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Quantitative Determination of Bakkenolide D in Petasites japonicus
and Farfugium japonicum by HPLC/UV
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Abstract — A quantitative analysis of bakkenolide D in the different parts of Petasites japonicus and Farfugium
Japonicum was performed by HPLC. A gradient HPLC elution system with a mobile phase consisting of water:
acetonitrile solution (20:80 to 0:100 for 45 min) was followed and an INNO C;3 column was used for the chroma-
tographic separation. The injection volume, flow rate, and UV detection were 10 uL, 1 mL/min, and 290 nm,
respectively. Results show that both species showed the highest amount of bakkenolide D in the roots being
107.203 and 166.103 mg/g for P. japonicas and F. japonicum, respectively. Content analysis on the different parts
of both plants displayed remarkably lower values which ranged from 0.403 - 4.419 and 7.252 - 32.614 mg/g for P.
Japonicas and F. japonicum, respectively. The results show that the roots of both plants are rich in bakkenolide D
showing a promising use in the development of nutraceuticals and industrial application of the compound.
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Introduction

Petasites japonicus and Farfugium japonicum are
perennial plants belonging to the Asteraceae family and
are native to many East Asian countries such as Korea,
Japan and China.! They are commonly utilized as garden
ornaments due to their beautiful foliage and are primarily
consumed as food in many countries.>* Both plants are
also widely used in traditional herbal medicine preparations
as a remedy for various illnesses and discomforts. P
Japonicus is reportedly used in treating asthma, hypertension,
headaches, and gastrointestinal problems, whereas F
Japonicum is used to heal sore throats, fever, eczema, and
coughs.*®* Moreover, extracts from these genera have
exhibited various biological activities such as anti-
allergenic, neuroprotective, and anti-inflammatory effects.”
Consequently, many studies have been performed to
determine the phytochemicals responsible for their medicinal
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properties revealing that both species are abundant in
many bioactive compounds such as terpenoids, sterols,
fatty acids, phenolic compounds, and sesquiterpenes.'®"?
Among them, the eremophilane and bakkenane sesquiter-
penes were frequently isolated and have been extensively
studied in literature.'* Recently, there has been great interest
on the bakkenolides isolated from both plants due to their
unique structure and varied pharmacological properties.®!?
Although there are several studies on the phytochemical
isolation of bakkenolides and other sesquiterpene lactones
from P, japonicus and F. japonicum, there are no reports
regarding the quantitative determination of bakkenolide D
in them. Hence, this study aims to develop a simple and
reliable HPLC analytical method for the determination
and content analysis of bakkenolide D in the different
parts of P japonicus and F japonicum. The analytical
method used in this study will also provide a basis for
future studies regarding the quantitative analysis of the
compound in these plants and other related species.

Experimental
Plant materials — Dried leaves, stems, and roots of P

Japonicus were provided by the Korea National Arboretum
and a voucher specimen (No. LEE 2009-07) was deposited
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at the herbarium of the Department of Integrative Plant
Science, Chung-Ang University, Korea. The methanol
(MeOH) extracts of the aerial parts, roots, and flowers of
FE japonicum were procured from the Korean Research
Institute of Bioscience and Biotechnology (KRIBB), Korea.

Instruments and reagents — An Eyela rotary evaporator
system (Japan) was used in the study. Quantitative
analysis was performed with a Waters HPLC-UV/Vis
system (MA, USA). A Jeol IMS-600W (Tokyo, Japan),
Bruker Avance 300 and 500 NMR (Rheinstetten, Germany)
were used for spectroscopic analysis. HPLC grade water,
acetonitrile, and chloroform were obtained from J.T.
Baker Chemicals (PA, USA).

Isolation of bakkenolide D from P. japonicas — Dried
and powdered leaves of P japonicus (2.95kg) were
extracted with MeOH under reflux at (8 L x 5; 65 - 75 °C).
The resulting extract was evaporated to dryness (541.90 g)
and then partitioned with different solvents namely, »-
hexane (Hx), dichloromethane (CH,Cl,), ethyl acetate
(EtOAc), and n-butanol (BuOH). Twenty grams of the
concentrated CHCl, fraction was used for open column
chromatography with silica gel as packing material and
was eluted with a solution of n-hexane: ethyl acetate
(100:0 to 0:100) followed by ethyl acetate: methanol
(100:0 to 0:100). Compound 1 (357 mg) was isolated and
was identified by spectroscopic analysis (Table 1).

Content analysis of bakkenolide D by HPLC/UV —
A quantitative analysis on bakkenolide D present in the
different parts of P japonicus and F japonicum was
performed in the study. A gradient HPLC elution system
with a mobile phase consisting of a water: acetonitrile
solution (20:80 to 0:100 for 45 min) was followed. An
INNO Cyg column (4.6 x 250 mm, 5 pm) was utilized for
the chromatographic separation. The injection volume and
the flow rate were 10 pLL and 1 mL/min, respectively. The
UV detection was set at 290 nm.

