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WE. T EHAPARIEERNE RSO EMALRBERFTR, HABERY BT A KENER.D-101 kLA M
BAg AR e ODS A% &3, 45 & H & 7 & A0 AR &35 5 BAT AL A4 69 5 B LA R R AL S BEACIE R Ao % A 2038 5
Tkt AT M %R, @it CoCl, & 5 PCI2 40 fo 4k BAEA BEATAL A M LB BB MR SN T i, A & 7 M kL &M 2
B T A T A S A 20 A0 69 SLBR I 2B ( Lactate dehydrogenase, LDH) | 7% £ &, ( Reactive oxygen species, ROS) | & ¥4k
J &, 4% ( Mitochondrial membrane potential, MMP) #) % vf . SRE&M G5 T o 5 shALFF 5] 10 S K5 & £ b4, 57 h Avk
T B ¥ (1),Gomisin N(2) , vk T B F(3), B )am i X K F Q(4), H)am ik XK F H(5) , KRFBXKF Q(6), Aok T
BT (7), 4 RANE (8) , B AME (9) , Codonopiloneolignanin A(10) , L 454 1.3 ~7.10 #L3& sk & PCI2 ta Lt 7% 71,
b 1.3.4 F26 £ 10 pmol/L 3R &4 TP L5 20% , &M 3( kT EET) 4% MY CoCl, S5 549 PCI12
e LDH 440538, 38R mILiE A1,y s Bt b ROS 49 £ R B E S A FH W E B ARB B TR, WEAT 5
BT 10 AKRIEE R AY P, ~T ABFRRFHRRAMNE,8 ~9 AR EAMRE, 10 2 LA T3R8 R0 R 6937
KEEENAY , EF 1 ~9 ABERNCEEF Y BHRF, AP 1.3~7.10 sF5 R FHOAZ @B A RPAER, 1L
S 134 506 210 pmol/L 3 B &4 T R4 RiX 3] 20% . Heb4h 3( ok -F 85T ) 7T Akid id #ph) B & 4 e P ROS 69 &
PR IR R BT 09 MMP A AR 4R 37 s A PCL2 48 e,
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Lignans from Dangshen( Codonopsis pilosula) and Study of Their Anti — hypoxic Activities

YAN Meng' ,WANG Yingjing' ,LI Jiankuan' ,ZHOU Jiangtao' ,LI Xiaomin> , CHENG Zhuoyang' ,GAO Jianping'
(1. School of Pharmacy of Shanxi Medical University, Jinzhong 030600 , Shanxi, China;
2. Pingshun County Agricultural and Rural Bureau,Pingshun 047400, Shanxi, China)

Abstract: To study the structure of lignans from Dangshen ( Codonopsis pilosula) and their anti — hypoxic activities. The eth-
anol extracts of Dangshen ( Codonopsis pilosula) were separated and purified by D — 101 column, silica gel column,ODS column
and preparation HPLC. The structures were identified by physicochemical properties and various spectroscopic data. Highly dif-
ferentiated PC12 cells with neuro — like properties were used to establish a chemical hypoxia model by CoCl, to screen the anti —
hypoxic activity of the isolated compounds. The compound with the best anti — hypoxia activity was chosen for further investigation
for the effects on lactate dehydrogenase( LDH) ,reactive oxygen species( ROS) and mitochondrial membrane potential(MMP) un-
der different concentrations. Ten compounds were classified as schisandrin A( 1), Gomisin N(2) ,schisandrol A(3) ,angylogyl
gomisin Q(4) ,angylogyl gomisin H(5) ,benzoylgomisin Q(6) ,gomisin A(7) ,honokiol(8) ,magnolol(9) and Codonopiloneolig-
nanin A(10). Compounds 1,3 =7 and 10 could increase the viability of hypoxic PC12 cells. The protection rates of compounds
1,3,4 and 6 were more than 20% at 10 pmol/L. Compound 3 (schisandrol A) could reduce the leakage of LDH in PC12 cells of
hypoxia induced by CoCl, ,reduce the production of ROS and slow down the decline of mitochondrial membranepotential caused
by hypoxia. Ten lignans were isolated from Dangshen ( Codonopsis pilosula). Compounds 1 —7 were dibenzo(a,c) cyclooctene
lignans , compounds 8 — 9 were biphenyl lignans, compound 10 was new lignans with unique bridge ring carbon ring skeleton.
Compounds 1 —9 were isolated from the genus of Codonopsis for the first time. Compounds 1,3 —7 and 10 had a protective effect
on neuronal cell damage caused by hypoxia. The protection rate of compounds 1,3 ,4 and 6 were more than 20% at 10 wmol/L.
Compound 3 ( schisandrol A) might exert its protective activity by inhibiting the production of ROS in hypoxic cells and slowing
down the degree of MMP depolarization caused by hypoxia.

