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1. Introduction. – Paeonia is the single genus in the family Paeoniaceae, which
consists of ca. 35 species distributed mainly in warm-temperate regions of Europe and
Asia. A total of 11 species are found in southwest and northwest China [1]. The roots of
P. suffruticosa, P. albiflora, P. lactiflora, and P. obovata are the most important crude
drugs in traditional Chinese medicine and have been used as analgesic, sedative, and
anti-inflammatory agents, and as remedies for cardiovarscular, extravasated blood,
stagnated blood, and female genital diseases [2 –4]. Paeonia species are a rich source of
monoterpene compounds possessing a �cage-like� pinane skeleton [5 –8]. Extensive
investigations on the chemical constituents of Paeonia plants have led to the
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identification of many bioactive compounds, including monoterpenoids, triterpenoids,
flavonoids, phenols, and tannins. In this review, we will summarize the phytochemical
progress, and list all the constituents isolated from the genus Paeonia over the past few
decades. The biological activities of the compounds isolated in recent years are also
included in this review.

2. Chemical Constituents. – The chemical constituents of Paeonia include
monoterpenes, monoterpene glycosides, triterpenoids, flavonoids, phenols, and tannins
[6– 56]. Their structures, 1 – 145 are shown below, and their names and the
corresponding plant sources are collected in the Table. As can been seen, monoterpene
glycosides are the predominant constituents within the genus Paeonia.

2.1. Monoterpenes and Monoterpene Glycosides. Thirteen monoterpenes, 1– 13,
were obtained from Paeonia species [6] [7] [9– 14]. Among them, paeoniflorigenone
(1), one of the main bioactive components, was found in three species, P. suffruticosa, P.
albiflora, and P. peregrina. Most monoterpenes were isolated from P. suffruticosa.
Three p-menthane monoterpenes, paeonilactone A – C (7, 8, and 10, resp.), were
obtained from P. albiflora [12]. In 1996, compounds 4 and 11 were isolated from P.
lactiflora [11]. Later, 9-hydroxypaeonilactone A (9) and paeonilide (13) were found in
P. delavayi [13] [14].

A total of 45 monoterpene glycosides, 14– 58, have been reported from Paeonia
species [8] [11] [13] [15 – 34]. Paeoniflorin (14) is the most important major active
component in almost all species of the genus Paeonia. Compounds 14 – 56 are pinane
type derivatives with a variety of substituents. Further, 6-O-(b-d-glucopyranosyl)lacti-
nolide (57), a p-menthane monoterpenoid, and lactiflorin (58) were isolated from P.
lactiflora [11] [34]. The members of the pinane and p-menthane type of monoterpene
and monoterpene glycosides are characteristic chemical components of the genus Paeonia.

2.2. Triterpenoids. A total of 22 triterpenoids, 59–80, have been reported from various
Paeonia species [35–42]. Among them, 59–61, 64–67, and 75–78 were obtained from
the callus tissues of P. japonica, P. lactiflora, and P. suffruticosa [35–37]. The authors
postulated biosynthetic sequence for the production of these compounds in callus tissues
of three plants [36]. Later, four 24,30-dinortriterpenoids, 69–71 and 74, were only found
in P. delavayi and obtained from natural sources for the first time [39] [40].

2.3. Flavonoids. Eight flavonoids, 81 –88, have been reported from P. decora, P.
trollioides, P. tenuifolia, and P. suffruticosa [35] [43 – 46]. Kamiya et al. [35] isolated
astragalin (81) and peonoside (82) from the roots of P. lactiflora. An anthocyanidin,
peonin (88), was found in the flowers of P. suffruticosa [46].

2.4. Phenols. A total of 26 phenols and phenolic glycosides, 89 –114, were isolated
from P. suffruticosa [19] [20] [38] [47 – 52]. Most phenols, i.e., 89– 103, are paeonol
derivatives with various substituents. Sarker et al. [50] reported four stilbenes, (Z)-
resveratrol (108) and suffruticosols A – C (109–111, resp.) from the seeds of P.
suffruticosa. In 2002, a new salicylic glycoside, paeonicluside (112), was obtained from
the roots of P. clusii [53]. In addition, 2-methoxy-5-[(E)-prop-1-enyl]phenol b-
vicianoside (113) was isolated from P. lactiflora [54], and 1’-O-benzoylsucrose (114)
was found in P. obovata [21].

