F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10 « 3693 «

o R ERE = RER L SR H B A RIPIERTR

glﬁ_ﬂg 1,3,4’ ;‘a)ﬁqﬁ 2,3,4#’ ;,rc"g % 1,3,4’ Ejﬁiﬂ’f 2,3,4’ Tﬁﬁ%{l,3,4*
1. REREZREREAGH AL, KE 301617

2. RERERARFZ ¥, K 301617

3. RETH AT E SLK =, K 301617

4. PR ZOIH A EE A=, K 301617

W E: BE WK Astragalus membranaceus var. mongholicus PR e R =k Ak 2% 1 3 B HRUAR e 850 4045 £/
PEtk. A% RAEI . Sephadex LH-20. ODS 55 % F il 7 B BN 52 1t 3 B/K IR M AR Z B 20 7 AT oy B 4lidh, R4E
HEBAGHE AU G Ao e A M JRR AT 5 NS BB g B A (HK-2 200D S8y, 3P4 73
BORPEM. R NF KDL EET 4 NHIdER =ms, 0% %N 12-carboxy-20,24,25-trihydroxy-3-(B-D-
xylopyranosyloxy)-6-(B-D-glucopyranosyloxy)-7(8)-ene-9,10-secocycloartane (1), FIGHEIFI (2). HICHI (3). HICEII
(). WIMNEMIPM AR TR, EY 2. 3 Bl B3GR I prid sUNAIIYE /1 TR (P<0.05). 518 (& 1 AFIE
Wb =i, WA ARAHRET A, W2, 3 A EHRGHY1ER.

XHBEIR: FHWE; B HBTdk: MM EET A FRPEE

HhESES: R284.1 MHERFRERS: A NEHS: 0253 -2670(2026)10 - 3693 - 07

DOI: 10.7501/j.issn.0253-2670.2026.10.002

Cycloartane triterpenoids from Astragalus membranaceus var. mongholicus and
their renal protection against injury
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Abtract: Objective To study cycloartane triterpenoids from Astragalus membranaceus var. mongholicus and their protective effects
against cisplatin-induced renal injury. Methods The constituents were isolated from non-polysaccharide fractions of the aqueous
extract of Astragalus membranaceus var. mongholicus by employing multiple chromatographic techniques including silica gel,
Sephadex LH-20 and ODS. Their structures were identified based on the physicochemical properties as well as spectroscopic and
spectrometric data. Their protective activities against renal injury were evaluated by detecting the cell viability of human renal proximal
tubular epithelial (HK-2) cells injured by cisplatin. Results Four cycloartane triterpenoids were isolated from Astragalus
membranaceus var. mongholicus and identified as 12-carboxy-20,24,25-trihydroxy-3-(B-D-xylopyranosyloxy)-6-(p-D-glucopyra-
nosyloxy)-7(8)-ene-9,10-secocycloartane (1), astragaloside 11 (2), astragaloside IV (3) and astragaloside I (4). Additionally, compounds
2 and 3 could significantly improve the decreased cell viability induced by cisplatin (P < 0.05). Conclusion Compound 1 is a novel
homocycloartane triterpenoid named homoastragaloside A, and compounds 2 and 3 exhibit protective effects against renal injury.
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X 17 ¥ IS Astragalus membranaceus (Fisch.)
Bge. var. mongholicus (Bge.) Hsiao JyH1 255 B3 5
-, HARRGR, W, EME. e, BAFNVOT
BH. [ 1BV RIS A D, 327 T BRI
W R IESEE X2, ROV, S
W WKL, CFE . RSB TR T8 I
DhReEAN A 121 R . B PRI B 55 B I B4
WP EAEE. ', 2RSSR, AR
2y LA B 9T A Y B TV S VR T A1) ) S A R
PR NIVEA PITSUE 47510, R T B TR A e
[X-¥--kB (nuclear factor kappa-B, NF-xB) i % {55
R AL PR R W 5 a7, 7 A T UL 5 K 1o/
W K 1« BAZ IR 45 & 5 A S M A 32 A 2R
1 3 (inositol-requiring enzyme la/nuclear factor-xB/
NOD-like receptor pyrin domain-containing 3, IRE-
1a/NF-kB/NLRP3) {5 = I8 B ol A JoT X 238, 5
ARANARTS, RIERE IR B L 4 ORA 1 T
DR, A 00 ) B B P R B B ORI
HATHESE

