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터리풀의 채집장소 및 채집시기에 따른 카테킨 함량 HPLC/UV 분석
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Abstract  Filipendula glaberrima (FG) is a plant endemic to South Korea. It is economically important as a food source and

used as a medicine in treating ailments. Filipendula flowers are characterized by the presence of several polyphenolic con-

stituents. The aim of this study is to determine the content of (+)-catechin in Filipendula glaberrima collected from different

regions at different flowering stages. High-performance liquid chromatography with a gradient elution system (0.5% acetic acid

in water : acetonitrile = 95 : 5 to 0 : 100 for 35 min) was used. A reverse-phase INNO column with UV detection at 278 nm

was employed. The results revealed that F. glaberrima from Mt. Odae has the highest (+)-catechin content (10.600 mg/g). Fur-

thermore, its content was the lowest in samples collected during the pre-flowering period and the highest at the early-flowering

stage. This study provides a basis in establishing the optimal period and the best region for collecting F. glaberrima with max-

imized (+)-catechin yield.

Keywords  (+)-Catechin, Content analysis, Filipendula glaberrima, HPLC/UV

Filipendula glaberrima (FG), commonly known as mead-

owsweet, is a plant endemic to South Korea along with F.

formosa and F. koreana.
1)

 Most Filipendula species are

native to Northeast Asian regions, including South Korea,

Japan, Manchuria, and Eastern Siberia. Among the perennial

herbaceous plants native to South Korea, FG grows in wet

and shady surroundings. Studies have reported that it exhibits

significant anti-viral and anti-bacterial properties. It is eco-

nomically important as a food source and it also has medic-

inal and ornamental applications.
2,3)

Several Filipendula species exhibit a wide spectrum of

pharmacological activities, including anti-inflammatory, anti-

microbial, anti-ulcerous, anti-oxidant, wound-healing, hepa-

toprotective, anti-cancer, anti-coagulant, and anti-diabetic

activities.
4-9)

 Furthermore, Filipendula has been traditionally

used in medicine as a febrifuge to treat certain inflammatory

diseases, rheumatism, arthritis, and gout. It is also acts as an

antacid for stomachic remedies.
10) 

Filipendula leaves are

mainly used as a decoction to treat stomach ache and diar-

rhea, breathlessness, wheezing, kidney problems, congestion,

sore throat, and for relieving influenza symptoms.
11)

Filipendula flowers are characterized by the presence of

several polyphenolic constituents, including flavonols (e.g.,

rutin, hyperoside, spiraeoside, and kaempferol 4′-O-gluco-

side), salicylates (e.g., salicylic acid, spiraein, and methyl

salicylate), and ellagitannins (rugosin D and tellimagrandins

I and II).
12-14)

 F. vulgaris possesses high concentrations of

phenolics, contributing to its anti-bacterial activity, salicy-

lates, and a pharmacologically active plant heparin.
15)
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tionally, monotropitin, (+)-catechin, and β-sitosterol 3-O-β-

D-glucoside have been isolated and identified from FG,
16)

 and

a novel flavonoid glycoside ulmarioside along with 48 com-

pounds, including (+)-catechin, have been isolated from F.

ulmaria.
17)

The (+)-catechin we analyzed in the present study is the

main ingredient found in green tea. It is a well-known fla-

vonoid that have many beneficial effects on human health.

Here, ethanol (EtOH) extracts were used for assessing (+)-

catechin distribution and quantity in FG at different flowering

stages collected from various regions in South Korea. High-

performance liquid chromatography (HPLC) coupled with

ultraviolet-visible (UV) spectroscopy was employed for (+)-

catechin analysis. To the best of our knowledge, this is the

first report on the quantification and comparison of (+)-cat-

echin content in FG at different flowering stages obtained

from different regions.

