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ABSTRACT

Two species of Calystegia, C. soldanella and C. japonica which both are vine perennials belong to Convolvulaceae
habituated in extremely different environment. In order to elucidate the effect of flavonoids to tolerate environmental
stress we chose a sand-dune plant C. soldanella, under unfavorable conditions such as nutrients deficiency, strong ir-
radiance, and broad differences of temperature during day and night and compared this plant with C. japonica habitu-
ated under mild environment. Several kinds of flavonoids were found in both plants. Especially, quercetin glycosides
and kaempferol glycosides were found as major flavonols in both plants. In C. soldanella, kaempferol 3-O-galacto-
sidee-7-O-glucoside, kaempferol 3-O-digalactoside-7-O-glucoside, kaempferol 3-O-galactoside-7-O-galactoside and
4’-hydroxyflavone 7-O-glucoside were found. While in C. japonica, quercetin 3-O-galactoside 7-O-glucuronide, que-
rcetin 3,7-O-digalactoside and kaempferol 3-O-galactoside 7-O-glucoside were found. Also, kaempferol glycoside was
a major flavonol in C. soldanella, in contrast to quercetin glycoside as major flavonol in C. japonica. The content of
total phenolic compounds was similar in two species but the content of total flavonoid compounds was higher by 1.5

times in C. japonica than that of C. soldanella.
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1. Introduction

The genus Calystegia (Convolvulaceae) contains a large
number of species widely distributed in the world. Among
them, we selected two species; C. soldanella (sea bells)
and C. japonica (California rose) which are very related
but have different ecological niche. C. soldanella is en-
demic plants living in the coastal sand dunes [1]. On the
other hand, C. japonica has cosmopolitan distribution in
temperate and subtropical regions. This plant was used as
sources of the pharmacopoeial activities such as anti-
septic, antioxidant, antipyretic, diuretic, cholagogic and
antihaemorrhagic activity, has been found to contain
some flavonoids [2,3].

Flavonoids are widely distributed in plants fulfilling
many functions. Those are the most common group of
polyphenolic compounds in the human diet and are found
ubiquitously in plants. The basic flavonoid structure is
the flavan nucleus, which consist of 15 carbon atoms
arranged in three rings (C¢-C;-Cg). They are antioxidants,
phytoalexins and UV protectors [4-7]. The range and
structural complexity of flavonoids have led to their sub
classification as flavones, flavonols, flavanones, isofla-
vones and anthocyanins [8]. While flavones and fla-
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vonols in many plant families and anthocyanins are al-
most absent in flavanon-rich plants [9,10]. The flavonols
quercetin, kaempferol, and their glycosides are constitu-
ents of the beverages green and black teas and red wine
[10].

Flavonoids are a particularly interesting group of phe-
nolic substances in connection with the investigation of
the high-sunlight response. However, the UV-protective
efficiency of phenolic “sunscreens” induced in the course
of adaptation to high sunlight under natural conditions is
still uncertain in many cases [11].

In this study, we extracted flavonoids from leaves and
stems, and compared their profiles between C. soldanella
and C. japonica. Also we measured the contents of total
phenolic compounds and total flavonoid compounds, to
see correlation between environmental status and accu-
mulation of these compounds.

2. Materials and Methods
2.1. Plant Material

Mature leaves and stems of C. soldanella was harvested
in July to September 2007 and 2008 in the coast of Sin-
duri in Taean, and of C. japonica was collected in same
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months and years in the Dankook University of Cheonan,
Korea. And all samples were immediately freeze-dried
and stored at —70°C until to use.

2.2. Chemicals

Rutin and quercetin were purchased from Sigma Chemi-
cal Co. All solvents used for extraction and high per-
formance liquid chromatography (HPLC) analysis were
obtained from Duksan pure chemicals (Ansansi, Kyung-
kido, Korea) and Merck (Darmstadt, Germany). HPLC-
grade water was prepared by redistillation.

2.3. Preparation of Crude Flavonoid Extracts

Freeze-dried leaves and stems (20 g of samples) were
ground at high speed in a blender and extracted with 85%
aqueous methanol at room temperature overnight, two
times. Afterward, the slurry was filtered through What-
man No. 1 filter paper in a Buchner funnel. And the re-
sidue was re-extracted with 50% aqueous methanol at
room temperature overnight. The methanol extract was
evaporated under reduced pressure, then the crude extract
was separated with chloroform into chlorophyll and fla-
vonoid portions, and the residual supernatant was washed
with ethyl acetate. The extracts were re-evaporated and
stored at —4°C.

