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Chemical Components and Pharmacological Activities of Smallanthus sonchifolius ('Yacon) .
A Review

Ll Zi-yao, DING Xiao-gian, WANG Yan, WANG Ming-yang, YUAN Xiao-yan’
(School of Pharmacy, Zunyi Medical University, Zunyi 563099, China)

[Abstract] Smallanthus sonchifolius, a plant resource with both medicinal and edible values, has been
taken as fruit for a long history. Studies have proved that phenolic acids, flavonoids, sesquiterpene lactones, and
fructooligosaccharides are the major compounds in S. sonchifolius. The extract of S. sonchifolius demonstrates
noticeable antioxidant, anti-inflammatory, antimicrobial, and anti-cancer effects, as well as the activities of
lowering blood glucose level, regulating intestinal function and so on. The rhizomes and leaves of S. sonchifolius
contain abundant phenolic acids, mainly caffeic acid and its derivatives, which endow S. sonchifolius with
remarkable antioxidant effect. Moreover, these substances can reduce blood glucose by improving insulin
sensitivity. Fructooligosaccharides are abundant in the tuber of this plant, which can improve intestinal function
by regulating intestinal flora. The sesquiterpene lactones in glandular trichomes on the leaf surface can inhibit the
proliferation of cancer cells, among which uvedafolin and enhydrofolin have particularly strong activities.
Furthermore, the sesquiterpene lactones have obvious inhibitory effect on Gram-positive bacteria. In terms of
structure, the number of epoxy groups is linked to the strength of anticancer and antimicrobial effects. In
addition, S. sonchifolius contains other compounds such as volatile oils, fatty acids, sterols, diterpenes,
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p-hydroxyacetophenone derivatives, and octulosonic acid derivatives, thereby exhibiting the pharmacological
effects of treating Alzheimer's disease, protecting kidney, and lowering blood lipids. However, the isolation and
identification of the main compounds in S. sonchifolius need further exploration, and the mechanism of action
remains to be studied. Here we summarized the principal chemical components and pharmacological activities of

S. sonchifolius, aiming to give a clue for the comprehensive development and utilization of this plant.
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Table 1 Phenolic acid compounds in Smallanthus Sonchifolius
L& LI & YA Z% 3k

1 Wi R methyl caffeate [7]
2 Wik 2 B ethyl caffeate [7]
3 - 4-O-caffeoyl-2, 7-anhydro-d-glycero-B-d-galacto-oct-2-ulopyranosonic acid [8]
4 - 5-O-caffeoyl-2, 7-anhydro-d-glycero-g-d-galacto-oct-2-ulopyranosonic acid [8]
5 - 4,5-di-O-caffeoyl-2, 7-anhydro-d-glycero-B-d-galacto-oct-2-ulopyranosonic acid [8]
6 5-0-(E) - nfk it 45 -7 iR 5-0-( E)-caffeoylquinic acid [8]
7 - 2,3,5- or 2,4, 5-tricaffeoylaltraric acid [8]
8 - 2- or 5-caffeoylaltraric acid [8]
9 - 3- or 4-caffeoylaltraric acid [8]
10 - 2,4- or 2,5-dicaffeoylaltraric acid [8]
11 - 2,3,5-or 2,4,5-tricaffeoylaltraric acid methyl ester [8]
12 3-0-(E) -l ME k25 7° % 3-0-(E)-caffeoylquinic acid [8]
13 3,5-.-0-(E)-Mnmf ik Zs 7 g 3,5-di-0-( E)-caffeoylquinic acid [8]
14 1,5--0-(E)-WnmHE k2 7 ik 1,5-di-O-(E)-caffeoylquinic acid [8]
15 BT gallic acid [9]
16 w7 caffeic acid [9]
17 X A TR p-coumaric acid [9]
18 B 22 12 ferulic acid [9]
19 o % T R rosmarinic acid [10]
20 £k R chlorogenic acid [10]
21 - 2,5-dicaffeoylaltraric acid [11]
22 - 2,3,5-or 2,4,5- tricaffeoylaltraric acid [11]
23 - 2,4- or 3,5-dicaffeoylaltraric acid [11]
24 SELRJETR A 3,5-dicaffeoylquinic acid [11]
25 R vanillic acid [12]
26 SR Coumaric acid [13]

T =" R TP AR (£ 3-R 5 KT

F2 SERFEMELEY
Table 2 Flavonoid compounds in Smallanthus Sonchifolius
e s, s =%
Sk
27 WL ER hesperetin [14]
28 3,7-HUILEEM L % quercetin 3,7 - dimethylether [ 7]
29 ERHEH homoeriodictyol [7]
30 Mk & quercetin [9]
31 &y kaempherol [9]
32 AT rutin [9]
33 MR myricetin [9]
34 KPRHE luteolina [10]
3B HER apigenin [10]
36 AKBR#E%-3",7-7-0-  luteolin-3’, 7- O-di glucoside [10]
] 25
37 KBHH-7-0-# A BEH  luteolin-7- O-glucoside [ 10]
38 3-ARF AL & 3-O-methylquercetin [13]
39 3,4- AR IEM R & 3,4’ -di-O-methylquercetin [ 13]