Materials and Methods

Plant Materials  FG at their pre-flowering, early-flow-

ering, and full-flowering stage (Fig. 1) were collected from

Yeoncheon and Mt. Odae, South Korea, in June 2020. Pre-

flowering stage is when the flower stalk has not been raised

yet (Fig. 1B). Early-flowering stage has a flower stalk with

only buds (Fig. 1A) and full-flowering stage is when the buds

of a flower stalk begin to bloom (Fig. 1C). The plant was

identified by Dr. C. G. Park, National Institute of Horti-

cultural and Herbal Science, South Korea. A voucher spec-

imen was deposited at the Department of Plant Science and

Technology herbarium, Chung-Ang University, Anseong,

South Korea.

Instruments and Reagents  (+)-Catechin (Fig. 2) was

isolated from FG
16) 

and acquired from the Natural Product

Institute of Science and Technology (www.nist.re.kr),

Fig. 1. FG at different flowering stages, early-flowering (A), pre-flowering (B), and full-flowering (C).
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Anseong, South Korea. Chromatographic analysis was per-

formed using an HPLC system (Gilson 72, Rue Gambetta,

BP45 95400 Villers Lebel France) equipped with a pump,

auto-sampler, and UV detector. HPLC-grade solvents, includ-

ing water, methanol (MeOH), and acetonitrile (ACN), were

purchased from J. T. Baker (Phillipsburg, PA, USA). Acetic

acid (99.7%) was purchased from Samchun Pure Chemicals

(Pyeongtaek, Korea).

Preparation of Sample and Standard Solutions for

HPLC  Dried aerial parts of FG (20 g) from different cul-

tivated regions and at different flowering stages were

extracted with EtOH under reflux and evaporated in vacuo.

The EtOH extract (20 mg) was dissolved in 1 mL MeOH and

filtered through a syringe filter (0.45 μm). A stock solution of

the standard compound was prepared by dissolving 1 mg of

(+)-catechin in 1 mL MeOH. To prepare the (+)-catechin cal-

ibration curve, working solutions were prepared by diluting

the stock solution to the desired concentrations.

HPLC/UV Conditions (+)-Catechin was quantified using

a reverse-phase HPLC system with an INNO C18 column

(25 cm × 4.6 mm, 5 μm) at ambient temperature. The injec-

tion volume was 20 μL and was monitored at 278 nm. The

flow rate was set at 1.1 mL/min. The mobile phase consisted

of 0.5% acetic acid in water (A) and ACN (B), and the gra-

dient elution was achieved as follows: 95% A at 0 min, 89%

A from 0 to 12 min, 88% A from 12 to 25 min, decreased to

0% A from 25 to 35 min and maintained as such till 45 min,

increased to 95% A from 45 to 50 min and maintained as

such until 60 min.

Calibration Curve  A calibration curve was prepared by

plotting the concentrations of the standard solution with their

respective peak areas. The linearity of the calibration curve

was determined based on the correlation coefficient (r
2
), and

the (+)-catechin concentrations in the samples were then cal-

culated from the calibration curve. The calibration functions

were determined based on the peak area (Y), concentration

(X, mg/mL), and mean ± standard deviation (n = 5).

Results and Discussion

Flavonoids are polyphenolic phytochemicals widely dis-

tributed in fruits and vegetables.
18,19)

 Flavonoids possess a

wide range of biological activities, including anti-arterio-

sclerotic, anti-oxidative stress, anti-proliferative, anti-inflam-

matory, and anti-diabetic activities.
20-24)

 Among these,

catechin is one of the important flavonoids found in tea. It

has two enantiomers, i.e., (+)-catechin and (-)-catechin. Most

foods contain (+)-catechin, except chocolate, and (+)-cate-

chin is known to be more bioavailable than (-)-catechin.
25)

(+)-Catechin, a type of flavan-3-ol phenol, is a secondary

plant metabolite which acts as an anti-oxidant agent. It

belongs to a representative group of polyphenols and exhibits

a wide range of pharmacological activities, including anti-

oxidant and anti-inflammatory properties.
26-30)

 This com-

pound is abundant in various natural products, such as green

tea and fruits, and its content is closely related to the cul-

tivation region and type of green tea.
31)

