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Abstract
Kaempferia species have contained various crucial ethnobotanical features, and are being used as traditional folk medicines
in some Southeast Asia. This review tends to highlight important information (phytochemistry, biosynthesis, synthesis,
pharmacology, and pharmacokinetics) of Kaempferia principal phytochemical classes diterpenoids and flavonoids. The
electronic sources, e.g., Google Scholar, Sci-Finder, and Web of Science, and the most meaningful keywords “Kaempferia”,
“diterpenoids”, and “flavonoids” have been more often utilized for searching the literature. More than 190 phytochemicals
type diterpenoids (153 compounds) and flavonoids (42 compounds) have been separated from Kaempferia species.
Isopiramanes and flavones are representative compounds. Kaempferia diterpenoids and flavonoids established great attention
due to their pharmacological values such as antioxidative, anti-inflammatory, antimicrobial, antiviral, and antimalarial
activities, especially anticancer. They also protected against harms to the neuron, skin, and liver. Pharmacokinetic studies
revealed that metabolism of Kaempferia flavonoids might be related to the transformation of hydroxyl groups. Advances in
chromatographic separations to obtain huge amounts of Kaempferia isolated compounds are expected. Future in vivo and
clinical investigations on the components of Kaempferia should be carried out to provide accurate dosage and normative
recommendations.
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Introduction

Medicinal plants have provided for global healthcare
requirements from ancient time period [1–3]. Since the
beginning of time, natural products made from plants have
benefited the pharmaceutical sector. People in the world
currently rely on traditional medicines to treat minor ill-
nesses [4, 5]. Due to their interdependence and a profusion
of secondary metabolites, medicinal plants exhibit a variety
of pharmacologically chemical compounds [4–6].

Geographic zones, climate changes, and other natural ele-
ments that have great impacts on the biosynthetic pathways
are some of the reasons that have contributed to variances in
secondary metabolites [6].

Kaempferia is one of the most important genera in the
ginger family Zingiberaceae with about 52 accepted species
[7]. Almost Kaempferia species are annual rhizomatous
plants found available in Southeast Asia, China, India, and
Bangladesh [7]. Similar to the other ginger plants, species in
the genus Kaempferia themselves come with a lot of ben-
efits in use. Kaempferia pandurata, with local names as
Temu kunci in Indonesia or Krachai in Thailand, has been
traditionally utilized as a spice, in particular, its young
rhizomes were very well-known for seasoning vegetables
[8]. K. galanga, sometimes referred to as Kencur, Karchoor,
or aromatic ginger, is advised for cough and colds, fever,
headaches, skin rashes, arthritis, vertigo, gastroenteritis,
pancreas diseases, antidotes for snake venom, inflammation,
blood vomiting, and mouth sores [9]. By this mean, the
fresh and dried parts of Kaempferia species, especially the
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rhizomes, were also the selective materials in phytochem-
ical investigations. Many experimental attempts had been
carried out, resulting in the isolation of a vast number of
secondary metabolites. Among isolated compounds, diter-
penoids and flavonoids are likely to be the main chemical
classes [10–21]. Remarkably, these chemical classes are
also responsible for various featured pharmacological
values, such as anticancer, anti-inflammation, and neuro-
protective and hepatoprotective activities [22–25]. To date,
there have been several reviewed assessments about the
single plants [26–28]. However, an overview highlighted
natural occurence and the pharmacological role of Kaemp-
feria diterpenoids and flavonoids still remained unknown.
The ultimate aim of this review is to highlight natural
observation and pharmacological values of these two phy-
tochemical classes. Besides that, biosynthetic pathways of
diterpenoids and synthetic steps of flavonoids were com-
prehensively reviewed. Structure-activity relationship was
also mentioned. Pharmacokinetic progress of Kaempferia
flavonoids is also discussed.

Phytochemistry

Phytochemical investigations on Kaempferia species resul-
ted in the isolation of various chemical classes, in which
diterpenoids and flavonoids can be seen as the main classes.
Table 1 provides a list of 195 isolates type diterpenoids
1–153 and flavonoids 149–195. Their name was set in the
order of alphabetic words, as well as similar subclasses will
be placed close each other. Herein, these metabolites were
the results of chromatographic separation and NMR
(nuclear magnetic resonance)-structural elucidation. Sig-
nificantly, the rhizomes were the main material for phyto-
chemical studies.

Diterpenoids

Diterpenoids-derived from Kaempferia plants can be divi-
ded into abietanes 1–15, clerodanes 16–22, labdanes 23–39,
isopiramanes 40–148, and decalin–fused dihydropyrans
149–153 (Table 1 and Fig. 1). Kaempferia abietanes 1–15
were only found in K. angustifolia, K. elegans, and K.
roscoeana [29–31]. Among these isolates, elegansols A–E
(6–10), kaempfolienol (11), and roscotanes A-D (12–15)
were previously undescribed compounds separates from K.
elegans rhizome, K. angustifolia rhizome, and K. roscoeana
whole plant, respectively [29–31]. Clerodanes 16–22 were
only found in K. pulchra rhizome, in which propadane C
(21) was a new compound in literature [32].

The next chemical class of Kaempferia ditepernoids is
labdanes 23–39. K. candida, K. roscoeana, especially K.
elegans are species reported to contain labdanes.

Kaempcandiol (29) and propadanes A-B (37–38) were new
isolates derived from K. candida root and rhizome and K.
elegans rhizome, respectively, whereas the remaining lab-
danes were found in the genus Kaempferia for the first time
[29, 32, 33].

Isopiramane derivatives are likely the main class of
Kaempferia diterpenoids with more than 100 isolates
(Table 1). Isopiramanes can be observed in K. elegans, K
galanga, K. koratensis, K. marginata, K. pulchra, K. ros-
coeana, and K. saraburiensis. Various compounds were
identified as new compounds, including 1α-acetoxysandar-
acopimaradien-2α-ol (40), (1 S,5 S,9 S,10 S,11R,13R)-1,11-
dihydroxypimara-8(14),15-diene (50), 1α,2α-dihydroxypimara-
8(14),15-dien-7-one (51), 1α,14α‐dihydroxyisopimara‐8(9),15‐
diene (52), galangols A-D (56–59), 1α‐hydroxy‐14α‐methox-
yisopimara‐8(9),15‐diene (60), (5 S,6R,9 S,10 S,13R)-6-
hydroxypimara-8(14),15-diene-1-one (63), kaemgalangols A-F
(69-74), kaempulchraols A-W (61 and 75–96), koratanes A-B
(97–98), marginaols A-M (99–111), marginols A-K
(112–122), roscoranes A-D (124–127), shanpanootols A-H
(133–140), saraburanes A-B (141–142), saraburol (143),
(1 R,2 S,5 S,7 S,9 R,10 S,13 R)-1,2,7-trihydroxypimara-
8(14),15-diene (144), (1R,2 S,5 S,9 S,10 S,11R,13R)-1,2,11-
trihydroxypimara-8(14),15-diene (145), and (1 S,5 S,7R,9
R,10 S,11 R,13 R)-1,7,11-trihydroxypimara-8(14),15-diene
(146) [9, 14, 15, 17, 20, 21, 25, 29, 34–43]. The CH2Cl2 extract
of K. elegans rhizome also contained five new decalin-fused
dihydropyrans elegansins A-E (149–155) [30].

Flavonoids

Kaempferia flavonoids included flavones 154–176, flava-
nones 177–183, flavans 184–185, flavenes 186–187, and
chalcones 188–195 (Table 1 and Fig. 2). Taking flavones
154–176 into consideration, they can be seen as the repre-
sentatives since various metabolites were isolated fre-
quently, including 5,3’-dihydroxy-3,7,4’-trimethoxyflavone
(155), 5,4’-dihydroxy-7-methoxyflavone (156), 5,7-dime-
thoxyflavone (157), 5-hydroxy-3,7-dimethoxyflavone
(159), 5-hydroxy-7,4’-dimethoxyflavone (160), techtochry-
sin (161), 5-hydroxy-3,7,4’-trimethoxyflavone (162), retu-
sine (164), 3,5,7,3’,4’-pentamethoxyflavone (168), 3,5,7,4’-
tetramethoxyflavone (172), 5,7,3’,4’-tetramethoxyflavone
(173), 3,5,7-trimethoxyflavone (175), and 5,7,4’-tri-
methoxyflavone (176) (Table 1). Kaempferia flavones were
highly concentrated in the rhizomes of some plants such as
K. angustiflora, K. elegans, K. galanga, K. parviflora, K.
pulchra, and K. rotunda. It is also successful to estimate the
qualification of the presentative flavones in Kaempferia
species. For instance, K. parviflora rhizomes, which were
collected from Thailand, were associated with high per-
centages of flavones 156 (1.3%), 173 (1.01%), and 1.76
(1.6%) [44]. Seven flavanones 177–183 were also found in
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Table 1 Diterpenoids and flavonoids from Kaempferia plants

No Compounds Plants References

Abietanes

1 Abieta-8,11,13-trien-7α-ol K. elegans rhizome, and K.
roscoeana whole plant

[29, 30]

2 Abieta-8,11,13-trien-11-ol K. elegans rhizome [30]

3 ar-Abietatriene K. elegans rhizome, and K.
roscoeana whole plant

[29, 30]

4 7-Dehydroabietanone K. roscoeana whole plant [29]

5 12-Deoxyroyleanone K. elegans rhizome [30]

6 Elegansol A K. elegans rhizome [30]

7 Elegansol B K. elegans rhizome [30]

8 Elegansol C K. elegans rhizome [30]

9 Elegansol D K. elegans rhizome [30]

10 Elegansol E K. elegans rhizome [30]

11 Kaempfolienol K. angustifolia rhizome [31, 49]

12 Roscotane A K. roscoeana whole plant [29]

13 Roscotane B K. roscoeana whole plant [29]

14 Roscotane C K. roscoeana whole plant [29]

15 Roscotane D K. roscoeana whole plant [29]

Clerodanes

16 Cleroda-2,4(18),14-trien-13-ol K. pulchra rhizome [32]

17 Dysoxydensin E K. pulchra rhizome [32]

18 (+)-13-epi-2α-hydroxykolavelool
(13-epi-roseostachenol)

K. pulchra rhizome [32]

19 (–)-2β-hydroxykolavelool K. pulchra rhizome [32]

20 (–)-Kolavelool K. pulchra rhizome [32]

21 Propadane C K. pulchra rhizome [32]

22 13-epi-Roseostachenone K. pulchra rhizome [32]

Labdanes

23 Anticopalic acid K. elegans rhizome [32]

24 Anticopalol K. elegans rhizome [32]

25 Aromaticane J K. candida root and rhizome [33]

26 Calcaratarin A K. pulchra rhizome [32]

27 Coronadiene K. candida root and rhizome [33]

28 (+)-15,16-Epoxy-8(17),13(16),14-
labdatriene

K. elegans rhizome [32]

29 Kaempcandiol K. candida root and rhizome [33]

30 (12Z,14 R)-Labda-8(17),12-dien-
14,15,16-triol

K. roscoeana whole plant [29]

31 Labda-8(17),13(14)-diene-15,16-
olide

K. elegans rhizome [32]

32 (+)-Labda-8(17),13(Z)-diene-
15,16-diol

K. elegans rhizome [32]

33 8(17)-Labden-15-ol K. elegans rhizome [32]