Keywords : Dangshen ( Codonopsis pilosula) ;chemical components;dibenzo(a,c) cyclooctene lignans ; hypoxia ; mitochondri-
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AR AR I Bl A4 E ) SR, AL R AR A I B
P AU B A, BIL A 2 DA S T 77 2 e BE P AR R, 51K
SRS AN T MR AR BE AL o AR, KRR

BOF s A R HBVETED  SE SR TR R
582 Codonopsis pilosula ( Franch. ) Nannf. | 2% {£4% % Codonopsis
pilosula Nannf. var. modesta ( Nannf. ) L. T. Shen 8% )I| 4% Codo-
nopsis tangshen Oliv. [ . F=F TR IATTEIRE &
K EATIRAT BN B XSRS, EEAN
TEH 251 o DR A 0T A S0 5 S A 2% 40 R B St o o P BT
5%, NI S SR B 85 20 T3 — 20 =il SR ORTR
RaEFALAY, BAATR STEBESEDEET . B
AR K E AR SR LSBT FRAE RS
PUARBRAE 3Z 68 )1 VR R, HRASES A B L ME T SR ME
T SR T W6 2k e B, W T 5 TR A PR B 3 B A
K RER B A B BB A A 8 H R T e S PR
EHMBER EEAE TR S IR NI S 20 5
BT RN T AL B SR A AR G 3
8, ARSI MNGES B 5] 10 DMARIER AL EY , Eid B
HIINZEER R L PC12 41, 857 CoCl, k27 B 51 Al
i e HA LB AEE P, LA S S s T AR S 09 R R R 4R

FELYSER
1 LS
S LS WGIETEEEIPR DR

HBLATE) ; RE - 52AA BUJE % 75 & a4 (118 W 5% AR Ab A
J7) A —1000s BYEZS KA ML ( L2 SR A IR A A 5
DLSB - 5/20 FUAR IR ¥ 2R AE 5 58 GBI IR TR R A
A]) s TH — I BUBCHE 82 0 A #4488 (LR A BRA
) s LC - AT20 #3280 AH 4354 ( H A 8 ) 5 HF90 %Y CO,
FEFAE IRAEY BT A R A T ) s AMR - 100 54> 5 S EHr 43
B (LM SRS A IR AT -
1.2 FZRAFHGH HEHEER(ESEFELT ) D -
101 KAFLIRFANE 8RR TR ) s ODS( H A YMC A
] ) 5 FHoAth 23 A 20 0 033 2050 (R KU Ak 25 3R A IR A 7
R HFL R AL 2 it A BR A F]) s RPMIT 1640 1555725 ( Gibeo 24
A IRA M HHE RS R AW 0. 25% B E A S R
(BRDEEEFEAT]) ;IC -1 AR & (AL R EE AR 516
PE45 ( Reactive oxygen species, ROS) MR 7 &5 (25 = KA W)k
RAF]) o

S R T 2020 4RI B LTS A TR 3
SR R, 22 LG R R 2 22 B e T B S A R
852 Codonopsis pilosula( Franch. ) Nannf. {48 , B¢ 5
T TG BE R R 2= 25 24 B b 25 BO0F 35 (FE Sl 455 20180601 ) 5
BRI % 20 R A L PC12 T B X 1 R AR A BB
HBLAF (575 :CL-0481) ,
2 FHik
2.1 RWHH K10 kg 35 70% 1 L BB IRE 3
UERR 1.5 h S IR IR G e 28 R 15 B4R 3 R
YA, S A LR SR KRN IE T BE AR,
JEWRAR IS AR il AR 3 (18.2 g) , LR L TR TR0 (60. 4 ),
IE TR (230 g) o ¥ 418 Z TR 4338 2 98 e ek AR HE A 743
BB R GRS b/ B, 4 AR LG S 100/0 —

100/1—50/1—30/1—20/1—10/1—5/1—3/1—1/1—0/1 $ i
BRI,V 6 W ok 46 )5 22 )2 4838 (Thin layer chromatography,
TLC) Kl , &5 A 4 43, 15 5] 5 A~HB43: Fr. A Fr. B Fr. C|
Fr.D Fr.E, % Fr. A Fr. B Fr. C 435313 D — 101 KFL# G
FEOT 8 R R Gk S B/ K R A 30% .60% \95% 1) Z,
BRI, VER I v 45 )5 2 ik HPLC 43 #r (i 24 R : 10% ~
100% HEE,60 min, F5M 4 210 nm) , & I H g (] BEAH ALY
HIr, 458 Fr.a(11 g) (Fr. b(30 g) \Fr. ¢(10.6 g)3 P55,
SR JE T e A e B A i S DR ( Octadecylsilyl, ODS ) A
I 43 KX 3 R4 4 B U R R G0 R K AR A
HPLC 43 Hrah 5 B0 BV B VR, HAR S - < Fr. a(10% |
35% .60% . 100% ) . Fr. b (40% . 60% . 80% , 100% ) . Fr. ¢
(70% 80% 90% 100% ) . Ve pL -t TLC L K HPLC ¥
m, A IR S, 58 6 M4 Fr.1,Fr. 2, Fr. 3, Fr.4 Fr. 5,
Fr.6, ¥ Fr.5(15 g) FRERAE A B, 5% Fr.5.1 ~5.10 3£ 10
AT ARG T B AR 5 R S A S s ik, Fr. 5.3 &5
BB G 2(21.6 mg) s Fr. 5.4 Zad 2 & HE 15 3 4k
AM9(2.1 mg);Fr. 5.5 & BHl#HEBRLEY 1(4.0
mg) 8 (28.4 mg);Fr.5.6 L Hl &SGR EY 8(3.4
mg) . 4 Fr.4(13 g) HAERCH: 389, 158 Fr. 4.1 ~4. 14 14 4~
WOy, Fr. 4.7 Z3 Bl AR 2140 59 7 (2.8 mg) ;Fr. 4.8 &
R R R G 4 (4.4 mg) ;Fr. 4.9 a2 h & H A5 5]
A9 3(10.2 mg) 5(6.2 mg) .6(1.7 mg) . 10(6.8 mg) ; Fr.
4.10 Z3 Bl SR A 3(4.0 mg) . WWE L,

