J. Castillo and H. Greppin. 1985. A two
step control of basic and acid peroxidases and its significance
for growth and development. Plant Physiol. 64:418-423.

Ishizaka, H. and J. Uematau. 1994. Amphidiploids between
Cyclamen persicum Mill. and C. hederifolium Aiton induced
through colchicine treatment of ovules in vitro and plants.
Breed. Sci. 44:161-166.

Jeong H.M., E.H. Han, Y H. Jin, Y.P. Hwang, H.G. Kim, B.H.
Park, J.Y. Kim, Y.C. Chung, K.Y. Lee and H.G. Jeong. 2010.
Saponins from the roots of Platycodon grandiflorum
stimulate osteoblast differentiation via p38 MAPK- and
ERK- dependent RUNX2 activation. Food Chem. Toxicol.
48:3362-3368.

Kandpal, R.P., C.S. Vaidyanathan, M. Udaykumar, K.S.
Krishnasastry and N. Appaji-Rao. 1981. Alternation in the
activities of the enzyme of proline metabolism in ragi
(Eleusine coracane) leaves during water stress. J. Biosci.
3:361-369.

Kang, HM. and M.E. Saltveit. 2002. Chilling tolerance of

-394 -



Comparative Antioxidant Enzyme Activity of Diploid and Tetraploid Platycodon grandiflorum by Different Drying Methods

maize, cucumber and rice seedling leaves and roots are
differentially affected by salicylic acid. Physiol. Plant.
115:571-576.

Kata, A. and J.A. Birchler. 2006. Induction of tetraploid
derivatives of maize inbred lines by nitrous oxide gas
treatment. J. Hered. 97(1):39-44.

Kim, C.H., B.Y. Jung, S.K. Jung, C.H. Lee, H.S. Lee, B.H. Kim
and S K. Kim. 2010. Evaluation of antioxidant activity of
Platycodon grandiflorum. J. Environ. Toxicol. 25(1):85-94.

Kim, I. K., H. H. Kim, E. Y. Hong, J. S. Yun, T. Yun, J. K.
Hwang and C. H. Lee. 2003. Breeding of tetraploid in
Platycodon grandiflorum (Jacq.) A. DC. by colchicine
treatment. Korean J. Plant Res. 6(3):188-194.

Kim, LK., H.H. Kim, E.Y. Hong, J.S. Yun, T. Yun, J.K. Hwang
and CH. Lee. 2003. Trautvetter by colchicine treatment.
Korean J. Plant Res. 6(3):227-232.

Kim, K.S., O. Ezaki, S. Ikemoto and H. Itakura. 1995. Effects
of Platycodon grandiflorum feeding on serum and liver lipid
concentrations in rats with diet-induced hyperlipidemia. J.
Nutr. Sci. Vitaminol. 41:485-491.

Lee. E.B. 1973. Pharmacological studies on Platycodon
grandiflorum A. DC. IV. A comparison of experimental
pharmacological effects of crude platycodin with clinical
indications of Platycodi Radix. Yakugaku Zasshi 93:1188-
1194.

Lee, K.J., 1.Y. Kim, K.S. Jung, C.Y. Choi, Y.C. Chung, D.H.
Kim and H.G. Jeong. 2004. Suppressive effects of Platycodon
grandiflorum on the progress of carbon tetrachloride-
induced hepatic fibrosis. Arch. Pharm. Res. 27:1238-1244.

Lewis, W.H. 1980. Ploidy: Biological Relevance. Plenum,
NewYork, USA.

Liu, G., Z. Li and M. Bao. 2007. Colchicine-induced chro-
mosome doubling in Platanus acerifolia and its effect on
plant morphology. Euphytica 157(1-2):145-154.

Luckett, D.J. 1989. Colchicine mutagenesis is associated with
substantial heritable variation in cotton. Euphytica 42( 1-
2):177-182.

Mishra, N.P., R.K. Mishra and G.S. Singhal. 1993. Changes in
the activities of anti-oxidant enzymes during exposure of
intact wheat leaves to strong visible light at different tempera-
tures in the presence of protein synthesis inhibitors. Plant
Physiol. 102:903-910.