34 Longpene A K. candida root and rhizome [33]

35 Methyl anticopalate K. elegans rhizome [32]

36 13-Oxo-14,15-bis-nor-labd-8(17)-
ene

K. elegans rhizome [32]

37 Propadane A K. elegans rhizome [32]

38 Propadane B K. elegans rhizome [32]

39 (+)-Pumiloxide K. elegans rhizome [32]

Isopiramanes

40 1α-Acetoxysandaracopimaradien-
2α-ol

K. marginata rhizome [34, 58]

41 2α-Acetoxysandaracopimaradien-
1α-ol

K. galanga rhizome, and K.
marginata rhizome

[34–36,59]

42 6β-Acetoxysandaracopimaradien-
1α,9α-diol

K. galanga rhizome, and K.
marginata rhizome

[37–39,77]

43 6β‐Acetoxysandaracopimaradiene‐
9α‐ol‐1‐one

K. galanga rhizome, and K.
marginata rhizome

[38, 39]

44 6β‐Acetoxysandaracopimaradiene‐
9α‐ol

K. galanga rhizome [39]

45 Boesenberol F K. marginata rhizome [38]

46 Boesenberol I K. galanga rhizome, K.
koratensis rhizome, and K.
saraburiensis whole plant

[25, 40–42]

47 Boesenberol J K. galanga rhizome, K.
koratensis rhizome, K.
marginata rhizome, and K.
saraburiensis whole plant

[25, 35, 38, 40–42]

48 Curcumrinol A K. koratensis rhizome, and K.
saraburiensis whole plant

[25, 40]

49 Curcumrinol B K. galanga rhizome, and K.
koratensis rhizome

[25, 42]

Table 1 (continued)

No Compounds Plants References

50 (1S,5S,9S,10S,11R,13R)-1,11-
Dihydroxypimara-8(14),15-diene

K. galanga rhizome, and K.
marginata whole plant and
rhizome

[17, 35–37, 42, 58]

51 1α,2α-Dihydroxypimara-8(14),15-
dien-7-one
((1R,2S,5S,7S,9R,10S,13R)-1,2-
Dihydroxypimara-8(14),15-diene-
7-one)

K. galanga rhizome, K.
marginata whole plant, K.
pulchra rhizomes, and K.
roscoeana whole plant

[21, 29, 35, 36]

52 1α,14α‐Dihydroxyisopimara‐
8(9),15‐diene

K. galanga rhizome, and K.
marginata rhizome

[37, 39]

53 7β,9α-Dihydroxyisopimara-8(14),
15-diene (Sandaracopimaradiene‐
7β,9α‐diol)

K. galanga rhizome, and K.
pulchra rhizome

[17, 35, 39]

54 6β,14α‐Dihydroxyisopimara‐
8(9),15‐diene

K. galanga rhizome [39]

55 6β,14β‐Dihydroxyisopimara‐
8(9),15‐diene

K. galanga rhizome [39]

56 Galangol A K. galanga rhizome [42]

57 Galangol B K. galanga rhizome [42]

58 Galangol C K. galanga rhizome [42]

59 Galangol D
(Sandaracopimaradiene-9α-ol)

K. galanga rhizome, and K.
koratensis rhizome

[25, 41, 42]

60 1α‐Hydroxy‐14α‐
methoxyisopimara‐8(9),15‐diene

K. galanga rhizome [39]

61 1α-Hydroxyisopimara-8(14),15-
diene (Sandaracopimaradien-1α-ol,
Kaempulchraol I)

K. galanga rhizome, K.
marginata rhizome and whole
plant, K. pulchra rhizome, and
K. roscoeana whole plant

[14, 17, 29, 35, 36,
41, 42, 58]

62 (2R)-ent-2-Hydroxyisopimara-
8(14),15-diene (ent-
Sandaracopimaradien-2-ol)

K. galanga rhizome, K.
marginata rhizome, and K.
pulchra rhizome

[16, 17, 35]

63 (5S,6R,9S,10S,13R)-6-
Hydroxypimara-8(14),15-diene-1-
one (6β-Hydroxypimara-8(14),15-
diene-1-one)

K. galanga rhizome, and K.
marginata whole plant

[35, 36, 41, 42]

64 7α-Hydroxyisopimara-8(14),15-
diene

K. elegans rhizome,
K. galanga rhizome, K. pulchra
rhizome, and K. roscoeana
whole plant

[15, 17, 29, 30, 58]

65 9α-Hydroxyisopimara-8(14),15-
dien-7-one

K. pulchra rhizome [17]

66 Isopimara-8(9),15-dien-7-one K. roscoeana whole plant [29]

67 (–)-Isopimara-8(14),15-diene
((–)-Sandaracopimaradiene)

K. elegans rhizome,
K. roscoeana whole plant, and
K. saraburiensis rhizome

[29, 30, 35, 36,
39–41]

68 Isopimara-8(14),15-diene-7-oxo-
2α-ol

K. marginata rhizome [58]

69 Kaemgalangol A K. galanga rhizome, and K.
marginata rhizome

[35, 41, 43]

70 Kaemgalangol B K. galanga rhizome [35]

71 Kaemgalangol C K. galanga rhizome, and K.
marginata rhizome

[35, 38]

72 Kaemgalangol D K. galanga rhizome [35]

73 Kaemgalangol E K. galanga rhizome [9]

74 Kaemgalangol F K. galanga rhizome [9]

75 Kaempulchraol A K. pulchra rhizome, and K.
saraburiensis whole plant

[17, 25, 40]

76 Kaempulchraol B K. galanga rhizome, K.
koratensis rhizome, K.
marginata rhizome, K. pulchra
rhizome, and K. saraburiensis
whole plant

[17, 25, 35, 38]

77 Kaempulchraol C K galanga rhizome, K.
koratensis rhizome, K.
marginata rhizome, K. pulchra
rhizome, and K. saraburiensis
whole plant

[17, 25, 38, 40, 42]

78 Kaempulchraol D K. marginata rhizome, K.
pulchra rhizome, and K.
saraburiensis whole plant

[17, 38, 40]

79 Kaempulchraol E K. galanga rhizome, K.
marginata rhizome, and K.
pulchra rhizome

[17, 35, 38, 41]

80 Kaempulchraol F K. galanga rhizome, and K.
pulchra rhizome

[17, 35, 42]

81 Kaempulchraol G K. pulchra rhizome, and K.
saraburiensis whole plant

[17, 40]

82 Kaempulchraol H K. pulchra rhizome [17]

83 Kaempulchraol J K. marginata rhizome, and K.
pulchra rhizome

[14, 58]
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Table 1 (continued)

No Compounds Plants References

84 Kaempulchraol K K. marginata rhizome, and K.
pulchra rhizome

[14, 17, 37, 38]

85 Kaempulchraol L K. marginata rhizome, K.
pulchra rhizome, and K.
saraburiensis whole plant

[14, 17, 38, 40, 41]

86 Kaempulchraol M K. pulchra rhizome [14]

87 Kaempulchraol N K. pulchra rhizome, and K.
galanga rhizome

[14, 17, 20, 35]

88 Kaempulchraol O K. pulchra rhizome and K.
galanga rhizome

[14, 17, 20, 35]

89 Kaempulchraol P K. koratensis rhizome, K.
galanga rhizome, and K.
pulchra rhizome

[15, 17, 25, 35]

90 Kaempulchraol Q K. pulchra rhizome, and K.
galanga rhizome

[15, 17, 35]

91 Kaempulchraol R K. pulchra rhizome [15, 17]

92 Kaempulchraol S K. pulchra rhizome [15, 17]

93 Kaempulchraol T K. pulchra rhizome [15, 17]

94 Kaempulchraol U K. pulchra rhizome [17]

95 Kaempulchraol V K. pulchra rhizome [17]

96 Kaempulchraol W K. marginata rhizome, and K.
pulchra rhizome

[17, 38]

97 Koratane A K. koratensis rhizome [25]

98 Koratane B K. koratensis rhizome [25]

99 Marginaol A K. marginata rhizome [58]

100 Marginaol B K. marginata rhizome [58]

101 Marginaol C K. marginata rhizome [58]

102 Marginaol D K. marginata rhizome [58]

103 Marginaol E K. marginata rhizome [58]

104 Marginaol F K. marginata rhizome [58]

105 Marginaol G K. marginata rhizome [58]

106 Marginaol H K. marginata rhizome [58]

107 Marginaol I K. marginata rhizome [58]

108 Marginaol J K. marginata rhizome [58]

109 Marginaol K K. marginata rhizome [58]

110 Marginaol L K. marginata rhizome [58]

111 Marginaol M K. marginata rhizome [37]

112 Marginol A K. galanga rhizome, and K.
marginata rhizome

[35, 38]

113 Marginol B K. marginata rhizome [38]

114 Marginol C K. marginata rhizome [38]

115 Marginol D K. marginata rhizome [38]

116 Marginol E K. marginata rhizome [38]

117 Marginol F K. marginata rhizome [38]

118 Marginol G K. marginata rhizome [38]

119 Marginol H K. marginata rhizome [38]

120 Marginol I K. marginata rhizome [43]

121 Marginol J K. marginata rhizome [43]

122 Marginol K K. marginata rhizome [43]

123 (5β,9β,10α,13α)-Pimara-6,8(14)
15-trien-18-oic acid

K. marginata rhizome [38]

124 Roscorane A K. roscoeana whole plant [29]

125 Roscorane B K. koratensis rhizome, and K.
roscoeana whole plant

[25, 29]

126 Roscorane C K. pulchra rhizome, K.
roscoeana whole plant

[21, 29]

127 Roscorane D K. roscoeana whole plant [29]

128 8(14),15-Sanderacopimaradiene-
1α,9α-diol (Sandaracopimaradien-
1α,9α-diol)

K. galanga rhizome, K.
marginata rhizome, and K.
saraburiensis whole plant

[35, 38–41]

129 Sandaracopimaradien-9α-ol-1-one K. galanga rhizome [35]

130 Sandaracopimaradiene-1α,2α-diol K. marginata rhizome,
K. galanga rhizome, and K.
roscoeana whole plant

[34–36, 40, 42, 58]

131 Sandaracopimaradien-6β,9α-diol-
1-one

K. galanga rhizome, and K.
marginata rhizome

[35, 38, 41]

132 Sandaracopimaradien-1,6,9-triol K. marginata rhizome [38]

133 Shanpanootol A K. pulchra rhizome [20]

134 Shanpanootol B K. pulchra rhizome [20]

135 Shanpanootol C K. pulchra rhizome [20]

136 Shanpanootol D K. pulchra rhizome [20]

Table 1 (continued)

No Compounds Plants References

137 Shanpanootol E K. pulchra rhizome [20]

138 Shanpanootol F K. pulchra rhizome [20]

139 Shanpanootol G K. koratensis rhizome, and K.
pulchra rhizome

[21, 34]

140 Shanpanootol H K. pulchra rhizome [21]

141 Saraburane A K. saraburiensis whole plant [40]

142 Saraburane B K. koratensis rhizome, and K.
saraburiensis whole plant

[34, 40]