2.2 RS PCI2 QISR EA 10% IR INTE 1% 5 -
HERF (1 x 10 ng/L) i) RPMI 1640 15 32 3L 15 55, 4 37
°C 5% CO, , Fr Al A Fik 5] 70% ~80% i #E4T 1/2 ~ 1/4
AR SE58 T A MRS R AT .

2.3 i AW E T BOSEAE RN, L1 x 107
cells/mL,100 wL/FLIEFP T 96 FLAN MM, & T 37 °C,5% CO,
B FRA P 9% 24 h 40 I BE IS ) CoCl, i #1328 CoCl,
W k0,100,200 300,400,500, 1000 wmol/L, [F] i} i & 25
AR RRE) , B kERE 4 P17l Sd)E
BFIRGFRAET SR, 12 h 5 A CCK - 8 S 4 % 77

2.4 fhadat PCI2 EARE H B KA EARMLEY
FH DMSO Fe & A 50 mol/L (4 B: R #5 F o O 004E < 101 1) 4
Hi, A 1 x10° cells/mL,100 pnL/fL3EH T 96 FLANMIHR , & T 37
°C,5% CO, BEFEFRTRETE 24 h YNNG B2 5 28 25, 25Uk FiE N
0.0.1.1,10.50,100.,250 500 pmol/L, [l B} 4 & 25 (1 41 ( 2 m
TR BMRERE 4 STl AEE TIRA
Hh355%,24 h J5 ] CCK - 8 Wkl 40 At v J) [ 4G 1 (% ) =
ODyz5 = OD s/ ODgyzy = OD.y x 100

2.5 fuatsrsk A A RIPER R 50 wmol/L VK FE N
X4 R 5 A T B 2, IO BOE K R A0 i, DL 1 x 10°
cells/mL 100 wL/FL3EFP T 96 fLAH MR, B T 37 °C,5% CO,
REFRAA R 53R 24 h AN RE S 4 25 A0 B 25 T I O 10,
25.50 wmol/L, [AIIFHEE 25 (20 ( A fnog i L) Fist g4
CHIMZuiaAEsR3s) G4 4 MRS, WA 12 h 5HERH
400 pmol/L CoCl, f) RPMI 1640 1 3% 5L, 1 J2 48 dh S b 35 12
h, I CCK -8 WA I 4 M3 77, 76 450 nm 554 FI R AR
T OD {8, R 6 i e 25 Py i Bl A8t i i SR 3 VE R [ AR Bm 6
(%) = (4254 OD {f - #7I2H OD {H) / (XF E2H OD {f - ¥
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9
OH OH

10

1 AbE9 1 ~10 AL gith =R

R4 OD {H) x100],

2.6 A atE A PCI2 Al LDH sy % BOSEUE KR40
M, LA 1 x10° cells/mL 100 pL/FL4EFN T 96 FLANMIHR , & T 37
°C 5% CO, HEFAE 5557 24 h 410 Mo NG BE J5 25 25 kb 38, 25 4 ik
B A 20 .40 80 pmol/L, [AlAi% 25 H 4 ( Hnse & k557
3L A IRAL (FUmMAn ARG 3R L) Al 4 N E AL, TigZ 12
h G354 400 wmol/L CoCl, (] RPMI 1640 15 35: 5L, 553246 4k
Se¥EgE 12 h, $ BRI & i ( Lactate dehydrogenase , LDH ) iz,
A ULEA 43I E LDH & 1,

2.7 A xtEA PCI2 4l ROS By %l BOWEA K BT 40
JL, A1 x10° cells/mL 1 mL/fL3ERHF 12 fL4NMI AR , B T 37
°C 5% CO, REFRAE TP REFE 24 h AU BE 5 45 20 A BE, 250k 1
B R 20,40 .80 wmol/L, [7] B ¢ B X HE 2 ( 5 im 441 it i 15 55
), WiLhZ 12 h J54#545 400 pmol/L CoCl, f¥j RPMI 1640 4
FREE BEFRFA AR ST IR 12 h, 45 H8 ROS 55 G Ui B 5 e 3 5%
B GBSO EAMEE N ANZEE, A Tmage T 84 E 55047
2.8 HHAEAPCI2 L AERBER LY E JC-1 &
— PP CHRET , BESE [ E A LR A RS AR 11 R IR R Py
T, AELR LR i RIS FB AR, T DL AT R LU
Wb AR R P 37 25 R AL R B o IO B KB A i, DL 1 %
10° cells/mL 1 mL/fLIRF 12 FLARMIAR, B F 37 °C 5% CO,
REFAA R FE 24 h QUG BE IS 45 25 b B, 254 vk BE IR R 20
40 .80 pmol/L, [RIi& B XF BEAL (UM 4np AR 5= 58) . Wi
25 12 h J5# &4 400 pumol/L CoCl, 1y 1640 B535 5 | 1% 46 4k
SRREFE 12 h, $EMRIC - 1 G0 G Ul 3R R B TR R
TBE T 3 R 21 4420¢ 5, FH Tmage J 5144 B 5397 o

