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Research Progress of Hederagenin

XING Ying', NAN Min-lun®, WANG Xue', HE Yu-fang’, ZHAO Yu-wei’, HE Zhong-mei' "
(1. Jilin Agricultural University, Changchun 130118, China; 2. Academy of Chinese Medical Sciences of
Jilin Province, Changchun 130012, China)

[ Abstract | Hederagenin is a pentacyclic triterpenoid isolated from plants. It is widely distributed in a
variety of medicinal plants and is the main active ingredient of many natural products. The latest research progress
on resource distribution, structural modification and pharmacological action of saponins of hederagenin was reviewed
by integrating and analyzing the related literature at home and abroad, which provided the reference for further
study on the structural modification and pharmacological action of hederagenin. Studies have shown that
hederagenin is widely distributed in Dipsacaceae, Caprifoliaceae, Ranunculaceae, Araliaceae, Patrinia and other
medicinal plants, rich in the natural resources. Hederagenin has a poor solubility, low bioavailability, poor oral
administration effects and other characteristics, so that the clinical application of hederagenin is limited. Therefore,
domestic and foreign scholars have made structural modifications which mainly occur in its C-28 position, C-3
position, C-23 position, C-12 position and C-13 position. The structural modification is more in C-28 position.
Pharmacological activity studies have shown that hederagenin has anti-tumor, anti-depression, anti-bacterial, anti-
inflammatory, anti-diabetes and other pharmacological effects, but its related mechanism is still lack of in-depth
study. Through the systematic review of the resource distribution, structural modification and pharmacological

action of the hederagenin, it can provide a reference for the deep research of hederagenin and provide a scientific
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basis for the safe and effective application of hederagenin and its derivatives.

[ Key words |

H & JHE '2 H JC (hederagenin) |, 5l 44 (38,4a) -3,
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2 BEEBEERLITEY
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Ry AL, C-12 LA C-13 £ | Ay XL, C-23 £ [ 1Y
BRI T C-28 (i (¥R 3K TT LA & A AR N 19 7 Ak B 0 Tl
VT 20 0 R R R T AR .
2.1 HHEBBHIT C28 MM AEY  SCER L
K,CO, Ak, DL & k2 e h OB 5 AN TR Y
WA K R L 1. A C-28 i R
HEAT SE A M0 5 G 1 23 Fi e FE TR L 77 0 T R
35% ~90% . FhEE L 15 mmol % BE R TN
JEok, 7E TCK B FR 1 37. 50 mol, -4 N, N-Z H FL 1
Bt (DMF)50 mL 2% {4 T, il i 5 30 mmol fy it
Bt SN, W C-28 o (R BE AT 25 M B 1, & LR &
e FE28- WG . HEIT Al AR A LS
T g 8 B 1, b C-28 37 I A 8 6 1 A7 25 A 1B 1
B H R e T -28-H g

SCik A 0 LA H A R OGO R fE 00K
JE=R-N, N, N', N'-[0 B 3 g 0O (60 iz 0 T 3%
(TBTU) M B AT 5510, SR &M &

hederagenin; resource distribution; structural modification; pharmacological effects

Az OB JE AR C-28 3 R B E AT 25 M 1B M L G
o6 BRI T BE R AT R . I AR
2 L0 ) e 2 BLFF T 0. 4 mol W JEUEL, A N-%2
FLBE I E W ( NHS) 0. 6 mmol, U & wk i ( THF)
10 mL, E P2 5, FEANA N, N/ - 38 & 3L 5k — 1 %
(DCC) 1.2 mmol,NHS 5 C-28 {7 I /) ¥ 3L 2 I, 15
WA AR ARG LG 1 AE . 55
AR S5 5 B AR B 094 A 1 2212 % n ) 1. 44 mmol
) 3-" PN, B MA 3 mmol 1) =24
Jiig ,3- W B BN e X C-28 v b i AT 45 #0184
GG Y 2 B N-(3-Z W SN B ) - R
T oe-17-H BERE , WK 2,

