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Mechanism of Kudiezi Injection against myocardial ischemia based on
metabonomics in rats with myocardial ischemia
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Abstract: Objective To clarify the protective effect of Kudiezi Injection (%% F¥E 47 on cardiac tissue and explore its mechanism of
anti-myocardial ischemia. Methods Isoproterenol (ISO) was used to establish the myocardial ischemia model in rats, and the protective
effect of Kudiezi injection on the heart was studied by comparing biochemical tests and pathological tissue sections. In combination with
UPLC-Q-TOF/MS, an untargeted metabolomics study was conducted on rat heart tissue and plasma samples to obtain biomarkers and
metabolic pathways for ISO-induced dmyocardial ischemia. Results Kudiezi Injection improved the pathological changes of rat heart
and decreased the contents of AST, LDH and MDA in serum. Compared with the blank group, 11 heart biomarkers and 10 plasma
biomarkers related to myocardial ischemia were screened, and MetaboAnalyst pathway analysis found five metabolic pathways that may
be related to myocardial ischemia. Conclusion Kudiezi Injection prevented myocardial ischemia by regulating glutathione metabolism,
glycerophospholipid metabolism and linolenic acid metabolism. This study not only provided the basis for elucidating the mechanism of
Kudiezi Injection in preventing myocardial ischemia, but also provided reference for the rational clinical application of Kudiezi Injection.
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Frf K BRI IE NI |/, R4 T ARtk )
TERHK. ¥ KBBR8 4 H, BHE 15
o 25 D8 SCHR I 45 4 I S S PR 77 B4 )y 215101,
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*1 BFHEHRRAHFE. HFXKRAE
Table 1 Dosages, ways, and time of administration of each group of rats

20 51 4T Pl 425775 Y52} 1]
X HE A B ER K 1 mL ip F1RIFESZ
T ISO 5 mg-kg ™ ip 12 RIFURA 2
KDZ KDZ 42 mLkg" ip #1 RITIREE 2, 58 12 R4 T 1SO
IoF 1 ot HER FFEIE IR 10 mg-kg™' ip 510 RIFIR% 2, 55 12 RET 1SO
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FH R TARIXG TAHRLZ5) 30 min J5, 10%
KA SR R 5 I8 E B KA, 2 mL BB,
3500 r/min &5.0» 8 min B.0H_EIE, HF 4R AENT
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min B EIE, AT EEAREA IR . 1 ESKIX
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A T 10% H B R A7 TR B U, 3
RS E T WA AR, TR
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R A B 3 A A A e 1 iE L0 IR i &
(lactate dehydrogenase, LDH) FIRAZIRE LTS
(aspartate transaminase, AST) F&, RARFI&
R I 2 ALC I ZH -0 MDA (malondialdehyde, 75
—B) e

OAFH LT HE Yetty, WMERZW5T % KR
OFHRBAGIM. HE Jetaidf2: BiKaiEy)
FG, ZHIRBE. K. FFARFESE 10 min,
b B WK ZHFEH . PERRR
B (4 pm 5D M, SR 5 465 B AR T W
FRFOERRELRBL, X 3 B AT A, 3t
17965 TS B R ZUEV AN
24 KHEFMR
241 FEAHIE

(1) MRFEAS % FIRME, B 100 uL MK,
HIN 300 uL 4G, OK/KH S 10 min, IR BEVRS,
PL 13 000 t/min. 4 CEr 15 min, HX 100 uL i
BERE AT o RN MRAEA R I 20 L TES O,
WHEIR G, %M E R #6245 i 3% B2 (quality
control, QC) FEA,

(2) ODFHLREART & SWMAHR, BTHIHR
5], £ 100 Z 5500 200 pL HA I EF KA1 . BL
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7 10 min, LA 13 000 t/min. 4 CESL» 10 min, HY
B, BRI, IR B R, e, 5
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% D IEH A QC FEAN,

2.4.2 UPLC-Q-TOF/MS 7 #r4k4t:

(1) i F: itk ACQUITY UPLC BEH
Cig (100 mmX2.1 mm, 1.7 pm), AR EN 0.3
mL/min, ¥4 40 C, #HFEE 5 L, WA 0.1%

HIZ-7K (A) 1 01%HREW-2.0E (B). BREEHE
it 2 1F: 0~0.5 min, 1% B; 0.5~2 min, 1%~50%
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ITITENGH FE 5%, AR — QC FEARWE, 43 WIfE
0. 4. 8. 12, 16 h A/ Hr, BEALIER 20 /i
U, ST AU R BE I IRD () RSD B, #EATAEA
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P ] AF L E M (variable importance, VIP) >1 f
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0.05 bRt i 1% 22 5 A W br 540 6 HdE AT M ot
€, JH I 5 R B s, BRI A
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Yo geah, @ R RE MR B A
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AT DCACANERAIE , [R] B 40 W K e AR ZE At o0 JUL Bk AfiL
BHZWE X8t MetaboAnalyst £ JF Chttps://
www.metaboanalyst.ca/MetaboAnalyst/faces/home.
xhtml) HEATAC 8 B
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1 BRERBEMEITHOEWL (X£s,n=6)