3 SR

3.1 ML AW L EHIRY ,10% B H i - Wi
WAAREAE, HIET LR OEEFER . ESI - MS m/z2:439.2
[M+ Nal* 473K CuyHy O HAABHEIHE W R :'H -

250

NMR (600 MHz,CDCL, )8, 6.54(1H,s,H -4) ,6.53(1H,s,H -
11),3.90(3H,s,14 - OCH,),3.89(3H,s,13 - OCH, ) ,3. 88
(3H,s,12 - OCH, ) ,3.87(3H,s,3 - OCH,),3.59(3H,s,2 -
OCH,),3.58(3H,s,1 —OCH,),2.58(1H,dd,J =13.6,7.5 Hz,
H-6a),2.50(1H,dd,] =13.6,1.8 Hz,H -6B3) ,2.28(1H,dd,
J=13.3,9.6 Hz,H - 9a),2.05(1H,d,J =13.1 Hz,H -9B),
1.91(1H,m,H-7),1.81(1H,m,H -8),1.02(3H,d,J =7. 1
Hz,7 -CH,),0.74(3H,d,J =7.1 Hz,8 - CH,).,” C - NMR
(150 MHz,CDCl, )3, 153.0(C -3),151.7(C-1),151.7(C -
12),151.5(C - 14) ,140.2(C -2),139.8(C - 13),139.3(C -
5),134.1(C-10),123.5(C-15),122.4(C -16),110.6(C —
11),107.3(C -4),61.1(1 - OCH,) ,61.1(14 - OCH,) ,61. 1
(2 -0CH,),60.7(13 - OCH, ) ,56.1(3 - OCH;),56.0(12 -
OCH,) ,40.9(C-7),39.3(C-9),35.7(C-6),33.9(C-8),
30.7(C-18),12.8(C - 17) , VA %4 5 SCHRHR 8 19 1.0k T
L H (Schisandrin A) M) FeAk—3,

AW 2. @M, 10% Wi - FRER AR E6, 5
BT LR TR . ESI - MS m/2:423.19[M + Na] ", 4%
TR A CHy Og o HAKREHE T JE 41 F :'H — NMR (600 MHz,
CDCL )8, 6.55(1H,s,H -4),6.47(1H,s,H - 11),5.95(d,
J=1.2Hz,1H, -0 -CH, -0-),5.95(2H,d,J =1.2 Hz, -
0-CH,-0-),3.89,3.88,3.81,3.54(12H,s,14,3,2,1 -
OCH,),2.57(1H,dd,J =13.7,7.3 Hz,H -6p) ,2.52(1H, dd,
J=13.7,2.0 Hz,H -6a) ,2.22(1H,dd,J =13.4,9.4 Hz,H -
90),2.02(1H,d,J =13.1,H-9B),1.89(1H,m,H -8),1.79
(1H,m,H-7),0.97(3H,d,J] =7.2 Hz,7 - CH, ) ,0.73(3H,d,
J=7.1 Hz,8 - CH,)."” C - NMR (150 MHz, CDClL,) 8. 151. 8
(C-1),151.7(C-3),148.8(C - 12) ,141.2(C - 14) ,140.2
(C-2),138.0(C-10),134.7(C -13),134.2(C -5),123. 4
(C-16),121.5(C-15),110.7(C-4),103.1(C -11),100.9
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(-0-CH,-0-),61.2(C-2),60.7(C-1),59.8(C-14),
56.0(C-3),40.8(C -8),39.3(C-6),35.6(C-9),33.7
(C=7),21.7(C-17),13.0(C = 18) , DI ¥ 5 kiR
B Gomisin N0 A — 3%

