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Chemical constituents with anti—allergic activity from red
peony root and a horticultural cultivar of Paeonia lactiflora
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Peony root (PR), called “Shakuyaku” in Japanese, has been widely used as analgesic, antispasmodic
and astringent in Kampo medicine. It is prescribed as the dried root of Paeonia lactiflora Pallas with no
less than 2.0% paeoniflorin in Japanese Pharmacopeia (JP16). PR available in Japanese market is
mainly imported from China and only a small part is produced domestically. In China, there are two
kinds of PR, white peony root (WPR) and red peony root (RPR) which are used for different therapeutic
purposes. WPR is prescribed as the dried root of P. lactiflora which has been boiled and peeled before
drying, while RPR is prescribed as the dried root of P. lactiflora or P. veitchii Lynch in Chinese
Pharmacopeia. However, most of RPR are derived from P. lactiflora, the same botanical origin as
WPR. We have previously demonstrated that P. lactiflora derived WPR and RPR are genetically and
chemically different and geographically isolated from each other. The imported PR in Japanese market
and WPR in Chinese market are both derived from cultivated P. lactiflora produced in southern part of
China, except for different processing methods. The RPR derived from wild P. lactiflora produced in
northern part of China has been occasionally used in Japan. In the course of the studies to search new
resources of PR and further to promote domestic production, several horticultural cultivars of P.
lactiflora were selected as promising candidates which have potential as medicinal resources of PR on
the basis of genetic and chemical analyses. Preliminary bioactive screening experiment shed light on a
crude drug of RPR from China and a horticultural cultivar of P. lactiflora, “Edulis Superba” which
showed relatively strong anti-allergic activity. In order to elucidate the active compounds, bioassay-
guided fractionations were conducted and the anti-allergic activities of the isolated compounds were
evaluated. In addition, a comparative study based on dozens of monoterpenoids, a group of
representative and bioactive components of PR was further performed by liquid chromatography
coupled with mass spectrometry to precisely characterize the monoterpenoids profiling of different
types of PR and the related species in sect. Paeonia.

1. Chemical constituents with anti-allergic activity from the red peony root, the root of P.
lactiflora ¥

The botanical origin of the used RPR sample (D27967) was identified as P. lactiflora by genetic
analysis of ITS sequence. Methanolic extract of D27967 showed certain anti-allergic activity as
inhibitory effect against 2, 4-dinitrophenylated bovine serum albumin (DNP-BSA) stimulated f-
hexosaminidase release in immunoglobulin E (IgE)-sensitized rat basophil leukemia (RBL)-2H3 cells
(IC50: 0.61 mg/ml). After fractionation with Diaion HP-21 CC, 60% and 80% aqueous MeOH sub-
fractions were found to exhibit significantly inhibitory effects (IC50: 0.20 and 0.12 mg/ml,
respectively). Therefore, these two bioactive sub-fractions were further investigated to elucidate active



compounds, which led to isolation of 29 compounds, including three new (1-3) and fourteen known
monoterpenoids (4-17), as well as five flavonoids (19-23), six other types of compounds (18, 24-29)
(Chart 1). Among the isolated 17 monoterpenoids, ten of them showed moderate anti-allergic activities
with 1Csp ranging from 41.17 to 87.11 uM. Compound 1 named as paeoniflorol exhibited the most
effectiveness (ICso: 41.17 uM), followed by salicylpaeoniflorin (8) and galloylpaeoniflorin (11). The
structure-activity relationships indicated that the basic skeletons of compound 1 and the paeoniflorin-
type (6-15) were important for the activity, compared to the components with albiflorin-type skeleton
(3-5). Of the compounds with paeoniflorin-type skeleton, hydroxyl group at C-4 was essential and O-
hydroxybenzoyl moiety at C-8, galloyl group attaching to C-6" were beneficial to the activity.

