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Study on the Spectrum-effect Relationship of Different Solvent Extracts from 7Trollius chinensis against
Hypoxia/reoxygenation Injury of Cardiomyocyte

NAN Minlun', SUN Qi*, YANG Zhen', SI Xueling’, MA Chunxia', BAI Xue', HE Yufang’ (1. Institute of
Phytochemistry, Jilin Academy of Chinese Medicine Sciences, Changchun 130012, China; 2. Jilin Zhengrong
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High-tech Pharmaceutical Co., Ltd., Changchun 130012, China; 4. College of TCM, Jilin Agricultural
University, Changchun 130118, China; 5. College of Health Management, Changchun University of TCM,
Changchun 130117, China)

ABSTRACT OBIJECTIVE: To study spectrum-effect relationship of 11 different solvent extracts from Trollius chinensis against
hypoxia/reoxygenation injury of cardiomyocyte. METHODS: HPLC-MS/MS method was used to establish the fingerprints of 11
different solvent extracts from 7. chinensis, the compounds corresponding to the common peaks were identified by comparing with
the substance control and literature information. MTT assay was used to detect the effects of 11 different solvent extracts from T.
chinensis on the survival rate of rat myocardial H9¢c2 cells injured by hypoxia/reoxygenation. The MDA content, ROS level in cells
and LDH content in the supernatant were detected by ELISA. GRA and PLS method were used to analyze the spectrum-effect
relationship between the compounds corresponding to common peak and anti-hypoxia/reoxygenation injury of cardiomyocyte (drug
effect). RESULTS: There were 22 common peaks in 11 different solvent extracts from 7. chinensis, and 22 compounds were
identified. Compared with hypoxia/reoxygenation injury group, survival rate of hypoxia/reoxygenation injury+S1-S6, S9 and S10
groups were increased significantly, while MDA content, ROS level and LDH content were decreased significantly (P<<0.05) ;
ROS level and LDH content of hypoxia/reoxygenation injury+S8 group were decreased significantly (P<<0.05). The r of GRA

analysis of 22 compounds with drug effects were all higher

A JEGTUE 5 MAE R R TR (No.20150203010YY) 5 75
than 0.8. Except for peaks 1, 2, 7, 13, 14 and 21, r of PLS

M P 2GR H (No.2019031) . . .
R R i e S S T analysis of rest peaks with drug effects were higher than 0

% . Hi%:0431-86058683. E-mial:nm12000@163.com (being positive correlation). Top 9 common peaks in the list
RS T W BEST T s P2 A2 AR 4B I of contribution rate were peak 6>11>4>5>8>9>12>10>
TR . HLI :0431-86058683, E-mial:hyf 1992@163.com 15. CONCLUSIONS: Orientin (peak 6) , vitexin (peak 11),
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orientin-2" -O-f-L-galacto- pyranosl (peak 4), orientin-2"-O-B-D-Pyrine xylosides (peak 5), quercetin-3-O-glucopyranoside (peak
8) , vitexin-2" -O-p-L-galactoside (peak 9) , hyperoside (peak 12) , vitexin-2" -O-f-D-pyrine xylosides (peak 10), 2"-O-(2" -

methylbutyry-loxy)-orientin (peak 15) may be the main components of anti-hypoxia/reoxygenation injury of cardiomyocytes.

KEYWORDS Trollius chinensis; Myocardial cells H9¢2; Hypoxia/reoxygenation injury; Spectrum-effect relationship; GRA; PLS

4 AL N B E B Y 4 3 AL (Trollius chinensis
Bunge.) I 1AL, 524 A 57 JER TS P 9E oY,
FES AT RENGE JBIRTL L SR, 4
A FEE 5 B2 Sy, & it w1 N EERL R -2 -O- B-L-
EFUMET ZEE AR A HABUA PR PR
BESEIG M, B TR WA A (IR T 4 | i Bk 1A 46 4590
it BURZABRAT I R B , EAE R FIR 2 PIE RSN 38
BA B0 USRI /R R B A S0 LR I 25 2404 5
Sl A RIE . BET ERCEC T A
RS 5 2 ROC R RIBIEFE ) RS T4 AR T O LR
15 TAT RIS 08 A DL AR 1 o AR5 R FH v R R AT €235 -
AT 75 (HPLC-MS/MS) , #3745 3% 46 11 Rl [R] 3%
TR 8 ST B AT 06 e 5 BRSOk

