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Scutellaria barbata belonging to the genus Scutellaria L. (Labiatae) is a perennial herb which is natively
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of years. Currently, effective monomeric compounds or extracts have been screened for antitumor

activity from S. barbata in vivo or in vitro.

Mor e

than forty

alkaloids and fifty neo-clerodane type diterpenoids have been isolated. The modern pharmacology
research has confirmed that some monomeric compounds or extracts possess widely antitumor activity
on human gynecological tumor cells, leukemia cells, colon cancer cells, hepatoma cells, lung cancer
cells, skin cancer cells and so on. The present paper reviews the progresses on the phytochemistry and
antitumor activity of S. barbata, and has a very important reference value to the rational application and

exploitation of S. barbata.
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INTRODUCTION

Scutellaria L. (Labiatae) is a large subcosmopolitan
genus with about 350 currently recognized species
(Shang et al., 2010). Scutellaria barbata belonging to this
genus is natively distributed throughout Southern China.
S. barbata is a perennial herb reaching a height from 15
to 35 cm (Figure la). This plant often grows in wet
meadows, nearby pools and brooks. It is in flower from
May to July, and the seeds ripen from June to August. It
is harvested in late summer and early autumn after it
blooms (Figure 1b). Now it has been intensively culti-
vated in China. This herbal material is known in traditional
Chinese me di c-Zhirlei aa D
important ingredients in Chinese traditional prescriptions
to cure the pain and swelling of throat, edema and
hemorrhoids, cancer, inflammation and urinary disease. It
is slightly bitter in taste and cool in nature, attributives to
liver, lung and stomach channels (Jiangsu New Medical
College, 1977). In pharmacopoeia of China, the dried
aerial section of the plant is the medicinal part (Figure 1c)
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(Chinese Pharmacopoeia Committee, 2010). In recently
years, the chemical compositions of S. barbata have
been studied. More than 130 compounds have been
obtained. It contains a large number of flavonoids, unique
neo-clerodane type alkaloids and diterpenoids as well as
volatile oils, polysaccharide and other compounds.
Among them, flavonoids and neo-clerodane type
diterpenoids and alkaloids are the main and effective
chemical compositions which mostly contribute to the
pharmacologi ¢ a | e f y cSa cbarbatao f Modern
phar macol ogy research has
monoméric tompounds or extracts possess widely
antitumor activity on human gynecological tumor cells,
leukemia cells, colon cancer cells, hepatoma cells, lung
cancer cells, skin cancer cells and so on. In this review,
the advances in phytochemistry and antitumor activitiy of
S. barbata are presented.

PHYTOCHEMISTRY

From the species S. barbata, 131 compounds were
isolated, including pavonoids, alkaloids, diterpenes,
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Figure 1. Morphology of S. barbata (a: the fresh whole plant; b: the dried whole plant; c: the dried aerial parts of plant).

triterpenoids, polysaccharide, essential oils and other
compounds (Tables 1 and 2; Figure 2).

Flavonoids

S. barbata is known to contain large amounts of

Alkaloids

In 1996, scutebarbatine A (50), a new neoclerodane-type
diterpenoid alkaloid was isolated from S. barbata for the
first time (Wang et al., 1996). Recently, some scholars
have obtained more and more neo-clerodane diterpenoid
alkaloids and its derivates (51 to 74) by column chroma-

pbavonoids and their deri vat itegeaphy usih@ silicaogel ard walirdirsumn oxide silicaugalj n g
pbavones (1 t o 21), f 1| av on o sephadegxlLiM-200 revierdeephase high2perfarnsancetligjuid,
pbavanones (42 to 48) and c kcladmatography (HPKCY )and hsa voa. Ammeng nthese
isolated. Most of them have methoxyl or hydroxyl groups compounds, some showed signi.y

at various positions on their aromatic rings. Due to the
breakage of chemical bond between C; and C,,
dihydroxy-2 , 3-Gimeihdxychalcone (49) belongs to
Chalcones.