FIURG R 104~ (105~114)"% L3 5.
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Table 3  Sesquiterpene lactone compounds in Smallanthus Table 4 Volatile oil compounds in Smallanthus Sonchifolius
Sonchifolius N %
1{(, " I YA /ié
b 5% # Sk
L7 e R SCEk 56  a-/KJEHE a-phellandrene [19]
40 - polymatin A [14] 57 a-iEN a-pinene [19]
41 - fluctuadin [14] 58 B-IKJT M B-phellandrene [19]
42 - uvedalin aldehyde [14] 59 &k sabinene [19]
43 - longipilin acetate [14] 60  B-A kM B-myrcene [19]
44 - polymatin B aldehyde [14] 61 HIE benzyl alcohol [19]
45 - (1Z,4E)-8a-angeloyloxy-germacra-1(10), [14] 62 X -EApEE p-cymene [19]
4,11(13)- trien-64, 12-olide-14-oic acid
63 S-FA I 5-terpinen [19]
46 - enhydrofolin [15] -
64  A-FNliE terpinen-4-ol [19]
47  JHAZFE enhydri 16
452 enhydrin [16] 65  &-ME M 5-elemene [19]
48 - uvedalin [16]
66 oA LM a-muurolene [19]
49 - polymatin B [16]
67  o-BE WM a-cubebene [19]
50 - sonchifolin [16]
68  B-ii M B-bourbonene [19]
51 - 8 -tigloyloxymelampolid-14-oic acid methyl [17] - o )
ester 69  E-WIAAENKITIG  epi-bicyclosesquiphellandrene  [19]
52 - 88 -methacryloyloxymelampolid-14-oic acid [17] 0 BT p-caryophyllene [19]
methyl ester 71 HHED germacrene D [19]
53 - fluctuanin [17] 72 a-WERRIE a-humulene [19]
54 8B-angeloyloxy-13-methoxyl-11, 13-dihy- [18] 73 B-EEW MR B-cubebene [19]
dromelampolid-14-oic acid methyl ester 74 B s-cadinene [19]
55 83—(3—.methylbut—2—eno.yl) 0x¥—13—r.nethoxyl— [18] 75 _ p-vatirenene ‘191
11, 13-dihydromelampolid-14-oic acid methyl
ester 76 - 7-tetracycloundecanol [19]
77 A-W IO 4-methylhexanal [20]
2 ZHEER 78 BATARAESE B-cymene [20]
B PR S A O T R TR A PN R AR 79 a-bhihE a-terpineol [20]
REBRAEY M HAEDCE A BRI 0 80 B4 i p-ionone [20]
T PU R 45 7 T A R B Y 2 B P R 81 p-rifriEE Ly B-caryophyllene oxide [20]
ZANEAT I IR P B DR A B R ol i A S 82 a-flHIE a-thujene [20]
M8 e Sy it A — EAEH . 83 AR camphene [20]
2.1 PrAACIER A HIE AR =Y, A h 84 - a-terpinene [20]
2B RN A B EETERA AT 85 MG limonene [20]
Z’E%m%éﬂiﬂﬁﬁﬁﬁ’léﬁ’@%ﬂ%ﬁ‘é ) Bﬁﬂ:?[ﬂﬂ@%’} N 86 Al z-terpinene [20]
TS RN E 2 g AR K SEAE T . BRI LB 2R Y R 87 BN p-pinene [20]
PR SE RS2 A R0 RARBUEAL R, g i i 5 T 88 a-fil U a-copaene [20]
FR I R (BHT) MY 0 Sk B 1 AH 2412, i nife 1 25 89 TN caryophyllene [20]
TR ) AT s R B T A Y e R 90 A 7- muurolene [20]
LA 0 i 5 4R Ak LA R 95 B gl Bk R Ak 4 T o1 BN p-cadinene [20]
LTHRM RO IR EARZ 92 o- RIS a-amorphene [20]
R 2K ik & W, W B 1, 1- 7 R -2- 9 kAt 93 HE r-himachalene [20]
(DPPH) .2, 2'- Bk & AL (3- £ HE JK - 158 wk nbk -6- it /iR )
TEER (ABTSY) R H A A IE TR TR WA 0.03~0.6 g- L' [l N , A Bl 8. /Y DPPH W5 BRAE /1, °F
TA TR Y 25 3 R v S R Y VR AR I e BE (1C,,) 4 0.25 g- L™, Hyn Atk ne 1 H A
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Table 5 Fatty acid compounds in Smallanthus Sonchifolius