We investigated the (+)-catechin content of FG using

HPLC-UV analysis. Good separations were observed in the

HPLC chromatogram, and the retention time was determined

as 19.85 min. The HPLC conditions and results of (+)-cat-

echin quantification are illustrated in Fig. 3. The equation for

the linear calibration of the standard curve was Y = 48.367X

+ 50.478, where Y and X represent a given peak area and the

corresponding (+)-catechin concentration, respectively. The

correlation coefficient (r
2
) was found to be greater than

0.9998, indicating good linearity of the analytical method

(Table I). The amount of (+)-catechin in each sample was cal-

culated using the calibration curve. Figs. 3-5 illustrate the

chromatographic separation of (+)-catechin and the EtOH

extract of FG. The results of the quantitative analyses are

summarized in Table I.

Our results showed that the (+)-catechin content of FG var-

ied depending on the region and flowering stage. In par-

ticular, the (+)-catechin content was highest in samples

collected from Mt. Odae (10.600 mg/g) and the early-flow-

ering stage presented higher (+)-catechin contents than those

of the other two flowering stages (Table II). 

The (+)-catechin content of F. ulmaria has previously been

reported. (+)-Catechin was quantified in extracts from dif-

ferent parts of F. ulmaria before and after hydrolysis. (+)-Cat-

echin was identified and quantified in extracts of the root

(17.17 mg/g) and aerial parts (11.30 mg/g). It was the main

component in F. ulmaria root extract; however, its quantity

Fig. 2. Chemical structure of (+)-catechin.
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Fig. 3. HPLC chromatogram of (+)-catechin.

Fig. 4. HPLC chromatograms of the EtOH extracts of FG from Yeoncheon at the pre-flowering (A), early-flowering (B), and full-

flowering (C) stages.
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decreased after hydrolysis.
7)

Our results demonstrate that the (+)-catechin content of FG

is influenced by the flowering stage and geographical loca-

tion. Samples collected at their early-flowering stage pre-

sented the highest (+)-catechin content, indicating that plants

collected in the flowering season would have higher (+)-cat-

echin production. These results provide the basis for further

experimentation, and FG could potentially be used as a health

supplement and in the preparation of herbal medicines.

Acknowledgements

This study was supported by a grant of the Korea Health

Technology R&D Project, through the Korea Health Industry

Development Institute (KHIDI) funded by the Ministry of

Health & Welfare (HP20C0226), Republic of Korea.

References

1. Kim, K. -J. and Jung, Y. H. (1986) Monographic study of the

endemic plants in Korea, V. Taxonomy and interspecific rela-

tionships of the genus Filipendula. Kor. J. Bot. 29: 19-40.

2. Yook, C. S. (1990). Colored Medicinal Plants of Korea.

Academy Publishing Co., Korea. pp. 220-409.

3. Yoon, P. S. (1989). Hortus koreana. JisikSanupSa Publishing,

Korea. p. 261-870.

4. Barros, L., Cabrita, L., Boas, M. V., Carvalho, A. M. and Fer-

reira, I. C. F. R. (2011). Chemical, biochemical and elec-

trochemical assays to evaluate phytochemicals and

antioxidant activity of wild plants. Food Chem. 127: 1600-

1608.

5. Gorbacheva, A. V., Aksinenko, S. G. and Pashinskii, V. G.

(2005). Meadowsweet in the Phytotherapy of the Inflam-

matory Process [in Russian]. Tomsk State Pedagogic Uni-

versity Press, Tomsk.

6. Harbourne, N., Marete, E., Jacquier, J. C. and Riordan, D. O.

(2013). Stability of phytochemicals as sources of anti-inflam-

matory nutraceuticals in beverages — A review. Food Res.

Int. 50: 480-486.

7. Katanić, J., Tatjana, B., Nevena, S., Vladimir, M., Milan, M.,

Samo, K. and Miroslav, M. V. (2015). Bioactivity, stability

and phenolic characterization of Filipendula ulmaria (L.)