5 R RIS WX N A S, FEAS S A SR U
XoF K Bt LA L HO 2 Bk 4/ 5 S840 45 ) DR P A T dd ik
IR A8 IR BE 43 1772 (GRA) Fil i fe /s —3fe i2: (PLS) BX &
AT W ST LA I SR A2 S (500 -
KA, BN HEAET O UL -3 45403 1) 24558000 o
SR iR IS

1 #7#l
1.1 88

Agilent 1100 Series LC-MSD 7 i A {233 J5 3% 1< JF]
1, G2 P TR TS AR R U B AR R
H1 6 %% (DAD) | Chemistation C.01.02 fk 2% T {f v 5
(2 [ Agilent 22 1 ) ; GL-21M 7 55 S AIK  25 .00 L GH e
IR EE A B/ ] ) ; CPA225D Bl 4 7 43 2 —HL F K F
(18 F Sartorius 2\ 7] ) ; Multiskan FC 4> [ ShEFFRIL (£
%] Thermo Fisher Scientific 2y F ) ; Thermo HERAcell
150 i % COAM s 740 (L AR THRMGER A PR AW .
1.2 ZymE5ilH

S TEAEZG M (LS. 180501 ) W [ 75 MR 2k K 24
Fr , 275 MRAG h B 25 B2 B X 4 80P e 0 B RME
Y4 FE4E (T, chinensis Bunge.) [ T AE ; 2F B K -2" -O-
B-L-2Y ZUBETY X B (5 R4 v B 2R 2 e A ) L 2 10T
XA AL A5 20180001, 4 . =98% ) s 2F HEH A4
T ik Rz 2 B O £ 2 SR e W B L 54331
J 110732-200907., 110713-201613, 112026-201601, 4l
& =98% ) s fa A i (g B AE R A A A
DMEM % 5% #: ( 35 [# Thermo Fisher Scientific 23] ) ; il
B O b % 25 A BR A |l ) 5 = G R
(DMSO) MTT il il £ (1745 : M8182) ¥l H Jb it & 3k
FRHEA A F TN B (MDA) &4 (ROS) FLER I
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S (LDH ) BEEX S 2 W B 52 (BLISA) K6 i 55 &5 (R
AR TR AR BT, L5 43 51 A003-2, A015-6,
A020-3) 5 AR Ry arFral, K b alifh K .
1.3 ZAfm