143 Saraburol K. saraburiensis whole plant [40]

144 (1R,2S,5S,7S,9R,10S,13R)-1,2,7-
Trihydroxypimara-8(14),
15-diene

K. marginata whole plant and
rhizome, and K. pulchra
rhizome

[21, 36, 58]

145 (1R,2S,5S,9S,10S,11R,13R)-
1,2,11-Trihydroxypimara-
8(14),15-diene

K. marginata whole plant, K.
roscoeana whole plant, and K.
pulchra rhizome

[14, 17, 18, 36, 40]

146 (1S,5S,7R,9R,10S,11R,13R)-
1,7,11-Trihydroxypimara-
8(14),15-diene (1α,7α,11α-
Trihydroxypimara-8(4),
15-diene)

K. koratensis rhizome, and K.
marginata whole plant and
rhizome

[25, 36, 58]

147 Virescenol B K. marginata rhizome [38]

148 Virescenol C K. marginata rhizome [38]

Decalin-fused dihydropyrans

149 Elegansin A K. elegans rhizome [30]

150 Elegansin B K. elegans rhizome [30]

151 Elegansin C K. elegans rhizome [30]

152 Elegansin D K. elegans rhizome [30]

153 Elegansin E K. elegans rhizome [30]

Flavonoids

Flavones

154 5,4’-Dihydroxy-3,7,3’-
trimethoxyflavone

K. parviflora rhizome [70, 85]

155 5,3’-Dihydroxy-3,7,4’-
trimethoxyflavone

K. parviflora rhizome [12, 61, 66, 68, 69,
71, 72, 74]

156 5,4’-Dihydroxy-
7-methoxyflavone

K. parviflora rhizome [12, 68, 71, 72, 74]

1 57 5,7-Dimethoxyflavone K. parviflora rhizome [10–12, 23, 45, 61,
62, 65–74, 76, 81,
85, 86, 89–94]

158 2”,2”-Dimethylpyrano-[5”,6”:8,7]-
flavone

K. pulchra rhizome [32]

159 5-Hydroxy-3,7-dimethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. parviflora rhizome,
K. pulchra, and K. rotunda
rhizome

[10–12, 22–24, 44,
46, 48, 60–63, 65,
66, 68–72, 74, 76,
79, 80, 82, 85, 86,
91–94]

160 5-Hydroxy-7,4’-dimethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[12, 22–24, 44, 46,
60, 61, 63, 65, 66,
68–72, 74, 76, 79,
80, 85, 86, 92]

161 5-Hydroxy-7-methoxyflavone
(techtochrysin)

K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[12, 22–24, 44, 46,
60–63, 65, 66,
68–72, 74, 76, 79,
80, 82, 85, 91–94]

162 5-Hydroxy-3,7,4’-
trimethoxyflavone

K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[10–12, 22–24, 44,
46, 48, 60–63, 66,
68–72, 74, 76, 79,
80, 82, 85, 86, 91,
92, 94]

163 5-Hydroxy-7,3’,4’-
trimethoxyflavone

K. parviflora rhizome [12, 24, 66, 74]

164 5-Hydroxy-3,7,3’,4’-
tetramethoxyflavone (retusine)

K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[12, 22–24, 46, 60,
61, 63, 65, 66,
68–72, 74, 76, 79,
80, 85, 91–95]

165 4’-Hydroxy-5,
7-dimethoxyflavone

K. parviflora rhizome [66, 69, 70, 85]

166 Isorhamnetin 3-O-
[β-rhamnopyranosyl-(1→6)-
β-glucopyranoside]

K. parviflora rhizome [66]

167 Kaempferol K. parviflora rhizome [24]
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the rhizomes of Kaempferia species. It is frequent to isolate
pinocembrin (178) and dimethylpinocembrin (180), which
have the same resource as K. angustiflora, K. elegans, K.
galanga, K. marginata, K. parviflora, K. pulchra, and K.
rotunda [45–47]. The rest isolates, including (2R,3R)-
(–)-aromadendrin trimethyl ether (177), 3,7-dimethoxy-
flavanone (179), trans-3-hydroxy-5,7-dimethoxyflavanone
(182), and taxifolin (183) from K. parviflora, and pinos-
trobin (181) from K. pandurata [12, 24, 47].

Four new compounds 184–185 and 186–187 can be
classified as flavans and flavenes, respectively. They toge-
ther composed of α-L-rhamnopyranosyl-(1→6)-β-D-gluco-
pyranosyl unit at carbon C-3 (Fig. 2). Kaempferiaosides A
and C-D (184 and 186–187) were first isolated from the
MeOH extract of K. parviflora rhizome, whereas
(2R,3S,4S)-3-O-[α-L-rhamnopyranosyl-(1→6)-β-D-gluco-
pyranosyl]-3’-O-methyl-ent-epicatechin-(2α→O→3,4α→4)
-(5aS,10bS)-5a,10b-dihydro-1,3,5a,9-tetrahydroxy-8-meth-
oxy-6H-benz[b]indeno[1,2-d]furan-6-one (185) was detec-
ted in its CH2Cl2 extract [12, 13, 48].

Additional results of phytochemical investigations on
Kaempferia plants are the identification of chalcones
188–195 (Table 1 and Fig. 2). Kaempferia chalcones can
be found in the rhizomes of K. angustifolia, K. elegans,
K. galanga, K. pandurata, K. parviflora, and K. rotunda
[31, 46, 49–54]. They included 2’-hydroxy-4,4’,6’-tri-
methoxychalcone (188), (±)-panduratins A (189–190),
flavokawain B (191), cardamonin (192), (–)-iso-
panduratin A (193), and (±)-4-hydoxypanduratins A
(194–195) (Table 1).

Biosynthesis and synthesis

Biosynthesis

As shown in Fig. 3, biosynthesis of Kaempferia diterpe-
noids was proposed starting from (E,E,E)-geranylgeranyl
diphosphate (GGPP) [9]. The GGPP is first cyclized to form
a cationic intermediate that is directly cyclized to generate
isopimara-8(14),15-diene and sandaracopimaradiene via the
reactions with enzymes Aspergillus niger and Neosartorya
fischeri. By these enzymatic catalyzes, hydroxylation of
carbons C-1 and C-7 of sandaracopimaradiene afforded
compound 74. Dehydration of kaemgalangol provided 1-
hydroxy-isopimara-6(7),8(14),15-triene. This compound
then can undergo a sequence of hydration and C-2 hydro-
xylation to afford compound 99. In the meantime, com-
pound 73 could be produced from 1-hydroxy-isopimara-
6(7),8(14),15-triene through a sequence of enzymatic
dehydration, C1 hydroperoxyration with lipoxygenase
(LOX), and hydroxylation at carbons C-2, C-6, and C-7.

Table 1 (continued)

No Compounds Plants References

168 3,5,7,3’,4’-Pentamethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[10–12, 23, 24, 46,
61, 66–74, 76, 85,
86, 89–91, 93, 94]

169 Quercetin 3-O-[β-
rhamnopyranosyl-(1→ 6)-β-
glucopyranoside]

K. parviflora rhizome [66]

170 Syringetin 3-O-rutionside K. parviflora rhizome [12]

171 Tamarixetin 3-O-rutionside K. parviflora rhizome [12]

172 3,5,7,4’-Tetramethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[10–12, 22, 23, 44,
46, 61, 63, 66–68,
70–72, 82, 85, 89,
91, 93–95]

173 5,7,3’,4’-Tetramethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[12, 44, 46, 61, 66,
69, 74, 76, 91, 93]

174 Tilianine K. parviflora rhizome [12]

175 3,5,7-Trimethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[12, 22–24, 44–46,
60, 61, 63, 65–72,
74, 79, 80, 82, 85,
86, 89, 91, 92]

176 5,7,4’-Trimethoxyflavone K. angustiflora rhizome, K.
elegans rhizome, K. galanga
rhizome, K. marginata rhizome,
K. parviflora rhizome, K.
pulchra, and K. rotunda
rhizome

[10–12, 23, 24, 44,
46, 57, 61, 65–74,
76, 82, 85, 86,
89–95]

Flavanones

177 (2R,3R)-(–)-Aromadendrin
trimethyl ether

K. parviflora rhizome [12]

178 5,7-Dihydroxyflavanone
(Pinocembrin)

K. elegans rhizome, K. galanga
rhizome, K. pandurata rhizome,
and K. parviflora rhizome

[46, 47]

179 3,7-Dimethoxyflavanone K. parviflora rhizome [24]

180 5,7-Dimethoxyflavanone
(Dimethylpinocembrin)

K. elegans rhizome, K. galanga
rhizome, and K. parviflora
rhizome

[45, 46]

181 5-Hydroxy-7-methoxyflavanone
(Pinostrobin)

K. pandurata rhizome [47]

182 trans-3-Hydroxy-5,7-
dimethoxyflavanone

K. parviflora rhizome [24]

183 Taxifolin K. parviflora rhizome [24]

Flavans

184 Kaempferiaoside A K. parviflora rhizome [12]

185 (2R,3S,4S)-3-O-[α-L-
Rhamnopyranosyl-(1→6)-β-D-
glucopyranosyl]-3’-O-methyl-ent-
epicatechin-(2α→O→3,4α→4)-
(5aS,10bS)-5a,10b-dihydro-
1,3,5a,9 tetrahydroxy-8-methoxy-
6H- benz[b]indeno[1,2-d]furan-6-
one

K. parviflora rhizome [12, 48, 66]

Flavenes

186 Kaempferiaoside C K. parviflora rhizome [13]

187 Kaempferiaoside D K. parviflora rhizome [13]

Chalcones

188 2’-Hydroxy-4,4’,6’-
trimethoxychalcone

K. angustifolia rhizome and K.
rotunda rhizome

[31, 49, 50]

189 (+)-Panduratin A K. pandurata rhizome [51–53]

190 (–)-Panduratin A K. pandurata rhizome [53]

191 Flavokawain B K. elegans rhizome, K. galanga
rhizome, and K. parviflora
rhizome

[46]

192 Cardamonin K. elegans rhizome, K. galanga
rhizome, and K. parviflora
rhizome

[46]

193 (–)-Isopanduratin A K. pandurata rhizome [54]

194 (+)-4-Hydoxypanduratin A K. pandurata rhizome [52]

195 (–)-4-Hydoxypanduratin A K. pandurata rhizome [54]
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Biosynthesis of marginols I-K (107–109) was proposed
starting from sandaracopimaradien-6β,9α-diol-1-one (Fig. 4)
[43]. A sequence of retro-aldol and intramolecular ketal
formation generated marginol I (107). Methylation of
compound 107 provided marginol J (108). On the other
hand, compound 107 might undergo a sequence of oxida-
tion, 1,10-Grebe-type fragmentation, and ketone formation
to afford marginol K (109).

Synthesis

With the ultimate aim to improve biological activities,
Yenjai and partners proposed the synthetic steps to modify
carbonyl group C-4 of Kaempferia flavonoids [55]. Catalytic
hydrogenation of 5,7-dimethoxyflavone (157) using palla-
dium on charcoal as a catalyst provided 5,7-dimethoxy-
flavanone (Fig. 5). The reaction of 5,7-dimethoxyflavanone
with NH2OH.HCl in KOH afforded 5,7-dimethoxyflavanone
oxime (196). Treatment of 157 with HBr in the presence of
acetic acid gave 5,7-dihydroxyflavone. A similar result was
obtained by the reaction of 5,7-dimethoxyflavanone with
HBr, and AcOH to form 5,7-dihydroxyflavanone. The oxi-
mes 197–198 can be synthesized from the corresponding
5,7-dihydroxyflavone and 5,7-dihydroxyflavanone by treat-
ment with hydroxylamine hydrochloride in KOH.

