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Effects and mechanism of total alkaloids of Corydalis Rhizoma on the regulation of cuproptosis in rats
with diabetic cardiomyopathy
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University of Chinese Medicine, Harbin 150040, China)

ABSTRACT OBJECTIVE To investigate the effects and mechanism of total alkaloids of Corydalis Rhizoma (TAC) on the
regulation of cuproptosis in rats with diabetic cardiomyopathy (DCM) based on silence information regulator 1(Sirtl )/tumor protein
53(P53)signaling pathway. METHODS DCM rat model was induced by high-fat and high-sugar diet and intraperitoneal injection of
streptozotocin. Thirty-two model rats were randomly divided into model group, TAC low-dose, medium-dose and high-dose groups
(7, 10.5, 14 mg/kg), with 8 rats in each group. An additional 8 rats were assigned to normal control group. Related drugs or
normal saline were administered intragastrically in each group, once a day, for 4 weeks. After the last medication, the fasting
blood glucose (FBG) levels of the rats were measured. The levels of myocardial creatine kinase (CK), creatine kinase isoenzyme
(CK-MB) , and lactate dehydrogenase (LDH) in serum and myocardial tissue of rats were all detected. The pathological
morphology, fibrosis degree, and Cu* deposition of myocardial tissue in rats were observed. The levels of Cu”and glutathione
(GSH) in myocardial tissue, the expressions of Sirtl/P53 signaling pathway-related proteins [Sirtl, P53, solute carrier family 7
membrane 11 (SLC7A11)], and iron-sulfur cluster-related proteins [ferredoxin 1 (FDX1) , lipoic acid synthetase (LIAS) ,
aconitase 2 (ACO2), NADH-ubiquinone oxidoreductase core subunit S8 (NDUFS8), dihydrolipoamide acetyltransferase (DLAT),
dihydrolipoamide succinyltransferase (DLST)], and heat shock protein 70 (HSP70) were all determined. RESULTS Compared

with normal control group, the model group exhibited
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NDUFS8, DLAT, and DLST proteins in myocardial tissue were all significantly decreased (P<<0.05) ; the myocardial tissue

exhibited severe pathological damage, with numerous inflammatory cell infiltrations and significant fibrosis, as well as increased

deposition of Cu*. Compared with model group, most of the above quantitative indicators in rats were significantly reversed in TAC

groups (P<<0.05) ; the pathological damage to the myocardial tissue was alleviated, with reduced fibrosis and Cu* deposition.

CONCLUSIONS TAC can ameliorate DCM in rats, and its mechanism of action may be related to activating the activity of the

Sirt1/P53 signaling pathway, promoting the chelation of GSH with Cu*', and inhibiting cuproptosis of cardiomyocyte.

KEYWORDS total alkaloids of Corydalis Rhizoma; diabetic cardiomyopathy; cuproptosis; Sirtl/P53 signaling pathway; iron-

sulfur cluster
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A, ULBRAE S JH Y 7 1 (silence information regula-
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I GSH 195 i, 2 A O L S b ik 230 B3 A Cu™ L 311
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Tanon EPS-300 %4 1 3k {¥ , Tanon-4600 5 #E Ji AL 1% 2 45
B0 [ F iR RERHECA PR A ICEN-24R A 65 2 5y
R B DAL [ BT BB A BR A ]
1.2 FEARSAF