Himo %' DL 4 5 k52 4F J0 4 JFUR 2 91 76
TBTU,N,N-— 5 % 2 e, THF &% K,CO,,DMF [
FAET 43 00 5 B IR B e AT RN, A Y
77 43 N AE K B R AR R BT I Il PR BN A AE I AR
TR SR S A A 1, 3R ER
VL A% 31 Bl C-28 RiABMERY 1,2,3- = e fif
Y, 0L 3,

S R AE K R AR T SR AR 8 10 mmol JH 95%
J T 80 mL ¥ fif, E A LA 12 mmol H 70% £ 1
80 mLy M, R PEFE T, B S E ALY £ B W
A B H A AT T SR, 15 min J5 |, RV AR
F IR G WAE 50 ~ 60 CREE T I 20 min, Jall T 2%
VK 2 K ,95% & PR 25 i 15 B R T
JC-28-FREL 4N
2.2 WHRMBRIATOT C3 AL, C23 iYW P
B R AR HE R T R JRORE A A R R
B -28-HIE 6.21 g 5 4-Z W g JL ik g ( DMAP)
1. 25 mmol % f#AE THF 100 mL ', % B3 ££30 min,
S A BRI 3 mL, R I 5 H C-3,C-23 i -
M¥e e e R, 15 8] 3,23- L Bk W B ER
1ot

HETF 40 b R R AR HE SR T R ORI
HH I R R R R 28-HT TR (3) S L BE (Py) 2 mL F
LTREF(Ac,0)1 mL L, X C-3,C-23 fif | [ ¥ K
HEAT S5 A B, 45 2 3 BB 0 F B R uiiTAE Y
4-~6,

$ 0. 16 mmol fii2E¥) 3 /K —E W 4% (DCM)
VAR, KW ST B FE 10 ming, A B g
16. 06 mmol l160% NaH, 10 mmol , it B 4% 5 H C-23
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Table 1 Resource distribution of hederagenin
No. 4k BT 4 2 B Sk IR
1 B RAL Clematis chinensis WS ARZE BHEF [1]
2 Bx Lonicera japonica TE 3 SR I AE BAF 2]
3 TKHE A L. macranthoides iR P [3]
4 2K Luffa cylindrical AR [4]
5 S Dipsacus asper 1’ SR [5]
6 E Rk Kalopanax septemlobus var. margnificus W )z I [6]
7 I 2R PR Nigella glandulifera - BHEF [7]
8 AL Patrinia scabiosaefolia o ik 34 ok [8]
9 ERUES Trapa acornis o % [9]
10 F3k 3 Pulsatilla chinensis Uil BRA [10]
1 il Akebia quinata PR K R [11]
12 =R E A. urifoliate IR 5 A R [11]
13 A A. trifoliata var. austalis A R 5 A R [11]
14 HAL Ty Aristolochia manshuriensis [ E S Sl [12]
15 AT Aquilaria sinensis B g ) A BE Fi 7 R [13]
16 Ak K. septemlobus Hik Bz TmE [14]
17 LT Sapindus mukorossi i T TR [15]
18 Lioke Ilex cornuta W e [16]
19 Fet At Caulophyllum robustum F 22 1 M JNEER) [17]
20 FAEEPR Nephelium lappaceum I Ic 5 TR [18]
21 ZLBHM Acanthopanax giraldii it Tk [19]
22 BT R Quercus pannosa Kt 7 3] Rk [20]
23 B AR K Polygala fallax I e LA [21]
24 ES R Viscum ovalifolium I i AR A A1 11 4 e LR [22]
25 SE) Paeonia mairei i A2 R [23]
26 i ¥y Campsis radicans b e [24]
27 A I ke 4 3 Clematis hexapetala R BRF [25]
28 ES Rt P. rockii B S T A 4y SESEEE [26]
29 K Medicago sativa N 95 [27]
30 4% Clematis apiifolia R £ R [28]
31 1 3 1 Schefflera arboricola SE o 25 b R [29]
32 W Beaumontia grandiflora Kt S AT HERE [30]
33 i AR Stellera chamaejasme iR B A B [31]
34 TR Momordica dioica Hm R [32]
35 L Gypsophila oldhamiana I LR [33]
36 Rl T 46 Galeopsis bifida A HE JRIEHL [34]
37 JRT 4 P. japonica R LR [35]
38 BE+ Gardenia jasminoides R R 5 SR [36]
39 g 8 Bochmeria nivea M2 e [37]
40 24t P. delavayi R # R [38)
41 D Perilla frutescens ) A [39]
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LR R E RN, B AR T T,
[FFEHE 0. 21 mmol ATA=4 3 HJE/K DCM ¥, K%
ZAF T B E 10 min, Jin AR AL SR (BnBr) 1 mL Al
60% NaH 69 mg % i , BnBr 55 C-23 {ii I [ 5 %
A SN, 5 B A R TR 9.