KO LA H9e2 H 75 MOR 27 ki B 2 B d it
2 HiEE&R
2.1 EERRBYISSEIEREL
2.1.1 i %A ACE Cis(250 mmx4.6 mm, 5
um) ; FREIAH : 25 (A)-0.1% R KIS (B) , B B BRI
(0~20 min, 3% A—12% A; 20~50 min, 12% A ; 50~65
min, 12% A—15% A;65~75 min, 15% A—20% A ; 75~
85 min, 20% A—30% A ; 85~95 min, 30% A—40% A ;
95~105 min, 40% A—50% A ; 105~110 min, 50% A—
3% A;110~115 min, 3% A) ; K 3% 1 : 360 nm; 3 2K
0.8 mL/min; FE¥ : 30 °C5 BEFERE 10 ul,
2.1.2 FUBAME AEUR WIS B TR (BSD s Al gy
o U TR 5 TG m/z 50~1 500 ; TR -
350 °C; TS : 9.0 L/min; 2516 < E 58 : 0.24 MPa;
EBMEHRE 4KV,
2.1.3 TR FRECEEAL LM 5, 7300
FH 1054+ (mL/g, F[6])90% Z.l% .80% Z. 1 . 70% .15
60% LI .50 % L BEFK [BLR AR ER 2 K, BEUR 2 h, g,
B AR R DS, e, THR oK, BG4 E4E 6
FREREUY, 100 S1~S6. 3 FREUG: SE A6 25 A48 i, MKV
FH 10 £5 5 95% 2% .\ T0% Z 545 Bl 4R B0 1 Wk, BRIK 2
h, B, A IR IR, YR 4R B ITCREVR , K B 24 1 mL
T 1 mg ZIM B, PR A g L =S b AR S
Fifg \IE T AL K b 3A 4 B 0] 04 ZE ORI K AR 43 5] 0
JE RN, T AR, RIAS 4 AL 5 ALY, 10l ST~
S11. FEEFRE LA 11 AMREUWIH A 45 100 mg, 5 5%
FHIEE 25 mL WP, VRS 42 0.45 um SUFL BN g, B
UEWR , RIASAF N A A S P
2.1.4 RAX ISR PEES  HERREZIRR-2"-0-
B-L-YZUMETT (205 AT MRz 2000 RIS £, e
P ik ] 45 Jo B R B 435194 0.05.,0.25,0.05,0.01 mg/mL
PR A X HE VS TR o
2.1.5 AEHEIRK  BC2.1.37 W R R AR (RS
S3)3H i, #2117 “2. 127 T €0 3% 5 i A 1 A U
FE L ESL6 UK, LIZE BT I (16 6) 2 I sk % LA i
FAVRE X B B ()RR DG TR . 252, 22 A AT WG AR X
{5 B4 B5F 1) £ RSD #4178 T 0.19% (n=6) , FH %t W 11 FH 1
RSD ¥/NF1.22% (n=6) , FREIA Ty NGB T AT
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T0.22% (n=6) , FHXTUETH ALY RSD #4)/N T 1.33% (n=
6) , RS VAR T = T CE 24 h IR EPE R AT
2.7 EmEMIAE &L B K 100 mg, 16
By KGR FRE , $°2.1.37 T Jy il 5 Akl ot 5 W (G
5 :S3) PR 2,117 2. 1.2 T T €8 1% 5 R S5 A
A, AZERCTF I (16 6) 2 10 sk 4% AT W A G R R
RF B FA XTI TR AR o 25 5%, 22 LA I AH G [ B Bsf ] 1
RSD ¥J/NTF 0.38% (n=6) , #H X} W 1 FL ) RSD ¥4/ F
2.02% (n=6) , RUIAIILE LR

2.1.8  f8GUETEA ERIE IR IN 2137 Ry
Dol A AL 11 AR IR A9 A R, PR 2,117
“2.1.27 WU N A B A R HERE DN E SR kL
P 1% A b 24 €8 3 4 S0 1 3 AR LB T R 4 (2012
J) ) L ¥ B E) 6 S8 BE A 0.1 min, 58] K 20 mV, i
1 2 RS IE S A B VL LA LA EAE 11 R LY 1 S
FROUEE G5 LI 1. BT S3 B R I (5 5 4o
T S o M, e S3 A it I RIS = BR IR
T M A T P T A0 B U B TR (R
BT 5XT RS SCERTE B TR, HR A AR h L
AUEXS I o G55 AR 11 R e S &
T A 224 A BT A FR A SR LR 1,
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tracts of 7. chinensis

2.2 &ELIRBMXT HIc2 4%k E/8 SR GRS
1EH

2.2.1 ANMEEEFR B HOC2 4N B A R A R, A
10 % A 45 I35 i DMEM 15 2 56T 37 °C 5% CO.451F
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®1 SERRBUPULZRSIPIEINGR
Tab 1 Designation results of chemical constituents of

T. chinensis extracts

o (RENE, EATET
s min EM—H) IR

“HRET R

0943 1371562 CHO, 121 FHARR
%160 1813624 GHWO. 165,139,124 EFE
26680 1790681 CHO. 135 IR

|
2
3
4 31709 609.1469  CoHyOy 449,431,413 FFEE-0pL-FIMET
5 B508 5190705 CuHaOs 49,431,413 ZEE-0-f-DMEAKEHT
6 3613 H4716020 CH0, 41,413 A