From Fig. 6, the structural modifications of Kaempferia
flavones also tend to create new nitro and amino derivatives
[56]. Nitration of compound 157 by a mixture of HNO3 and
H2SO4 at room temperature afforded 5,7-dimethoxy-8-
nitroflavone (199) as a major product, along with 5,7-
dimethoxy-6-nitroflavone (200). Reduction of 199 under H2

flow and Pd/C gave 8-amino-5,7-dimethoxyflavone (201),
and 8-amino-5,7-dimethoxyflavanone (202). Treatment of
201 with HBr in AcOH at a higher temperature furnished 8-
amino-5-hydroxy-7-methoxyflavone (203), and 6-amino-5-
hydroxy-7-methoxyflavone (204). Compound 204 was
formed from 201 via Wessely-Moser rearrangement. The
same procedure was applied for 202 to synthesize 8-amino-
5-hydroxy-7-methoxyflavanone (205) and 6-amino-5-
hydroxy-7-methoxyflavanone (206).

Pharmacology

Anticancer activity

New diterpenoid 11 and chalcone 188 were reported to
inhibit HL-60 and MCF-7 cancer cells with the IC50 values
of 6.24–24.22 µg/mL, but failed to control HT-29 and HeLa
cancer cells (IC50 > 30 µg/mL) [31, 49]. Diterpenoid 20 was
strongly cytotoxic against CCRF-CEM, MDA-MB-231-
pcDNA, and HCT116 (p53+/+) cancer cells with the IC50

values of 35.38, 61.6, and 42.77 µM, respectively [35].

Diterpenoids 47, 59, 77, and 130 were cytotoxic against
KB cells with the corresponding IC50 values of 20.92, 6.31,
11.43, and 38.22 µg/mL [42]. As compared to doxorubicin
(IC50 8.53 µg/mL), diterpenoids 77 (IC50 18.17 µg/mL) and
130 (IC50 47.4 µg/mL), compound 59 (IC50 11.75 µg/mL)
also strongly suppressed cytotoxic activity against MCF-7
cells [42]. Compound 49 moderately controlled K562 cells
(IC50 37.5 µg/mL) and HL-60 cells (IC50 18.9 µg/mL), while
compound 80 was only active to PSN-1 cells with the IC50

value of 12.3 µg/mL (46). Clerodanes 19–20 and iso-
pimarane 78 were also cytotoxicity towards HL-60 with the
IC50 value of 9.58, 8.97, and 38.4 µM, respectively [32, 40].

Diterpenoids 47–48, 59, 75–77, 97–98, and 142 were
moderate cytotoxicity towards MOLT-3, HL-60, and T-47D
cancer cells with the IC50 values of 42.10–56.57 µM, but they
showed weak or inactive to MRC-5 cancer cells [25]. In
another report, diterpenoids 59, 61, and 85 moderately inhib-
ited HSC-2 cancer cells with the IC50 values of 53.3–69.9 μM
better than those to HeLa cancer cells (IC50 74.2–76.5 μM)
(45). The isolated diterpenoids 61, 83–86, and 145 were
cytotoxic towards A549 cancer cells with the IC50 values of
33.1–93.1 µM, as well as compound 61 with the IC50 values of
39.9–87.5 µM possessed moderate activity against HeLa,
PANC-1, PSN-1, MDA-MB-231, and TIC-3 [14].

Flavone 161 was comparable to the standard arctigenin
(IC50 0.8 µM) against PANC1 pancreatic cancer cells,
whereas flavones 157, 172, and 175–176 exerted the IC50

value of 16–85.5 µM, but flavones 159–160, 162, 164, and
168 did not show activity [23]. It suggests that flavones
without substitution at carbons C-3 and C-4’ are appropriate
for PANC1 treatment. At the concentration of 30 µM,
methoxyflavones 157 and 168 promoted the sensitivity of
doxorubicin to A549 cancer cells [10].

Flavone 176 at 100 µM induced DNA fragmentation and
apoptosis in HCT-15 cancer cells better than two analogs 164
and 172 (79). It is further evidence that compound 176 (20 µg/
mL) changed cellular morphology, activated caspase 3, and
induced death in HuCCA-1 and RMCCA-1 cancer cells [57].
(–)-Panduratin A (190) at 2.5–20 µM inhibited proliferation and
induced G2/M phase arrest and apoptosis in PC3 and DU145
prostate cancer cells (85). The mechanism involved the upre-
gulation of Fas, p21WAF/Cip1 and p27Kip1, and the inhibition of
cdks, cyclins and cdc2/cdc25C [53].

Two synthetic oximes 196 and 198 strongly controlled
HepG2 and T47D cancer cells with the IC50 value of
22.94–41.66 µg/mL, but the natural compound 157 was
inactive [55]. It suggested the oxime group at carbon C-4
is better than carbonyl group. In the same manner, the
addition of amino groups would help to increase cyto-
toxicity to KB cancer cells, in which the IC50 values of
amino-flavonoids 201–202 and 204–206 ranged from
5.84 to 45.09 µg/mL, but their precursor 157 failed to
show activity [56].
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Fig. 1 Diterpenoids from Kaempferia
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P-glycoprotein (P-gp), a drug transporter belongs to the
ATP-binding cassette superfamily, confers multidrug resistance
on cells by releasing a number of structurally and pharmaco-
logically varied cancer chemotherapeutic drugs with the help of
ATP hydrolysis [11]. The EtOH extract of K. parviflora rhi-
zome containing the major flavone 168 remarkably enhanced
the accumulation of rhodamine 123 and daunorubicin, and
P-gp substrates in LLC-GA5-COL150 cells, but not in LLC-
PK1 cells [11].

Antiinflammatory activity

Among tested diterpenoids, compounds 42–43, 52, and 54
exerted good antiinflammatory activity against NO (nitric

oxide) production in LPS (lipopolysaccharide)-mediated
RAW264.7 cells with the IC50 value of 7.7–12.1 µM, when
caffeic acid phenethyl ester was used as a standard (IC50

5.6 µM) [39]. Compounds 42–43 also suppressed iNOS
(inducible nitric oxide synthase) and COX-2 (cycloox-
ygenase-2) mRNA expressions [39]. The structural effects
were deduced from oxygenation at carbons C-1, C-6, and α-
OH at C-14. New diterpenoids 69, 120, and 122 generated
the IC50 value of 81.93-87.70 µM against NO production,
but their analog 121 was inactive with IC50 > 100 µM [43].
New diterpenoids 76–78 exhibited preventions against NO
production and IL-6, COX-2, and NF-κB expressions [19].
Diterpenoids 61, 64, 85, 89–91, 93, 96, 113, 115–118, and
131 inhibited NO production with IC50 values of

Fig. 2 Flavonoids from
Kaempferia
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30–100 μM (Table S1) [18, 38]. Especially, diterpenoids
89–90, 93, and 177 possessed the IC50 values of 39.88,
36.05, 32.79, and 68.51 μM, respectively, which were
comparable to that of standard compound L-NMMA
monoacetate (IC50 65.50 μM) [18, 38].

Serial new diterpenoids marginaols G-M 105–111 were
very strong against NO production with the IC50 values of

5.5–15.4 µM, in comparison with that of the standard
compound dexamethasone (IC50 4.7 µM), and their analog
marginaol B 100 (IC50 28.1 µM) [37, 58].

Due to the role of 2-OH group, diterpenoid 130 (ID50

50 µg/ear) is better than its analog 41 (ID50 330 µg/ear) in
the model of TPA (12-O-tetradecanoylphorbol-13-acetate)-
stimulated rat ear edema [59].

Fig. 3 Biosynthesis pathway of
kaemgalangols E-F (73–74) and
marginaol A (99)

Fig. 4 Biosynthesis pathway of
marginaols I-K (107–109)
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Fig. 5 Proposed synthesis of
target Kaempferia flavonoid
oximes

Fig. 6 Proposed synthesis of
target Kaempferia nitro and
amino flavonoids
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Kaempferia flavones have been also objects in anti-
inflammatory examinations. Flavone 164 showed the best
activity against NO production with the IC50 value of
16.1 µM, followed by 159–160 and 175 [22]. The activity
of compound 164 is four times higher than that of
L-nitroarginine (an iNOS inhibitor) [22]. Furthermore,
metabolite 164 exerted the IC50 value of 16.3 µM against
inflammatory mediator PGE2 (prostaglandin 2) [60]. As
compared with the standard caffeic acid phenethyl ester
(IC50 3.7 µM), three flavones 157, 173, and 176 strongly
inhibited NO production with the IC50 values of 15–26 µM
[61]. However, in contrast to 157 (inactive), flavones 173
and 176 were recorded to suppress TNF-α (tumor necrosis
factor-α) in LPS-activated RAW264.7 cells with the IC50

values of 292 and 206 µM, respectively [61]. In the same
way, both four diterpenoids 40–41, 60, and 130 inhibited
NO production with the IC50 values of 38.6–51.9 µM, as
well as only metabolite 130 protected against TNF-α with
an IC50 value of 48.3 µM [34]. The active results of com-
pound 130 over 40–41 can be explained by hydroxylation at
carbons C-1 and C-2.

Antimicrobial activity

Abietane 3 exhibited the most antimicrobial activity
against bacteria Straphylococcus epidermidis and Bacillus
cereus with the MIC/MBC (minimum inhibitory con-
centration/minimum bactericidal concentration) values of
25/75 and 25/50 µg/mL, respectively [29]. Labdanes
23–24 possessed the corresponding MIC/MBC values
of 12.5/18.75 and 12.5/200 μg/mL for S. epidermidis;
12.5/25 and 6.25/200 μg/mL for E. faecalis; and 3.13/6.25
and 6.25/6.25 μg/mL for B. cereus, while compound 33
demonstrated the selection towards B. cereus with an
MIC/MBC value of 6.25/25 μg/mL [32].

Ditepenoid 130 exhibited remarkable activity against
S. aureus, with a MIC value of 16 µg/mL, whereas dite-
pernoids 56 and 49 showed moderate antibacterial activities
against B. cereus, B. subtilis, S. aureus, and Pseudomonas
aeruginosa with the MIC values of 32–64 µg/mL [42].
Parallel with this, the other diterpenoids 47, 58–59, and 61
were found to exhibit antimicrobial activity at different
levels (Table S1) [42]. At 200 µM, flavone 159 acted as
suppressor of Ca2+ signal-stimulated cell cycle regulation in
the yeast Saccharomyces cerevisiae [62].

4’-Methoxylation did not promote antimicrobial activity
since flavone 175 showed the same MIC value of 250 µg/
mL against Trichophyton rubrum, T. mentagrophytes, and
Microsporum gypseum, but its analog 172 failed to do so
(inactive, MIC > 250 µg/mL) [63]. In addition, it is found
that diterpenoids 130 and 145 and flavones 172 and 176
were active in antifungal assay against Candida albicans
with the MIC values of 49.9, 17.5, 39.71, and 17.63 µg/mL,

respectively [36, 44]. Natural product 157 failed to control
fungus C. albicans, but its synthetic oxime 197 exerted the
IC50 value of 48.98 µg/mL [55].