Fig. 1 Changes of biochemical indexes in rats of each group (x+s,n=6)
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Fig. 2 Pathological changes of heart of rats in each group observed by HE staining ( x 200)
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C http://www.hmdb.ca/ ) % #i & . Chemspider
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B Wit WK 6 Fon, (OHEHZUR K
FEAR B REA B bR B 28 1AL Carea under
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3.3.5 KDZ X0k 2H SURN I 2% o AR Wb E A (5
M KDZ A DA 2 AR O AE L 2R PCC18 & 1/18 ©
D BKF, BFEWEFTIME S LysoPC (20 1 3). K
TRERG . RESTRPIIR . LA R PR AR A
LysoPC (22 :6) HI/KF. KDZ X020 2R A 2%
H AR DB LR 2.
34 KEHBERESH

W 0 12 2 I A= VbR BTN MetaboAnalyst H
HATEEE T, ARWE 7 R, EZW RRRER
AU B BEH AR H B e AU B A AT
SRR A G RAERGHER . H e A A
JEH IRARE ) 5 8L RSOk RV, BEFUAS AR
O JYLER I AT B2 FR AR, AR X KDZ
3 3 s DA 3 B st O ULl i 2 S 4
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Table 2 Specific information of biomarkers in heart tissue and plasma

‘ o s RN EE RN EE
B gmin TEE KB RE AFR (U v R (KDZus B
(m/z) (m/z) (X107%
OfE M LhE M

1 1.02 2041236  204.1220 7.84 LA CoH;,NO, / N / 1

2 1.58  308.0916  308.0902 454 BIHBL C1oH7N306S v / T /

3 224 2801525  280.1529 -1.43  COJRBEATE C13H3NO, 1 / 1 /

4 269 317.1883  317.1880 095  o-TEHRMR C15H300, 1 / 1 /

5 278  810.6013  810.6029 —-1.97  PC(22:4/16:0) C4HguNOGP 1 ™ !

6 290 5683379  568.3363 2.82  LysoPC (20:3)  CyHs,NO,P 1 1 1 1

7 331 3472222 3472208 403 KT Cy1H3004 v / 7 /

8 476 4762753 4762752 021  LysoPE (16:0)  CyHyuNO,P 1" / ! /

9 478 5183223 5183212 2.12  LysoPC (16:0)  CyHsoNO,P 1" / 1 /
10 495 3183008  318.3005 0.94  THYIHEEE C1sH3oNO; / ™ 1
11 524 4742597 4742587 2.11  LysoPE (16:1)  CyH;NO,P 1" / ! /
12 554 6062962  606.2915 775  LysoPC (22:6)  CyHsoNO,P / 1" / 1
13 581  249.1830  249.1825 201 HWERER C14H560, / ™M 1
14 6.23 5223560 5223558 038  LysoPC (18 :1)  C,HsNO,P 1" 1 ! 1
15 627 4003427  400.342 8 -0.25  L-ERAEM: A5 Cy3H4sNO, / 1 / 1
16 7.15 3242878  324.2859 586  HHEEE C,5H30NO, / " !
17 792 4663299  466.329 3 129 TlEEE P C,sHyNO, / ™ 1
18 1126  786.6013  786.601 5 -0.25 PC(18:1/18 1 1) CuHgNOGP A / 1y

Lyt E: "P<0.05 TP<0.01; SEEMALLE. P<0.05 #P<0.01 "P<0.001 1-&E BT |-EETHE

"P<0.05 "P<0.01 vs control group; "P<0.05 #P<0.01 "P<0.001 vs model group 1-content increased |-content decreased
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Fig. 5 Cluster analysis of biomarkers in heart tissue and plasma samples
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Fig. 6 ROC curve analysis in heart tissue and plasma samples
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Fig. 7 Enrichment analysis of biomarker-related metabolic pathways
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MLV R R AN 8 R A W) & U B
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A RO WA A 7= A e B R 9 1 S B AR
BT REIR TS, IR A S Brse b P, M
S AR B 1 — RSO e TR
P R G AT DL RH 1 20 i N VPR AR R A e
JRAE E R 20 10 18 AR BTG B PR L EAE A, 2 Nk
HER AT PUEAARIRIE IR G2 7], w]
WAL R R G KA IEAE R, BOESEEEE, M
BB B A ARSI (AR A AR IR
Ut A E A, R H0y), IR K
&R A8 TG DA A B AR, kA 2K
A AR AT AT AT AR 0 B 4L 4
WA EH KK B B R FE, KDZ w4 bk H kK
FF R, R KDZ n] PARRAR G I 4H 2R 1R A R T
SNAS
4.2 HMBBE RS

7 I % RS 6 RE 5% ( lysophosphatidylcholine ,
LPC) KYIFi2—RBNRRYIBT, AW B
HEH sy . LPC F Z A 2 B 5 g A2
(phospholipase A2, PLA2) S FIBEAN M 2% b &

