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ABSTRACT: Radix Semiaquilegiae (Tiankuizi in Chinese), the root of Semiaquilegia adoxoides, has been widely used in

China, according to the traditional Chinese medicine (TCM) principle, it has effect of heat clearing and detoxicating, detumes-

cence, lump dissipation. The main components of Radix Semiaquilegiae are alkaloids, cyano compounds and nitro com-
pounds, phenolic acids. This review summarizes the achievements of the investigations in phytochemistry on Radix Semiaqui-
legiae in order to provide reference for further study.
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1 Introduction as a basis of further development and utilization of this herbal

Radix Semiaquilegiae (Tiankuizi in Chinese), the root resource.

of Semiaquilegia adoxoides belongs to the genus Ranuncu- Clinically used to treat acute mastitis with honey some-

= times®

laceae plant.

This plant is distributed in the subtropical area of the
Yangtze River in China, according to the investigations in
phytochemistry on Radix Semiaquilegiae, various biologi-
cally active compounds have been founded. In addition, in
TCM, the plant is mainly applied for the treatment of tumor
and mastitis in clinical practice. This review aims to system-
atically summarise the published literatures related to the

chemical constituents of S. Radix and to provide information
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, Radix Semiaquilegiae contains a variety of chem-

ical compositions and cyanoglycosides as the main compo-

nents shows significant medicinal activity. "

Monomeric compounds from Radix Semiaquilegiae can

10]

inhibit the activity of cholinesterase ", and have the anti-in-

flammatory""” and anti-tumor activity in vitro “#" . Alka-

loid fractions of Radix Semiaquilegiae have inhibitory effect

on mouse sarcoma Sz ', while the water layer and the n-

butanol layerer of Radix Semiaquilegiae have antioxidaive
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activityl'” .
2 Phytochemistry

The advancement of analysis technologies has allowed
many studies on Semiaquilegia adoxoides to reveal numbers
diterpenes,

including alkaloids, cyano

of phytochemicals,
compounds and nitro compounds, lactones, coumarins, lig-
nins, glycosides, sterols and others.
2.1 Alkaloids

To date, four alkaloids have been isolated and identified
from Radix Semiaquilegiae (Table 1, Figure 1), namely
thalifendine (1), semiaquilegine A (2), magnoflorine (3),
and berberine (4), respectively. The structures of Thalifen-
dine and Semiaquilegine A have been elucidated by NMR
spectroscopic analysis.

Table 1  Alkaloids

Physical state

No. Name Molecular Formula

1 Thalifendine Cio His NO, Yellow needle!™

2 Semiaquilegine A Cyy Hz NO, White powder™"

3 Magnoflorine  Cy Hy, NO, + Yellow amorphous powder"
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Figure 1 Structures of compounds from Radix

Semiaquilegiae (Alkaloids)
2.2 Diterpenes
Two diterpenes have been isolated from EtOH extrac-
tion fraction of the root of Semiaquilegia adoxoides, namely
E-semiaquilegin and Z-semiaquilegin, respectively(Table 2,

Figure 2).

4 Berberine Cy His NO, Yellow needle?"
Table 2 Diterpenes
No. Name Molecular Formula Physical state
4 E-semiaquilegin Css Hys Oy White amorphous powder!?
5 Z-semiaquilegin Cis Hys Oy White amorphous powder!?*
6 Semiaquilegoside A Cas Hi Oy Colorless needle crystal“"
Ditempedes - 2.3 Cyano compounds and nitro compounds
R, Cyano compounds and nitro compounds are the main
>:)‘\0 characteristic components of Radix Semiaquilegiae. Up to
Rz =
‘ now, 11 compounds with cyano and nitro have been obtained

E-semiaquilegin
Z-semiaquilegin

Semiaquilegoside A

Figure 2 Structures of compounds from Radix

Semiaquilegiae (diterpenes)

and identified from this herb. These compounds have the
similar molecular configuration ( Table 3). Their chemical
structures are shown in Figure 3.