TAC (4 )& 85% ) 2B e VT H B 25 K2 5L 5 sl vp
OB 5 7 40 (Timm ) e 60307 o J8 e VT B 2 K 2 fi
5 20 e S 5 A 4 I 5 B IR 44 TR & (streptozotocin,
STZ) .ECL At & (5705 s MB1227 MAO186-1)
B B RKEECEDBEARARA R AR it
435124 20220308 20220608 ) 41 [ I ¥ B A Ak 5
A FRZ AL 5 B (Masson) e (357 & (4145 202410922)
W B AL TRk R R 7] 5 SR Sirtl P53, S
EIR ARSI (dihydrolipoamide succinyltransferase,
DLST) .GAPDH ,B- L3l 2 1 (B-actin) HL A& L BR i
FALYIE MG L E TR eIk B G ZHi Gt =52l
A bs-0921R . bs-2090R . bs-13008R . bs-2188R . bs-0061R
bs-0295G) B [ Jb 5t 1 B 2R A= My BoRAT PR 7] 5 A i
B R G 3RAR T R 5% 11 (solute carrier family 7 membrane
11, SLCTALD HiAAk (L5 4000000753) Iy [ i 2 1 2
SeAE YRR R ) 5 IR AL B M 1 (ferredoxin 1,
FDX1) . 2 BR & m i (lipoic acid synthetase, LIAS) £k
B A 5 SL R B 2 (aconitase 2, ACO2) . AW E1R £, Ikt
5 #4 i (dihydrolipoamide acetyltransferase, DLAT) . #A/fk
55,45 11 70 (heat shock protein 70, HSP70) Hi A (41t-5-43- 531
>4 FNab03066., FNab04772, FNab00088, FNab02404 .
FNab04049) ¥ F i{UAE B AP RHA BRAA H 5 iz
ikt 45 Ak 340 Ji i A% 0> 7 3 S8 (NADH-ubiquinone oxidore-
ductase core subunit S8, NDUFS8) Hit{4& (it 5 #DF9672)
W H VL5 R R o O A BR S 1 5 LR 7 (crea-
tine kinase, CK) . CK [A] T.# MB (creatine kinase isoen-
zyme, CK-MB) | F, 2 Il & [ (lactate dehydrogenase,
LDH) ,Cu™ , GSH it} & 1205 & (4t 735 g A032-1-1
E006,A020-2-2 ,E010-1-1 ,A006-2-1) 344 [ 7§ 5% & il A=
V) TR
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R (180+20) g, 4 F AL TR A AW H AR By A R A
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PRI TE AL IN ™ 5 i — 20 e w IOk B I G 0 R B L
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TR R 2 F5 5], 2] DCM AL 5 A T ™, X, 35
HOR B A Ry, AL 32 H 23 A1 ZH (Model
ZH) \TAC &5 40 (TAC-L 41) . TAC 7] 4 (TAC-M
) TAC =740 (TAC-H4) , BE4H 8 H, B8 H K
B DA IE 5 TR R R N IR # X R (NC 41) . fk3E NS
SRR AR S G RGN, T 25 A AR TR 4 i S A
75", TAC-L \,TAC-M . TAC-H 41 K Fl43 I 5 7.10.5. 14
mg/kg TAC IR B ; NC . Model 2H K FLHE B S5 (R FH2E 23
KGR VIR ESE AT . 556, 425 AR B NC 4141,
H 2 AR BAT IR o M e WD R 5
2.2 KR FBG7KFE4

Ry Ie  Krl 45 2L K R FBG 7K F- .
23 XKRIMF . OALELRAF CK,CK-MB, LDH 7k
i

YR, ALK RURBARBUMZY 0.5 mL, B0 43 &5 Il
WA RIRG A G, R BRIE IS 2% 5 240 (3
mL/kg) #EF7RRE , 18 32 Sl KER I 24 3 mL, 5.0 3 85 I
# Mo BIEARFER R BOOE  ES IS LS, —&8
DLHLUE T —80 CCURAH AT, — &R O N2 E T
4% 22 5 W [T 2 o IR 2H R B 2 TR 45 24 ) I3 DA
RZRAFR O WV 208 e, 23X 7) B 1 B 5 v ) H v
CK .CK-MB ,LDH /K,
2.4 KROINARRBEZERS FENLEER CuiTil
gL

WA R BT 4% 22 58 F I v [ 5 10 0 LA 27 7
HHUK B AR B ) A A T AR R
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%41 (HE) .Masson ., Timm 4% {5, , 5K 1 15 s WL K
UL WL R PR A AR A AR B LU Cu® LR L
(Cu” & X 25 Y A R A BORLIR B SCRITTRRD &
25 KBRWOAELRF Cu* GSH K F N

B AR R AR O WL 208 =, #0850 & Ui i 45
Jr A KO LA 2 Cu™ .GSH K-
2.6 KEOAALA D Sirtl/P53 15 S @A TFEHE X
EA K HSP70 RiEK TN

B R R AF B O WL Z0E =, A U5 BF
JER R T, B0 BRI, M SR R B T
B, BUBMER ARG T T SR R - SR T
S5 Tk P B S FL UK, 5T 200 mA 8 37 45 14 56 58 5 LA 5%
Wi BE Wy £ 2 h, TR Sirtl P53, SLCTAL1l ,FDX1 ,
LIAS .DLAT ,DLST ,ACO2 ,NDUFS8 .HSP70 —# (% B
FE¥IH1:2000) T4 °C &M PR LA K H  INA—
PUFBEE A 1:5 000) TS5 T F 90 min, RH
ECL %52 , B TBEIS AL, B Image J A4 At 45l
JKEEAE, UL B B H 5 W28 H (GAPDH 5 B-actin) [
JREEE LA B &R A R R K.
2.7 FitEFIE