Limit of detection and limit of quantification — The
limit of detection (LOD) and limit of quantification
(LOQ) of bakkenolide D in the MeOH extracts of P
Japonicus and F japonicum were determined for the
validation of the HPLC method. The LOD and LOQ were
calculated using the linear regression equation. The LOD
and LOQ were determined at a signal-to-noise ratio (S/N)
of 3 and 10, respectively.

Calibration curve — Stock solution of bakkenolide D
was prepared by dissolving 1 mg in 1 mL chloroform.
The working solutions used for the calibration curve was
prepared by diluting the stock solution to desired
concentration. The amount of the analyte present in the
samples was determined from the calibration curve
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Table 1. 'H- and >C-NMR spectral data for bakkenolide D
in CDCl;

No. 8]-[ BC

1 5.14m 70.2
2 1.74-1.97 m 26.7
3 1.69 m 29.4
4 1.56, 1.38 m 352
5 - 43.1
6 1.96,2.23 d (J=14.5 Hz) 457
7 - 54.7
8 - 177.3
9 575d (J=11.5Hz) 80.7
10 2.75dd (J=5.0, 11.0 Hz) 51.6
11 - 147.7
12 4.67m 70.4
13 5.19d (J=16.0 Hz) 108.1
14 091d (J=6.5Hz) 15.4
15 1.35s 21.0
I' - 169.7
2! 2.02s 19.1
1" - 165.4
2" 5.62d (J=10.0 Hz) 112.4
3" 7.54d (J=10.0 Hz) 152.6
4" 239s 194

Chemical shifts were reported in parts per million (3), and cou-
pling constants (J) were expressed.

constructed where (Y) corresponds for the peak area and
(X) for the concentration of the reference compound (pg/
10 pL).

Result and Discussion

The chromatographic separation of the CH,Cl, fraction
of P, japonicus led to the isolation of a white powder with
a molecular ion peak at m/Zz 408 [M]" in the EI-MS
spectrum showing a compatibility with the molecular
formula of C,;H,50¢S. '"H-NMR data displayed two fun-
damental methyl groups at 6 0.91 (2H, d, /J=6.5 Hz, H-
14) and 1.35 (3H, s, H-15). Moreover, two special
functional groups where one is a methyl group of acetate
5 2.02 (3H, s, H-2") and the other is a functional group
peak of methyl thiopropenoyloxy group were observed at
5 2.39 (3H, s, H-4"), 5.62 (1H, d, J=10.0 Hz, H-2") and
7.54 (1H, d, J=10.0 Hz, H-3"). A total of 21 carbon
resonances including a single C=C double bond (5 112.4,
C-2" and 152.6, C-3"), three carbonyl groups, and four
methyl groups were observed in the *C-NMR spectrum.
Carbonyl signals were observed at & 177.3 (C-8), 169.7
(C-1"), and 165.4 (C-1"). Based on the data obtained in the
study (Table 1) and a comparison of spectral data from
previous literatures, the identity of the isolated compound
was determined as bakkenolide D and its structure shown
in Fig. 1.6
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The genus Petasites and Farfugium have been extensively
researched due to their reported use in traditional
medicine as treatment for many diseases which led to the
isolation of sesquiterpene lactones considered as the
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Fig. 1. Structure of bakkenolide D.
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major bioactive components found in these genera.
Bakkenolides belong to this category of compounds which
has also been reported to exhibit various biological
activities.® Particularly, bakkenolide D is focused in this
study. The MeOH extracts of the various parts of P
Japonicus and F. japonicum were subjected to HPLC/UV
analysis to determine the amount of bakkenolide D
present in them utilizing a reverse phase system and a
water-acetonitrile solution as mobile phase. The standard
calibration curve for the analysis of bakkenolide D
showed good linear regression (+°=0.9999) within test
ranges as shown in Table 2. The LOD and LOQ values
were determined as 0.0046 and 0.0136 mg/mL, respectively
(Table 2). The HPLC conditions followed in the experiment
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Fig. 2. HPLC chromatograms of bakkenolide D (A) and the MeOH

extracts of P. japonicus (B) and F. japonicum (C).
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Table 2. LOD and LOQ values of bakkenolide D
. . Linear range LOD LOQ
Compound Regression equation IS (mg/mL) (mg/mL) (mg/mL)
Bakkenolide D Y =124.2X + 0.5969 0.9999 0.006-0.1 0.0046 0.0136
Y = Peak area, X = Concentration of standard (mg/mL)
#? = Correlation coefficient for three data points from calibration curve
Table 3. Contents of bakkenolide D in the MeOH extracts of P Acknowledgments