$0. 10 mmol i 4 #)7 5Py 2 mL, Ac,0 1 mL

K,CO3,R-Br

DMF,18h

Bl EEHBREHT C28 UBEURM

Fig.1 Hederagenin C-28 esterification reaction

NHCH,CH,CH,N(CHs), NHCH,CH,CH,N(CHs),

L
’

HO

2 BEBEHT C28MBRLERN

Fig.2 Hederagenin C-28 amination reaction

OH
2-propynylamine

propargyl bromide HO

B3 EEHREFT C28 ImmRE

Fig.3 Hederagenin C-28 addition reaction

o LN NE 10 mg 20, Ac,0 5 C3 fi B 12 mg JTR, Ac,0 55 C-3 {1 My 5 % A 2, 15 %)
BRER N, G EER T ITEY 8, K WA S T A 10, W E 4,

0.09 mmol 44 9 5 Py 2 mL,Ac,0 1 mL % DMAP {8 2 147 0% B 5 R BF ( Succinic anhydride )

OCH; Py, Ac,0 OCH3;  BnBr/NaH,DCM

R=Ac/R,=H, R;=H/Ry=Ac, R;=Ac/Ry=Ac CHyl | pem
N

OCH,
Py/Ac,0,DMAP

HO

ety
4 BEEBEHIT C3M,C23 uBLiTEYNG &

Fig.4 Preparation of hederagenin C-3,C-23 acylated derivatives

28 mmol 55 i1 %% (C,Hy) 1 000 mL Al = £ Jiiz (Et,N) THRIRBR . HBOZAT AW 10 ¢ I T IR K OB
300 mL %M, BEFEIEA, B I AR R 100 mLAp 10 CZEA A 3% AL, A AL
L 4. 65 mmol, [ 8 h, BRHIM A C-3,C-23 fif  FHERMIZAT AR C-3, C-23 L gE A7 45 My i i, 7%
R AT S A, A B AR R A 003,23 BIH AR R AT OC-3,23- R HIMRER Y Ak ILE 5
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OH  C/HgEtsN

Succinic anhydride

HO

T

HOOCCH,CH,c00” )< G

5 BEBREFHT C3NM,C23UMBTENHHE

Fig.5 Preparation of hederagenin C-3,C-23 sodium salt derivatives

2.3 WHEMERIFOC C12 f,C-13 fifiEY P
B AT T C-12 fr, C-13 3 45 By & i B 9T
10.5 mmol 77 4E ¥ 11 il [A] 54 & %0 % W R (3-
chloroperbenzoic acid,m-CPBA )21 mmol 43 5l FH = &
B e (CHCL, ) SO mL 25 M , K 9 25 0 A 158 Jie 6 o 1
WEOCLRAF 2 d |5 500 5% FeSO, %W, Na,CO; %
W, HCL AR O e %, T4 Rl B 28 s, 15
B AR I AEY 12, ¥ 7 mmol iAW) 12 ]
W OBE S0 mL g, n AR 2 ¥2 e (NH,OH - HCI)