2.5. Tannins. So far, a total of 31 tannins, 115 –145, were isolated from various
Paeonia species [21] [55] [56]. Among them, three galloylsucroses, 115– 117, six
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ellagitannins, 133– 138, and seven proanthocyanidins, 139– 145, were isolated from P.
obovata [21]. Fifteen galloylglucoses, 118– 132, were obtained from P. lactiflora and P.
albiflora [55] [56].

3. Biological Activities. – 3.1. Anti-Oxidative Effects. Yoshikawa et al. [20] reported
that galloylpaeoniflorin (27), galloyloxypaeoniflorin (28), and suffruticosides A – D
(98 – 101, resp.) showed more potent radical-scavenging effects on DPPH than a-
tocopherol, and oxypaeoniflorin (15) was found to exhibit a weak radical-scavenging
effect. These antioxidative glycosides might be useful as natural antioxidants because of
their H2O solubility [20]. Matsuda et al. [57] reported in 2001 that the galloyl group in
paeonol derivatives was confirmed to be essential for the radical-scavenging effect,
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Table. Chemical Constituents from the Genus Paeonia

Compound Compound name Source Ref.

Monoterpenes
1 Paeoniflorigenone P. suffruticosa [6]

P. albiflora [9]
P. peregrina [10]

2 Paeonisuffral P. suffruticosa [7]
3 3-O-Methylpaeonisuffral P. suffruticosa [7]
4 Paeonilactinone P. lactiflora [11]
5 Deoxypaeonisuffrone P. suffruticosa [6]
6 Paeonisuffrone P. suffruticosa [7]
7 Paeonilactone A P. albiflora [12]
8 Paeonilactone C P. albiflora [12]
9 9-Hydroxypaeonilactone A P. delavayi [13]

10 Paeonilactone B P. albiflora [12]
11 Lactinolide P. lactiflora [11]
12 Paeonisothujone P. suffruticosa [6]
13 Paeonilide P. delavayi [14]

Monoterpene glycosides
14 Paeoniflorin P. suffruticosa [8]

P. albiflora [15] [16]
P. lactiflora [17]
P. veitchii [18]

15 Oxypaeoniflorin P. suffruticosa [8]
P. albiflora [16]
P. lactiflora [17]
P. veitchii [18]

16 Benzoylpaeoniflorin P. suffruticosa [8]
P. albiflora [16]
P. lactiflora [17]

17 Benzoyloxypaeoniflorin P. suffruticosa [8]
18 Mudanpioside A P. suffruticosa [8]
19 Mudanpioside B P. suffruticosa [8]
20 Mudanpioside C P. suffruticosa [8]
21 Mudanpioside D P. suffruticosa [8]
22 Mudanpioside E P. suffruticosa [8]
23 Mudanpioside F P. suffruticosa [8]
24 Mudanpioside G P. suffruticosa [19]
25 Mudanpioside H P. suffruticosa [19]
26 Mudanpioside I P. suffruticosa [19]
27 Galloylpaeoniflorin P. suffruticosa [20]

P. obovata [21]
28 Galloyloxypaeoniflorin P. suffruticosa [20]

P. obovata [21]
29 8-Debenzoylpaeoniflorin P. obovata [21]
30 8-O-Galloyldesbenzoylpaeoniflorin P. obovata [21]
31 8-O-Isovaleryldesbenzoylpaeoniflorin P. obovata [21]
32 6’-O-Galloyldesbenzoylpaeoniflorin P. obovata [21]
33 6’-O-Vanillylpaeoniflorin P. obovata [21]
34 3’,6’-Di-O-galloylpaeoniflorin P. obovata [21]
35 Isomaltopaeoniflorin P. obovata [21]
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Table (cont.)

Compound Compound name Source Ref.