Japonicus

Part Content (mg/g)
Leaves 0.403 £0.017
Roots 107.203 £ 6.603
Stems 4.419£0.275

Table 4. Contents of bakkenolide D in the MeOH extracts of F
Jjaponicum

Part Content (mg/g)
Leaves 32.614 £1.738
Roots 166.103 £ 7.711
Flowers 7.252+0.243

generated similar chromatograms in both plants exhibiting
that such chromatographic conditions may be applicable
to other related species for the analysis of bakkenolide D.
To our knowledge, this is also the first study which
reports on the quantitative analysis of the compound in
these plant species. The results of the analysis show that
in both plants, the roots contain the highest amount of the
bakkenolide D being 107.203 and 166.103 mg/g for P
Japonicas and F. japonicum, respectively (Tables 3 and 4).
This is consistent with other studies conducted with other
species belonging in the same genera.'®'® On the other
hand, the other parts examined showed relatively lower
amount of the compound ranging from 0.403 - 4.419 and
7.252 -32.614mg/g for P. japonicas and F japonicum,
respectively. Moreover, the amount of bakkenolide D in
the two plants analyzed were remarkably higher than
those reported in other species where the values are 1.67
and 1.00 mg/g for P tatewakianus and P. tricholobus,
respectively indicating that P. japonicas and F. japonicum
are rich natural sources of the compound.'®"

This study showed a fast and reliable method for the
quantitative analysis of bakkenolide D in P. japonicus and
F. japonicum which may be used for the analysis of other
related species. The results show that the roots of both
plants contain high amounts of bakkenolide D showing a
promising use in the development of nutraceuticals and
other pharmacological products involving the use of the
compound.

This work was supported by Gyeongnam National
University of Science and Technology Grant in 2016,
Korea.

References

(1) Sok, D. E.; Oh, S. H.; Kim, Y. B.; Kang, H. G; Kim, M. R. Eur: J.
Nutr. 2006, 45, 61-69.

(2) Sugama, K.; Hayashi, K.; Mitsuhashi, H. Phytochemistry 1985, 24,
1531-1535.

(3) Okuno, H.; Nakata, M.; Mii, M. Chromosome Sci. 2009, 12, 27-33.

(4) Zhao, J. H.; Shen, T.; Yang, X.; Zhao, H.; Li, X.; Xie, W. D. Arch.
Pharm. Res. 2012, 35, 1153-1158.

(5) Aydin, A. A.; Zerbes, V.; Parlar, H.; Letzel, T. J. Pharm. Biomed.
Anal. 2013, 75, 220-229.

(6) Dai, D.; Pei, L.; Tang, L.; Chen, F.; Chen, X. Biomed. Chromatogr:
2013, 27, 1200-1207.

(7) Kim, J. Y; Oh, T. H.; Kim, B. J.; Kim, S. S.; Lee, N. H.; Hyun, C. G
J. Oleo Sci. 2008, 57, 623-628.

(8) Lee, K. P; Kang, S.; Park, S. J.; Choi, Y. W,; Lee, Y. G; Im, D. S. J.
Ethnopharmacol. 2013, 148, 890-894.

(9) Wang, S.; Jin, D. Q.; Xie, C.; Wang, H.; Wang, M.; Xu, J.; Guo, Y.
Food Chem. 2013, 141, 2075-2082.

(10) Nagano, H.; Moriyama, Y.; Tanahashi, Y.; Takahashi, T. Chem.
Lett. 1972, 1, 13-16.

(11) Hatanaka, A.; Kajiwara, T.; Sekiya, J.; Hirata, H. Agr: Biol. Chem.
1976, 40, 2177-2180.

(12) Niwa, H.; Ishiwata, H.; Yamada, K. J. Nat. Prod. 1985, 48, 1003-
1004.

(13) Tori, M.; Otose, K.; Fukuyama, H.; Murata, J.; Shiotani, Y.;
Takaoka, S.; Nakashima, K.; Sono, M.; Tanaka, M. Tetrahedron 2010, 66,
5235-5243.

(14) Evans, D. A.; Sims, C. L. Tetrahedron Lett. 1973, 47, 4691-4694.

(15) Kim, T. H.; Kim, D. Y.; Jung, W. J.; Nagairya, R.; Son, B. G; Park,
Y. H.; Kang, J. S.; Lee, Y. J.; Im, D. S.; Lee, Y. G; Choi, Y. H.; Choi, Y. L.
J. Life Sci. 2014, 24, 252-259.

(16) Wang, Y.; Guo, M.; Zhang, G;; Xue, Q. Acad.J. Sec. Mil. Med.
Univ. 2006, 27, 1210-1213.

(17) Wu, T. S.; Kao, M. S.; Wu, P. L.; Lin, F. W,; Shi, L. S.; Liou, M. J.;
Li, C. Y. Chem. Pharm. Bull. 1999, 47, 375-382.

(18) Wang, Y. L.; Guo, M.; Wang, Y. Chromatographia 2009, 70, 1367-
1371.

(19) He, J.; Wang, Q.; Wang, Y.; Chen, R.; Zhang, Y.; Guo, M. Acta
Pharm. Sin. B. 2013, 3, 354-360.

Received September 4, 2017
Revised September 23, 2017
Accepted September 25, 2017