A& 3. G MR, 10% FHEE - RS 0280, 5
BFZB 857, ESI - MS m/z:455. 16[ M + Na] ', 4}
TN CuyHy, 0,0 ELAAREE I JE 4 F . 'H — NMR (400 MHz,
CDCL, )8, 6.61(1H,s,H-11),6.54(1H,s,H-4),3.90(3H,
s,12-0CH,),3.89(3H,s,3 -0OCH,) ,3.88(3H,s,1 - OCH, ),
3.88(3H,s,13 - 0OCH,) ,3.59(3H,s,14 - OCH, ) ,3. 58 (3H, s,
2-0CH,),2.67(1H,d,J =2.0 Hz,H -9a),2.63(1H,d,]J =
2.0 Hz,H-9B8),2.39(1H,d,J =7.7 Hz,H -6a) ,2.35(1H,d,
J=7.7 Hz,H-6B),1.89(1H,s,H -8),1.25(3H,s,H - 18),
0.82(3H,d,J/=7.2 Hz,H-17), "C = NMR(100 MHz,CDCL,)
8. 152.5(C -3),152.2(C -1),152.0(C -12),151.7(C -
14),140.9(C -2),140.3(C -13),134.0(C - 10) ,132.0(C -
5),124.3(C-16),122.9(C -15),110.6(C -4),110.1(C -
11),72.0(C -7),61.1(2 - OCH,),60. 8 (1 — OCH,) , 60. 7
(14 -0OCH,),56.1(3 - OCH, ) ,56.0(12 - OCH, ) ,42.0(C -
8),41.0(C-6),34.4(C-9),30.0(C -18),16.0(C -17),
A B 45 SC R4 38 f 5k 7 B (Schisandrol A) PV 2L AR
—,

LAY 4 B EMIRY,10% F EHE - WAIR T AR E A,
DT LR TR, ESI - MS m/z:553.29[ M + Na] ",
ﬁ%itj‘:’ C29H3809O /E\MS%HEUEEQH"F'H - NMR (600 MHz,
CDCL, )8, 6.77(1H,s,H-4),6.54(1H,s,H-11),5.95(1H,
q,J=6.7 Hz,H-3"),5.71(1H,s,H -6),3.93(3H,s,13 -
OCH,),3.89(3H,s,3 - OCH,) ,3.88(3H,s,12 - OCH, ) ,3. 81
(3H,s,2 - OCH,),3.57(3H,s,14 - OCH,;) ,3.51 (3H,s,1 -
OCH,),2.33(1H,dd,J =14.0,9.9 Hz,H -9«),2. 19(1H,d,
J=14.0 Hz,H -98),1.99 (1H, m,H -8),1.81(3H,dd,] =
7.3,1.7 Hz,H-4") 1.33(3H,s,H -18),1.30(3H,t,] =1.8
Hz,H -5'),1.16 (3H,s,H - 17), "C - NMR (150 MHz,
CDCl, )8, 166.0(C -1"),153.3(C -12),152.3(C -1),152. 1
(C-3),150.9(C - 14),142.0(C -3"),141.0(C -2),140.0
(C-13),136.6(C-10),130.3(C -5),127.0(C -2"),122.6
(C-16),122.3(C-15),110.1(C -4),107.4(C -11) ,84.4
(C-6),72.5(C -7),61.0(2 - OCH,) ,60.8(13 - OCH,) ,60.
7(1-0CH,) ,60.3(14 — OCH, ) ,56.2(12 - OCH,) ,56.1(3 -
OCH,) ,42.2(C-8),36.9(C -9),28.3(C-18),19.9(C -
5'),19.2(C-17),15.8(C -4") . LI 045 SCmk i i 24
ISR K Q(Angylogyl gomisin Q) HeA —%,

B 5. FEHIR,10% FER - WRER D 60250, 5
BT ZRIE% A, ESI - MS m/z:523.28[ M + Nal*, 4y
TN CyyHy Og o ELAAREHE T JE 4 F:"H - NMR (600 MHz,
CDCL, )8, 6.69(1H,s,H-11),6.56(1H,s,H-4),5.88(1H,
m,H-3"),3.91(3H,s,12 - OCH,),3.88(3H,s,3 - OCH, ),
3.84(6H,s,2/13 - OCH,) ,3.55(3H,s,1 - OCH,),2.70(1H,
m,H -6a),2.70(1H, m,H - 9«),2.38(1H,dd, ] =14.3,7.7
Hz,H-98),2.34(1H,d,J =13.8 Hz,H-6B),1.82(1H,m,
H-8),1.77(1H,m,H-4") ,1.75(3H,d,] =2.8 Hz,H-5"),
1.25(3H,s,H -18),0.85(3H,d,J =7.3 Hz,H-17),°C -

NMR (150 MHz,CDCl, )8, 152.7(C -3),152.0(C -12),151.8
(C=1),142.4(C -14),140.5(C -2),139.8(C - 13),137.5
(C-3"),134.0(C -10),133.2(C-5),127.8(C -2"),123.3
(C-15),123.0(C -16),112.9(C -11),110.2(C -4) ,72. 1
(C-7),61.1(1 —0OCH,),60.9 (13 - OCH,),60. 8 (2 -
OCH,),56.2(3/12 - OCH; ) ,56.2(12 - OCH, ) ,42.1(C -8) ,
40.8(C-6),34.4(C-9),29.8(C-18),20.5(C -5"),16.0
(C-17),15.5(C -4") o LI L3040 5 SRR IE ) 24 05 1k ok
3% H( Angylogyl gomisin H) (21 AR —3