AW TR 5 BRK ARk 2 2 08 Ja H oy it
170y B8 , 193] 4 NIRRT B B S : 12-carboxy-
20,24,25-trihydroxy-3-(B-D-xylopyranosyloxy)-6-(p-
D-glucopyranosyloxy)-7(8)-ene-9,10-secocyclo-artane
(1), HEEFHI (astragaloside I, 2). ¥
(astragaloside IV, 3). ¥ EEEE (astragaloside I,
4. Hr a1 09 1 MR AR A =
NI EE A, I T NG R
B (HK-2 400D g a7 E sy,
WEY 1~4 BB ORISR T IR, 25 R EBoR, 1k
S 2. 3 78 50 pmol/L T BEHE . 2 D5 UEH P i A
FEH IS J1E N B
1 Z5HH

Agilent 8453 224Mr ot ETH (L[ Agilent 24
7] )5 Waters 2535 ffill %% 7 i OB 235 A (SEE
Waters 22 7] ); Waters €2695 73 H77 i RO it 4%
(EE Waters A #]); Waters Xevo G2-S UPLC-
Q/TOF-MS (£[H Waters A 7] ); AUTOPOLV Jig)t
¢ (ZE[E Rudolph A%]); EYELAN-1100 & 51jigf%
R CHA R 5L EYELA A +]); CPA225D 1
N2 —mT R GEZHIBAAERAIRAF)D;
Bruker 65 FT-IR J#%4% (3t Bruker 22 ®)); UNICO
UV-2102PCS 736t TR (L) AAEsA IR
A7 AT FDU-1200 /M FHL (HAR

HERA EYELA AF]D; i LC-20AP il & AH
P4 (H A shimadzu 2] ); Bruker AVANCE III 500
MHz % RG 6 PR 3 v 4 (His 1= Bruker A #]);
INFINITEF50 B hrA% (Hii -t Tecan 22 7))

AB-8 RALA g ORI E ARG IR
Sephadex LH-20 (Pharmacia 2 7], it ); TLC Silica
gel (£[E MERCK A F]D; M EIERER (100~200.
300~400 H, FH S#EFELTHRATD; ODS-A-HG
(12nm, S-50 um, HZA YMC A&]); 43-#77% RPCs
B (250 mmX 4.6 mm, 5pm, HARHEAT);
Feifil| 878 RPCyg 4154 (250 mm X 10 mm,
H A 5 # A #F ) Toyopearl HW-40 ( Tosoh
corporation). %L S Mgl R REFHER}
HAERAFD; R FEE. O (EE Sigma 2
"Dy aifK JBEK). CCK-8 ikila (KiEES
EVHEARAIRAFD; 4 (32E MedChemExpress
AHE]); DMEM CHERE 7R3 (Gibeo Life Sciences 2
"D BaAEIIE FBS (Erig ZE 40 i A= dr B B A B
ANF]D; N-CBEEEER [N-acetylcysteine, NAC,
BXAEVRE (R R ERAR] HHER-FH
FOCEGERAEMBHARARD; PBS (GE4/RAD)
BHEA R AT 0.25%/55E ABHELK (& EDTA,
T, EYAERAEMBHEAARAFD: NE R h
AN b R AR CHK-2) W 7% ZE 4 i AE A B i
MHERAT; DA (A5 Y20240815-G, JiiHE
I H0=98.0%). L& M (L5 Y20240902-L, Ji
B H0=98.0%) D-ABE Gits Y20240723-X, FiHE
350=98.0%) L-AME (b5 Y20241011-LX, FisEs)
$=98.0%) W EH _EHERHAEYIREA R A

5 BRI A I BRSE IR IR 2) 7, sdbatk
FUEREMW CAREE NE LK A
membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao FJT AR .