7 151,125,110 W

8 e Z-3- - A T
9 HHIZ-2-O0-p-L-F LY

37847 1671126 CHO:
39819 463.1748  CyHyOn 303
40770 5931698 CHwOi 433,415,397

10 45071 5631514 CuHO 433,415 $ERIZ-2-O-p-D-M AR

Il 46646 4311615  CuHyO, 415,397,367 LS

12 50036 4631612  CyHyO, 303 LU

13 57927 1930236  CoHyO. 180,151,136 g

14 58615 2351713 CoHeO. 219 LR

15 68639  S311782  CublsOn 515,431,413 2/-0-(2"-HUETRER)-208ctF

16 7L026 2851624 CeH,0, 217,151 KREZ

17 72703 3951333 CublsOs 579,477,415 2'-0-(3" 4" -ZF)- TREALAF

18 T4IT3 5151682 CublsOn 433,415,397 2%-0-(2"-HUETEHFLHAF

19 78108 5450314 CplhO, 445,385 TR -0- (2 U TSR 26 i
20 82031 3011008 CeH,0, 179,151 %
2 8422 26091625 CeHOs 181,149 B33
2 90046 4551362 CuHsO; 439 FrERR
222 S5 CWEXTECE K IR HIC2 i L5 oM 13

21, 43 A TR E 6 R AR/ R AR R R RS R I
YI(S1~S11)4H . 1EH X R 40 AR % 10 % B 2E 13 1)
DMEM #5532 3T 37 °C 5% CO. 544 F 1555 3 h; B 4a/ &
AL JCRE G I YE A DMEM 15 57 55 F 37 °C 5%
CO..95% N Z54F T 15 5% 3 h i , P48 1F 8 % HE 4 2 1 45
7% 3 h R/ E A A BRI AL A0 M S 4 B 0.1 pg/L
(P 0 45 SR U, AR IO 31 ) 19 S1~S11 fikk
P 30 min Ji7 , P& IREEA/ 2 A A A5G TR

2.2.3  HIc2 M AETE R AT SR A MTT deAaill . 4
H9c2 4 il 4 5x 10°A/HLEZRIF 96 FLAR H, F 37 C 5%
CO M FHEFR 24 W, Fi0“2.2.27 T F )7 B4 4 b3 )
SFBIIAMTT R3] 100 pL, T 37 °C & FakL k55 4
h, 3 EI5W, A DMSO 100 pL, #%3% K2 10 min, i
FRALT 490 nm I AR AN - FL Y25 B2 (OD ), AN &
ML A 2 PR SR A R a8 4L, T A A7 15 5K - 4i i
176 %R = (RIS 4 OD{H/%5 4L ODH ) x100% . F4H 5
6 AL, IR T 31K

2.2.4  H9c2 41l il h MDA 5 & . ROS /K Al F i W
LDH &80 >R P ELISA B4 . ¥ H9c2 41 it 4
5x10°A/HLEEF T 96 FLAk T 37 C 5% CO 514 T 15
F% 24 h #2227 WU T it SRS | $5a0 S i B
B TERAE , R BT 450 nm K AR 4L OD
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{E, V5341 g v MDA 5 5 il ROS K- LU K B3 i vh

LDH i, IR 31K,

2.2.5 BAEALPE R AR I SPSS 17.0 Ff x4k

PTG . TR VTRILAX + s R0, 2 AR

FHEA IR R J5 225307 L A ) W LR A 3% . P<<0.05

RRZRAGIFE L BHAMEHYFATE R MDA %

it \ROS/KF- \LDH % f il 45 R L& 2.

*2 HHMAMMEFEZE MDARE ROSKF LDH

SEMNKRNER(xts5,n=3)

Tab 2 Determination results of survival rate, MDA

content, ROS level and LDH content of cells

in each group(x+s,n=3)