36 6’-O-(Vanillyloxy)paeoniflorin P. suffruticosa [22]
37 Acetoxypaeoniflorin P. veitchii [23]
38 6’-O-Benzoyl-4’’-hydroxy-3’’-methoxypaeoniflorin P. delavayi [13]
39 4-O-Ethylpaeoniflorin P. delavayi [13]
40 4’’-Hydroxy-3’’-methoxy-4-O-methylpaeoniflorin P. delavayi [24]
41 4-O-Methylpaeoniflorin P. lactiflora [25]
42 Wurdin P. emodi [26]
43 Benzoylwurdin P. emodi [26]
44 Paeonin A P. emodi [27]
45 Paeonin B P. emodi [27]
46 Paeonin C P. emodi [28]
47 Albiflorin P. albiflora [16]
48 6’-O-Galloyldesbenzoylalbiflorin P. obovata [21]
49 Paeonivayin P. delavayi [29]
50 6’-O-Benzoyl-4’’-hydroxyalbiflorin P. delavayi [13]
51 6’-O-(b-d-Glucopyranosyl)albiflorin P. lactiflora [30]
52 Paeonidaninol A P. peregrine [31]
53 Paeonidaninol B P. peregrine [31]
54 1-O-(b-d-Glucopyranosyl)paeonisuffrone P. lactiflora [11]
55 Paeonidanin P. peregrine [32]
56 (Z)-[(1S,5R)-b-Pinen-10-yl b-vicianoside] P. lactiflora [33]
57 6-O-(b-d-Glucopyranosyl)lactinolide P. lactiflora [11]
58 Lactiflorin P. lactiflora [34]

Triterpenoids
59 Oleanolic acid P. lactiflora [35]

P. suffruticosa [36]
P. japonica [36] [37]

60 2a,3b-Dihydroxyolean-12-en-28-oic acid P. suffruticosa [36]
61 Hederagenin P. lactiflora [35]

P. suffruticosa [36]
P. japonica [36] [37]

62 3b-Hydroxyolean-12-en-28-al P. lactiflora [35]
63 Mudanpinoic acid A P. suffruticosa [38]
64 3b-Hydroxyoleana-11,13(18)-dien-28-oic acid P. suffruticosa [36]

P. japonica [36]
65 3b,23-Dihydroxyoleana-11,13(18)-dien-28-oic acid P. suffruticosa [36]
66 3b-Hydroxy-11-oxoolean-12-en-28-oic acid P. japonica [36]

P. lactiflora [36]
67 30-Norhederagenin P. lactiflora [35]

P. suffruticosa [36]
P. japonica [36] [37]

68 Akebonic acid P. delavayi [39]
69 3b,4b,23-Trihydroxy-24,30-dinoroleana-12,20(29)-

dien-28-oic acid
P. delavayi [40]

70 Paeonenolide C P. delavayi [39]
71 Paeonenolide B P. delavayi [39]
72 1b,3b,5a,23,24-Pentahydroxy-30-noroleana-12,20(29)-

dien-28-oic acid
P. emodi [41]

73 11a,12a-Epoxy-3b,23-dihydroxy-30-norolean-20(29)-
en-28,13b-olide

P. lactiflora [35]
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Table (cont.)

Compound Compound name Source Ref.

74 Paeonenolide A P. delavayi [39]
75 11a,12a-Epoxy-3b-hydroxyolean-28,13b-olide P. japonica [36]

P. lactiflora [36]
76 11a,12a-Epoxy-3b,23-dihydroxyolean-28,13b-olide P. japonica [36]

P. lactiflora [36]
77 Betulinic acid P. lactiflora [35]

P. suffruticosa [36]
P. japonica [36] [37]

78 23-Hydroxybetulinic acid P. lactiflora [35]
P. suffruticosa [36]
P. japonica [36] [37]

79 24-Methylidenecycloartanol P. japonica [37]
80 Palbinone P. albiflora [42]