2 FHE
21 REETE

¥ 5.7 kg M ET AR IE, H 10 ffE4
FKIRIBZH 120, FIE 3K, BIK1.5h, £IF3
AERU, RERAE T, SR HHEGETH 2.0
kg. H 10 5 &K, 4 80% LEERETIALHE, B
Jeit, LIEBIREIRGES 1.3kg 1RE . REL4K
R EIEt, PR uEiiEd AB-8 K LR B ik
PAFE K B 20%- 60%- 95% L EEREFE VL, 155 4
AN ER > Fr. A~D. Fr. C (115.0 g) &M

5 pm,



F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

* 3695 »

WA, A R-FEE-/K (100201 0~0: 100 :
50) BREEUENE, 7 E9fRE] 8 ST Fr. C1~C8.

Fr.C7 (16.0 g) & RMEAE 1, BER LHE-H
B (100:0.50:1.25:1.15:1.10:1. 5: 1.
121D BREETRRL, 53] 4 ASF180 Fr. C7-1~C7-4;
Fr. C7-3 (6.7 g) % Sephadex LH-20 #:(fuits, HIfiE
Ve, 5% 5 ST Fr. C73-1~C73-5, Mt Fr.
C73-2 (1.3g) ZFHIMAH (HEE-7K 351 65) 41
BAEIMEAEY1 34mg). Fr.C7-4 (12¢g) [FFEZ
Sephadex LH-20 A3 ¢4 3% 55 2 1] 5 JUAH R E-7K 35
65) 4lifk, HRNED 4 (4.7 mg).

Fr.C6 (15.0 g) ZEBIEAE G &, BER L
Fig-FFEE (100 20, 50 1. 2551, 15: 1. 10 1.
5010 1D P, 33 6 AT Fr. C6-1~C6-
6. Fr.C6-5 (1.0g) %4 Sephadex LH-20 FEffiff, —
AR LE-FEE (10 D S, 53] 4 ST Fr.
C65-1~C65-4; Fr. C65-1 Ll %A (FHEE-/K
45155 HEAEMLEY 2 (43 mg). Fr.C6-1 (5.5
g) %4 Sephadex LH-20 F:Eil, HEESENL, 15323
ANTHBHY Fr. C61-1~C61-3. Fr. C61-3 (2.1 g) £
ODS RAHRERAE (ol 73 B, FEE-7K (30 1 70, 40 :
60+ 50 : 50, 60 :40. 70 : 30) EAEEVEHISE] 5 A4
T 10y Fr. C613-1~C613-5, Fr. C613-4 %4¢ Sephadex
LH-20 A3, HEGE, F2E0E5% 3 (4.0mg).
AW 1~4 S I 1.

22 HWEMERKERENERE

&1 (1 mg) hn2 mL HClFE 90 CJ M 1
h, FEEARIAREIR CIRA U, /KIEZ8T . FREL 1 mg
D-Hi % BE (D-Glo) L-#i %05 (L-Gle)\ D-AK¥E (D-
XyD« L-AKE (L-Xyl) FALEPIRIRR KR KIZF=H)
Sy AT mEsES, i 0.1 mL L-2EREE R HF s (L-
cysteine methylester) 60 ‘C N 1h, 151 0.2 mL
BRI R FELE (o-tolyl isothiocyanate) 60 C
SN 1h, 75 E|FRERIRTAEYIO), 556 I SRR AT
A% UPLC-Q-TOF/MS 43 #T i 20 2 W AL 72,
& 1 K ERE N D-Gle (r=15.1min). D-Xyl
((r=14.9 min)-

23 EFHFECDITE

WEY) 1 ER T E R A Gaussian 09 F2J75¢
AU, HAT BER R Seilid Spartan’14 FE 7 AR L,
B J5 fE AR 26 R B3LYP/6-31G(d) 4t 17
gERAL . BT HURZE S ME R EER TS A%
(PP 240 SR IR % 2 R L (time-dependent

2 R;=0Ac R,=OH
OH 3R;=OH R,=OH
OH 4 R;=OAc R,=OH

1 L&Y 1~4 LS5

Fig. 1 Structures of compounds 1—4

density functional theory, TDDFT) ], 7 Hg %7
Hiz ] PCM MBI, DL wB97XD/6-311G(d, p)
FEAH T T B i (ECD) BB T . £ 4% ECD
TH S P 5 O R RV R 2% 8 4y A AL
BANE1F2], ECD ik EIG & %S5 (ofy 8D
AN 0.3 eV,
2.4 RRSE DR