L&Y 6. B AIIRYY , 10% & G - WRHRIR T (0 L 280,
GET LR CERERM . ESI-MS m/2z:575.2[ M+ Nal ™, 4}
TR €y Hy Oy EABUEIHR AT :'H - NMR (600 MHz,
CDCL,) 8, 7.46(1H,t,J =7.7 Hz,H -2"),7.36(2H,d, ] =7.7
Hz,H-6'),7.27(1H,s,H -3"),7.25(1H,s,H - 4') ,6. 82
(1H,s,H-4),6.69(1H,s,H -11),5.95(1H,s,H -6),3.99
(3H,s,3 - OCH,),3.95(3H,s,12 - OCH, ) ,3.89(3H,s,13 -
OCH,),3.59(3H,s,2 - OCH, ) ,3.39(3H,s,14 - OCH, ) ,3. 17
(3H,s,1 - OCH,),2.42(1H,d,J] =14. 1 Hz,H - 9a),2. 30
(1H,d,J =14.1 Hz,H-9B) ,2.14(1H,m,H -8) ,1.36(3H,s,
H-18),1.21(3H,d,J =7.1 Hz,H -17) ,” C - NMR ( 150
MHz,CDCL, )8, 165.8( - CO - ),153.4(C -12),152.3(C -
1),152.1(C -3),150.8(C -14),142.9(C -2),140. 1 (C -
13),136.5(C -10),133.4(C -4"),130.0(C -5),129.7(C -
2'/6'),129.3(C -1'),127.9(C =3"/5"),122. 6 (C - 15),
122.6(C-16),110.3(C -4),107.2(C -11),84.6(C -6),
72.7 (C-7),61.0(2 - OCH,),60.9(13 - OCH,;),60.3 (1 -
OCH,),59. 9 (14 — OCH, ), 56.2 (3 - OCH, ), 56. 2 (12 -
OCH,),42.4(C-8),37.0(C -9),28.2(C -18),19.2(C -
17) o LA_E0HR 55 SRR IE /2R B it XK 3F Q ( Benzoylgomisin
Q) P RA—F

LB T BERF IR Y, 10% F BOEE - Wi iR o 60 2
B 9% T LR RS, ESI - MS m/z:439. 51 [ M +
Na] * ,ﬁf}’?‘itjj C23 H2807o /E\‘M:ﬁ?EUﬂEﬁD‘F]H - NMR
(600 MHz,CDCl,) 8, 6.62(1H,s,H-4) ,6.48(1H,s, H-11),
5.99 -5.94(2H, m, - OCH,0 - ) ,3.90(6H,s,1/14 - OCH,) ,
3.84(3H,s,3 - OCH,),3.52(3H,s,2 - OCH, ), 2.67(1H,d,
J=2.0 Hz H-6a),2.63(1H,d,J] =2.0 Hz H-68) ,2.39(1H,
d,J=7.7 Hz H-9a) ,2.35(1H,d,J=7.7 Hz ,98),1.87(1H,
m,-OH),1.86(1H, m,H -8),1.25(3H,s,H - 18),0. 82
(3H,d,J =7.3 Hz,H-17),”C - NMR (150 MHz, CDCL, ) &,
152.5(C=3),152.3(C =1),149.0(C -12),141.3(C - 14) ,
140.9(C-2),135.1(C -13),132.6(C -10),132.2(C -5),
124.3(C -16),122.0(C -15),110.4(C -4),106.1(C - 11) ,
100.98( - OCH,0 - ),71.8(C -7),61.2(2 - OCH, ), 60. 8
(1-0CH,),59.8(14 —0OCH,)56.1(3 - OCH,) ,42.2(C -8),
40.6(C-6),33.8(C-9),30.3(C-18),16.0(C-17), I LI
Bl 55 SCHR A B9 T TR (Gomisin A) P A —3,

AW 8 AR Y, 10% & B - IR 6 2%
O BT LM OB L, ESI - MS m/z:289. 43[ M +
Nal*, 2y T3 A CyH 0,0 RSB T.:'H - NMR
(400 MHz,CDCL,)$7.22 —6.91(6H, m,Ar - H) ,6.01(2H,m,
H-8/8'),5.20(2H,m,H -9/9'a),5.05(2H,m,H -9/9'B) ,
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3.46(2H,d,J] = 6.7 Hz,H-7/7'a),3.35(2H,d,] = 6.7 Hz, 200
H-7/7"8)."C - NMR (100 MHz, CDCl, ) 8, 154.2(C -4), o
151.0(C -2"),137.9(C -8"),136.2(C - 8),132.3(C -4'), 150 "
131.2(C-6"),130.4(C -4'),129.6(C -1),128.9(C -2), S
128.7(C=6),127.9(C -5),126.6(C -1"),117.0(C -9), fj‘ 100~
117.0(C-3),116.7(C -9'),115.7(C -3"),39.6(C -7"), kS o
35.3(C=7) o LA -5 S 0 SRR ( Honokiol ) S 50m o
SR
G 9 AR B OHPR Y , 10% B - Wi iR B (0 245