Flavonoids
81 Astragalin P. lactiflora [35]
82 Peonoside P. lactiflora [35]
83 Kaempferol 3-digalactoside P. decora [43]
84 Quercetin-3-galacto-7-rhamnoside P. decora [43]
85 Isosalipurposide P. trollioides [44]
86 Sexangularetin-3-O-yl b-d-sophoroside P. tenuifolia [45]
87 Limocitrin-3-O-yl b-d-sophoroside P. tenuifolia [45]
88 Peonin P. suffruticosa [46]

Phenols
89 Paeonol P. suffruticosa [47] [48]
90 2,5-Dihydroxy-4-methoxyacetophenone P. suffruticosa [48] [49]
91 2,3-Dihydroxy-4-methoxyacetophenone P. suffruticosa [48]
92 2,5-Dihydroxy-4-methylacetophenone P. suffruticosa [48] [49]
93 Resacetophenone P. suffruticosa [48] [49]
94 Acetoisovanillone P. suffruticosa [48] [49]
95 Acetovanillone P. suffruticosa [48] [49]
96 Glucopaeonol P. suffruticosa [47]
97 Apiopaeonoside P. suffruticosa [47]
98 Suffruticoside A P. suffruticosa [20]
99 Suffruticoside B P. suffruticosa [20]

100 Suffruticoside C P. suffruticosa [20]
101 Suffruticoside D P. suffruticosa [20]
102 Suffruticoside E P. suffruticosa [20]
103 Paeonolide P. suffruticosa [47]
104 Gallic acid P. suffruticosa [51]
105 Gallicin P. suffruticosa [52]
106 Mudanoside A P. suffruticosa [19]
107 Mudanoside B P. suffruticosa [38]
108 (Z)-Resveratrol P. suffruticosa [50]
109 Suffruticosol A P. suffruticosa [50]
110 Suffruticosol B P. suffruticosa [50]
111 Suffruticosol C P. suffruticosa [50]
112 Paeonicluside P. clusii [53]
113 2-Methoxy-5-[(E)-prop-1-enyl]phenol b-vicianoside P. lactiflora [54]
114 1’-O-Benzoylsucrose P. obovata [21]



since the paeonol glycosides 97 and 103, which lacked a galloyl group, showed no
effect.

In 2003, two monoterpene galactosides, paeonins A (44) and B (45), were isolated
from the roots of P. emodi. They exhibited inhibitory activities against lipoxygenase
with IC50 values of 66.1 and 56.9 mm, respectively [27]. In the following year, Riaz et al.
[28] reported paeonin C (46) isolated from the fruits of P. emodi displayed potent
inhibitory potential against lipoxygenase in a concentration-dependent fashion with an
IC50 value of 99.5 mm, along with ABTS radical cation-quenching activity with an IC50

value of 498.2 mm.
In 2005, the EtOH extract of P. lactiflora as well as its major components, gallic acid

(104) and gallicin (105), were evaluated for their protective effects against free-radical
generation and lipid peroxidation. They exhibited a significant free-radical scavenging
effect against DPPH radical generation and had an inhibitory effect on lipid
peroxidation, as measured by the level of malondialdehyde (MDA) formation, as well
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Table (cont.)

Compound Compound name Source Ref.