RAFINE R B /e Bz Al (HK-2) )
HENEHRBEESH 10%A4ME. 100 UmL F
B BER R TEATR AR (37 CL 5% CO-.
BOHCA K I HK-2 40, SR, %
YUAASE A 1 X10% AS/FLI 2 BT 2 96 FLAR
9% 24 ho WESHA. XYL AL (20 pmol/L
NI 452541 (20 pumol/L 4 450 pmol/L 254
FH: 24520 (20 pmol/L i 450 pmol/LNAC), 21
6 NEFL. kLR FE 240 J5 3 REREFRAE . ALN
A 100 pL 7 10% CCK-8 X7 BT EERE 7 3E, T15
FEAHEEOCIFE 1.5h. WESH)E, ML
450 nm AL EWROEE (4) HIF T HAN RS J1ME .
SIS EE 3 IR,

IHLE FT= (A 59— A 2e)/(A wm—A 1)
2.5 BRSO

f# /] GraphPad Prism 8.3.0 %% ¥ #ET4:
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THoHr. 4
3 #R
3.1 HHmEE

&M 1: Bk R, [afy +102 (0.1, CH30H).
HR-ESI-MS m/z 829.462 2 [M—H]~ (i+51i 829.4677,
CyHeO16), 454 NMR #Hs, #agH o 7N
CaaH70O16, NHLRIEEN 8. IR vior (cm™):2918. 2 848,
1642, 1466, 1221 cm™, R FHAA{EREE
C-O-C #13l,

IH-NMR (500 MHz, pyridine-ds) & 7 4™ Hi 3k
155 ou 1.31 3H, s, H-26), 0.86 (3H, s, H-28), 0.94
(3H, s, H-21), 1.84 (3H, s, H-27), 1.37 (3H, s, H-29),
1.43 (3H, s, H-18), 2.05 (3H, s, H-30); 1 M&AES
ou 5.51 (1H, brs, H-7); 1 41 C-9. C-10 FF%4 9,19-
KT B IE A S 52 on 2.35 (1H, d, J = 13.0
Hz, H-192), 1.84 (1H, d, J = 13.0 Hz, H-19b); DL 2
AN IEAE S o 4.86 (1H, d, J = 7.5 Hz, H-1"),
491 (1H, d,J=17.5Hz, H-1"), FERELN B 7,
ghA “2.27 WRATR 7 iEM e T HEIAEXT RS, SN D-
% HEF] D-ABE . 13C-NMR (125 MHz, pyridine-ds)
R 42 MifES, BFE 1 AREIRIG S oc 175.9
(C-31); 1 XIS S 5 130.7 (C-7), 139.6 (C-8);
2 AMPEIRFEIRAE S Oc 108.1 (Xyl-C-17), 105.7 (Gle-C-
17); PLJ 12 ANMEFEIRIE S Jc 88.9 (C-3),79.7 (C-6),
87.7 (C-20), 78.1 (C-24), 71.7 (C-25), 76.1 (Xyl-2",
78.9 (Xyl-3"), 71.7 (Xyl-4"), 76.1 (Glc-2"), 79.7 (Glc-
3"), 72.3 (Glc-4"), 63.5 (Gle-6"); 7 MHEB(E S oc
21.5(C-18),20.5 (C-21),29.0 (C-26), 26.3 (C-27), 14.7
(C-28), 17.0 (C-29), 28.6 (C-30); C-9. C-10 JFZ[H
9,19- M L H IE (B 5 6c 46.2 (C-19). VL HHf
HEMAAED 18 9+ 10 LLFF LA ERR h e 4L =ik