Maxim. Food Funct. 6: 1164-1175.

8. Trouillas, P., Calliste, C., Allais, D., Simon, A., Marfak, A.,

Delage, C. and Duroux, J. (2003). Antioxidant, anti-inflam-

Table I. The calibration curve for (+)-catechin

Compound t
R

Calibration equation Correlation factor, r
2

(+)-catechin 19.85 Y = 48.367X + 50.478 0.9998

t
R

= retention time
Y = peak area, X = concentration of the standard (mg/mL)
r
2
= correlation coefficient for five data points on the calibration curve

Table II. Content of (+)-catechin in FG from Yeonchon and Mt. Odae

Region Yeonchon Mt. Odae

Collection time Pre-flowering Early-flowering Full-flowering Pre-flowering

Content

(mg/g extract)
2.166 ± 0.022 2.508 ± 0.044 2.321 ± 0.007 10.600 ± 0.011

Fig. 5. HPLC chromatogram of the EtOH extract of FG from Mt. Odae.



296 Kor. J. Pharmacogn.

matory and antiproliferative properties of sixteen water plant

extracts used in the Limousin countryside as herbal teas.

Food Chem. 80: 399-407.

9. Vogl, S., Picker, P., Mihaly-Bison, J., Fakhrudin, N., Ata-

nasov, A. G., Heiss, E. H., Wawrosch, C., Reznicek, G.,

Dirsch, V. M., Saukel, J. and Kopp, B. (2013). Ethnophar-

macological in vitro studies on Austria’s folk medicine - An

unexplored lore in vitro anti-inflammatory activities of 71

Austrian traditional herbal drugs. J. Ethnopharmacol. 149:

750-771.

10. Katanić, J., Matić, S., Pferschy-Wenzig, E. -M., Kretschmer,

N., Boroja, T., Mihailović, V. Stanković, V., Stanković, N.,

Mladenović, M., Stanić, S., Mihailović, M. and Bauer, R.

(2017). Filipendula ulmaria extracts attenuate cisplatin-

induced liver and kidney oxidative stress in rats: In vivo

investigation and LC-MS analysis. Food Chem. Toxicol. 99:

86-102.

11. Radulovicˇ, N., Misic, M., Aleksic, J., Dokovi, D., Palic, R.

and Stojanovic, G. (2007). Antimicrobial synergism and

antagonism of salicylaldehyde in Filipendula vulgaris essen-

tial oil. Fitoterapia 78: 565-570.

12. Gupta, R. K., Al-Shafi, S. M. K., Layden, K. and Haslam, E.

(1982). The metabolism of gallic acid and hexahydroxy-

diphenic acid in plants. Part 2. Esters of (S)-hexahydroxy-

diphenic acid with D-glucopyranose (
4
C
1
). J. Chem. Soc.

Perkin Trans. 1: 2525-2534.

13. Okuda, T., Yoshida, T., Hatano, T., Iwasaki, M., Kubo, M.,

Orime, T., Yoshizaki, M. and Naruhashi, N. (1992). Hydro-

lyzable tannins as chemotaxonomic markers in the Rosaceae.

Phytochemistry. 31: 3091-3096.

14. Pemp, E., Reznicek, G. and Krenn, L. (2007). Fast quan-

tification of flavonoids in Filipendulae ulmariae flos by

HPLC/ESI-MS using a nonporous stationary phase. J. Anal.

Chem. 62: 669-673.

15. Imbrea, I. M., Butnariu, M., Nicolin, A. L. and Imbrea, A. F.

(2010). Determining antioxidant capacity of extracts of Fili-

pendula vulgaris Moench from south-western Romania. J.

Food Agric. Environ. 8: 111-116.

16. Yeo, H., Kim, J. and Chung, B. S. (1992). Phytochemical

studies on the constituents of Filipendula glaberrima. Kor. J.

Pharmacogn. 23: 121-125.