Tannins
115 6-O-Galloylsucrose P. obovata [21]
116 1’-O-Galloylsucrose P. obovata [21]
117 6’-O-Galloylsucrose P. obovata [21]
118 1,2,3,6-Tetra-O-galloyl-b-d-glucose P. lactiflora [55]
119 2-O-(Digalloyl)-1,3,4,6-tetra-O-galloyl-b-d-glucose P. lactiflora [55]
120 3-O-(Digalloyl)-1,2,4,6-tetra-O-galloyl-b-d-glucose P. lactiflora [55]
121 2,3-Bis-O-(digalloyl)-1,4,6-tri-O-galloyl-b-d-glucose P. lactiflora [55]
122 3-O-(Trigalloyl)-1,2,4,6-tetra-O-galloyl-b-d-glucose P. lactiflora [55]
123 4,6-Bis-O-(digalloyl)-1,2,3-tri-O-galloyl-b-d-glucose P. lactiflora [55]
124 3,6-Bis-O-(digalloyl)-1,2,4-tri-O-galloyl-b-d-glucose P. lactiflora [55]
125 2,6-Bis-O-(digalloyl)-1,3,4-tri-O-galloyl-b-d-glucose P. lactiflora [55]
126 2,3,6-Tris-O-(digalloyl)-1,4-di-O-galloyl-b-d-glucose P. lactiflora [55]
127 1,2,3,4,6-Penta-O-galloyl-b-d-glucose P. lactiflora [55]
128 6-O-(Digalloyl)-1,2,3,4-tetra-O-galloyl-b-d-glucose P. lactiflora [55]
129 6-O-(Trigalloyl)-1,2,3,4-tetra-O-galloyl-b-d-glucose P. albiflora [56]
130 6-O-(Tetragalloyl)-1,2,3,4-tetra-O-galloyl-b-d-glucose P. albiflora [56]
131 6-O-(Pentagalloyl)-1,2,3,4-tetra-O-galloyl-b-d-glucose P. albiflora [56]
132 6-O-(Hexagalloyl)-1,2,3,4-tetra-O-galloyl-b-d-glucose P. albiflora [56]
133 2,3-[(S)-Hexahydroxydiphenoyl]-d-glucose P. obovata [21]
134 Pterocaryanin B P. obovata [21]
135 Eugeniin P. obovata [21]
136 Pedunculagin P. obovata [21]
137 1b-O-Galloylpedunculagin P. obovata [21]
138 Casuariin P. obovata [21]
139 Procyanidin B-7 P. obovata [21]
140 Procyanidin B-3 P. obovata [21]
141 Procyanidin B-1 P. obovata [21]
142 Procyanidin B-1,3-O-gallate P. obovata [21]
143 Procyanidin B-2,3’-O-gallate P. obovata [21]
144 Arecatanin A-1 P. obovata [21]
145 Procyanidin AC-trimer P. obovata [21]



as a protective effect against oxidative DNA damage without exhibiting any pro-
oxidant effect [58].

3.2. Anti-Aggregatory and Anticoagulative Effects. In 2000, a new irregular acyclic
monoterpenoid, paeonilide (13), was isolated from P. delavayi. It selectively inhibited
the platelet aggregation induced by PAF (platelet activating factor) with an IC50 value
of 8 mg/ml, but had no inhibitory effect on ADP- or AA-induced platelet aggregation
[14]. Kubo et al. [59] reported that paeoniflorin (14) and benzoylpaeoniflorin (16)
showed an inhibitory effect on collagen-, endotoxin- and adenosine diphosphate
(ADP)-induced blood platelet coagulation but not on blood aggregation in vitro. Ishida
et al. [60] showed that compounds 14 and 16 exhibited blood coagulation-inhibitory
activity in vivo.

In 1999, seven acetophenones, 89 – 95, were tested for inhibition of rabbit platelet
aggregation induced by ADP, AA (arachidonic acid), collagen, and PAF. Compounds
89– 92 and 95 showed marked and selective inhibition of platelet aggregation induced
by AA and collagen in a dose-dependent manner. The IC50 values for inhibition of
rabbit platelet aggregation induced by AA of 92, 90, 91, and 89 were 3, 40, 110, and
120 mm, respectively, in comparison with the IC50 value of 20 mm for aspirin. The minor
compounds 92 and 90 were more potent than the major one, paeonol (89). Compound
92 also inhibited the formation of TXA2 and PGD2 from AA due to the inhibition of
platelet cyclooxygenase. All acetophenones were almost inactive against the aggrega-
tion induced by ADP and PAF [48].

3.3. Anti-Inflammatory Effects. In 1993, Kadota et al. [42] isolated a new terpenoid,
palbinone (80), from P. albiflora, which was found to have a strong inhibitory activity
on the reduced form of nicotinamide adenine dinucleotide phosphate (NADPH)-
linked 3a-hydroxysteroid dehydrogenase (3a-HSD) of rat liver cytosol with an IC50

value of 0.046 mm, while more stronger than indomethacin with an IC50 value of 3.2 mm.
3.4. Sedative and Analgesic Effects. Shimizu et al. [9] reported that paeoniflorige-

none (1) produces a blocking effect on neuromuscular junction in phrenic nerve
diaphragm preparations of mice. Later, a minor component, paeonilactone C (8),
isolated from P. albiflora, was found to suppress both directly and indirectly stimulated
muscle twitchings of frog sciatic nerve-sartorius muscle preparations at 100 mg/ml [12].
In 1996, a new monoterpene glycoside, 57, was isolated from P. lactiflora and inhibited
the contractile response of guinea pig ileum induced by electric field stimulation [11].