Ew LI YA EEBEN
96 H H:R lauric acid [22]
97 A 5 R myristic acid [22]
98 + Hbi R pentadecanoic acid [22]
99 FEtH R palmitic acid [22]

100 +-L iR margaric acid [22]
101 i fg e stearic acid [22]
102 e arachidic acid [22]
103 B Y L4 heneicosanoic acid [22]
104 s Sy Y behenic acid [22]
105 A e o e palmitoleic acid [22]
106 TR oleic acid [22]
107 NATA linoleic acid [22]
108 - R iR y-Linolenic acid [22]
109 TRk SR eicosatrienoic acid [22]
110 - di-homo-alpha-linolenic [22]
111 I W eicosapentaenoic acid [22]
112 R IR eicosadienoic acid [22]
113 WS ERR docosahexadienoic acid [22]
114 PUEZY nerve acid [22]

K6 TERTHEXUEY

Table 6 Carbohydrate compounds in Smallanthus Sonchifolius

& LI YA EE PN
115 (UERR(ER arabinose [23]
116 A xylose [23]
117 H & b mannitol [23]
118 2 glucose [23]
119 P fructopyranose [23]
120 T a-D-lactose monohydrate [23]
121 HER =k 1-kestose [23]
122 TR D nistose [23]
123 T SR B 1F-fructofuranosylnystose [24]
124 i Ay 1,1,1,1-kestohexose [24]
125 TER-EAE kructoheptasaccharide [24]
126 HESR /b 1,1,1,1,1,1-kestooctaose [24]

F AR LR R RE ) B T4 2R 2 CL AP R
fRRE 153l B 5 L B IR AR A G R B R &
S R R T S A R 2B A
Z 515 DPPH B A . —F A Al &, B
H— W A AL S B AR R BE 1, [ IEIE BA 5 25
Jo S 40 ) B AR A A R R . R R

1) R B ) ELA s ) B P fkRE ) ,0.1 g mL?
% A2 B X Fe® I 28 G B I AH Y T 2 e U & TR
(EDTA) [ 77.61% , = A= %A I 09 J5L IR AT fig 5 0 L
AR 4 R A R AT O T R 45 BUAIK
GBI M BE R 0.5.1 g+ LB % H,0,(200 wmol-L*)
JIT BN i 22 B 20 MR8 4H B (SH-SY5Y) 9 4k B
05 W 5 0 A AR D, SR W A R U SR R B A
— 5 B AR AR E X SR AR BT B b 2R AT R
WA —EAER

AAL R FE R R R BB, FER
A Y B R LB 2R A A W H B A B RE )
By, A BE B A O D LA R 0 BRI A
JE4 Y B B ORI RO A — e T R
RARPUEALF R IR 2 —

2.2 BULARAE LIPS X S gk AT kS
A5 0 B2 Y, % B TS BT S0/ BRI B K i LA R A
1) J 40 R AR L i B T T ) A% AR T A T — AR
L E(NO) i IR FE I F-a(TNF-a) (HIT S IR 2 E,
(PGE,) W& ik , HAE H 2 57 i A ffi M | 26 45 o i 4
B e AR N BRI, B R S ke
Yy S5 R v BLA R BT R W 1 A — o N A
B, NO TE Bt 28 4 E F1G 53 473 rpole OGS4 T, &5
L 2 P R B nT S AR LA 2 0 R Y
Bl /0N ol 28 5 I 40 L P NO, B BRI T 5 3 8 — R
LA AW (INOS) FF A il -2(COX-2) , 4l il /- % -
1B(IL-18) . TNF-a 5§ 4 Fl 22 i A+ A9 mRNA ik 7K
L R UZ R B B — B 4 R AEPER L I
FLAG R B bR 48 9 0E 25 W T 1 L IR IR SR T
i 1 B AR y T30 R (IFN-y) |, 38 AR bR 40 j 250 fie
HLL2,4,6-—HHH R G R (TNBS) 245 11 4 /N B
¥ 3 b B A, R M 2R R B 52 4R O 48 1 AR A
PEBIR A BURAE

2.3 FRIMBEAE R OB RS & — Fh LA & B Sk R A
A AR 1 0, U0 AR 0 2 S B4 Pl 2 4L 18 P it
15 AN T BE B i . B 9% o, I IR S L R 2 L 2N
T LR BAE W EA W AE R R 1E .