2.4 Lactones and coumarins

Lactones and a coumarins compounds were found in Ra-

dix Semiaquilegiae (Table 4). Their structures are shown in

Figure 4.

Table 3 Cyano compounds and nitro compounds

No. Name Molecular Formula Physical state
7 lithospermoside Ciy Hiy NOg White amorphous powder™”
8 (Z)-6a-(B-D-glucosyloxy)- Ciy Hiy NOg White amorphous powder™”
da, 5a-dihydroxy-
2-cyclohexene
-1, a-acetonitrile
9 Menisdauri Cu H,yNO; White amorphous powder™”
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No. Name Molecular Formula Physical state
10 chretioside Cu Hi7NO; Colorless needle crystal™
11 thalictricoside Ci9 Hyy NOys Colorless needle crystal™®®
12 4-[B-D-apiofuranosyl-(1—>6)- Cyy Hos NO,y, 128
O-B-D-glicopyranosyloxy]
phenylacetonitrile
13 (1E, 4a, 58, 6a)- Cs HyNO;, White amorphous powder™"
4,5, 6-trihydroxy-
2-cyclohexen-
1-ylideneacetonitrile
14 2-(B-D-glucopyranosyloxy) CyHi; NO;, white needles!"
-4-hydroxybenzeneacetonitrile
15 -4-Hydroxy-1-(2-nitroethyl) benzene Cio Hys NO White powdered crystal®®”
4-0-(6'-O-B-D-xylopyranosyl)
-B-D-sitosterol
16 4-hydroxy-2-B-D-glucopyranosyl Cu H;NO; Ehretioside B
oxyphenylacetonitrile
17 4-[B-D-xylopyranosyl- White amorphous powder*
(1>6)-0-B-D-glucopyranosyl oxy]
-1-(2-nitroethyl)benzene
With cyano and nitro
thalictricoside
Re o
2 o,
oH HO fio O, NO
- Rs Ho. Hmo@f :
oH OH
! , : 5 mR B R T T T
lithospermoside CH C SOH OH OH CH)OH
@) 60D glucosylosy) 4a.50-
dihydrory 2-cyclohexenelo-acetonitile CH C ROH OH OH CH,O0H o
i
Menisdaurin CH ¢ H OH OH CHOH
chretioside B CH, CH H OH OH CH,OH
HO
4 hydroxy 2.6 D-ghucopyranosyl
oxyphenylacetonitrile CH, CH H O CHOH OH
2(B-D-glucopyranosyloxy) CH ¢ H OH OH CHOH
A-hydroxybenzeneacetonitrile
R2
Ri Ho
4B-D-apiofuranosyl]-(1—6)-0-p-D CH,CN 0 TR e
—uopriancer] oxyllpheaviaconibile 2
OH OH OH i
4 Hydroxy1-{2-nitroethyl)benzene - CH\CHyCN o R0 R,
4,060 §-D xylopyranosyl) B-D-sitosterl 2 2 o
OH Rz
4{p-Dxylopyranosyl- OH %
(1—6)-0-B-D-glucopyranosyl oxy] CH,CH,NO, oH

-1-(2-nitroethy )benzene

Figure 3

Table 4 Lactones and coumarins

OH

Structures of compounds from Radix Semiaquilegiae (cyanos and nitros)

lactones and coumarins

menisdaurilide

No. Name Molecular Formula Physical state

18 Griffonilide Cs Hs O, Colorlessprismy crystal?” i o
19 Aquilegiolide CsHs Oy white needles™? " > o P

20 Menisdaurilide CsH; O, white needles” aquilegiolide B ’

21 4, 6-dimethoxy-5-methyl- CsH,, O, white needles™" orimenties >

2H-Pyran-2-one
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4.6-dimethoxy-3-methyl -2H-Pyran-2-one

(]

OCH,

Figure 4 Structures of compounds from Radix

Semiaquilegiae (lactones and coumarins)
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2.5 Others chemical constituents

Radix Semiaquilegiae contains organic acids, including
octanedioic acid, fumaric acid and palmitic acid. The root of
this plant contains a lot of phenolic acids, such as hexanoic
acid, octanoic acid, nonanoic acid, myristic acid, pentade-

canoic acid and heptadecanoic acid ( Table 5). Their struc-

AU R4 2018 4F 3 A AR 34 B4 2 M)

tures are shown in following Figure 5.

glycosidest

There are also some lignins, sterols

and others in the plant. Genistein, an active ingredient, can
increase the activity of gemcitabine in vivo and in vitro a-

gainst pancreatic cancer™ .