POCI,

pyridine

B6 EEBREHFT C-124,C-13 LARTENNHF

Fig.6 Preparation of hederagenin C-12,C-13 cecaline derivatives

2.4 HAEMEIC C3 i, C-23 fif,C-28 fi fif A4
Kim % 78 F B g (9 4% 28 T, 1 2K F it A
(BzCl) X C-23 fi iy B B AT 2R W e AL, JHARL T B —
AL GRS (TBDPSCL) 78 DMF ) £ 4 F % C-28 fif
(R R FE AT S5 A A8 1 , 15 2 XU PR B 10 % R i
JERFEY 16, B2 R Fy 80% , 7E 1,8-" & 2% — ¥
[5,4,0]F—8&-7-4 (DBU) By &K, JHAR A —
TR I Ab 3 =B SRS TE - 78 C R 2,6 — T H4-
FH S0tk I ( DTBMP) 1 = 4 H Al 12 I ( T, 0) 1 4 1%
R AL 3B, A2 R AP R AT A2 9 16, 38 1 X 3 C-3
N0 F2 I HEAT S5 A B i, 15 B h T0% /AT AE Y
17, fiA 17 (RUT 3k 2R SE Rk (TBDPS) {47
FEHIDU T B AL 2 (TBAF) B 2%, Bl 5 75— 58 2 i
o R H B R AE THE o BLRCT B8 (KOt-Bu) i £
X A 17 1) C-3 i, C-23 i, C-28 fii 1Y
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OH OOCCH,CH,COOH

Lavesson's reagent
- =

CeHe

OH  CHyCH,OH

NaOH
NaOOCCH,CH,COO

OOCCH,CH,COONa

35 mmolF1JG7K CH,COONa 56 mmol Ji# [0l 3% 3 h,
WV AV U R R = MRV IS Hh IR 15 2w AR
RAFICAT AW 13, 45 S mmol fiTAEY) 13 1 it
(Pyridine) 50 mL ¥ fift , DK ¥ 45 04~ 2248 i A POCI,
VAW ST, VRS AV IS, R R TR ) R R M S
15320 B RAT T EY 14, 4 2 mmol fTA 9 14
M 2K (CHg ) 50 mL 3 %, i A 57 2k il 7l
(Lavesson’s reagent)2 mmol Jill #% [8] 35 J2 W7 , 15 3] %
BB S H TR 15, WK 6,

CH,OCOCH,4

SR, P AL 1S B R 84% AT AR 18, UL
K7,

TONG %5 B 5t % BUAG A ) 19 J2 A T J5 it 0
T B Ac,0 KA WAk A B4R 3
i, A5 HAE DCM 1 26 F, 5 RIS [ (COC), |
RS, 5 3-(1-UR B8 4k ) N R Y i — 6 R £
[ methyl 3-( 1-piperazinyl) propanate dihydrochloride ]
RN, 15 B A 20, AT AR 21 2 20 7R H
fi/ THF/ 7K 7 W R K A5 200, WL 1E 8 o

o 7 45 0l R R T R A OO TR IE R S
Ac, 0 7 80 C 4P T BEFEI T, Ac, O 35 75 1 545
JUiy C-3 fii, C-23 (i JE AT 45 & i, 15 2 % 4 ik 2
HIOAT Y [ (38,4a)-3,23- 2, Bk 3&-57 i t-12-
M -28-1R | s R HAE S W e b 5 (COCL), UKk 4%
PR RN T b A 58 e s s, 5 Y e 7
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OH ;
1)BzCl,1 equiv, Pyridine