1 DN A i E ] e 5 4% #2 I (lecithin cholesterol
acetyltransferase, LCAT) ALY, 7RG & e id 18
i, ER AR C (protein kinase C, PKC) &2 #
WoE, PLA2 JEVESEIN, DR bt 2R 7 i A4 B3 g 1 AR
B LysoPC (20 : 3). LysoPC (18 : 2). LysoPC (18 :
1) & & 8 F K. B R B MW
(phosphatidylcholine, PC) £ PLA2 /Kf#r=E LPC,
EF e R P e B AR Y, ARIE RoR, LPC
KW B B AR S LAR G | S S B IROE AH O
Kt LPC HE45- OISR ILLE A 1V 2 5000 A 2 1)
BERPPL, ML F KR IS0 I, ORI,
T RATETESE E 2, (reactive oxygen species,

ROS) AliEMH% H B3 (reactive nitrogen species,

RNS) HIARL, Bl A A A SOBOKF- & A2 324k,

NUR BT R g kA, T E00 L4 R
B [ RR FE ( 13 495 0270, 8 1 LysoPC 1] g%
92U JUL SR A o PR JSRE S 200 LR T RO U Wi 4 T
RS, YEIRIE, LysoPE #iA v/ H 1 Ho
KHRRBT, FE ARSIk EE L B0 O UREFE R BRI
SO 2. A AR, XTI,

B ZH K R0 EZH A LysoPE (16 © 1) LysoPE
(16 1 0) FEEFEMEIN, KDZ nJ4E¥F LysoPC. PC
AT LysoPE 1 7K 15 A3 20 K B IfL 3% PC(22 :
4/16 : 0). LysoPC (22 :6) W& &SN,
KDZ ] 4E¥§ LysoPC. PC F1 LysoPE [¥]1E# /K°F,

B KDZ AT 2400 L i 399 5] H-yoh 825 A 356
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(RIARE 1
4.3 TRRERM

o- MV BRIR A2 — M B A o S i 1 B AN TR T 197
B, IR ARFIAF s A s & &, i A 5)
K FEREAL T i, AT RO IS T L LR
BRI R AR, MR s . SRR, SR
SNIKEE N E UM, MEF &, SECERN o
FRER () & & T B 423145 T KDZ IR CIEZHZR
W o ERRIR 1) 7 AR R A /K~ T, 3R] KDZ
AL B o~ BRER KP4
44 Hfth

KDZ {EIRTT i O O8R5 2] 1 2 IR,
BN TR, BnmE, BIRECH,
PER RS2, AR MRS, ST eE
PEIR, HAFAT 4 5 AR OV R 0, T Bk B
KDZ EE S AR, AYIRIE. 52,
B A BA R ORI G  FEmbLATE R
H R /IIVER, nTA R o RE KA L, 0
Bl AR T B, AL WL W 4 &7 5k e 7175 31 2
%, WHHEABGIEN, &Sl S .
KDZ 1 HETERRAE R AT g 5 2570 e A S 2
Ao SCRRIRIE, Bl AT 4 S A BT AL B R 1
ERR B AR RIE R . R R AR A
BRERAPTEATENE, A R PEME A E R 582 B
HAERNA PR PRACIHREIRE, $UE LA AP e
IVER o A LIRS )5t e % 4] i /i ) SR AR 26
H, BRMEEK, HAMHASERGR R B ER,
BT B . BB FEREAL AN AR b S DL Cofigg
IR AP

B e EAZ A M B 1 B A R A, BE AR ISR
VIR B RSy, RS S AR ol A
FHPY . B KT o 2 B A e i/ P e it 0
WEUSCHE S 9635 S AR T . AR YRS T S
LRI R LRI E AN 3 (Caspase-3) FIUREA
Mt 2ok E FAIRE T . AR ER, 5X A
b, HEALAH R BRI (R 2 R A A KT
T, GO RN 75 55, AT IE O UL
$ii; 1M KDZ FFARAREE R G0 FAl B AR T KRR I
WA BV Y B KT BB 5 o LA 4
A RR O WUER I K B AR P9 R 5 B 7K 7 B
KDZ 2H Bz 5B 7K - [l , 3B KDZ W] i [a] i f
JR B K SF P O LR I PRI o A2 4 W g AR
BT S T AR EY, £S5 RITTR A

AN = RGBT RS
SRR E R ST, W5 0N T
KgAK R.

zi b, AHFFCIET 1SO 37 K B Co LB AR 7Y
PRIT KDZ Lo L I 453473 K BRU AR o I LR 4 4
K UPLC-Q-TOF/MS i ARMRHH 7504, R
T WLk LB AT RE AR AL DL S KDZ T L ALk
M ELEAE R ALE . @i 2 e 8e 20t 70 7l 9 e 43
B 11 AR SR 10 Mg brEY, HAEH
P RRIR A . A B H IR HImBEAEACS
KPR EDAE R WIS . AR
B KDZ il CoILBR I ff7E F ML B2 b B 1)
i KDZ HI R & BN P2 255 .
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