HMBC #% (K 2) Z5H#: H-7 (du 5.51) 5 C9
(6c27.5) 5%, H-15(0u1.61) 5 C-8 (6c 139.6) H
5, MR E M fEfE C-7+ C-8 fi; H-11(dn2.45) 5
C-13 (c 46.7)~ C-31 (dc 175.9) #Hz<, LK 'H-'H
COSY H H-9/H-11/H-12 A%, #fie RIEEH: C-12
Ars ARAEAKER H-1" (6n 4.86) 5 C-3 (6¢c 88.9) #H
K, WhEARMEERAE C-3 7, &N H-1"(0u4.91)
5 C-6(6c79.7) MK, HE MG NERA C-6 i1, M
MAZE B 1. H-17 (du 2.53)« CH3-21 (Jc 0.94). H-
22 (0n 1.24) 5 C-20 (6c 87.7) 3%, H-23 (du 1.23).
H-26 (61 1.31)~ H-27 (du 1.84) 5 C-24(5c78.1) K,
H-26 (0u 1.31) 5 C-25 (6¢71.7) A%, LLJ 'H-'H

PLX+sEme

OH

~—\ HMBC
— 'H-'H- COSY

Jr B2

2 {£A% 1 HMBC #1 'H-'H COSY #H% 55
Fig.2 Key HMBC and 'H-'H COSY correlations of
compound 1
COSY 1 H-22/H-23/H-24 #H3%, HRIFEL 2. 45
HMBC i CH;-18 (dn 1.43) 5 C-17 (dc 58.7) M%<
AT H-TH COSY ¥ H-15/H-16/H-17 3%, B 1

B 2 AHIE, MIMHES S 1 1Pt

P SRR E D, e C-24 AAALREMEAE Jc
79.9~80.6 A R #4TY, 7E 6c77.0~78.2 BN S #)
B, A& 1 C-24 B AE Y 78.1, HiE
NS AL, NOESY #rh (& 3) H-3. H-5. H-6.
H-9. H-11b. H-17. H3-18. H-19b Z [AHHKIE 5,
FKWPFHALT /- FRM, 7 H-10. H-11ay H-12. Hs-
14, H-19a Z [, $ERHAAT H—0, Hkr
HAEY) 1 AR W E T AR F
A 1 1 BCD TR, 5 sl B uk k47 0t b
aHT, RIALEY) 1 FISZERES 3(R),5(5),6(),
9(R),10(R),12(R),17(R),20(R) & 7Y fity i+ 54 &) 33 3k A
WG (B 4, FmEE? 1 P45
3(R),5(S),6(S),9(R),10(R),12(R),17(R),20(R),24(S) - %
b B A 1 4 12-carboxy-20,24,25-trihydroxy-
3-(B-D-xylopyranosyloxy)-6-(B-D-glucopyranosyloxy)-
7(8)-ene-9,10-secocycloartane, £t Scifinder #5281 4>
AR DLARE BT () = AR e A =R A E ), K
M NEAEEEH A (homoastragaloside A), HA%
AR & E B 1.

3 LAY 1HXHE NOESY X
Fig. 3 Key NOESY correlations of compound 1
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1004 —--- caled.for 3(R),5(5),6(5),9(R),10(R),12(R),17(R),20(R)

s0] calcd.for 3(S5),5(R),6(R),9(S),10(S),12(S),17(S),20(S)
—— for compound 1

s .
Y J
N T T 1
P00 LA 300 400
- Vo S Amm
—404 \\)j -

CD/(mdeg)
o

4 L&Y 1ECDiEE
Fig. 4 ECD spectra of compound 1

F1 EW 1 SiL ML R
Table 1 'H- and *C-NMR data for compound 1

Wi dc OH Bfr e OH

1 325 123(m) 22 26.9 1.24 (m)

2 233 124(m) 23 32.6 1.23 (m)

3 889 358(d,J=111Hz) |24 78.1 3.89 (m)

4 431 25 717

5 530 1.90(m) 26 29.0 1.31(5)

6 79.7 4.19(m) 27 26.3 1.84(5)

7 1307 551 (brs) 28 147 086 (5)

8 1396 29 17.0 1.37(5)

9 275 1.85(m) 30 28.6 2.05 (3)

10 294 178(d,J=7.0Hz) |31 175.9

11 367 245(m),160(m) |Xyl-I'  108.1486(d,J=75Hs)
12 455 196(m) b 761 4.05 (m)

13 467 3 78.9 3.92 (m)

14 468 4 717 419 (m)