3.5. Hypoglycemic Effects. Hsu et al. [61] reported that paeoniflorin (14) and 8-
debenzoylpaeoniflorin (29) produced a significant blood sugar lowering effect in
streptozotocin-treated rats and had a maximum effect at 25 min after treatment. This
hypoglycemic action was also observed in normoglycemic rats only at 1 mg/kg. The
antihyperglycemic activity of 29 seems lower than that of 14. Nishioka et al. [52]
reported that the MeOH extract of P. suffruticosa showed potent inhibitory activity
against rat intestinal sucrase, and the active principle was identified as gallicin (105).

3.6. Anti-Osteoporotic Effects. In 2007, Yen et al. [30] isolated a new monoterpene
glycoside, 6’-O-(b-d-glucopyranosyl)albiflorin (51), and the known compounds 14, 16,
47, and 50 from the roots of P. lactiflora. Compounds 51, 47, and 14 have direct
stimulatory effects on bone formation in cultured MC3T3-E1 osteoblast cells and
significantly increased the ALP activity at concentrations of 0.01– 10, 0.01, and 0.1 mm,
respectively. Compound 51 showed the most potent activity with increasing the ALP
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activity to 144% that of the control at a concentration of 0.1 mm and may be a nontoxic
agent that could play an important role in the prevention of osteoporosis. However,
compounds 16 and 50 having a benzoyl moiety in the sugar part showed no significant
effects [30].

3.7. Anti-Allergic Effects. Murakami et al. [11] isolated a monoterpene glycoside, 1-
O-(b-d-glucopyranosyl)paeonisuffrone (54), from P. lactiflora, which was found to
inhibit histamine release from rat peritoneal exudate cell-induced antigen-antibody
reaction.

3.8. Urea-Nitrogen Decreasing Effects. Shibutani et al. [62] reported that the AcOEt
extract of P. lactiflora decreases the urea-nitrogen concentration in rat serum, and the
gallotannin, 1,2,3,4,6-penta-O-galloyl-b-d-glucose (127) was the active component. In
1983, Nishizawa et al. [55] isolated eleven gallotannins, 118– 128, from P. lactiflora. All
these compounds caused, after intraperitoneal administration, remarkable decreases of
urea-nitrogen concentrations in rat serum, and the activities of hexadecagalloylglu-
coses were somewhat higher than that of 127 [55].

3.9. Ecdysteroid-Antagonist Effects. In 1999, Sarker et al. [50] isolated three
resveratrol trimers, suffruticosols A – C (109–111) and (Z)-resveratrol (108) from the
seeds of P. suffruticosa. They are active as ecdysteroid antagonists, but inactive as
agonists in the Drosophila melanogaster BII cell bioassay.

3.10. Other Activities. Paeoniflorin (14) also showed sedative, hypotensive, and
weak anti-inflammatory effects, and a preventive effect on stress ulcer [63]. In 1993, 14
and the crude extract of P. lactiflora were found to attenuate the scopolamine-induced
deficit in radial maze performance in rats [64]. Compound 72, a triterpene isolated
from P. emodi, showed inhibitory activity against b-glucuronidase with an IC50 value of
0.16 mm [41].

4. Conclusions. – The genus Paeonia is widespread all over the world, and many
species of this genus have been used in traditional folk medicine. Phytochemical
investigations of Paeonia species have revealed that many components from this genus
exhibit significant biological and pharmacological activities. Although there are ca. 35
species in this genus, only 13 species have been investigated so far. There are still many
Paeonia species that have received no or only little attention, and phytochemical and
biological studies should focus now on these plants to search for more potential
bioactive components.
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