2)TBDPSCI,DMF 80%

1M TBAF in THF,2 equiv

phthalic anhydride, 1,1 equiv
DBU,1,1equiv,MC

DTBMP,2,2equiv,
Tf,0,1,5equiv,-78 C to r,t 70%

7T REREFTHEBELTEYNSE

Fig.7 Preparation of glycosylation derivatives of hederagenin

OH Ac,0

Pyridine

OAc 19

1M KOt-Bu in THF,15 equiv 84%

CH,Cl, ,(COCI),

NH,CH,CH,0H

NHCH,CH,OH

H;CCOO

cocl methyl 3-(1-piperazinyl)
( DCM)Z propanate dihydrochloride

Et;N,DCM

OAc 20
E8 HEHEBEFIIT C3i,C23 Iftfl,C28 (iR iTEWHIH &

Fig.8 Preparation of hederagenin C-3,C-23 acylation, C-28 amination derivatives

fitJa A EL,N 8 pH = 9 ~ 10, 1 A & B %
(NH,CH,CH,OH) JZ i\ , Z B e % C-28 i i 17 4544
&1, 1542 % H R AT oA | 2-[ (38,4a)-3,
23-T L MR- TR 1205 28 -k AL |- R S | UL
8,
3 HIEMEH

WHEBERAT U)o T2 Y LA
HE BARX AL, B 5T R B R B AT o B A P
B PUIAR BB LA PR IR 55 2 Fh 25 BRI
3.1 P REEDT O R R R
JCXF N5 HepG2 4L A S B SGC-7901 41 il
NI &y 6 40 M P I HL-60 40 g 32 B0 M 4% 3 1
A 75 M 5 X HL-60 4 i A= 4 R 25 38 30 (% vk B
il Vi B SO, L B — o VR B AR 5 OR
FH Hoechst33258 7%¢ 5t 44 {4 Al DNA ladder Hi Pk iF —
HAE T W F A R o0 P 5 S HL-60 41 i 7 1
OO . XL RR T4 05T & BLE A R A o ou