15 275 161(m),1.29(m) |5 67.5 4.36 (m), 3.08 (m)
16 338 231(m),186(m) |Glc-1" 1057 491(d,J=75H)
17 587 253(m) 2 761 4.06 (m)

18 215 143(9) 3 797 419 (m)

19 462 235(d, =130 Hz) 4" 723 5.01 ()

184 (d, 3 =13.0 Hz)
20 817 5 785 3.80 (m)
21 205 0.94(s) 6" 63.5 450 (), 434 (m)

&Y 2: AtafElfk. HR-ESI-MS m/z 849.157 9
[M+Na]" G511 849.1549, Cy3H70015Na), 454
NMR #dfs, #iE H 73K CuaHroO1s, AR
9, 'H-NMR (500 MHz, pyridine-ds) J: 1.24 (1H, dt,
J=14.0, 3.5 Hz, H-1), 1.56 (1H, dt, J= 14.0, 4.0 Hz,
H-1), 1.89 (1H, m, H-2), 2.41 (1H, m, H-2), 3.67 (1H,
t,J=11.0 Hz, H-3), 1.34 (1H, d, J= 2.0 Hz, H-5), 0.76
(2H, m, H-6), 1.14 (1H, dd, J = 8.0, 2.0 Hz, H-7), 2.10

(1H, dd, J = 8.0, 2.0 Hz, H-7), 1.67 (1H, m, H-8), 1.20
(2H, t,J=4.5 Hz, H-11), 2.12 (1H, dd, J= 14.0 Hz, 4.0
Hz, H-12),2.67 (1H, m, H-12), 4.32 (2H, s, H-15), 1.45
(1H, d, J=8.5 Hz, H-17), 1.16 (1H, s, H-18), 0.19 (1H,
d, J = 4.0 Hz, H-19), 0.54 (1H, d, J = 4.0 Hz, H-19),
0.89 (1H, m, H-20), 1.05 (1H, d, J= 6.0 Hz, H-21), 2.78
(1H, m, H-22), 3.48 (1H, m, H-22), 3.64 (1H, s, H-24),
1.60 (3H, s,H-26), 1.32 (3H, s, H-27), 1.41 (3H, s, H-
28), 1.29 (3H, s, H-29), 1.31 (3H, s, H-30), 4.79 (1H,
d, J=8.0 Hz, H-1"), 4.82 (1H, s, H-2"), 4.05 (1H, s, H-
3", 4.20 (1H, t, J = 8.0 Hz, H-4"), 3.67 (1H, t, J = 9.0
Hz, H-5'), 4.92 (1H, d, J = 8.0 Hz, H-1"), 4.06 (1H, t,
J=28.0 Hz, H-2"), 4.12 (1H, t, J= 9.0 Hz, H-3"), 4.31
(1H, m, H-4"), 4.40 (1H, t, J = 10.0 Hz, H-5"), 3.74
(1H, dd,J=11.0,5.0 Hz, H-6"); '3C-NMR (125 MHz,
pyridine-ds) 8: 32.7 (C-1), 21.8 (C-2), 89.5 (C-3), 42.9
(C-4), 53.0 (C-5), 79.9 (C-6), 35.4 (C-7), 46.4 (C-8),
21.8 (C-9), 29.6 (C-10), 26.8 (C-11), 33.9 (C-12), 45.7
(C-13), 46.7 (C-14), 46.8 (C-15), 73.1 (C-16), 58.0 (C-
17), 31.7 (C-18), 27.0 (C-19), 87.0 (C-20), 26.8 (C-21),
35.5(C-22),27.2(C-23), 82.4 (C-24), 71.9 (C-25),28.3
(C-26), 28.8 (C-27), 28.9 (C-28), 17.3 (C-29), 20.6 (C-
30), 105.3 (C-1"), 76.7 (C-2"), 76.1 (C-3'), 71.5 (C-4"),
67.4 (C-5"), 105.9 (C-1"), 76.3 (C-2"), 79.6 (C-3"),
72.3 (C-4"), 78.9 (C-5"), 63.6 (C-6"), 170.8 (CH5CO-),
21.0 (CH3CO-). LA I Hdia 15 SCliRk i B A — S04,
SR AY) 2 NPT 11,