Flavonoids are generally regarded to have a wide
range of pharmacological activityy Among these
compounds, 4-hydroxy wogonin (2), apigenin (4),
scutellarin (5), luteolin (6), baicalein (12) and apigenin 5-
Obglucopyranoside (35)
antitumor activity. Apigenin (4), and luteolin (6) also
showed selectively antibacterial activity against MRSA
and methicillin-sensitive S. aureus strains with MIC, 3.9
to 15.6 and 62.5 to
the total flavone of S. barbata can improve host cells
membrane fluidity and prevent the parainfluenza virus
typel (PIV-1) infection by protecting the cell membrane
(Guo et al., 2009).

20,

have

h 2adslition, g /

against human cancer cell lines.
46

Diterpenes

S. barbata and some other species from the same genus
are recognized as a source of diterpenoids. More than 50
neo-clerodane diterpenoids (75 to 124) have been
isblatesl. 'Sonte mfnthiese manourtd exhibited significant
cytotoxic activity against several human cancer lines in
vitro. In addition, Wang et al. (2010) reported the
structures of at least the following seven 13-spiro neo-
odrodanes:éSeuelaatine-€95)y scutehenanine B (61),
scutebarbatine G (63), 6,7-di-O-nicotinoylscutebarbatine
G (64), 6-O-nicotinoyl-7-O-acetylscutebarbatine G (65),
6-O-nicotinoylscutebarbatine G (66) and barbatin A (90),
continuously reported by Dai et al. (2006a, 2009b,
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Tablel.Chemi cal structur e&sharbata. pavonoi ds from
No. Compounds Groups References
Flavones
1 Wogonin Rs7=0H; Rg=OCHjs Tomimori et al. (1984a)
2 4 -Nydroxy wogonin Rs74=0H; Rg=OCH3 Xu et al. (1997)
3 Quercetin R35,734=0OH Zhong et al. (2008)
4 Apigenin Rs74=0OH Wang (1981)
5 Scutellarein Rs67, 4=0OH Wang (1981)
6 Luteolin Rs734=0OH Wang (1981)
7 Rivularin Rs52=0H; R786=0CHj; Chou (1979)
8 Scutevurin Rs72=0H; Rg=OCH3 Tomimori et al. (1984a)
9 Alpinetin R7=0OH; Rs=OCHg3 Xiang et al. (1982)
10 Isoscutellarein Rs784=0H Sonoda et al. (2004)
11 Hispidulin Rs,7,4=0OH; Re=OCHjs Xiao and Li (2006)
12 Baicalein Rs67=0OH Yao et al. (2011)
13 5-hydroxy-7,8-dimethoxyflavone R5=0OH; R7,5=0OCHjs Zhang et al. (2005)
14 5,4'-dihydroxy-6,7,3',5'-tetramethoxyflavone Rs54=0H; R¢ 7,3 5=0OCH3 Li et al. (2008)
15 7-hydroxy-5,8-dimethoxyflavone R7=0OH; R5g=0OCHjs Lin and Chou (1984)
16 5,7-dihydroxy-8,2'-dimethoxyflavone Rs57=0OH; Rg2=0OCHj3 Liu (2005)
17 5,6,2'-trihydroxy-7,8-dimethoxyflavone Rs,6,2=0OH; R7s=0OCH3s Lin (1988a)
18 5,4'-dihydroxy-6,7,3'-trimethoxyflavone Rs5,4=0H; Re,7,3=0OCH3 Li et al. (2004)
19 5-hydroxy-7,4'-dimethoxyflavone R5=0OH; R7,4=0OCH3; Yu et al. (2011)
20 5-hydroxy-7,8,4'-trimethoxyflavone Rs5=0OH; R7,84=0CHjs Yu et al. (2011)
21 5-hydroxy-6,7,4'-trimethoxyflavone R5=0OH; Rs7,4=OCHjs Yu et al. (2011)

Flavonoid glycosides

22
23
24
25
26

27

28
29
30
31

32

33

34

35

36

Scutellarin

Baicalin
Isoscutellarein-8-O-glucuronide
luteolin-7-diglucuronide
Acacetin-7-diglucuronide

Ethyl-7-O-apigenin-glucuronate

Apigenin-7-O-neohesperidoside
5,8,2'-tetrahydroxyflavone-7-O-b-D-glucoside
5,8-dimethoxyflavone-7-O-b-D-glucoside
Apigenin-7-0O-b-D-glucoside