2.4. Apparatus

For the HPLC analysis, we used the Shimazu Model
(Class-VP) UV dual pump system (Japan) and a 7.8 mm
x 30 cm Waters semi-preparative N-Bondapak C-18 Co-
lumn (USA). The detection wavelength was set at 254
nm. Absolute retention times were measured. Rutin was
used as an internal standard.

2.5. Separation and Analysis of Flavonoids

HPLC method was one proposed by Moon and Park [12].
Condition for the phase included the following: pump A,
acetonitrile; pump B, 2% acetic acid; with a gradient
elution for 27 min per cycle. A 20 ul sample of each fla-
vonoid solution from the one-dimensional PC was in-
jected into a column. All solvent were HPLC grade and
filtered and degassed before use. The preliminary analy-
sis of the flavonoid extracts employed two-dimensional
TLC (thin layer chromatography). The extracts of each
species were spotted on cellulose TLC plate (Merck, 20
cm x 20 cm), and the chromatograms were developed in
TBA (tertiary-buthanol: acetic acid: water = 3:1:1, v/v/v)
and 15% aqueous acetic acid. The flavonoid profiles
were viewed under the UV light, and Ry values were re-
corded. The purified flavonoids were identified through a
combination of UV spectrophotometer, HPLC and TLC,
as described by Markham [13] and Harborne [14].
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2.6. Determination of Total Phenolic Contents

Samples were analyzed spectrophotometrically for the
contents of total phenolic using a modified Folin-Cio-
calteu colorimetric method [15,16]. One g of freeze-dried
leaves and stems of two species were extracted with 80%
methanol overnight at room temperature. They were cen-
trifuged at 5000 rpm for 60 minutes, and then discarded
the supernatants. That pellet was incubated with metha-
nol. 100 pl of methanol extracts was mixed with 100 ul
of 50% Folin-Ciocalteu, 200 ul of 10% Na,CO; and 800
ul of D.W. The mixtures were measured at 760 nm after
centrifuge at 12,000 rpm for 10 minutes. Tannic acid was
used as a standard and total phenolics were expressed as
ug/g tannic acid equivalent.

2.7. Determination of Total Flavonoid Contents

One g of freeze-dried leaves and stems of two species
were extracted with 80% methanol overnight at room
temperature. They were centrifuged at 5000 rpm for 60
minutes, and then discarded the supernatants. That pellet
was incubated with methanol. 100 pl of methanol ex-
tracts was mixed with 100 pl of 10% AI(NO;); and 100
ul of 1 M potassium acetate. 80% ethanol was added to
adjust the final volume to 5 ml. The mixtures were al-
lowed to stand for 40 min at room temperature before
measurement at 415 nm. Quercetin was used as a stan-
dard and total flavonoids were expressed as pg/g quer-
cetin equivalent.

3. Result and Discussion

We have identified three kinds of kaempferol glycoside
from the leaves, three kinds of flavonoid compound from
the stems of C. soldanella, two kinds of flavonol com-
pounds from leaves and one flavonol compound from
stems of C. japonica. In C. soldanella, only kaempferol
was detected in leaves, while quercetin and kaempferol
which belong to flavonol, and 4’-hydroxyflavone which
belong to flavone, were isolated in stems. In C. japonica,
we analyzed that the quercetin was common flavonoid
from leaves and stems, but in the stems, kaempferol was
additionally detected (Table 1). Thus, we could know
that kaempferol and quercetin is major flavonoids in two
species. Figure 1 is the structure of quercetin and
kaempferol, which belong to flavonols. Few reports have
been made about flavonoid profiles in members of Con-
volvulaceae. Menemen et al., [17] found that the flavonol
glycoside kaempferol and quercetin in C. arvensis, C.
sabatius subsp. sabatius, C. sabatius subsp. mauritanicus
and C. siculus subsp. elongates, and isohamnetin in C.
mazicum, C. trabutianus, C. tricolor subsp. tricolor, C.
glaouorum and C. valentinus, that the flavones glycoside
luteolin in C. mazicum. The reports about two species,
The flavonids Except for that many reports briefed that
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Table 1. Chromatographic properties of flavonoids identified from leaves and stems in C. soldanella and C. japonica.