Chalcone 189 established the same MIC value of 4.0 mg/
L against four oral bacteria Streptococcus mutans, S. sali-
varius, S. sanguis, and S. sobrinus [8]. Compound 189 also
exhibited the MIC value of 1 µg/mL against the oral biofilm
bacterium Actinomyces viscosus, as well as inhibited 50%
biofilm formation at a MIC value of 8 µg/mL [64]. Also,
compound 189 with 4-methoxylation is better than its
analog 194 in antimicrobial activity against B. subtilis, S.
aureus, and S. typhi [52].

Antiviral and antimalarial activities

The Vpr (viral protein R) is a small basic protein that is well
conserved in HIV (human immune virus) and SIV (simian
immunodeficiency virus) [17]. Among tested diterpenoids,
isopimara-8(9),15-dienes 76, 78, 81, and 94 as well as
isopimara-8(14),15-dienes 90, 93, and 96 inhibited the
proliferation of TREx-HeLa-Vpr cells at a concentration of
1.56–6.25 µg/mL (% cell viability > 96%) [17]. Apparently,
the presence of β-OH groups at carbons C-6 and C-14 of
isopimara-8(9),15-diene and α-OAc groups at carbons C-1
and C-7 of isopimara-8(14),15-diene increased the inhibi-
tory capacity. At the concentration of 5 µM, the viability of
TREx-HeLa-Vpr cells was found as follows: diterpenoid
135 (152%) > 137 (149.9%) > the positive control damna-
canthal (143.94%) > 136 (143.79%) > 140 (136.42%) > 51
(135.25%) > 133 (131.75%) > 25 (135%) > 34 (134%) > 29
(131%) > 27 (129%) > 127 (114.48%) > 138
(114.48%) > 139 (114.84%) > 144 (112.40%) > 134
(111.93%) (20,21,34). From this evidence, the transforma-
tion of compound 133 from isopimara-8(9),15-diene and the
presence of carbonyl group at C-14 of compound 134 could
lead to a reduction of activity, but carbonyl group at C-7 of
compound 51 increases activity.

Diterpenoids 59 and 61 inhibited the growth of Myco-
bacterium tuberculosis H37Ra with the same MIC value of
25 µg/mL, whereas diterpenoids 41 and 77 also exerted the
MIC value 50 µg/mL [36, 42]. Flavones 157 and 161 were
accompanied by the IC50 values of less than 20 µM against
HIV-1 protease, while their analogs 159–160, 162, 164, and
175–176 exerted the IC50 values of 66.11–160.07 µM [65].
It generally concluded that 4’-methoxylation would not
enhance activity.

Diterpenoids 50 and 145 were associated with the
corresponding IC50 values of 3.2 and 8.8 µg/mL against
P. falciparum [36]. Meanwhile, 5-methoxylation
would enhance antiplasmodial activity of flavones 173
(IC50 4.06 µg/mL) and 176 (IC50 3.70 µg/mL) against P.
falciparum, in comparison with flavone 160 (inactive)
[44].
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Antidiabetic and anti-allergenic activities

α-Glucosidase inhibitory activity of Kaempferia flavones is
dependent on the functional groups. Flavones 173 and 176
without 3-methoxylation are better than analogs 168 and
172 (Table S1) [66]. Flavones 168, 172, and 176 overcome
derivatives 160, 162, and 164 due to 5-methoxylation [66].
3’,4’-Dimethoxyflavones 168 and 173 are more active than
4’-methoxyflavones 172 and 176 [66]. Additionally, fla-
vones 157, 159, 161, and 175 without substituent in ring B
have IC50 values of more than 140 µM [66].

With the IC50 value of less than 10 µg/mL, flavones
168, 172, and 176 were superior to the standard amino-
guanidine (IC50 165.5 µg/mL) in anti-glycation activity,
but their analogs 157 and 176 were inactive with the
IC50 > 50 µg/mL [67]. It turns out that methoxylation
seems a good way to improve activity. Lipase can be seen
as a family of enzymes that catalyzed the hydrolysis of
lipids. Flavones 159–162 exhibited pancreatic lipase
inhibitory activity with the IC50 value of 291, 220, 291,
and 536 mg/mL, respectively [68].

It is also found that Kaempferia flavones are appro-
priate for anti-allergenic activity, in which
5-hydroxyflavones 155, 159–162, and 164 strongly
inhibited antigen-mediated degranulation in RBL-2H3
cells with the IC50 value of <15 µM, 5-methoxyflavones
157 and 176 showed moderate activity with
15 < IC50 < 100 µM, and less active flavone 175 with
IC50 > 100 µM (Table S1) [69]. Especially, the inhibitory
effects of two flavones 155 and 162 (at 100 µM) were
accompanied by the suppression of degranulation due to
Ca2+ influx, phosphorylation of Syk and PLCγ1, and
translocation of FcεRI to the cell surface (Fig. 7) [69].

Antioxidative activity

The addition of methoxy group would enhance activity
since Kaempferia flavones 155, 157, 159–162, 164, 168,
172, and 175–176 showed significant antioxidative activity
with the ORAC (oxygen radical absorbance capacity)
values of 0.79–8.47 µM TE/L (trolox equivalent per liter), at
10.0 µM [70]. Flavanones 178 and 181 showed weak anti-
oxidative activity to quench DPPH (2,2-diphenyl-1-picryl-
hydrazyl) radicals with the IC50 values 5816 and
6268 µmol/L, respectively [47].

It suggests that the medium polar extracts of K. rotunda
seem better than the non/weak or strong polar extracts in
antioxidative treatments [50]. Especially, their chalcone 188
successfully captured DPPH radicals with the IC50 value of
142 µg/mL, when BHT (butylated hydroxytoluene) was
used as a positive control (IC50 49 µg/mL) [50]. Chalcone
191 showed the best antioxidative activities of 493.89,
185.41, and 17.57 μM TE/g DW (trolox equivalent per g of

dried weight) in ABTS (2,2’-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid)), DPPH, and FRAP (ferric reducing
antioxidant power), respectively [46].

Anti-obesity and anti-mutagenic activities

At the concentration of 30 µM, methoxylated flavones 168
and 173 induced adipogenesis on 3T3-L1 preadipocytes by
regulating GATA-2/3 transcription factors at an early stage
[71]. In addition, flavones 168 and 176 suppressed adipo-
cyte hypertrophy by activation of ATGL (adipose tissue
triglyceride lipase) and HSL (hormone-sensitive lipase)
independent of PPARγ transcription [72].

Kaempferia flavones are likely to be outstanding agents
for antimutagenicity against Salmonella typhimurium TA98
strain since flavones 155, 157, 159–162, 164, 172–173, and
175–176 exerted the IC50 values of 0.40–1.07 nmol/plate,
and were lower than that of the standard hemin (IC50 7.82
nmol/plate) [66]. In addition, 5-methoxylated flavones 157
and 175–176 gave lower IC50 values than 5-hydroxylated
flavone 164 (Table S1) [66].

Neuroprotective activity

A recent report indicated that flavonoids 159–164, 167–168,
175–176, 179, and 182–183 inhibited AChE (acet-
ylcholinesterase) enzyme with the IC50 values ranging from
72.05 to 205.41 µM, as compared with that of the standard
galantamine (IC50 5.78 µM) [24]. 3,5,7,3’,4’-Pentamethoxy-
flavone (168) enhanced AChE activity at 20 µM, while 5,7-
dimethoxyflavone (157) and 5-hydroxy-7,4’-dimethoxyflavone
(160) would help neurite outgrowth in PC12 cells at 40 µM
[73]. At 0.1mg/mL, the inhibitory percentages of flavones 157,
160, 168, 172, and 176 against BChE (butyrylcholinesterase)
enzyme ranged from 16.5 to 84.6%, when galanthamine was
used as a positive control (95.5%) [74].

BACE1 (Beta-site amyloid precursor protein cleaving
enzyme 1) is responsible for the Aβ (β-amyloid peptide)
formation that represents a neuropathological hallmark of
Alzheimer’s disease [75]. Flavones 157, 168, and 176
acted as non-competitive inhibitors that may bind to
β-secretase sub-site with the Ki (inhibition constant)
values of 0.2, 0.26, and 0.19 mM, respectively [75]. The
CRE (cAMP-response element) is essential for formation
of long-term memory [76]. It turns out that flavones 157,
168, 173, and 176 might be potential agents for pre-
venting and recovering memory cognition since they
increased CRE-mediated transcription [76].

Skin protective activity

The gel containing diterpenoid 18 (0.25%, w/w) protected
HDF (human dermal fibroblasts) cells via suppressing NO
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production and H2O2-induced oxidative stress, as well as
increased collagen content in HDF cells [77]. Significantly,
flavonoids 155, 157, 163–164, 168, 172–177, and 185 with
the IC50 values of 2.9–35.3 µM exerted melanogenesis
inhibitory activity in B16 4A5 cells better than that of the
standard compound arbutin (IC50 174 µM) [78]. Flavones
160 and 175 remarkably decreased the IBMX (3-isobutyl-1-
methylxanthine)-induced melanogenesis in B16F10 cells
(flavone 160: 25 µM (2.25-fold), 50 µM (1.88-fold), and
100 µM (1.78 -fold)), and (flavone 175: 50 µM (2.16-fold),
and 100 µM (1.56-fold)), compared to that in the IBMX-
stimulated group [79].

Flavone (175) at the concentrations of 50 and 100 µM
inhibited TNF-α-induced MMP-1/ROS (matrix metallo-
proteinase 1/reactive oxygen species) in normal human
dermal fibroblast cells via reduction of cytokines IL-1β
(interleukin-1β), IL-6, and IL-8, suppression of Akt (protein
kinase B), COX-2, and MAPK (mitogen-activated protein
kinase) activation, and induction of HO-1 [80].

(+ )-Panduratin A (189) inhibited melanin synthesis
(IC50 9.6 µM) and tyrosinase enzyme (IC50 8.2 µM) better
than the standard compound kojic acid (IC50 values of 152
and 126 µM) [80].

Due to the role of OMe group, (–)-isopanduratin A (193)
is superior to (–)-4-hydoxypanduratin A (195) in the mel-
anin synthesis and tyrosinase activity (Table S1) [54].
Significantly, these two chalcones are also better than the
standard phenylthiurea (IC50 34.32 µM for melanin synth-
esis, and 47.6 µM for tyrosinase activity) [54].

Hepatoprotective and vasorelaxant activities

5,3’-Dihydroxy-3,7,4’-trimethoxyflavone (155) with the
IC50 value of 18.4 µM is better than the standard compound
silybin (IC50 38.8 µM) to inhibit D-GalN-stimulated cyto-
toxicity in primary cultured mouse hepatocytes [12].