5,2'-dihydroxy-7,8,6'-trihydroxyflavone-
2'-0-b-D-glucoside

5,2',6'-trihydroxy-7,8-dimethoxyflavone-
2'-O-b-D-glucoside

58-di met h o x-¥-P-®glocareno-
pyranoside

Apigenin-5-0O-b-D-glucopyranoside

5-hydroxy-4'-methoxyflavone-7-O-U-
L-r h a mn o s y-B-O-dlu¥opyyanoside

Rs,6,4=0H; R7=0-D-glucuronide
Rs6=0H; R7=0-D-glucuronide
Rs.7.4=0H; Rg=0O-D-glucuronide
Rs 3, 4=0H; R;=0-D-diglucuronide
Rs.4=0H; R;=0-D-diglucuronide

Rs,4=0H;
R7=0-D-glucuronic acid ethyl ester

Rs.4=0OH; R;=0-neohesperidoside
Rs.82=0H; R7=0-b-D-glucose
Rs5s=0OCHgs; R7 =0-b-D-glucose
Rs,4=0OH; R7=0-b-D-glucose

Rs=0H;
glucose

R7,g,6':OCH3; Rz':O-b-D-

Rsye':OH; R7,g:OCH3;
R>=0-b-D-glucose

Rs55=0OCHz;
R7=0-D-glucuronopyranoside

R7.4=0H; Rs=0-b-D-glucopyranoside

Rs=OH; R4=OCHjz; R;=0-U-L-rha
-mn o s y | {b-DYjlacppyranoside

Wang (1981)

Lin and Shieh (1996)
Luan et al. (2011)
Wang et al. (2008a)
Wang et al. (2008a)

Wang et al. (2004)

Wang et al. (2004)
Tomimori et al. () 1984b
Tomimori et al. (1984b)
Wang et al. (2004)

Tomimori et al. (1984b)

Tomimori et al. (1984b)

Li et al. (2004)

Qiu et al. (2009)

Xiao and Li (2006)
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Table 1. Contd.

37 Luteolin-7-O-b-D-glucopyranoside

38 Apigenin-7-O-b-D-glucopyranoside

39 Apigenin-7-O-b-D-glucuronide

40 Apigenin-7-0O-b-D-glucuronide methyl ester
41 Kaempferol-3-O-b-D-rutinoside

Rs 34=0OH; R;=0-b-D-glucopyranoside

Rs 4=0H; R;=0-b-D-glucopyranoside
Rs4=0H; R;=0-b-D-glucuronide

Rs 4=0H; R;=0-b-D-glucuronide methyl ester
Rs,7.4=0H; R3=0-b-D-rutinoside

Zhong et al. (2008)
Zhong et al. (2008)
He et al. (2011)
He et al. (2011)
He et al. (2011)

Xiang et al. (1982)
Xiang et al. (1982)

Lin and Chou
(1984)

Li et al. (2008)

Wang et al. (2011)
Wang et al. (2011)
Wang et al. (2011)

Flavanones
42 Carthamidin (2S)Rs,7,84=0OH
43 Isocarthamidin (2S)Rs567,4=0H
44 Eriodictyol Rs,7,34=0OH
45 Naringenin Rs74=0OH
46 2(S)-7,2'-dihydroxy-5,8-dimethoxyflavanone R72=0H; Rss=OCH3
47 5,7,2'-trihydroxy-8-methoxyflavanone Rs,7,2=0OH; Rg=OCH3
48 7-hydroxy-5,8,2'-trimethoxyflavanone R7=0OH; Rs , :=QGH3
Chalcone

49 2' 4'-dihydroxy-2,3',6'-trimethoxychalcone

R24=0H; Rz . 330€kl3

Wang et al. (2011)

2007b, 2009a, and 2006b) from the same plant were
incorrectly assigned. And he revised these structures by
reanalysis of the published NMR data (Figure 3).

Triterpenoids

Zhu and Liu (1993) isolated an oleanane-type triterpenoid
acid, named scutellaric acid (125) from S. barbata for the
first time).

Polysaccharide

The polysaccharide B3-PS1 was extracted and purified
from S. barbata through bioactivity-guided fractionation.
The average molecular weight of B3-PS1 was about
1,700,000 Da with a composition of Gal, Glc, Man and
Ara in the ratio of 4.3:1.6:1.1:1.0, and trace of Rha, Fuc
and Xyl. Pharmacology studies showed that B3-PS1
could be a potential candidate in treating those
complement-associated diseases such as rheumatoid
arthritis, Alzheimer's disease, and adult respiratory
distress syndrome (Wu and Chen, 2009).