& 3. Ak AR, HR-ESI-MS m/z 829.198 7
[M+HCOO] (i1l 829.191 6, C4HeoO16)5 Zier
NMR ##i, #iE 501308 CaHesOsy HEaxAEF
FE°A 8. 'H-NMR (500 MHz, pyridine-ds) 6: 1.24 (1H,
dt, J = 14.0, 3.5 Hz, H-1), 1.56 (1H, dt, J = 14.0, 4.0
Hz, H-1), 1.89 (1H, m, H-2), 2.41 (1H, m, H-2), 3.67
(1H, t, J=10.5 Hz, H-3), 1.34 (1H, d, J= 2.0 Hz, H-5),
0.76 (2H, m, H-6), 1.14 (1H, dd, J= 7.5, 2.0 Hz, H-7),
2.10 (1H, dd, J=17.5, 2.0 Hz, H-7), 1.67 (1H, m, H-8),
1.20 (2H, t, J = 4.5 Hz, H-11), 2.12 (1H, dd, J = 13.5,
4.0 Hz, H-12), 2.67 (1H, m, H-12), 4.32 (2H, s, H-15),
4.88 (1H, brs, H-16), 1.45 (1H, d, J = 8.5 Hz, H-17),
1.16 (1H, s, H-18), 0.19 (1H, d, J= 3.5 Hz, H-19), 0.47
(1H, d,J=3.5Hz, H-19), 0.89 (1H, m, H-20), 1.05 (1H,
s, H-21), 2.78 (1H, m, H-22), 3.48 (1H, m, H-22), 3.64
(1H, s, H-24), 1.52 (3H, s,H-26), 1.12 (3H, s, H-27),
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1.35 (3H, s, H-28), 1.09 (3H, s, H-29), 1.12 (3H, s, H-
30), 4.93 (1H, d, J = 7.5 Hz, H-1"), 1.96 (1H, s, H-2'),
2.04 (1H, s, H-3"), 4.20 (1H, t, J = 8.0 Hz, H-4"), 3.67
(1H, t,J=8.5 Hz, H-5"), 4.82 (1H, d, J= 7.5 Hz, H-1"),
4.06 (1H, t, J= 8.0 Hz, H-2""), 4.12 (1H, t, J = 8.5 Hz,
H-3"), 4.31 (1H, m, H-4""), 4.40 (1H, t, J=9.5 Hz, H-
5", 3.74 (1H, dd, J = 11.0, 5.0 Hz, H-6"); 3C-NMR
(125 MHz, pyridine-ds) d: 32.3 (C-1), 30.2 (C-2), 88.9
(C-3), 42.8 (C-4), 52.6 (C-5), 79.4 (C-6), 34.8 (C-7),
45.9 (C-8), 21.3 (C-9), 28.8 (C-10), 26.4 (C-11), 33.5
(C-12), 45.2 (C-13), 46.6 (C-14), 46.4 (C-15), 73.4 (C-
16), 58.2 (C-17), 21.4 (C-18), 29.0 (C-19), 87.4 (C-20),
27.2 (C-21),35.0 (C-22),26.7 (C-23), 81.7 (C-24), 71.4
(C-25), 28.4 (C-26), 28.6 (C-27), 28.6 (C-28), 27.9 (C-
29), 19.8 (C-30), 107.4 (C-1), 73.6 (C-2"), 79.4 (C-3"),
69.4 (C-4"), 66.8 (C-5"), 105.4 (C-1"), 75.7 (C-2"), 79.3
(C-3"), 72.1 (C-4"), 78.2 (C-5"), 63.2 (C-6"). LA L%k
I 5 SCHRIRIE HE AR —20S), SR G 3 N
BHIV,