At 1-100 µM, dimethylpinocembrin (180) induced the
relaxations in methoxamine-precontracted aortic rings of
mice via the Ca2+ influx inhibition, K+ efflux increasing,
and NO-cGMP and cyclooxygenase mediations [81]. Fla-
vones 162 and 176 at the concentration of 0.4 mg/mL had
stronger antiplatelet aggregation effects (90.4 and 89.7%,
respectively) than the standard compound ticagrelor
(75.6%) [82].

sEH, PDE5, and aromatase inhibitory activities

sEH (soluble epoxide hydrolase) greatly affects the increase
in epoxyeicosatrienoic acids levels, and the decrease in
dihydroxyeicosatrienoic acids levels [83, 84]. Thereby, the
inhibitory actions of this enzyme have been claimed to treat
various diseases such as hypertension, stroke, dyslipidemia,
and immunological disorders [85]. Kaempferia flavones
caused the inhibition to sHE enzyme with a visible order of
154 (IC50 0.9 µM) < 172 (1.1 µM) < 176 (2.3 µM) < 168
(3.3 µM) < 175 (4.5 µM) < the positive control 12-(3-ada-
mantan-1-yl-ureido)dodecanoic acid (12.2 µM) 157
(14.1 µM) < 162 (20.3 µM) < 161 (30.4 µM) < 160
(30.9 µM) < 159 (31.7 µM) < 164 (38.6 µM) [85].

Fig. 7 The inhibitory effects of
flavones 155 and 162 on
antigen-stimulated degranulation
in RBL-2H3 cells. DG
Diacylglycerol, ER Endoplasmic
reticulum, IP3 Inositol
trisphosphate, ITAM
Immunoreceptor tyrosine-based
activation motif, PIP2
Phosphatidylinositol 4,5-
bisphosphate, PKC Protein
kinase, PLC Phospholipase C
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Obviously, 3,7,3’-trimethoxylation and 5,4’-dihydroxyla-
tion would enhance the activity.

As we know, the PDE5 (phosphodiesterase 5) is an
isoenzyme used for erectile dysfunction since it increased
blood flow to penile tissue [86]. However, this also inhib-
ited PDE6, which gave rise to visual disturbances [86]. Four
flavones 157, 168, and 175–176 showed the SI (selective
index) of 0.16–3.71 to PDE6/PDE5, when sildenafil was
used as a positive control (SI 4.85) [86].

As we know, estrogen productive reduction could be per-
formed by aromatase enzyme suppression [30]. Diterpenoid 2
was such an active inhibitor to this enzyme with a IC50 value of
3.7 µM, followed by 8 (IC50 7.2 µM), 67 (IC50 10.4 µM), 150
(IC50 10.7 µM), and 151 (IC50 11.8 µM), when ketoconazole
was used as a positive control (IC50 2.4 µM) [30].

Pharmacokinetic studies

After the oral administration of the EtOH extract of K.
parviflora rhizome to mice, the maximal concentration

(Cmax) of flavones 157, 168, and 176 fluctuated from 0.55
to 0.88 µg/mL within 2 h treatment, together with
their bioavailability of 1–4% [87]. These metabolites
were concentrated in the liver and kidney, and occa-
sionally occurred in the lung, testes, and brain [87]. It is
also found that these compounds were mainly eliminated
via the urine by demethylated, sulfated, and glucur-
onidated reactions and as demethylated reactions in
the feces (Fig. 8) [87]. It has been so far observed that
the Cmax values of these flavones were changed to
0.53–2.03 µg/mL when co-administrated the EtOH
extract of K. parviflora rhizome and sildenafil [88].

The oral bioavailability of K. parviflora rhizome
EtOH extract-self microemulsifying complex was higher
than the treatment of the single extract (26.01-, 25.38-,
and 42.00-fold for 157, 168, and 176, respectively) [87].
Similarly, for the K. parviflora rhizome EtOH extract-2-
hydroxypropyl-β-cyclodextrin, the corresponding oral
bioavailability values of 157, 168, and 176 were 22.90-,
21.63-, and 34.20-fold greater than the treatment of the
single extract [87].

Fig. 8 Proposed metabolic pathways of flavones 157, 168, and 176 in mice
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Conclusions and perspectives

Kaempferia species are among the oldest and most popular
medicinal plants. The current review first covered all infor-
mation on two major chemical classes diterpenoids and fla-
vonoids of this genus, including natural occurrence,
biosynthesis, synthesis, pharmacology and pharmacokinetics.
The rhizomes were used in phytochemical separations at
most. 153 Diterpenoids and 42 flavonoids have been com-
piled, in which isopiramanes are principal ditepernoids.
Among isolated flavonoids, flavones 155–157, 159–162, 164,
168, 172–173, and 175–176 were detected frequently. As for
various natural diterpenoids, biosynthesis of Kaempferia
diterpenoids was originated from the precursor (E,E,E)-ger-
anylgeranyl diphosphate. Synthetic procedures successfully
created aminoflavones and flavone oximes with the ultimate
aim of pharmacological property enhancements. Importantly,
diterpenoids and flavonoids derived from Kaempferia plants
have been shown to possess a variety of pharmacological
activities, comprising anticancer, antioxidative, antiin-
flammatory, antimicrobial, antiviral, antimalarial, antidiabetic,
anti-allergenic, anti-obesity, anti-mutagenic, neuroprotective
skin protective, hepatoprotective, vasorelaxant, and enzymatic
and aromatase inhibitory activities. Bioavailability of
Kaempferia flavones has been identified from 1.0 to 4.0%,
and pharmacokinetic metabolism was deduced from deme-
thylation, sulfation, and glucuronidation.

Nevertheless, there have been some scientific gaps which
should be further investigated. It is expected to the con-
tinuous progresses in the phytochemical and pharmacolo-
gical studies. The useful methods to obtain huge amounts of
Kaempferia flavonoids seem better than the traditional
chromatographic separations. Most pharmacological results
were initial in vivo screenings, by this mean, in vitro
assessments, molecular mechanisms of action, and clinical
significance are needed. More pharmacokinetic studies on
Kaempferia constituents, especially diterpenoids are
necessary. The studies tend to highlight the toxicology of
these phytochemicals are still unknown, as well as their
synergistic combinations with other drugs for promoting
pharmacology, pharmacokinetics, and bioavailability are
welcome.
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ABTS 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
AChE Acetylcholinesterase

Akt Protein kinase B
ATGL Adipose tissue triglyceride lipase
BACE1 Beta-site amyloid precursor protein cleaving enzyme 1
BHT Butylated hydroxytoluene
BChE Butyrylcholinesterase
COX-2 Cyclooxygenase-2
DPPH 2,2-Diphenyl-1-picrylhydrazyl
FRAP Ferric reducing antioxidant power
GGPP (E,E,E)-geranylgeranyl diphosphate
HDF Human dermal fibroblasts
HSL Hormone-sensitive lipase
HIV Human immune virus
IL-1β Interleukin-1β
iNOS Inducible nitric oxide synthase
LPS Lipopolysaccharide
MAPK Mitogen-activated protein kinase
MBC Minimum bactericidal concentration
MIC Minimum inhibitory concentration
MMP-1 Matrix metalloproteinase 1
NO Nitric oxide
NMR Nuclear magnetic resonance
ORAC Oxygen radical absorbance capacity
PDE5 Phosphodiesterase 5
PGE2 Prostaglandin 2
P-gp P-glycoprotein
ROS Reactive oxygen species
SIV Simian immunodeficiency virus
sHE Soluble epoxide hydrolase
SI Selective index
TNF-α Tumor necrosis factor-α
TPA 12-O-tetradecanoylphorbol-13-acetate
Vpr Viral protein R

References

1. Benrahou K, Driouech M, Guourrami OE, Mrabti HN, Cherrah Y,
Abbes, et al. Medicinal uses, phytochemistry, pharmacology, and
taxonomy of Poygonum aviculare L.: a comprehensive review.
Med Chem Res. 2023;33:409–23.

2. Firdous SM, Ahmed SN, Hossain SM, Ganguli S, Fayed MAA.
Polyalthia longifolia: phytochemistry, ethnomedicinal impor-
tance, nutritive value, and pharmacological activities review. Med
Chem Res. 2022;31:1252–64.

3. Huong NT, Son NT. Icaritin: a phytomolecule with enormous
pharmacological values. Phytochemistry. 2023;213:113772.

4. Huong DTL, Duc DX, Son NT. Baeckea frutescens L.: a review
on phytochemistry, biosynthesis, synthesis, and pharmacology.
Nat Prod Commun. 2023;18:1–22.

5. Hop NQ, Son NT. Genus Knema: an extensive review on tradi-
tional uses, phytochemistry, and pharmacology. Curr Pharm
Biotechnol. 2023;24:1524–53.

6. Elshamy AI, Mohamed TA, Essa AF, Abd-El Gawad AM,
Alqahtani AS, Shahat AA, et al. Recent advances in Kaempferia
phytochemistry and biological activity: a comprehensive review.
Nutrients. 2019;11:2396.

7. Singh A, Singh N, Singh S, Srivastava RP, Singh L, Verma PC,
et al. The industrially important genus Kaempferia: An ethno-
pharmacological review. Front Pharm. 2023;14:1099523.

8. Hwang JK, Chung JY, Baek NI, Park JH. Isopanduratin A from
Kaempferia pandurata as an active antibacterial agent against
cariogenic Streptococcus mutans. Int J Antimicrob Agents.
2004;23:377–81.

9. Elshamy AI, Mohamed TA, Swapana N, Ahmed RF, Yoneyama
T, Pare PW, et al. Two new diterpenoids from Kencur

Medicinal Chemistry Research

https://doi.org/10.1007/s00044-023-03169-w


(Kaempferia galanga): structure elucidation and chemosystematic
significance. Phytochem Lett. 2021;44:185–9.

10. Patanasethanot D, Nagai J, Matsuura C, Fukui K, Suttthanut K,
Sripanidkulchai B, et al. Modulation of function of multidrug
resistance associated-proteins by Kaempferia parviflora extract
and their components. Eur J Pharm. 2007;566:67–74.

11. Patanasethanot D, Nagai J, Yumoto R, Murakami T, Sutthanut K,
Spripanidkulchai B, et al. Effects of Kaempferia Parviflora
extracts and their flavone constituents on P-glycoprotein function.
J Pharm Sci. 2007;96:223–33.

12. Chaipech S, Morikawa T, Nimomiya K, Yoshikawa M,
Pongpiriyadacha Y, et al. Structures of two new phenolic glyco-
sides, kaempferiaosides A and B, and hepatoprotective con-
stituents from the rhizomes of Kaempferia parviflora. Chem
Pharm Bull. 2012;60:62–69.

13. Chaipech S, Morikawa T, Ninomiya K, Yoshikawa M, Pongpir-
iyadacha Y, Hayakawa T, et al. New flav-3-en-3-ol glycosides,
kaempferiaosides C and D, and acetophenone glycosides,
kaempferiaosides E and F, from the rhizomes of Kaempferia
parviflora. J Nat Med. 2012;66:486–92.

14. Win NN, Ito T, Aimaiti S, Kodama T, Imagawa H, Ngwe H, et al.
Kaempulchraols I–O: new isopimarane diterpenoids from
Kaempferia pulchra rhizomes collected in Myanmar and their
antiproliferative activity. Tetrahedron. 2015;71:4707–13.

15. Win NN, Ito T, Aimaiti S, Kodama T, Tanaka M, Ngwe H, et al.
Kaempulchraols P-T, Diterpenoids from Kaempferia pulchra
rhizomes collected in Myanmar. J Nat Prod. 2015;78:2306–9.

