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Variation in the Quality and Quantity of Flavonoids in the
Leaves of Coastal and Inland Populations of Adenophora
triphylla var. japonica
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The coastal environment is attributed to various stresses. Salinity and wind are two of the major stresses in the
coastal region, where limited plant species tolerable to those stresses become dominant (Miyawaki 1983).
Such limitations in terms of viable species result in relatively low vegetative cover, and consequently
increase exposure to excessive light, accompanied with high-level ultraviolet radiation.

Ultraviolet-B radiation (280~315 nm; UV-B) is known to be a strong factor that can destroy living
organisms (Shibata 1985, Rozema et al. 1997, Ichihashi and Sasaki 2000). It is known that an excessive
amount of UV-B causes distortion of photosynthetic organs and decreases plant growth (Tevini ef al. 1983,
Teramura et al. 1984, Tevini and Teramura 1989).

Plants that occupy the maritime areas are thought to be adaptive to excessive sunlight and UV-B.
Epicuticular wax and hairs play an important role for avoiding damage caused by excessive light
(Karabourniotis and Bornman 1999, Laakso er al. 2000, Holmes and Keiller 2002, Manetas 2003). It is
observed in some species that the coastal individuals acquire physiological and morphological traits that are
different from those of inland individuals. Such ecotypic divergence may occur as a consequence of
adaptation to the harsh environment.

Flavonoids are effective UV-B screening compounds that are synthesized in plants (Caldwell ef al.
1983, Cokell and Knowland 1999). Flavonoids, especially those accumulated in the epidermal layers of
leaves, act as effective UV-B screens. Experimental studies report that the induction of flavonoid synthesis,
especially increase of chalcone synthase (CHS) activity, occurs under enhanced UV-B radiation, confirming
its protective function against UV-B (Kakegawa er al. 1991, Tevini et al. 1991). Recently, the UV-
absorbing substances in translucent bracts of an alpine plant, Himalayan Rheum nobile were characterized
as some flavonol glycosides such as quercetin 3-[67- (3-hydroxy—3-methylglutaroyl) -glucoside] (Iwashina
et al. 2004)

Adenophora triphylla var. japonica is a perennial herbaceous species that has intermittent distribution
from the coastal to the inland areas (Chibaken-shiryo-kennkyu-zaidan 2003, The Flora-Kanagawa
Association 2001). Morphological differences are observed between coastal and inland populations.
Coastal populations have relatively small, thick and glaucous leaves, and characteristically have decumbent
stems. Inland populations have large, thin, and non-glaucous leaves, and the stems usually grow vertically.

Not only such morphological differences but also physiological heterogeneity may occur within the species.

' Nichinan Mill, Oji Paper Co., Ltd, Nichinan, Miyazaki, 887-0021. T 887-0021 IR L H R TS H R
* Tsukuba Botanical Garden, National Science Museum, Tsukuba, 305-0005. [E] R A ST e R v
& — SR FEERE .



44 K. HASHIBA et al.

The first objective of this study was to identify and compare the flavonoid compositions of coastal and
inland populations. Amounts of common flavonoids of each population were also measured. Based on
these qualitative and quantitative analyses of flavonoids, UV-B effects on composition and content of

flavonoids in plants originating from different habitats was discussed.

Materials and methods

Study area and sampling procedure

Plants were collected from Suzaki Peninsula located in the southern rim of Central J apan (Fig. 1). The
peninsula extends into the Pacific Ocean, so that the area is located in a warm oceanic climate with an
average annual temperature of 16.5°C and annual precipitation of 2,000 mm (Japan Meteorological Agency
2004).

Four populations were selected for chemical analyses. Three populations (S1, S2 and S3) with thick and
glaucous leaves were located on the hill that was faced with the ocean. One population (TBG) in the
Tsukuba Botanical Garden (Ibaraki, Japan) was sampled as a representative of inland population. Details of
each sampling site are shown in Table 1.

Sampling was conducted in August 2004 (flowering season). Five to 8 flowering individuals were
randomly selected from each population. All samples were weighted and 0.3 g of the total weight extracted

in 8 ml of MeOH for quantitative analysis.