Table 5 Phenolic acids

No. Name Molecular Formula Physical state
24 4-hydroxybenzaldehyde > Hs O, Colorless crystal®"
25 4-hydroxybenzoic acid C:H; O, Colorless crystal®!
26 3-hydroxy-4-methoxybenzoic acid CsH; O, Colorless crystal®®®
27 2, 4-dihydroxybenzoic acid C:H; O, Colorless crystal®”
28 Bis(2-ethylhexyl) phthalate C, His O, Yellow syrup"®®
29 Dibutyl terephthalate Cy6 Hy, Oy Yellowishneedles™"
30  Methyl 2-(2, 4-dihydroxyphenyl) acetate CyHy O, Colorless crystal??
31 Ferulic acid CioHip Oy Light yellow crystalline powder "
32 2-propenoic acid, 3-(4-hydroxyphenyl)- Cis Hy2 O; Colorless needles™"

(4-carboxyl)-phenyl ester

33 4-(bromomethyl)-2-hydroxybenzoic acid
34 5-(2-hydroxyethyl)-2-O-B-glucosylohenol

35 Salidroside

36 p-Hydroxyphenethylalcohol
37 3, 4-dihyroxybenzoic acid
38 p-B-D-glucosyloxybenzoic acid
39 Monordicophenoide A

Cs H; BrO;

Brown red needle crystal®*

Cii Hy Oy Colorless needles™”

Cys Hy Oy Colorless needles™"
CsH,, O, Whitie crystal?

C;H; 0, White to micro-brown needle!"
Ci3Hi6 Og Whtie needle™"
CisH2 Oy, Brown gum-like substance®"

Phenolic acids

Re R:

Re Rz R1 R2
4hydroxybenzaldehyde CHO H
4hydroxybenzoic acid COOH H
3 hydroxy 4 methozybeazoic acid COOH H
2.4 Gihydroxybenzoic acid COCH H
Methyl 2(2.1-dihydroxyphenyDacetate CH,COOCH,  OH
4 (bromomethyl) 2 hydroxybenzoic acid  CHyBr H
p-Hydroxyphencthylalcohol CH,CH,0H H
Ferulic acid CHCHCOOH H
542 hydroxyethyl) 2.0-Bghicosylohenol  CH,CH,0H H
3 4 dihyrosybenzoic acid COOH H
p B-D-ghicosylozybenzoic acid COOH H
monordicophencide A COOH H

Bis(2-cthylhexyl) phthalate

o (o)

044< j:0
Figure 5

3 Conclusion
Modern pharmacological studies have shown that Radix
Semiaquilegiae has anti-inflammatory, cytotoxic and other
activities, with thegreat potential in the pharmaceutical field.
The results of phytochemistry indicated that the major com-

ponents of Radix Semiaquilegiae are phenolic acids, cyano

compounds and nitro compounds which exhibit multiple

2-propencic acid.3(4'-hydroxyphenyl)-(4'-carboxyl)-phenyl ester
o}

B =

R3 R4 o
H OH

H OH

OH OCH;

H OH

H OH

OH COCH

H OH
OCH;  OH

OH OGle

OH OH

H 0Gle

H R4’

Dibutyl terephthalate

SO

Chemical Compositions of Phenolic Acids from Radix Semiaquilegiae

pharmacological effects. In addition, the bioactive compo-

nents and their corresponding pharmacological activities
should be investigated systematically in order to optimize the
development and utilization of this herbal resource.
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