RT Rf value
compounds -
min a TBA HOAc
Kaempferol 3-O-digalactoside-7-O-glucoside 11.336 1.06 0.31 0.49
leaves Kaempferol 3-O-galalactoside-7-O-glucoside 12.045 1.12 0.61 0.56
Kaempferol 3-O-galactoside-7-O-galactoside 12.790 1.19 0.43 0.64
C. soldanella
Quercetin 3-O-galactoside 10.433 1.00 0.45 0.57
stems Kaempferol 3,7-O-glucoside 10.992 1.05 0.52 0.35
4’-hydroxyflavone 7-O-glucoside 12.350 1.18 0.74 0.59
| Quercetin 3-O-galactoside 7-O-glucuronide 10.992 1.01 0.61 0.40
eaves
C. japonica Kaempferol 3-O-galactoside 7-O-glucoside 12.083 1.20 0.37 0.45
stems Quercetin 3,7-O-digalactoside 12.350 1.18 0.50 0.44

*RT: absolute retention time (RT of sample/RT of standard). Solvents: TBA (tert-buthanol:acetic acid:water = 3:1:1); HOAc (acetic acid:water = 15:85).

Flavonols
5 7 3 4 5
quercetin OH OH OH OH
kaempferol OH OH OH

Figure 1. Structure of flavonol, quercetin and kaempferol.

cyanidin 3-glucoside, cyanidin 3-rutinoside and cyanidin
3-[6-(malonyl)-glucoside] were analyzed in the corolla
mixture of C. soldanella and C. japonica [18]. Through
those reports, we could confirm that convolvulacea plants
have, mostly, flavonols among the flavonoids. In the pre-
sent study, we found only kaempferol, quercetin and hy-
droxyflavone, but not isohamnetin, cyanidin and luteolin,
in the leaves and stems of C. soldanella and C. japonica.
The sugars we found in the flavonol-O-glycoside from C.
soldanella were galalactoside, glucoside, digalactoside
and galactoside, and from C. japonica were galactoside,
digalactoside, glucoside and glucuronide (Table 1). Ga-
lactoside was the most common glycosidic moiety of
flavonoid in two species.

The total phenolic compounds in leaves and stems of
two species investigated in this study varied from 306.53
ug/g in stems of C. soldanella to 702.19 pg/g in leaves of
C. japonica using the standard curve of tannic acid. This
study showed that total phenolic contents in the selected
species as: leaves of C. japonica (702.19 + 0.04 pg/g) >
of C. soldanella (693.22 + 0.04 pg/g) > stems of C. ja-
ponica (395.33 £+ 0.02 pg/g) > of C. soldanella (306.53 +
0.02 pg/g). Using the standard curve generated by
quercetin, total flavonoid compounds were distributed
from 62.29 = 0.01 pg/g in stems of C. soldanella to
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Table 2. Contents of total phenolic, total flavonoid com-
pounds in leaves and stems of C. soldanella and C. japonica.

Species Organs Total phenolic Total flavonoid

compounds (ug/g) compounds (ug/g)
C. Leaves 693.22 £0.04 384.27 £0.01
soldanella  gtems 306.53 +0.02 62.29 +0.01
. . Leaves 702.19 £ 0.04 634.04 £0.02
C. japonica
Stems 395.33+£0.02 95.15+0.01

"Results were presented as mean + SD (n = 8).

634.04 £ 0.018 pg/g in leaves of C. japonica of dry pro-
duct. This study showed that total flavonoid compounds
in the two species as: leaves of C. japonica (634.04 +
0.02 pg/g) > of C. soldanella (384.27 + 0.01 pg/g) >
stems of C. japonica (95.15 = 0.01 pg/g) > of C. sold-
anella (62.29 + 0.01 pg/g). The Folin-Ciocalteu reagent
detects all phenolic groups found in extracts [19]. The
content of total phenolic compounds was similar in two
species but the content of total flavonoid compounds was
higher by 1.5 times in C. japonica than that of C. sold-
anella (Table 2).

In the further study, we will measure the antioxidant
activity of two species, and analyze the relationship be-
tween antioxidant activity and total phenolic and total
flavonoid compounds.
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