Mittler, R. 2002. Oxidative stress, antioxidants and stress
tolerance. Trends Plant Sci. 7:405-410.

Moftah, A.H. and B.E. Michel. 1987. The effect of sodium

chloride on solute potential and proline accumulation in
soybean leaves. Plant Physiol. 83:238-240.

Najami, N., J. Tibor, W. Barriah, G. Kayam, T. Moshe, M. Guy
and M. Volokita. 2008. Ascorbate peroxidase gene family in
tomato: its identification and characterization. Mol. Genet.
Genom. 279:171-182.

Petersen, K.K., P. Hagberg and K. Kristiansenk. 2003.
Colchicine and oryzalin mediated chromosome doubling in
different genotypes of Miscanthus sinensis. Plant Cell Tiss.
Org. Cult. 73(2):137-146.

Pinheiro, A.A., M.T. Pozzobon, C.B. Do Valle, M.I1.O. Penteado
and V.T.C. Carneiro. 2000. Duplication of the chromosome
number of diploid Brachiaria brizantha plants using colchicine.
Plant Cell Rep. 19(3):274-278.

Ryu, C.S., C.H. Kim, S.Y. Lee, K.S. Lee, K.J. Choung, G.Y.
Song, B.H. Kim, S.Y. Ryu, H.S. Lee and S.K. Kim. 2012.
Evaluation of the total oxidant scavenging capacity of
saponins isolated from Platycodon grandiflorum. Food
Chemistry 132(1):333-337.

Thao, N.T.P., K. Ureshino, I. Miyajima, Y. Ozaki and H.
Okubo. 2003. Induction of tetraploids in ornamental Alocasia
through colchicine and oryzalin treatments. Plant Cell Tiss.
Org. Cult. 72:19-25.

Wang, X.H., L. Xiong, Y.H. Qu, J. Yang and Z.J. Gu. 2006. The
polyploidy induction and identification of Platycodon
grandiflorus (Campanulaceae) in China. Acta Botanica
Yunnanica 28(6):593-598.

Wheeler, G.L., M.A. Jones and N. Smirnoff. 1998. The
biosynthetic pathway of vitamin C in higher plants. Nature
393:363-369.

Wojtaszek, P. 1997. Oxidative burst: an early plant response to
pathogen infection. Biochem. J. 322:681-692.

Wu, Y., F. Yang, X. Zhao and W. Yang. 2011. Identification of
tetraploid mutants of Platycodon grandiflorus by colchicines
induction. Caryologia 64(3):343-349.

Yokozawa, T., C. P. Chen, E. Dong, T. Tanaka, G.I. Nonaka
and I. Nishioka. 1998. Study on the inhibitory effect of
tannins and flavonoids against the 1,1-diphenyl-2-picrylhy-
drazyl radical. Biochem. Pharm. 56:213-222.

Zhao, H.L., K.H. Cho, Y.W. Ha, T.S. Jeong, W.S. Lee and Y.S.
Kim. 2006. Cholesterol lowering effect of platycodin D in
hyper cholesterolemic ICR mice. Eur. J. Pharm. 537:166-
173.

Zhao, H.L. and Y.S. Kim. 2004. Determination of the kinetic

properties of platycodin D for the inhibition of pancreatic

-395-



Korean J. Plant Res. 26(3) : 389~396 (2013)

lipase using a 1, 2 — diglyceride based colorimetric assay. Zhu, N., M. Wang, G.J. Wei, J.K. Lin, C.S. Yang and C.T. Ho.

Archives of Pharmacal Research 27:1048-1052. 2001. Identification of reaction products of (-)-epigallo-
Zhou, B.Y., Z.F. Guo and Z.L. Liu. 2005. Effects of abscisic catechin, (-)-epigallocatechin gallate and pyrogallol with 2,2-
acid on antioxidant systems of Stylosanthes guianensis diphenyl-1- picrylhydrazyl radical. Food Chem. 73:345-349.

(Aublet) Sw. under chilling stress. Crop Sci. 45:599-605.

(Received 10 June 2013 ; Revised 18 June 2013 ; Accepted 18 June 2013)

-396 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