hN/\/(:OOCH3
N

KOH,MeOH/THF/H,0

OH 21

NE5 7 . LoVo, 15 % 40 il MGC-803 fy 3 7 | &
e 1 (=221 ) L B iR D) 1 bl R T
TUYR 04 T 55 FNAE FH 240 B () g 26 3 2 S 0 o 4
Fl o B4  BE 5 R PR BE % 24 W ok B Y R I T
FE R T R T L RUR W E | SR YD R A0 PR 24 B A
FHZ5%F HT-29 i i Az K i) 300 il 7 R o Bl 22 186 5, /&
VR PRE B 5 O FH A0 S 1 5 5 IRV R B R A T R T
55 UR W E BRI X HT-29 48 il 3= 30
B TR [ 2800 5 5K T 245 2 A48 i 79 e e 0 ) 232 A
BTG BT . BRE S B R AR R
i 2 o0 %) TGB-B, 5 5 19 SW480 41 fity % 4,
SW480 4l I fz-m] it i Ak K (R 22 e Mg 1 ¥ B A
TEIMRIVE . ZERRRR DT WS K B A R R A
JG ] 2 10 ) REL R MCF-7 i 45 0T i
A549 Mg A, H 28— W AR . B IR
AN B B E AR R O T B IR R 40 I Y
A GER SR 2R ) B B A IE R, B R
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HH — S Y R ) ) R . AN BE g R
AR AT oo b FLOMR 8 40 M MCF-7, fifi g 40 i
A549 | i 40 s Hep3 B, B 9 40 s MGC-803 , 25 7 )i
YA LoVo, 5P 5198 40 g HO-8910PM , 7 & P i 98 41
My HEC-1 b8, I 55 40 e K562, £ 45 % g 41 il
Eca-109 HA7 B W MbIER . 2518 BFoe & 3
W AR S AT U AR 40 il SMMC-7721 , Bel-7402 ,
BRS040 g HO8910, AT 41) it 9 4 s PC-3M, A
Jiti B 9 A L AS49 , N 45 W 9 4 e HCT-8, N & 8 i
Y CaEs-17, A i B 53 988 40 M U251, B Ja 40 i
BGC-823, A\ 1 it fi 41 il SGC-7901 ) 40 Jifd 3% i H A7
BEMHIVER, H 15,3 <0.01 g-L™',
3.2 PUARAER R RS e B T SR
(FAE) i iy 2 A5 B e 211 T, DL FAE(25,
50,100 mg-kg ") XFAT 4 B /N RS R 0 MR AT
UL A BE R 8 (CUMS) 3 AB KBRS A8 30E 7 45 24
Jo B R R FAE G 2 R AR 1T S 344 W Y ek
BAEH . ZHOU %5 fE HPA i 5 5694 2 (9 46 ) 52
B &k B, FAE uf ffi CUMS 53 i) K B R AR B 1
P Bz B 3R (ACTH ) F il ¥ 2 5t B ( CORT) 1 7 i
W I B A, 3R W) FAE B0 30 AR K R HPA %l 2 fig
PR ZIEH Ko B5 0 % WE 9T K B TR TR
S PC12 400 g 8 405 B A b, 2L 4,23 pumol - L7 A
8.46 wmol- L™ )% # AT JCLA 24 I, A0 M A7 0 %
S ETET 24.60% ,32.74% 53X 3 W H O AT
JCT iz J5T TR i 385 %) 400 e 400 0 B A S A A AR A
3.3 HH RN Ndjateu %' BF 5% &
Barteria fistulosa "1 43 85 73 21 i) % 3 1 T2 o0 % 28
TR A R 4 0 2 B AL A AR 5 0 4 AR L D
A EHE (MIC) 392 31 mg+L™" . Choi 4“3 i3 /)
B AR B v S 50 A0 R SE G, IE S T K Gl B )
Akebia quinata ZEFR 5 SR BB H FHE B ITOCEA
IR PR AYE A . Majester-Savornin %’5[66: 9% BN
JVRR PG V5 A T 1 v 43 B AR B 0 R A R AT o)
F AT & 4y s 0BG 1) A 2 D LA BRI P, LR
A JHE WY T I R A LA
3.4 HiMERAEIEA sk T RSk IR R
IR B0k 70% LA A S W2 45 0, Hot a-H
HEGE A W IR B A B & B
"B R T T T R I R /0N B IO B I e I 2R Y
B BEAR 0 AT AR 0 1 5 2R A 43 b BT T LR S
FE T
3.5 HAbfEM WU SES T % B R oG
B PD /N RS R 32 s B s, HoA W& R R
£ 232

A F e R T B AR — RT3 E  5R

Choi 457 BIF 5% % B 47 THE 10 0 Y R0 T T % 2

AR PESEYS 4 HoA B . e o

FER I H A Tk 2 TR 52 9 P B /0N B i B I A

Y HLA S, 0 52 96 Pk KRR A I 1 1l T

AR AR BRI E GBI

4 itig

WAEERBHITEAARRTRER NS, 2

O3 A TIONSEWRE AR B R OB K% % F

Gy, RA BN ERE . & F kR

JCHY 245 B ] E BT A T T HOM I BUMAR B

B4 55 5 T, AR Bl = 6k AR AL R S vk EoR o

B S IR AR AR 25 AR R AR L T

RO 22 SR P DR I A T R T ) 45 4 16 A

MRSy, B AR A oT C-3 i, C-23

i, C-28 Ao 1) &5 A6 48 Wi A X 38 22, i X C-12 {7, C-

13 {7 1) 485 R A8 U 65 A /0 DL, 4R G B 9T 0 i 6 TR

A ICTE AT C-28 1 3R AL BBt AL f5 , Ho AR i

PERT BT 5 4, A A T R RO R H i — 2P A

e A JE N X R AR HE R 0 45 A 18 i Y

HE— 20 BIE 5, R B v AR W R R I 22 0 T 24 ) T

PERY A&, IR AR HAE I BL G, AR A Bl o 5

L TCAT A TR A FE R B 25 25 R B AN T e

B S U — 0 23 R W AE 0 BRI IR I H

IR

[ &% 30k
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