17. Olennikov, D. N. and Kruglova, M. Yu. (2013). A new quer-

cetin glycoside and other phenolic compounds from the

genus Filipendula. Chem. Nat. Compd. 49: 610-616.

18. Chen, S., Xing, X.-H., Huang, J.-J. and Xu, M.-S. (2011).

Enzyme assisted extraction of flavonoids from Ginkgo biloba

leaves: Improvement effect of flavonol transglycosylation

catalyzed by Penicillium decumbens cellulase. Enzyme

Microb. Technol. 48: 100-105.

19. Ghasemzadeh, A., Jaafar, H. Z. E., Karimi, E. and Rahmat,

A. (2014). Optimization of ultrasound assisted extraction of

flavonoid compounds and their pharmaceutical activity from

curry leaf (Murraya koenigii L.) using response surface meth-

odology. BMC Complement Altern. Med. 14: 318-327.

20. Dong, P., Pan, L. and Zhang, X. (2017). Hawthorn (Cra-

taegus pinnatifda Bunge) leave flavonoids attenuate athero-

sclerosis development in apoE knock-out mice. J.

Ethnopharmacol. 19: 479-488.

21. George, S., Ajikumaran Nair, S., Johnson, A. J., Venkatara-

man, R. and Baby, S. (2015). O-prenylated flavonoid, an anti-

diabetes constituent in Melicope lunu-ankenda, J.

Ethnopharmacol. 168: 158-163.

22. Kassim, M., Achoui, M., Mustafa, M. R., Mohd, M. A. and

Yusoff, K. M. (2010). Ellagic acid, phenolic acids, and fla-

vonoids in Malaysian honey extracts demonstrate in vitro

anti-inflammatory activity. Nutr. Res. 30: 650-659.

23. Moghaddam, G., Ebrahimi, S. A., Rahbar-Roshandel, N. and

Foroumadi, A. (2012). Antiproliferative activity of flavo-

noids: Influence of the sequential methoxylation state of the

flavonoid structure. Phytother. Res. 26: 1023-1028.

24. Zeng, Q., Zhang, X. and Xu, X. (2013). Antioxidant and anti-

complement functions of flavonoids extracted from Pentho-

rum chinense Pursh. Food Funct. 4: 1811-1818.

25. Jennifer, L. D., Vanessa, C., Manuel, O., Karen, A. C., Bryan,

B. G. and Gary, W. (2006). (+)-Catechin is more bioavailable

than (-)-catechin: Relevance to the bioavailability of catechin

from cocoa. Free Radic. Res. 40: 1029-1034.

26. Skrzydlewska, E., Ostrowska, J., Farbiszewski, R. and

Michalak, K. (2002). Protective effect of green tea against

lipid peroxidation in the rat liver, blood serum and the brain.

Phytomed. 9: 232-238.

27. Yokozawa, T., Nakagawa, T. and Kitani, K. (2002). Anti-

oxidative activity of green tea polyphenol in cholesterol-fed

rats. J. Agric. Food Chem. 50: 3549-3552.

28. Rahman, I., Biswas, S. K. and Kirkham, P. A. (2006). Reg-

ulation of inflammation and redox signaling by dietary poly-

phenols. Biochem. Pharmacol. 72: 1439-1452.

29. Ferrándiz, M. L. and Alcaraz, M. J. (1991). Anti-inflam-

matory activity and inhibition of arachidonic acid metabolism

by flavonoids. Agents Actions. 32: 283-288.

30. Sabu, M. C., Smitha, K. and Kuttan, R. (2002). Anti-diabetic

activity of green tea polyphenols and their role in reducing

oxidative stress in experimental diabetes. J. Ethnopharmacol.

83: 109-116.

31. Hollman, P. C. and Arts, I. C. (2000). Flavonols, flavones and

flavanols—nature, occurrence and dietary burden. J. Sci.

Food Agric. 80: 1081-1093.

(2020. 10. 30 접수: 2020. 11. 9 심사;

2020. 11. 30 게재확정)