2. Chemical constituents with anti-allergic activity from the root of Edulis Superba, a
horticultural cultivar of P. lactiflora *

Edulis Superba is a horticultural cultivar of P. lactiflora, which is identified as RPR-type of P.
lactiflora by genetic analysis of ITS sequence. The EtOAc and n-BuOH soluble fractions partitioned
from methanolic extract of its root, were found to possess the promising anti-allergic activity (1C50:
0.32 and 0.58 mg/ml, respectively). Subsequent phytochemical investigation led to isolate one new
norneolignan, named paeonibenzofuran (30), and 25 known compounds including five monoterpene
glycosides (4, 6, 8, 13, 31), ten flavonoids (19-21, 32-38), and ten other types of compounds (18, 24-25,
28-29, 39-43) (Chart 2). Bioactive assay indicated that mudanpioside E (31) with paeoniflorin-type
skeleton and quercetin (37) showed potent inhibitory activity against p-hexosaminidase release with
IC50 values of 40.34 and 25.05 uM, respectively.

To date, several components such as 1,2,3,4,6-penta-O-galloyl-B-D-glucose (18), paeoniflorin (6),
paeonol (24) from PR have been revealed to exhibit potent anti-allergic activity both in vitro and in
vivo. In our above studies, several other compounds, especially the characteristic monoterpenoids, were
unambiguously documented to make contribution to the anti-allergic activity as inhibitory effect against
IgE-mediated degranulation.

3. Characterization and quantification of monoterpenoids in different types of peony root
and the related species in sect. Paeonia by LC-ESI-IT-TOF-MS

A comparative study on monoterpenoids profiles using a liquid chromatography-electrospray
ionization-ion trap-time of flight mass spectrometry (LC-ESI-IT-TOF-MS) was conducted to elucidate
the characteristic monoterpenoids composition in different types of PR and the related species including
P. lactiflora, P. veitchii, P. anomala Linn. and P. japonica Miyabe et Takeda as well as eleven
horticultural cultivars of P. lactiflora. MS/MS fragmentation pathways of monoterpenoids with
paeoniflorin-, albiflorin- and sulfonated paeoniflorin-types of skeletons were reconstructed by using the
authenticated compounds obtained in the above study, which provides basic clues for subsequent
elucidation of monoterpenoids profiles. Thirty-one monoterpenoids were unambiguously assigned or
tentatively identified (Fig.1A). Six monoterpenoids (4, 6, 9, 11, 13, 17) were found to be predominate
compounds in all the samples. 4-O-methyl-paeoniflorin (7) was only detected in P. veitchii and P.



anomala, and mudanpioside C (10) was only detected in P. lactiflora. Paeoniflorin-type monoterpenoid
sulfonates (PS1-PS6) were easily detected in more than half of commercial WPR samples collected
from Chinese market, indicating considerable part of WPR was processed by sulfur fumigation and
such processing resulted in sulfonation of paeoniflorin-type monoterpenoids. Quantification of fifteen
monoterpenoids revealed that the total contents of fifteen monoterpenoids were obviously higher in P.
lactiflora (26.34-65.03 mg/g) and P. veitchii (33.74-74.49 mg/g) than in P. japonica (30.36 mg/g) and
P. anomala (11.20-17.71 mg/g). Of the commercial samples derived from P. lactiflora, RPR showed
obviously high contents of six paeoniflorin-type monoterpenoids (6, 8, 10, 12, 13, 14), but low contents
of albiflorin-type monoterpenoids (3, 4, 5). P. veitchii showed the highest content of salicylpaeoniflorin
(8) and galloylpaeoniflorin (11), differed clearly from the samples derived from other three Paeonia
species. In addition, monoterpenoids composition between RPR-type and WPR-type of P. lactiflora
cultivars showed high similarities, which differed from the solution between the commercial WPR and
RPR. Principle component analysis (PCA) based on the contents of 21 monoterpenoids revealed five
separated groups in the scores plot (Fig. 1B). Besides the respective groups of P. veitchii and P.
anomala, samples derived P. lactiflora were clearly classified into three groups that were RPR group,
WPR/ PR group and sulfonated WPR group.