435 MAFER, % MDA, pmol/g ROS, U/mL LDH,U/L
EHM AL 99.98 £4.05 178034 1284022 40.58+2.66
/A 38694385 4660327 786085 16725+1068°
g/ G E+s14 5426£3.70° 3754028 5254033 135.07+883°
st LRk 69.65£4.02° 225£0.36° 3052028 99.58+7.13°
/B s34 75.86+3.99° 245£0.19° 288+042° 82.65£10.12°
/B A sa 4 78.69+3.82° 211£032 1.86£0.52° 80.2518.66
e 7096+3.72° 285+041° 258+041° 89274907
B/ +s6 4 68254 3.68° 3484050 3084027 101,36+ 10.82°
R ST 41654314 4484036 7144029 168.99+9.98
jist0 £ RNl 49.68+3.75 3994036 5954035 14680+ 12.48°
jisN0-£=EN El 92.58£4.08" 204£020° 1.56£045° 69.68+5.95"
/R +S104 85.69+4.96° 2.06+0.50° 1.77£038° 78.606.74°
R/ R RS 4 44694399 4154036 6.89+0.42 155.8849.58
SRR R HER, * P<<0.05; 5/ 2 A AL g, 'P<<0.05

Note: vs. normal control group, * P<<0.05; vs. hypoxia/reoxygen-

ation group, "P<<0.05
H 2 2 AT O, 5500 0 BR 41 H s, B4R/ AR 4 4 e

FAE 5 % 0 B4, MDA 5 it \ROS 7K \LDH %% ity
TR (P<0.05) ; 5/ SR 4L F A, PR/ 2 8+
ST G5/ A +S8 4L AR/ AR +S 1L 4TANH A - 414l
I B4 A R 04 B 2 T R MDA 5 2 R R AR (P<
0.05) ; B4R/ 52 48 +ST 2 B4R/ S 4R +S 11 AN AR 4
L ROS /K \LDH 75 34 8 P (P<<0.05) .
2.3 SEUUFZERSERONAMRE/E|RTGH
E-
2.3.1 GRA F|JH DPS-3.01 #f4 , M 48 410 o 77 3% %
MDA % & \ROS /K \LDH & i 14 4 e BT O W40
B2 I 2R BT B  INEGR B4 0 0.25,
A WA 0 T RS 5 4 A T B A ORI, 3 e X D

AR UEA AR AL e AL PR ST SR B IR, LU
PEAG A AT W 25 R0 ok, 45 R LR 3. R 3 mT I,
22 A AT WA T Xof L 1 A 2 B 435 2880 B B 38 R
0.8, BT HkHE 24 HI 9 7 i AT WA IR Iyl 6>11>4>5>
8>9>12>10>15,
2.3.2 PLS/MHT  FIJH] SIMCA-11 844, 43 Z2 4R B
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TR ZUERIG UG 22 A AT 0 T X0 10 A Ak 2

JS3 XL LA L e S 2 S 0 1) B AR E (R e

[l 2R EO IHHER A5 R I 4.

®3 SELERERY P 2 HFIESHHH GRA
&R

Tab 3 GRA results of 22 common peaks of different

extracts of T. chinensis with drug effects

Vs QA mn  RRE HF || B5  RENEwe RE
1 22943 08160 2 12 50.036 0.8639 7
2 24.162 08170 20 13 51917 0.820'5 19
3 26.681 0.840 1 12 14 58.615 08234 18
4 31709 0.8833 3 15 68.639 0.8478 9
5 33508 0.8822 4 16 71026 08304 14
6 36.133 0.9029 1 17 72703 08334 13
1 37.847 08159 0 18 74173 0.8432 10
8 39819 08734 5 19 78.108 0.840 8 11
9 40.717 0.8663 6 20 82.031 08268 15
10 4517 08570 8 2 84.232 08248 17
1 46.646 0.8871 2 2 90.046 08259 16

F4 SEEAERBRY P2/ HFIESZHHE PLS
DR
Tab 4 PLS analysis results of 22 common peaks of dif-

ferent extracts of 7. chinensis with drug effects

WE, L Gl
R L L
1 2943 =0.0101 20 12 50.036 0.063 8 7
2 24.162 =0.0159 21 13 51921 —0.0044 18
3 26.681 0.0369 12 14 58.615 —0.005 4 19
4 31.709 0.1021 3 15 68.639 0.046 5 9
5 33.508 0.0921 4 16 71.026 0.0317 14
6 36.133 0.1633 1 17 72.703 0.036 1 13
7 37.847 =00137 n 18 74173 0.040 8 10
8 39.819 0.0705 5 19 78.108 0.0387 11
9 40.770 0.0659 6 20 82.031 0.0299 15
10 45.171 0.053 6 8 21 84.232 =0.0011 17
1 46.646 0.1365 2 n 90.046 0.025 4 16