16. Win NN, Ito T, Aimaiti S, Imagawa H, Ngwe H, Abe I, et al.
Kaempulchraols A-H, Diterpenoids from the rhizomes of
Kaempferia pulchra collected in Myanmar. J Nat Prod.
2015;78:1113–8.

17. Win NN, Ito T, Matsui T, Aimaiti S, Kodama T, Ngwe H, et al.
Isopimarane diterpenoids from Kaempferia pulchra rhizomes
collected in Myanmar and their Vpr inhibitory activity. Bioorg
Med Chem Lett. 2016;26:1789–93.

18. Win NN, Hardianti B, Kasahara HS, Ngwe H, Hayakawa Y,
Morita H. Anti-inflammatory activities of isopimara-8(14),15-
diene diterpenoids and mode of action of kaempulchraols P and Q
from Kaempferia pulchra rhizomes. Bioorg Med Chem Lett.
2020;26:126841.

19. Win NN, Hardianti B, Ngwe H, Hayakawa Y, Morita H. Anti-
inflammatory activities of isopimara-8(9),15-diene diterpenoids
and mode of action of kaempulchraols B–D from Kaempferia
pulchra rhizomes. J Nat Med. 2020;74:487–94.

20. Win NN, Kodama T, Htoo ZP, Hnin SYY, Ngwe H, Abe I, et al.
Shanpanootols A-F, diterpenoids from Kaempferia pulchra rhi-
zomes collected in Myanmar and their Vpr inhibitory activities.
Fitoterapia. 2021;151:104870.

21. Win NN, Kodama T, Htoo ZP, Hnin SYY, Ngwe H, Abe I, et al.
Shanpanootols G and H, Diterpenoids from the rhizomes of
Kaempferia pulchra collected in Myanmar and their Vpr inhibi-
tory activities. Chem Pharm Bull. 2021;69:913–7.

22. Tewtrakul S, Subhadhirasakul S, Karalai C, Ponglimanont C,
Cheenpracha S. Anti-inflammatory effects of compounds from
Kaempferia parviflora and Boesenbergia pandurata. Food Chem.
2009;115:534–8.

23. Sun S, Kim MJ, Dibwe DF, Omar AM, Athikomkulchai S,
Phrutivorapongkul A, et al. Anti-austerity activity of thai medic-
inal plants: chemical constituents and anti-pancreatic cancer
activities of Kaempferia parviflora. Plants. 2021;10:229.

24. Ha TTT, Dung NT, Trung KH, Tai BH, Kiem PV. Phytochemical
constituents from the rhizomes of Kaempferia parviflora Wall. ex
Baker and their acetylcholinesterase inhibitory activity. Nat Prod
Res. 2023. https://doi.org/10.1080/14786419.2023.2210738.

25. Kongwaen P, Boonsombat J, Thongnest S, Ruchisansakun S,
Mahidol C, Ruchirawat S. Cytotoxic isopimarane diterpenoids

from Kaempferia koratensis rhizomes. Rev Bras Farmacogn.
2023;33:415–21.

26. Kumar A. Phytochemistry, pharmacological activities and uses of
traditional medicinal plant Kaempferia galanga L.—an overview.
J Ethnopharmacol. 2020;253:112667.

27. Chen D, Li H, Li W, Feng S, Deng D. Kaempferia parviflora and
its methoxyflavones: Chemistry and biological activities. Evid
Based Complement Altern Med. 2018;2018:4057456.

28. Saokaew S, Wilairat P, Raktanyakan P, Dilothornsakul P,
Dhippayom T, Kongkaew C, et al. Clinical effects of Krachaidum
(Kaempferia parviflora): a systematic review. Evid Based Com-
plement Altern Med. 2017;22:413–28.

29. Boonsombat J, Mahidol C, Chawengrum P, Reuk-Ngam N,
Chimnoi N, Techasakul S, et al. Roscotanes and roscoranes:
Oxygenated abietane and pimarane diterpenoids from Kaempferia
roscoeana. Phytochemistry. 2017;143:36–44.

30. Chawengrum P, Boonsombat J, Mahidol C, Eurtivong C,
Kittakoop P, Thongnest S, et al. Diterpenoids with Aromatase
Inhibitory Activity from the rhizomes of Kaempferia elegans. J
Nat Prod. 2021;84:1738–47.

31. Tang SW, Sukari MS, Rahmani M, Lajis NH, Ali AM. A new
abietene diterpene and other constituents from Kaempferia
angustifolia Rosc. Molecules. 2011;16:3018–28.

32. Chawengrum P, Boonsombat J, Kittakoop P, Mahidol C,
Ruchirawat S, Thongnest S. Cytotoxic and antimicrobial labdane
and clerodane diterpenoids from Kaempferia elegans and
Kaempferia pulchra. Phytochem Lett. 2018;24:140–4.

33. Komada PT, Nyunt HHW, Ngwe H, Abe I, Morita H. Anti-Vpr
activities of sesqui- and diterpenoids from the roots and rhizomes
of Kaempferia candida. J Nat Med. 2021;75:489–98.

34. Kaewkroek K, Wattanapiromsakul C, Kongsaeree P, Tewtrakul S.
Nitric oxide and tumor necrosis factor-alpha inhibitory substances
from the rhizomes of Kaempferia marginata. Nat Prod Commun.
2013;8:1205–8.

35. Elshamy AI, Mohamed TA, Swapana N, Yoneyama T, Noji M,
Efferth T, et al. Cytotoxic polyoxygenated isopimarane diterpe-
noids from the edible rhizomes of Kaempferia galanga (kencur).
Ind Crops Prod. 2020;158:112965.

36. Thongnest S, Mahidol C, Sutthivaiyakit S, Ruchirawat S. Oxy-
genated pimarane diterpenes from Kaempferia marginata. J Nat
Prod. 2005;68:1632–6.

37. Chokchaisiri R, Thothaisong T, Chunglok W, Chulrik W, Yotnoi
B, Chokchaisiri S, et al. Marginaols G–M, anti-inflammatory
isopimarane diterpenoids, from the rhizomes of Kaempferia
marginata. Phytochemistry. 2022;200:113225.

38. Do KM, Kodama T, Shin MK, Nu LTH, Nguyen HM, Dang SV,
et al. Marginols A‒H, unprecedented pimarane diterpenoids from
Kaempferia marginata and their NO inhibitory activities. Phy-
tochemistry. 2022;196:113109.

39. Tungcharoen P, Wattanapiromsakul C, Tansakul P, Nakamura S,
Matsuda H, Tewtrakul S. Anti‐inflammatory effect of isopimarane
diterpenoids from Kaempferia galanga. Phytother Res.
2020;34:612–23.

40. Booranaseensuntorn P, Boonsombat J, Mahidol C, Reuk-Ngam N,
Khlaychan P, Batsomboon P, et al. Diterpenoids and p-methox-
ycinnamic acid diol esters from Kaempferia saraburiensis
Picheans. (Zingiberaceae): structural assignment of saraburol and
their biological activities. Phytochemistry. 2022;199:113181.

41. Swapana N, Tominaga T, Elshamy AI, Ibrahim MAA, Hegazy
MF, Singh CB, et al. Kaemgalangol A: Unusual seco-isopimarane
diterpenoid from aromatic ginger Kaempferia galanga. Fitoter-
apia. 2018;129:47–53.

42. Wisetsai A, Schevenels FT, Kanokmedhakul S, Kanokmedhakul
K, Boonmak J, Youngme S, et al. Isopimarane-type diterpenoids
from the rhizomes of Kaempferia galanga L. and their biological
activities. Nat Prod Res. 2023;37:1106–15.

Medicinal Chemistry Research

https://doi.org/10.1080/14786419.2023.2210738


43. Do KM, Kodama T, Nguyen HM, Ikumi N, Soeda C, Shiokawa
K, et al. Seco- and isopimarane diterpenoids from Kaempferia
marginata rhizomes and their NO inhibition activities. Phy-
tochemistry. 2023;205:113510.

44. Yenjai C, Prasanphen K, Daodee S, Wongpanich V, Kittakoop P.
Bioactive flavonoids from Kaempferia parviflora. Fitoterapia.
2004;75:89–92.

45. Tri MD, Phat NT, Chi MT, Tho PQ, Khiem TH, Son DV, et al.
Chemical constituents of the rhizomes of Kaempferia parviflora.
Can Tho Univ J Sci. 2021;57:45–50.

46. Panyakaew J, Chalom S, Sookkhee S, Saiai A, Chandet N,
Meepowpan P, et al. Kaempferia Sp. extracts as UV protecting
and antioxidant agents in sunscreen. J Herbs Spices Med Plants.
2021;27:37–56.

47. Tanjung M, Tjahjandarie TTS, Sentosa MH. Antioxidant and
cytotoxic agent from the rhizomes of Kaempferia pandurata.
Asian Pac J Trop Dis. 2013;3:401–4.

48. Azuma T, Tanaka Y, Kikuzaki H. Phenolic glycosides from
Kaempferia parviflora. Phytochemistry. 2008;69:2743–8.

49. Tang SW, Sukari MS, Neok BK, Yep YSY, Abdul AB, Kifli N,
et al. Phytochemicals from Kaempferia angustifolia Rosc. and
their cytotoxic and antimicrobial activities. BioMed Res Int.
2014;2014:417674.

50. Lotulung PDN, Kardono LBS, Kawanishi K. Antioxidant com-
pounds from rhizomes of Kaempferia rotunda L. Pakistan. J Biol
Sci. 2008;11:2447–50.

51. Lee CW, Kim HS, Kim HK, Yoon JH, Cho Y, et al. Inhibitory
effect of panduratin A isolated from Kaempferia panduarata
Roxb. on melanin biosynthesis. Phytother Res. 2010;24:1600–4.

52. Marliyana SD, Syah YM, Mujahidin D. In vitro antibacterial
activity of chalcone derivatives from Kaempferia pandurata riz-
homes against clinical isolate bacterial. Alchem J Penelit Kim.
2017;13:41–51.

53. Yun JM, Kweon MH, Kwon H, Hwang JK, Mukhtar H. Induction
of apoptosis and cell cycle arrest by a chalcone panduratin A
isolated from Kaempferia pandurata in androgen-independent
human prostate cancer cells PC3 and DU145. Carcinogenesis.
2006;27:1454–64.

54. Yoon JH, Shim JS, Cho Y, Baek NI, Lee CW, Kim HS, et al.
Depigmentation of melanocytes by isopanduratin a and
4-hydroxypanduratin A isolated from Kaempferia pandurata
ROXB. Biol Pharm Bull. 2007;30:2141–5.

55. Yenjai C, Wanich S, Pitchuanchom S, Sripanidkulchai B. Struc-
tural modification of 5,7-dimethoxyflavone from Kaempferia
parviflora and biological activities. Arch Pharm Res.
2009;32:1179–84.

56. Wanich S, Yenjai C. Amino and nitro derivatives of 5,7-dime-
thoxyflavone from Kaempferia parviflora and cytotoxicity against
KB cell line. Arch Pharm Res. 2009;32:1185–9.