& 4. AR K. HR-ESI-MS m/z913.156 7
[M+HCOO] (it 913.151 6, C4sH71016), 45E
NMR #ds, #5E H 120N CasH7Ors, AR
410, 'H-NMR (500 MHz, pyridine-ds) J: 1.24 (1H,
dt, J= 14.0, 3.5 Hz, H-1), 1.56 (1H, dt, J = 14.0, 4.0
Hz, H-1), 1.89 (1H, m, H-2), 2.41 (1H, m, H-2), 3.67
(1H, t,J=11.0 Hz, H-3), 1.34 (1H, d, J= 2.0 Hz, H-5),
0.76 (2H, m, H-6), 1.14 (1H, dd, J = 8.0, 2.0 Hz, H-7),
2.10 (1H, dd, J = 8.0, 2.0 Hz, H-7), 1.67 (1H, m, H-8),
1.20 (2H, t, J = 4.5 Hz, H-11), 2.12 (1H, dd, J = 14.0,
4.0 Hz, H-12), 2.67 (1H, m, H-12), 4.32 (2H, s, H-15),
4.88 (1H, brs, H-16), 1.45 (1H, d, J = 8.5 Hz, H-17),
1.16 (1H, s, H-18), 0.20 (1H, d, J= 3.5 Hz, H-19), 0.56
(1H, d,J=3.5Hz, H-19), 0.87 (1H, m, H-20), 1.05 (1H,
d, J= 6.0 Hz, H-21), 2.78 (1H, m, H-22), 3.48 (1H, m,
H-22), 3.64 (1H, s, H-24), 1.52 (3H, s,H-26), 1.22 (3H,
s, H-27), 1.35 (3H, s, H-28), 1.09 (3H, s, H-29), 1.12
(3H, s, H-30), 4.93 (1H, d, J= 7.5 Hz, H-1"), 1.96 (1H,
s, H-2), 2.04 (1H, s, H-3"), 4.20 (1H, t, J = 8.0 Hz, H-
4",3.67 (1H, t, J= 8.5 Hz, H-5"), 4.82 (1H, d, J=7.5
Hz, H-1"), 4.06 (1H, t, J= 9.0 Hz, H-2"), 4.12 (1H, t,
J=9.0 Hz, H-3"), 4.31 (1H, m, H-4"), 4.40 (1H, t, J =
10.0 Hz, H-5"), 3.74 (1H, dd, J = 11.0, 5.0 Hz, H-6");
BC-NMR (125 MHz, pyridine-ds) J: 34.6 (C-1), 28.8

(C-2), 88.7 (C-3), 41.9 (C-4), 52.2 (C-5), 78.9 (C-6),
34.6 (C-7),46.1 (C-8), 20.9 (C-9), 29.0 (C-10), 25.9 (C-
11), 33.1 (C-12), 44.8 (C-13), 45.7 (C-14), 45.9 (C-15),
73.1 (C-16), 58.0 (C-17), 31.7 (C-18), 29.0 (C-19), 87.0
(C-20), 26.8 (C-21), 29.5 (C-22), 26.2 (C-23), 81.4 (C-
24),71.0 (C-25), 27.9 (C-26), 28.0 (C-27), 28.3 (C-28),
16.3 (C-29), 19.6 (C-30), 103.7 (C-1"), 72.8 (C-2"), 76.6
(C-3"), 68.5 (C-4"), 66.4 (C-5"), 104.9 (C-1"), 75.3 (C-
2"),79.0 (C-3"), 71.6 (C-4"), 77.9 (C-5"), 62.8 (C-6").
DA 204 5 SRR E S AR — 0SS E S 4
HNEEZH L
3.2 RSNEMIFES

KRS T NG R0 /N R A (HK -2 48
J1) 20 pmol/L JIFAHEE S B 4 A AL (oS40 i
1B N BERINR L 50%~T70%B1 RIS 3, LLZ#)
X 4H S T 0 SCEE VPN LAY 1~4 XA TS
HK-2 40 M3% 34505 R4 E L NAC JyRHHE X R
SgmaR (1 5) R, &Y 2. 3 7 50 pmol/L
N RENS B SR TG A RS I E R (P<
0.05), BEA—EE Ry 1EH.

100

4 iE 71/%

MR OB o1 2 03

4 NAC

IR R #P<<0.001: SHBALLE: ™" P<0.001.
##4P < 0.001 vs control group; ***P < 0.001 vs model group.
5 EY 1~4 xFIREAETFE HK-2 4HRaIR AR RIFMER
(x+s,n=3)
Fig. 5 Protective effects of compound 1—4 against

cisplatin-induced injury in HK-2 cells (x +s ,n = 3)
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