FH 2% 4 7] UL, 22 4> AT 08 i xof oy Ak 2 1 o3 X 24 3507
TUBRERE 5 GRA 25 AR—3. BRI 1.2.7.13,14.21
A, HoAR 25 06 SH0.0 LA B R A A2 S A T PR A AR AL
[ R B KT 0, BEBGIEAR DG ; sTmkHES /i 9 (2 g A
AR I 6>11>4>5>8>9>12>10>15,

3 itig

P SCIRAR 1A | 1% -ROC R G220 il 20007k,
WIAHZC /BT (GRA T RIS/ 18 L PLS AR, A
T GRA I PLS IR 430 1 4R A8 11 RO [R5 711
PRI Hh 22 A WX IV 53 5 B0 JILAH L e 4/ 5 4
15 (580 ISR R . GRA L FE TR R R 1
RIS R A IR BE R (H H: LR B 25 8 45 B A3 1)
B, AN RE SO B X 258 SR SR RS oA
SCCRA T PLS 5, i 005 243505 ik e 22 0] A AH O
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M, BT A B X 2 EE R

Pt SCHRARAE | 4235 A6 H 32 B RS A B 2 A 4,
HMAAG D R AE IR A PLRR (2 B P
G2 TR B 2R BRI i
2, i SR BOR WA O SR | MR Bk 7 1
BRI R I S R B A [y £ AR R T A
PEBAT OB A TR B T MR SR G . EAk,
ANV FUREAS [F] 284k 27 L3 BV AR AN ) an e % &)
VT Ak R, A B S T T A b, B
i 5 Vi e T i W BBl L BR LR P, R 5 AT
IRk B 2 B sl 0E T EE Y, W5 W R Tk B8O TR
A REHIE A5 28 A B R IBOR O AR SCEEBE T 42,137
AIFRECR 1 IR 5] T 11 RMEEW .

ARBRGTEHI VAN T 423548 90% 80% . 70% 60% .
50% £ FEFEIUI LA K A ik = A b . RO TR IET
fist K ZEFEBUYIOT O LA LR 4R 52 SR 1 F2 e R b 2
A7 R MDA % & \ROS /K- . LDH & & A2 . B
FEERERW], AR AT QIR L) e TR &
fi E T B K ZEUY X SR BRI B3

AHFFE T YR T 4348 11 P o 22 b2
By 3B AT E T I ek LA B AR B AR
PR AR F i 32 Ak 22 o) PTRE I 6 .11 .4.5.8
9.12,10,15, BPZE i AHJfIHF 2R K -2"-0-4-L-F 3
BT ZEE 2 -2"-0-B-D-ME I AKEAT iz K -3-O- i ]
BT AHI R -27 -0-B-L- - FUBE AT & 228k 4R
222" -0-p-D-ME I AMETF .27 -0- (2" -F LT P ik ) -2
17, BEONE A Y, $27m S AL BT LA I 6k
AU ARGTERITT BB S R A . A SCEkAGE , 28
BT A IR T A5 B 2 B O 4 S A Y T T M
A3, H R R AT — B O LB AR Y, 2E— 25
WUE T A ST B A S . O T B 4 3 A6 0O LBk
A Z800) ST LR 5Y | 4B A S FLPR ) Z2 48 b T ik
Pl br e 7 HA B E X

ZE b TIR, ZERAT (W 6) AT (g 1) L 2h
F-2"-O-B-L-F-ZUBETT (W 4) (28 B F-2"-0-B-D- ML A
WETE (6 5) M Bz 25 -3-O- I e 4 2 B 1 (16 8) L
F-2"-0-B-L- P FLRE Y (18 9) (4 22 Bk AT (05 12) (4156
% 2" -0-B-D- M W AMETF (16 10) . 2" -0- (27 - F 3T Pk
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