57. Leardkamolkarn V, Tiamyuyen S, Sripanidkulchai B. Pharmaco-
logical activity of Kaempferia parviflora extract against human
bile duct cancer cell lines. Asian Pac J Cancer Prev.
2009;10:695–8.

58. Chokchaisiri R, Chaichompoo W, Chunglok W, Cheenpracha S,
Ganranoo L, Phutthawong N, et al. Isopimarane Diterpenoids
from the Rhizomes of Kaempferia marginata and their potential
anti-inflammatory activities. J Nat Prod. 2020;83:14–19.

59. Pongprayoon U, Sematong T. Topical antiinflammatory activity of
two pimarane diterpenes from Kaempferia pulchra. Phytother
Res. 1996;10:534–353.

60. Tewtrakul S, Subhadhirasakul S. Effects of compounds from
Kaempferia parviflora on nitric oxide, prostaglandin E2 and
tumor necrosis factor-alpha productions in RAW264.7 macro-
phage cells. J Ethnopharmacol. 2008;120:81–84.

61. Sae-Wong C, Matsuda H, Tewtrakul S, Tansakul P, Nakamura S,
Nomura Y, et al. Suppressive effects of methoxyflavonoids

isolated from Kaempferia parviflora on inducible nitric oxide
synthase (iNOS) expression in RAW 264.7 cells. J Ethno-
pharmacol. 2011;136:488–95.

62. Boonkerd S, Yompakdee C, Miyakawa T, Chavasiri W. A fla-
vonoid, 5-hydroxy-3,7-dimethoxyflavone from Kaempferia par-
viflora Wall. Ex. Baker as an inhibitor of Ca2+ signal-mediated
cell-cycle regulation in yeast. Ann Microbiol. 2014;64:1049–54.

63. Kummee S, Tewtrakul S, Subhadhirasakul S. Antimicrobial
activity of the ethanol extract and compounds from the rhizomes
of Kaempferia parviflora. Songklanakarin J Sci Technol.
2008;30:463–6.

64. Rukayadi YY, Lee KH, Hwang JK. Activity of panduratin A
isolated from Kaempferia panduarata Roxb. against multi-species
oral biofilms in vitro. J Oral Sci. 2009;51:87–95.

65. Sookkongwaree K, Geitmann M, Roengsumran S, Petsom A,
Danielson UH. Inhibition of viral proteases by Zingiberaceae
extracts and flavones isolated from Kaempferia parviflora. Phar-
mazie. 2006;61:717–21.

66. Azuma T, Kayano S, Matsumura Y, Konishi Y, Tanaka Y,
Kikuzaki H. Antimutagenic and α-glucosidase inhibitory effects
of constituents from Kaempferia parviflora. Food Chem.
2011;125:471–5.

67. Nakata A, Koike Y, Matsui H, Shimada T, Aburada M, Yang J.
Potent SIRT1 enzyme-stimulating and anti-glycation activities of
polymethoxyflavonoids from Kaempferia parviflora. Nat Prod
Commun. 2014;9:1291–4.

68. Shimada T, Horikawa T, Ikeya Y, Matsuo H, Kinoshita K,
Taguchi T, et al. Preventive effect of Kaempferia parviflora ethyl
acetate extract and its major components polymethoxyflavonoid
on metabolic diseases. Fitoterapia. 2011;82:1272–8.

69. Kobayashi S, Kato T, Azuma T, Kikuzaki H, Abe K. Anti-
allergenic activity of polymethoxyflavones from Kaempferia
parviflora. J Funct Foods. 2015;13:100–7.

70. Thao NP, Luyen BTT, Lee SH, Jang HD, Kim YH. Anti-
osteoporotic and antioxidant activities by rhizomes of Kaempferia
parviflora Wall. ex Baker. Nat Prod Sci. 2016;22:13–19.

71. Horikawa T, Shimada T, Okabe Y, Kinoshita K, Koyama K,
Miyamoto K, et al. Polymethoxyflavonoids from Kaempferia
parviflora induce adipogenesis on 3t3-l1 preadipocytes by reg-
ulating transcription factors at an early stage of differentiation.
Biol Pharm Bull. 2012;35:686–92.

72. Okabe Y, Shimada T, Horikawa T, Kinoshita K, Koyama K,
Ichinose K. Suppression of adipocyte hypertrophy by poly-
methoxyflavonoids isolated from Kaempferia parviflora. Phyto-
medicine. 2014;21:800–6.

73. Seo SH, Lee YC, Moon HI. Acetyl-cholinesterase Inhibitory
activity of methoxyflavones isolated from Kaempferia parviflora.
Nat Prod Commun. 2017;12:21–22.

74. Sawasdee P, Sabphon C, Sitthiwongwanit D, Kokpol U. Antic-
holinesterase activity of 7-methoxyflavones isolated from
Kaempferia parviflora. Phytother Res. 2009;23:1792–4.

75. Youn K, Lee J, Ho CT, Jun M. Discovery of polymethoxyflavones
from black ginger (Kaempferia parviflora) as potential β-secretase
(BACE1) inhibitors. J Func Foods. 2016;20:567–74.

76. Natsume N, Yamano A, Watanabe A, Yonezawa T, Woo J,
Yamakuni T, et al. Effect of methoxyflavones contained in
Kaempferia parviflora on CRE-mediated transcription in PC12D
cells. Bioorg Med Chem Lett. 2020;30:127606.

77. Sudsai T, Tungcharoen P, Tewtrakul S. Wound healing properties
of pharmaceutical gel containing isopimarane diterpene isolated
from Kaempferia galanga L. J Ethnopharmacol.
2022;289:115052.

78. Ninomiya K, Matsumoto T, Chaipech S, Miyake S, Katsuyama Y,
Tsuboyama A. Simultaneous quantitative analysis of 12 methox-
yflavones with melanogenesis inhibitory activity from the rhi-
zomes of Kaempferia parviflora. J Nat Med. 2016;80:179–89.

Medicinal Chemistry Research



79. Huo C, Lee S, Yoo MJ, Lee BS, Yang YS, Kim HK, et al.
Methoxyflavones from black ginger (Kaempferia parviflora Wall.
ex Baker) and their inhibitory effect on melanogenesis in b16f10
mouse melanoma cells. Plants. 2023;12:1183.

80. Lee S, Jang T, Kim KH, Kang KS. Improvement of damage in
human dermal fibroblasts by 3,5,7-trimethoxyflavone from black
ginger (Kaempferia parviflora). Antioxidants. 2022;11:425.

81. Tep-areenan P, Sawasdee P, Randall M. Possible mechanisms of
vasorelaxation for 5,7-dimethoxyflavone from Kaempferia parvi-
flora in the rat aorta. Phytother Res. 2010;24:1520–5.

82. Le HL, Nguyen VH, Nguyen TD, Nguyen TVA, Le DH. Potential
antiaggregatory and anticoagulant activity of Kaempferia parviflora
extract and its methoxyflavones. Ind Crop Prod. 2023;192:116030.

83. Khanh PN, Duc HV, Huong TT, Son NT, Ha VT, Van DT, et al.
Alkylphloroglucinol derivatives and triterpenoids with soluble
epoxide hydrolase inhibitory activity from Callistemon citrinus.
Fitoterapia. 2016;109:39–44.

84. Cuong NM, Van DT, Son NT, Cuong TD, Khanh PN, Binh NQ,
et al. Inhibitory effects of novel diarylheptanoids and other con-
stituents of the rhizomes of curcuma singularis on the catalytic
activity of soluble epoxide hydrolase. Bull Korean Chem Soc.
2017;38:112–5.

85. Thao NP, Luyen BTT, Kim JH, Jo AR, Yang SY, Dat NT, et al.
Soluble epoxide hydrolase inhibitory activity by rhizomes of
Kaempferia parviflora Wall. ex Baker. Med Chem Res.
2016;25:704–11.

86. Temkitthawon P, Hinds TR, Beavo JA, Viyoch J, Suwanborirux
K, Pongamornkul W, et al. Kaempferia parviflora, a plant used in
traditional medicine to enhance sexual performance contains large
amounts of low affinity PDE5 inhibitors. J Ethnopharmacol.
2011;137:1437–41.

87. Mekjaruskul C, Jay M, Sripanidkulcha B. Pharmacokinetics,
bioavailability, tissue distribution, excretion, and metabolite
identification of methoxyflavones in Kaempferia parviflora extract
in rats. Drug Metab Dispos. 2012;40:2342–53.

88. Mekjaruskul C, Sripanidkulchai B. Pharmacokinetic interaction
between Kaempferia parviflora extract and sildenafil in rats. J Nat
Med. 2015;69:224–31.

89. Kobayashi S, Suzuki R, Sato K, Ogami T, Tomozawa H, Tsubata
M. Effect of Kaempferia parviflora extract on knee osteoarthritis.
J Nat Med. 2018;72:136–44.

90. Mekjaruskul C, Yang Y, Leed MGD, Leed MP, Jay M,
Sripanidkulchai B. Novel formulation strategies for enhancing
oral delivery of methoxyflavones in Kaempferia parviflora by
SMEDDS or complexation with 2-hydroxypropyl-β-cyclodextrin.
Int J Pharm. 2013;455:1–11.

91. Ono S, Yoshida N, Maekawa D, Kitakaze T, Kobayashi Y, Kitano
T, et al. 5-Hydroxy-7-methoxyflavone derivatives from Kaemp-
feria parviflora induce skeletal muscle hypertrophy. Food Sci
Nutr. 2019;7:312–21.

92. Sutthanut K, Sripanidkulchai B, Yenjai C, Jay M. Simultaneous
identification and quantitation of 11 flavonoid constituents in
Kaempferia parviflora by gas chromatography. J Chromatogr A.
2007;1143:227–33.

93. Wongsrikaew N, Woo HC, Vichitphan K, Han J. Supercritical
CO2 for efficient extraction of polymethoxyflavones in Kaemp-
feria parviflora. J Korean Soc Appl Biol Chem.
2011;54:1008–11.

94. Wongsrikaew N, Kim H, Vichitphan K, Cho SK, Han J. Anti-
proliferative activity and polymethoxyflavone composition ana-
lysis of Kaempferia parviflora extracts. J Korean Soc Appl Biol
Chem. 2012;55:813–7.

95. Hossain MA, Wongsrikaew N, Yoo GW, Han J, Shin CG.
Cytotoxic effects of polymethoxyflavones isolated from Kaemp-
feria parviflora. J Korean Soc Appl Biol Chem. 2012;55:471–6.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

Medicinal Chemistry Research

View publication stats

https://www.researchgate.net/publication/375793353

	Kaempferia diterpenoids and flavonoids: an overview on phytochemistry, biosynthesis, synthesis, pharmacology, and pharmacokinetics
	Abstract
	Introduction
	Phytochemistry
	Diterpenoids
	Flavonoids

	Biosynthesis and synthesis
	Biosynthesis
	Synthesis

	Pharmacology
	Anticancer activity
	Antiinflammatory activity
	Antimicrobial activity
	Antiviral and antimalarial activities
	Antidiabetic and anti-allergenic activities
	Antioxidative activity
	Anti-obesity and anti-mutagenic activities
	Neuroprotective activity
	Skin protective activity
	Hepatoprotective and vasorelaxant activities
	sEH, PDE5, and aromatase inhibitory activities

	Pharmacokinetic studies
	Conclusions and perspectives
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