Essential oils

Yu et al. (2004) analyzed the composition of essential oil
from aerial parts of S. barbata by gas chromatography
and gas chromatography-mass spectrometry (GCi MS).
The main components in the essential oils are
hexahydrofarnesyl acetone (11.0%), 3,7,11,15-
tetramethyl-2-hexadecen-1-ol (7.8%), menthol (7.7%)
and 1-octen-3-ol (7.1%). The essential oil displayed a

broad anti-microbial spectrum and exerted a much
stronger bactericidal effect against gram-positive
bacteria, including methicillin-resistant S. aureus. Among
the microorganisms tested, only S. paratyphi-A was
resistant to the essential oil.

Other compounds

E-1-(4'-Hydroxyphenyl)-but-1-en-3-one (126) was
isolated from S. barbata in 1996 (Ducki et al., 1996).
Chan et al. (2006) described firstly the isolation of
pheophorbide a (127) using a bioassay-guided isolation
method. In 2011, (S)-2-(4-hydroxyphenyl)-6-methyl-2,3-
dihydro-4H-pyran-4-one (128), was isolated from the
ethanol extract of S. barbata. Moreover, 4-(3,4-dihydroxy-
phenyl)-but-3-en-2-one(129), (6S,9R)6-hydroxy-4,4,7a-
trimethyl-5,6,7, 7a-tetrahydro-1-benzofuran-2(4H)-one
(130) and ethyl 4-hydroxy-3,5-dimethoxy-benzoate (131)
were the first to be identified from this plant.

QUALITATIVE AND QUANTITATIVE ANALYSIS

Itis wellknownt hat pavonoids are

components of S. barbata. Among them, scutellarin (22)
as the main pavonoid with

adopted to control the quality of medical materials and
preparations. For example, the pharmacopeia of China
suggests that the content of scutellarin in the dry aerial
parts determined by HPLC should be more than 0.20%.
The content of total
UV absorption at 335 nm (calculated against scutellarin)
should be more than 1.50%. However, it is widely
accepted that the quality cannot only be controlled by

t

t

amount

h e

he
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Table 2. The name of other compounds from S. barbata.
No. Compounds References
Neo-clerodane diterpenoid alkaloids

50 Scutebarbatine A Wang et al. (1996)
51 Scutebarbatine B Dai etal. (2007a)
52 Scutebarbatine C Dai et al. (2006a)
53 Scutebarbatine D Dai et al. (2006a)
54 Scutebarbatine E Dai et al. (2006a)
55 Scutebarbatine F Dai et al. (2006a)
56 Scutebarbatine | Dai et al. (2008a)
57 Scutebarbatine J Dai et al. (2008a)
58 Scutebarbatine K Dai et al. (2008a)
59 Scutebarbatine L Dai et al. (2008a)
60 Scutebarbatine O Dai et al. (2009a)
61 Scutehenanine B Dai et al. (2009b)
62 Scutehenanine C Dai et al. (2009b)
63 Scutebarbatine G Dai et al. (2007b)
64 6,7-di-O-nicotinoylscutebarbatine G Dai et al. (2007b)
65 6-O-nicotinoyl-7-O-acetylscutebarbatine G Dai et al. (2007b)
66 6-O-nicotinoylscutebarbatine G Dai et al. (2009a)
67 Scutebarbatine H Dai et al. (2007b)
68 7-Onicotinoylscutebarbatine H Dai et al. (2007b)
69 Scutehenanine A Dai et al. (2009b)
70 6-O-Acetylscutehenanine A Dai et al. (2009b)
71 6-O-(2-carbonyl-3-methylbutanoyl)scutehenanine A Dai et al. (2009b)
72 Scutehenanine D Dai et al. (2009b)

Norditerpenoid alkaloids

73
74

Scutebarbatine M
Scutebarbatine N

Neo-clerodane diterpenoids

75
76
77
78

79

80
81

82
83

84

85
86
87
88

Scutebarbatine W
Scutebarbatine X
Scutebarbatine Y
Scutebarbatine Z

Scutellone A
or Scuterivulactone C;