UV-B exclusion experiment

The experiment was designed to reveal the effects of UV-B exclusion. In September 2003, 7 inland
individuals and 17 coastal individuals were collected from sampling sites mentioned previously, and were
transplanted in pots and kept in the greenhouse in Tsukuba Botanical Garden. The relative UV-A and UV-
B intensities in the greenhouse (GH) were 32% and 59% regarding UV intensities under all-sky as 100%.
Water was automatically supplied once a week. Sampling was conducted in June 2004. Sampling
procedures were the same as described above except that all the individuals sampled in the coastal area was

regarded as one population.
Chemical analysis of UV absorbing compounds

(1) Qualitative analysis

Fresh leaves from coastal and inland individuals (15 g fresh weight each) were cut into pieces, extracted

Table 1. Description of sampled plant populations and their habitats

Relative UV
Sampled Horizontal dista?lce Relative intensity (94 ) Altitude Slope
ot from the shoreline openness (m) directi
population m irection
(km) (%) UV-A UV-B
S3 0.17 89 125 116 13 \Y
S2 0.13 89 80 79 10 w
S1 0.05 60 38 43 4 E

Relative openness was calculated by using free software CANOPON ver.2. (Takenaka 2003). Relative intensity of UV,
measured in June 2004, was calculated regarding UV under all-sky is 100%.
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Fig.1. Suzaki Peninsula, the study area located on the southeastern edge of Izu Peninsula, Central Japan.

The contours on Suzaki Peninsula are drawn at 20 m intervals.
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with MeOH at room temperature and analyzed by two-dimensional paper chromatography (2D-PC) using
solvent systems: BAW (n-BuOH:HOAc:H,O = 4:1:5, upper phase) and 15%HOAc. After comparing the
results of the 2D-PC between the two ecotypes, only the coastal one was used for further analyses. The
flavonoids were isolated by preparative paper chromatography (PPC) using solvent systems: BAW,
15%HOAc and then BEW (n-BuOH:EtOH:H,O = 4:1:2.2), and were finally purified by Sephadex LH-20
column chromatography using solvent system: 70%MeOH.

Procedure of structure identification followed by acid hydrolysis, UV spectral survey was as described
in Mabry et al. (1970) and Markham (1982), and direct PC (BAW, BEW and 15%HOACc) and HPLC

comparisons with authentic specimens.

(2) Quantitative analysis by high-performance liquid chromatography (HPLC)

The concentration of flavonoids was measured from crude MeOH extracts (0.3 g fresh weight in 8 ml
MeOH) by using a Shimadzu HPLC system with a Shimpack CLC-ODS [I.D. 6.0 mmX 150 mm
(Shimadzu)] column at a flow-rate of 1 ml min". The analysis was carried out for 20 min with the eluent
H,O0-MeCN-H,PO, (78:22:0.2) [note that another eluent, H,O-MeCN-H,PO, (65:35:0.2), was applied for the
identification of aglycones by HPLC]. For each sample, 10 41 of extracts were injected into HPLC after
filtration with a Maishori-disk H-13-5 (Tosoh).

Comparisons were made in terms of major UV absorbing compounds which appeared as were major
peaks in the HPLC profiles. Peaks that had similar retention times and UV spectra from the wavelengths of
190-700 nm were recognized as the same compounds. Not only the flavonoids but also phenolic acids were
compared. The amount of each UV-absorbing compound was expressed as the absorbance at 350 nm
(mAU - 10°). Flavonoid composition of each individual displayed in the HPLC profiles was recorded for

comparison of the 4 populations.

Statistical analysis
One-way analysis of variance (ANOVA) was utilized to test whether there were differences in the
amount of compounds among UV-B treatments. Quantitative differences among populations were

determined by Mann-Whitney' s U-test.
Results

Qualitative analysis of flavonoids

Two-dimensional (2D) PC flavonoid patterns and HPLC profiles showed that the flavonoid
compositions were almost identical among all the populations in the study area (Table 2). Figure 2 is the
representative HPLC profiles for coastal and inland individuals.

Six flavones (1-5 and 8) and two flavonols (6 and 7) were isolated from the leaves of coastal A.
triphylla var. japonica. UV spectral properties of major 1 and 3 showed the presence of free 5,3 4 -
trihydroxyl and a substituted 7-hydroxyl groups, and free 5,3"-dihydroxyl and substituted 7.4 -dihydroxyl
groups, respectively (Table 3). Both of the glycosides liberated luteolin and glucose by acid hydrolysis.
Flavonoid 1 was identified as luteolin 7-O-glucoside by direct PC and HPLC comparison with authentic
specimen. Similarly, flavonoid 3 was characterized as luteolin 7,4'—di-0—glucoside, but PC and HPLC
properties of the compound did not agree with those of authentic specimen. Since retention time of 3 was

longer than that of luteolin 7,4"-di-O-glucoside (4), it was presumed that the glycoside was acylated by





