L 2% 5 3 R i K RV AR 7K i 2 R SR DR
B CLLBE IR AR TR 22 5 5 ) 30 d J5 & B, A PR 9 K B
4 I | L 3 R B 2R KPR S RN S BN
RECZH YA I ol Uk W) 25 5 R it K B 4 T A8 afn 5 e
55 2 e B 3 m AT A AIC i E 5 R K 2
/N S = I T RA BN SN I O (ED G T
I R BRI A 2 R 2 ORI 4 G B AR
LR 52 Wi Sl 0 A 5 i 3G, ARG AAE T . &
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Table 7 Other compounds in Smallanthus Sonchifolius
% ik ok o5
127 B-A B-sitosterol [12]
128 - smaditerpenic acid D [14]
129 - smaditerpenic acid E [14]
130 - smaditerpenic acid F [14]
131 - 16, 17-epoxy-15-0-angeloxy-ent-kauran-18-oic acid [14]
132 15-a- APk 46U B DL 52 42 -19-FR - 16- 31 S fL 4 15-a-angeloyloxykauren-19-oic acid 16-epoxide [25]
133 18- UH Bk -5 S A2 M R 18-angeloyloxy-ent-kaur-16-en-19-oic acid [25]
134 5 DSR2 M TR ent-kaur-16-en-19-oic acid [25]
135  15-a- 2 I A B -5 DL A A2 I T 15-a-angeloyloxy-ent-kaur-16-en-19-oic acid [25]
136 4-F23L-3-(3-FIL T WL ) 4K 2 TR 4' - hydroxy - 3' - (3 - methylbutanoyl) acetophenone [26]
137 4-F23-3'-(3- 3k 2-T I 56 ) 2K . 4' - hydroxy - 3 '-( 3-methyl- 2-butenyl ) acetophenone [26]
138 5-Z Pk -2-(1-F2 3 -1-H1 3k 2, 5L ) R 9 vk gl 5 - acetyl- 2 - ( 1 - hydroxy - 1 - methylethyl)benzofuran [26]
139 (1R,2S,3S,4R,5S,7R)-4-¥2 3 -7- ¥ 1 3£-3-[3-(3,4- ¥ (1R, 2S, 3S, 4R, 5S, 7R) -4-hydroxy-7-hydroxymethyl -3-[3-(3, 4-
%)&%)—1—%1{—2—%%%%J—6,8—[3.2.1A}—$%*5—¥§N§2(4—0— dihyd_roxy;.ahenyl) -1-ox0-2-propenyloxy] - 6, 8- [3.2.1] - octan-5-car- [27]
Wl P 4R L -2, 7 K -D-H I -3 -D-2f FLBE -2 £ -2-ulopy-  boxylic acid (4-O-caffeoyl-2, 7-anhydro-D-glycero-3-D-galacto-oct-2-
ranosonic fiz ) ulopyranosonic acid)
140 (1R,2S,3R,4R,55,7R)-2,4- "~} IL-7-F {1 3£-2,3-2[3- (1R, 2S,3R,4R,5S,7R)- 2, 4-dihydroxy-7-hydroxymethyl-2, 3-bis

(3,4- TR H B ) -1- 50 -2- T I 0 3 ] -6, 8- L 24 MR
[3.2.1] e -5-F2 1R (4, 5-2-O- i /i 4 -2, 7- I 7K -D-FH i -
D-2f 3| -3 %£-2-ulopyranosonic /2 )

[3-(3, 4-dihydroxyphenyl) -1-oxo-2-propenyloxy | -6, 8-dioxabicyclo
[3.2.1] octan-5-carboxylic acid (4, 5-di-O-caffeoyl-2, 7-anhydro-D-
glycero-B-D-galacto-oct-2-ulopyranosonic acid)

[27]

e ROAR IV 258 IZ AR ) vh & A SRR PR |
B IR O ME R 45 B e S Ak G W, AR T AL AT
e 0 1 1R 25 Ak & W o s R I 2R A OB M T
Az BTGB A £ RS T s S e G b
IE T EE 2R TR 4 B Ko Db B 43 8 A% 21 1
fig enhydrin {1 26 25 &, 7 38 o Fh & i 2 5 R K F
77 A R OB AR T, I e AT & By 1k #E & 90 min J5 i Il
Wi g, Hodh IE T IR O R BAFPE L &
SRRV B i PR ) v 3 R R | AR R
A= o R 2 T R AE By IR Y I . Uk W]
Rt TS AR AN RS S
A 2 ) 2o R R PR AT — R AR
— SEHRXF 109% 4 R MK FU AT ZE enhydrin (Y 8 2
HEAT T VPHr , EECOR A0 TG g S R AR T I EL X
KBRIEAT 20 02 MW 5T B, R 052 2 8 1 88 5 1 i
RS ST U 17 A o W e ol G A P B =
SR I P O IR A X At

2.4 MEEAEH] T3 IR b A 2 O R R
LA AR R B = 2 5, 30 5 T R Y A R
fluctuanin . uvedalin . enhydrin. i 55 3% 5 - v fF &
A 1 fluctuanin Fll 83 -methacryloyloxymelampolid-

< 222 -

14-oic acid methy!l ester 43 5| % #5025 10 4T 3 LA S A
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