B T LR OBEEE R, ESI - MS m/z:265. 11[ M -
H] ™, 2730 C4H 0, HAARKHIAE 40 ' H - NMR (600
MHz,CDCl, )3, 7. 13(2H,dd,] =8.3,2.2 Hz,H -6/6") ,7. 08
(2H,d,J=2.2 Hz,H -4/4") ,6.96(2H,d,] =8.3 Hz,H -3/
3'),5.96(2H ddt,] =16.8,10.1,6.7 Hz,H-8/8') ,5.12 -5.04
(2H,m,H -9/9"),3.37(2H,d,J =6.8 Hz,H -7/7"), “C-
NMR (100 MHz,CDCL, ) 8. 151.4(C -=2/2") ,137.7(C - 8/8"),
133.2(C -5/5"),131.4(C -6/6") ,130.0(C -4/4") ,124.1(C -
1/1'),116.8(C -3/3"),115.9(C -9/9") ,39.5(C -7/7") . VI
B SR 3 G SRR ( Magnolol ) P AR,

AW 10 6 R, 10% F5 2k B IR 0 6 215 (4, 5)
BTSSR, ESI - MS m/z:407.08[ M + Na] ™, 4
?J—itj:’ C22H24 060 /E\‘MKHTEUE'EMJ‘FIH - NMR<6OO MHz,
CDCL, )8, 6.63(1H,s,H-6),6.21(1H,s,H-6"),4.32(1H,
d,J=5.4Hz,H-9),3.96(3H,s,3' - 0CH, ) ,3.95(3H,s,3 -
OCH,),3.81(3H,s,5 - OCH,),3.77(3H,s,5" — OCH, ) ,3. 34
(2H,m,H-7),3.16 (1H,qt,] =6.3,1.3 Hz,H -8),2. 95
(2H,t,] =4.2 Hz,H-7"),2.15(1H, m,H - 8'«),1.87 (1H,
m,H-8B),1.80(1H,m,H-9"a),l.55(1H,m,H-9'B),
"C ~NMR(150 MHz,CDCl, )8, 146.3(C -5"),146.2(C -5),
143.5(C-3"),141.2(C =3),136.6(C -4) ,136.4(C -4"),
135.6(C-1),133.3(C -2),130.7(C =2"),126.1(C -1"),
107.0(C -6'),104.2(C -6),61. 1(3" - OCH,),60. 8 (3 -
OCH,) ,56.5(5 -0CH,) ,56.2(5" —=0OCH, ) ,53.4(C -7),52.9
(C-8),45.0(C-7"),43.8(C=-9),40.7(C-8"),22.7(C -
9"y, LA FHURE S SCHRRIE 1Y Codonopiloneolignanin A“) Lk
—3
3.2 BREMAWNEST MEARFWKE CoCl, 1) RPMI1640 K
FRILACFRANMG 12 h, QARG S 45 R A 2 i, 53 R4 (0
wmol/L) #H Lt , PC12 21 il (¥ 4 i 375 T B % CoCl, Bk BEHE K
PLAEHE S RER R 3, 46 K T 300 pmol/L ¥R BE 11 CoCl, b ¥ 2%
AR ARM TG ) B3 T (P <0.01), H 4% % 4 400 pmol/L
WERE B, 20 0% oy 29 Sk %t BRAL 1Y) 50% , BRIV Ay 2= B9 il vk 3
(1C50) o PRI A2 AR A5 142 400 pumol/ L CoCl, ALFH 12 h,
3.3 AKMEEMAHAPCI2 4 iE W% A CCK -8 ik
R DA g ZE X PC12 45 J7 520, 25 ) Ab 3 24 b Ji5 240 L T
J1nE 3 FiR. A 1.2.3.4.5.6.7,10 7 50 wmol/L Py Xt
MR B AL LAY 8.9 FERKT 10 pmol/L ¥ i i
2 B REAIG PC12 43S J1 (P <0.01)

3.4 KEEFMAAMHE BN ERPER WA AR
PP PRITAN ) Ak B 2 o Tt S 20 ) 2 i), 45 R 4 B XXX
4 iR, AeE9 1.3 ~7.10 XA B AR 16 B4, B
FAEWBERKETE., (bEY 2 03 NMREETA AT, ¥ ag
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0 100 200 300 400 500 1000
R FE /(umol/L)

VE BUE LA mean £ SD /R, ##15 0 wmol/L 4 4%, P <0. 01,
&2 A[EHREE CoCly X PC12 4t fifd fi4 5%

TR ARG . PG 1.3.4 A1 6 7E 10 pumol/LL ¥
BE SR TR EE B 20% AP RAPER SR G AL B 4
TR i WBUL G Y 3 T 58 .
3.5 FRMEEAMAY 3 M HE MM LR LDH & B0 ¥
v PRI AR ARG BV T LDH &, S5 aE 5 i
/NI LDH & 2 10 25 1w ( 5 X AiAH L, P <0.01) , 1k
A8 3 13 AN REE S RERET LDH Ay ik U 2 ( SRR AR L,
P<0.01), HMEE LAY 3 WS, LDH YR
3.6 FREKEMGNI A HEROS 2 ENTH ] In-
age J SRR B, S5 R ANHAR TIXLIEL 6 s, BETUZH 46
PENCTREERG TR , Ui WAL A if P Y ROS Beif i i 335 m (5
XHRZAHAHLE P <0.01) o A4y 33 /> J3E 4% RE K I ok e 4 i
ROS (R ( SHREEIZHAR L, P <0.01) , B 25 25 e BF (g 38 4
I IR, DL 45 RFIIM G 3 XAl 2 At i 1y SR 4P
YE R AT RE S ROS MR HCA
3.7 FRWEMNAHI AS A MBI EER LY
Image J 3BT 2148 900 BE , G5 R AN BUXLIE 7 o, BEALA
PRI R4 JE L {3 ( Mitochondrial membrane potential , MMP) & 2
FEAR (S X HREHAR LG , P <0.01) A& 3 3 A B R T Bk
AFE MMP TR (SRR L, P <0.01) , H B4 250
B3GR AR . A B SRR A G 3 AT e i 4k
5 MMP [958 SR AR P B4 AN
4 itig