Scutellone C
Scutellone D

or Scuterivulactone D
Scutellone H
Scutellone |

Scutellone B
or Scuterivulactone B

Scutellone E
Scutellone F
Scutellone G
Scuterivulactone A

Dai et al. (2011)
Dai et al. (2011)

Wang et al. (2010)
Wang et al. (2010)
Wang et al. (2010)
Wang et al. (2010)

Lin et al. (1987)
Tohru et al. (1987)

Lin and Kuo (1988)
Lin et al. (1988)

Haruhisa et al. (1997)

Lin and Kuo (1989)
Lin and Kuo (1989)

Lin and Kuo (1989)

Haruhisa et al. (1997)

Lin and Kuo (1988)
Lin et al. (1988)

Lin and Kuo (1989)
Haruhisa et al. (1997)
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Table 2. Contd.

89 Scuterivulactone C» Tohru et al. (1987)
90 Barbatin A Dai et al. (2006b)
91 Barbatin B Dai et al. (2006b)
92 Barbatin C Dai et al. (2006b)
93 6-(2,3-epoxy-2-isopropyl-n-propoxyl)barbatin C Dai et al. (2010)
94 Barbatin D Dai et al. (2008b)
95 Barbatin E Dai et al. (2008b)
96 Scutellin A Zhu et al. (2009)
97 Barbatellarine A Lee et al. (2010)
98 Barbatellarine B Lee et al. (2010)
99 Scutehenanine H Dai et al. (2010)
100 Neoandrographolide Zhu and Liu (1993)
101 Scutebata A Zhu et al. (2010)
102 Scutebata B Zhu et al. (2010)
103 Scutebata C Zhu et al. (2010)
104 Scutebata D Zhu et al. (2010)
105 Scutebata E Zhu et al. (2010)
106 Scutebata F Zhu et al. (2010)
107 Scutebata G Zhu et al. (2010)
108 Scutebata H Zhu et al. (2011)
109 Scutebata | Zhu et al. (2011)
110 Scutebata J Zhu et al. (2011)
111 Scutebata K Zhu et al. (2011)
112 Scutebata L Zhu et al. (2011)
113 Scutebata M Zhu et al. (2011)
114 Scutebata N Zhu et al. (2011)
115 Scutebata O Zhu et al. (2011)
116 Scutelinquanine A Nie et al. (2010)
117 Scutelinquanine B Nie et al. (2010)
118 Scutelinquanine C Nie et al. (2010)

Ent-clerodane diterpenoids

119 6-O-nicotinoylbarbatin A Dai et al. (2007a)
120 6,7-di-O-acetoxybarbatinA Dai et al. (2007a)
121 8-O-nicotinoylbarbatinA Dai et al. (2007a)
122 2-carbonylscutebarbatineA Dai et al. (2007a)
123 Scutelinquanine D Qu et al. (2010)
124 6-acetoxybarbatin C Qu et al. (2010)

Triterpenoid

125 Scutellaric acid Zhu and Liu (1993)

Other compounds

126 E-1-(4'-Hydroxyphenyl)-but-1-en-3-one Ducki et al. (1996)
127 Pheophorbide a Chan et al. (2006)
128 (S)-2-(4-hydroxyphenyl)-6-methyl-2,3-dihydro-4H-pyran-4-one Wang et al. (2011)
129 4-(3,4-dihydroxy-phenyl)-but-3-en-2-one Wang et al. (2008a)

6-hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydro-1-benzofuran-

130 2(4H)-one

Wang et al. (2011a)

131 ethyl 4-hydroxy-3,5-dimethoxy-benzoate Wang et al. (2011b)
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54 55 56 (R =H; R =OEY) 58
57 (R =OEt; R =H)

CH33
63 (R =Nic; R R =H) 67 (R =Nic; R =H) 69 (R=H)
64 (R R R =Nic) 68 (R R =Nic) 70 (R=Ac)

65 (R R =Nic; R =Ac)
66 (R ,R =Nic; R =H)
1 2 3

Figure 2. The chemical structures of other isolated compounds from S. barbata (the name of isolated compounds are
listed in Table 2).
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79 (R =H; R =OH) 81 (R=OH) 84 85
80 (R =OH; R =H) 82 (R=OFEt)
83 (R=OMe)

Figure 2. Contd.
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