Conclusion

In the present study, 43 compounds, including three new monoterpenoids and one new norneolignan
were isolated from the roots of RPR-type of P. lactiflora. They are mainly monoterpenoids, as well as
flavonoids, lignan and other types of compounds. Monoterpenoids with paeoniflorin-type skeleton
exhibited relatively strong inhibitory effect against IgE-mediated degranulation. Monoterpenoids
profiling clarified the obviously different chemical characteristics of the four species, and the marker
constituents for their discrimination. Quantification of fifteen monoterpenoids further revealed
considerable variation in the contents of the respective monoterpenoids, and the total contents in P.
lactiflora and P. veitchii were obviously higher than in P. anomala and P. japonica. The four species as
well as the different types of PR showed their feature composition of the paeoniflorin-type
monoterpenoids. Moreover, the horticultural cultivar of P. lactiflora, Edulis Superba was selected as a
candidate of new resource of RPR with anti-allergic activity, and its active constituents and
monoterpenoids profiling were evaluated.
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Fig. 1 Representative total ion chromatograms of peony root by LC-ESI-IT-TOF-MS (A), and PCA scores plot of 21 monoterpenoids in
fifty-six Paeonia samples (B). al: a plant specimen of P. lactiflora (P1, RPR-type), a2: a commercial drug of P. lactiflora (D52, WPR),
a3: WPR processed by sulfur fumigation (D24). Scores plot, Triangle: WPR processed by sulfur fumigation in Chinese market; Open
triangle: RPR derived from P. veitchii; Star: RPR derived from P. lactiflora and produced in Inner Mongolia, China; Cross: P. anomala;
Dot: P. japonica; Box: PR produced in Japan; Open inverted triangle: PR produced in China; Circle: Cultivars in Japan, WPR-type of P.
lactiflora cultivar; Diamond: Cultivars in Japan, RPR-type of P. lactiflora cultivar.
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1. Paeonia lactiflora DRICHET HFRAICEF SN ST LILF—ERARKS

L7 L VX —1ER X, Rat basophil leukemia (RBL)-2H3 #lAGIZ351F 2 HU 5 HI4 i FERz 471
HVEA CRME L7z, AERIZRAOBUKIIH =X A LD A X ) — )L F 2Tl o T 2 &
D ZOZFRAEN T BT LK AL ) — LR T LIESEE TR E 25, 60% KDY
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7 4 = KU EHPLC 2170, M 3 (ke atet / T~/ A K 1T{La¥. 778
J A R 5 LG R OEOM 7TbEW 2 HEEL . HR-ESI-MS, 1H- & O 13C-NMR, 2D NMR
72 ST KV ERE LTz, £ 6 OFUFRIEBER G 2 Bat L7ofs R, 2< oE )
TN A REEY. 1,2,3,4,6-penta- O-galloyl-B-D-glucose (PGG)} ¥ methyl gallate 73
HFREEOMEBITEMEZ R LT, FibE® D paeoniflorol (WIIKRYT 472y ba—o
baicalein & [A] 2 O I& 4 & v L (ICso 41.17 pM) . salicylpaeoniflorin (8) &
galloylpaeoniflorin (11)23 % #UiZ#i\V V7=, Paeoniflorin % A 7 O F#& & F oL SR IEN
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2. Paeonia lactiflora DBEIZERET S 1) ANX—/\DRICEFE ST LILX—EARS

7T KA ER M & U CGEKR L2 6 S E DR O UK fH = % 222\ C RBL-2H3 fifia iz
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72 %& 5. mudanpioside E (81) & quercetin 23 1 &[54 0 Bk i VEH 2= L7z (ICs0 1%
ZNEI 40.34 pM, 25.05 uM),
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Japonica DARIZHOWT, LC-ESIFIT-TOF-MS (2 L 5E /) TN/ A ROT v 7 7 A ViR
Mr&4T 72, Paeoniflorin # A 7, albiflorin #A 7 K% paconiflorin M A /L7 F Lk
TATNEA TOEEEFFACEIO NS 7T 7 X2 v — 2 QR E ] 50N LT,
IC /7m~hZThbD 31 E—=27ZEELL, 16 I OWTERLME.
paconiflorol (1) % (X paeoniflorin # A 7DF /TN A K (8, 11, 3172 L) D& &EMN
T TENT ENEBA L, =2 28— S IEIFREOR S = L. Bk
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VLR —IEPED RO ATREME D R S AT,
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Z OWNHHL AW D paeoniflorol K ) paeoniflorin % A 7 DE J T/ A NELEW
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