WS EE G AN R S 2, HETE NS B R oy 2
YETRH 230 ZRML G, AR EMIE RN R K R
Bt i BRSSO ARSI R D - 101 K ALRY
& &% ODS H:ii 47 HPLC 43 B35 10 M ARBS Z ik &
o 1~7 AR EHIIANEER,8 ~9 HPEAELK AR, 10
R AR A E IR ANE ZE 2. (bW 1 ~9 N
PN Ak =R IR

WA FIHEIN T DARIERE S, ALEY 1.3 4.6 £E4K
W PE R AF T N B AR A I P PRV AR T M Al & 0, Ho by o
AAE— 2L LB C -1,2,3,12,13,14 134 9 B &L, IR T
D YR IF IR IE R A € -1,2,3,12,13,14 34 H
SIS X B A M AR B /E ISR 8 B C -7 R R AR
RIS T B A ) PR E AL T € -7 B3R R BRI
REEMIL G, ik &9 3 th 1 BT LF;C -6 A 214
B BRI, T e 230l 55 A6 A W AR 30 VR T, b & 4 i R
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1 2 3
150 150- 150
£ 1004 < 1004 e
R R R
2 50 2 5 2
& & g
0- — 0-
0 01 1 10 50 100 250 500 0 01 1 10 50 100 250 500 0 01 1 10 50 100 250 500
HEHE/(umol/L) e JE/(umol/L) P/ (umol/L)
4 5 6
150 150~ 150
§ S 1004 S
& = =
2 2 50 2
F g F
o-
0 01 1 10 50 100 250 500 0 01 1 10 50 100 250 500 0 01 1 10 50 100 250 500
T /(rumol/L) </ (jumol/L) R/ (nmol/L)
7 8 9
150 150
% 100- g 100- g
R R
2 2 - =
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0 01 1 10 50 100 250 500 0 01 1 10 50 100 250 500 0 01 1 10 50 100 250 500
< JE/(umol/L) ¢ JE/(umol/L) )% /(umol/L)
10
150
S
< 100-
B
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% 50

0 01 1

10 50 100 250 500
W/ (umol/ L)

A L) mean £SD FoR, 50 wmol/L 4 H %L, P <0.01,
3 ORTFMREEA R Z A0 G WX PC12 4 AT 7 52

RIS T 3 H16;C -6 LIRSy 2 Y Ik RE T, ot i S 40 i
F PRI AE R AN, anfb &9 3 1 6 AN[RlIR BE T AR 4 FH
AL

LDH 4 40 ig P4 T , 200 Jitg 32 3] 45 495 ) 40 B B i 24 . LDH 4f
U, PRI I 40 ML 35 T LDH f) 35 5% B 71 2 2 e 40 52 4
ittt . ROS A4k & 48 1l Skal T i 1 il ik Ay
L E ALY BFR, B AR, ROS AR RGN, LA 8 AL T 57 )
SR, D LT BR A PN B H 2 DR A N B RE IR 2 Bl LB R Y
BT L AR, 2R AR R 4 A% 5y 40 ML T AR SE AL
AT E Y BT, 2RO A 5 3 P A 4 L Ao B T, £
FRER MR B 7 TR, RN NI R CO TS W+
Caspase F VK5 11 %5 15 5 4 T4 i, 24K 1 3800 T e i o 3
B30 PR, MMIP A4 g 400 R0 T B bR A, 4E R MMP
R, W F AR R GORL R 1 1E 5 DI REXT TR A6 B A S 7

MR ERAEER L, i, AP SEH] ROS 5 MMP /£
BERHIL IR R PO A DL . B IE 45 R R B AL = B AR 15 5
PC12 Z il LDH ROS ) i 35 T %5 , 5 S50 M i 3 0 S b i
HL AL TR AL 4 3 Ak J R W 2 vsl /b B S 4l i b LDH AN
ROS, #25 MMP, $275 TR T-BE F (3) AT BEid 4 il ROS 1y 4=
I 85 MMP AR AL R B B4 PCI2 401
DL BB SE R IR NG 2 2 0 v] R 5 2 rh T S B i A
TR AR, S A B AR BRI E AR NG E 13T
BTG M IR RIOC R R LR IR = — LM RIRR .
S Lk
(1] EZeN, PR, 2R Mk, 55 JUa b 2o e e[ J]. R
WFS 59T % ,2022,34(2) 1344 —357.
[2] COBB A B,LEVETT D Z H,MITCHELL K, et al. Physiological re-

sponses during ascent to high altitude and the incidence of acute
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