K JH SPSS 26.0 4t 11 43 A1 4% 1 ik # R H . R
Shapiro-Wilk 15347 1E &M A KL 36, X FAF & IE A5
TR TR X + s R, Z41R FLBCR F R R R 7 2
ST, ZEL TR LR LSD-e A3 . KT K i =0.05,
3 H#R
3.1 AR FBGKEHKMNLER

ENC4H[(7.53 +1.58) mmol/L]#H I, Model 2H & ff.
FBG 7K F[(17.81 +2.16) mmol/L] & & FF &5 (P<<0.05) .
5 Model 40 1., TAC-L \.TAC-M . TAC-H 2 K i FBG 7k
F[(13.88+1.59) . (12.26 £0.87) . (11.48 + 0.97) mmol/L]
¥ 5 2 REIR(P<<0.05)
3.2 KRIMiEH CK.CK-MB LDH /K64 R

Y525, 5 NC 4H EL , Model 411 TAC 4871 41k
B I 3% 7 CK. CK-MB. LDH /K F ¥ i % 71 & (P<
0.05). %24, 5 NC AL, Model 41 K FUIMLTE H CK
CK-MB LDH /K3 i 2 55 (P<<0.05) 5 55 Model ZHAH
ke, TAC &5 2 20 K Bl % H CK . CK-MB  LDH 7K -1
L ERR(P<<0.05), 45 MFE1,
3.3 KROAELH CK.CK-MB LDH 7K & 45 5

5 NC 4 AH Lt , Model 41 K B0 LA 2 rh CK L CK-
MB , LDH /K ¥4 i 2 7155 (P<<0.05) ; 5 Model ZH A L,
TAC £ 7 1 K EC LA 2 H CK . CK-MB LDH 7K -3
T EERAL(P<0.05), Z5RMFE2,
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®1 {AKRRMPBH CK,.CK-MB,LDH K F Lk &

(x+s,n=8)
. ) AR
. CK/UmL) CK-MB/(UL) LDHAUL)  CK/(UmL) CK-MB/(UL) LDH/(UL)
NCHL  046%005 10631196 6251129 0484004 1213185  675%081
Model#l 1634013 30734376 1574199  L75+010° 53734486 2024%127

TACLA 1554008 37074643 1497+146°  12040.10"  27.571461° 11474149
TACMAL 1574007 33384435 14284253 1014009 22884344 9284065
TACHA  155£001° 31541097  1419£215 0674009  15.04£249°  7.19£086°

a: SNCZAI L, P<0.05;b: 5ModelZHAH [t , P<<0.05,
F2 HHAKXRONELH CK.CK-MB . LDH K FEEE
B (x+s,n=8)

il CK/(U/mg prot) CK-MB/(UL) LDH/(Ulg prot)
NC4l 127£0.07 376211448 2929411495
Model 41 220£0.13 668.81+284.24° 3574240047
TAC-LA 161£0.33 20482+ 119.11° 302591825
TAC-M4 1.58£0.19° 153.54£6897 302.14£21.42°
TAC-HA4L 1.56£026° 5225+40.02° 299361 17.02°

a: 5NCZIAALL, P<0.05;b: 5Model 414 1, P<<0.05.
34 KRONALREFEEEURER
NC 2K B WU B ZE A AR B0 , A0 ML HED B 5%
Y] BRAL /)N s 5 NC ZHAH L, Model 20K B0 ILZH ZAT
UL B S AR 5 , O VAL USSR s , A0 HES 2L, S

VA2 0 it T 8 R, 2 MO [ 4 1 22, A I B O 44

.l B. ModlZE
BT RAEANMTIR I 5 B E Sk RIS

A.NCH

A NCH

B. Model 4

BT URICY

SR

~ . .\ ¥
e T i
e ,

C. TAC-L 41

K, H I 2 R AE 40 M= 5 5 Model 4148 Lt , TAC %
e 2H K R0 LZE 200 3851 47 I Jeb el %, 200 2 5 A A %
SR, AR MHES R 55, 4 AR BR )N , S/ 5 0 4 i
2, SR WA 1,
35 KROIMBRAHENEZENRER

NC 4H KO WL TCLT 4B 5 NC A,
Model 41 K FLC FILZH 23 B0 AH S i) il o € s SR 7 4, L
Pt ANH45] 5 5 Model 41 #H e, TAC 4571 12 2 K RO AL
YL 1 W (0 i ST A4 34 B /L, L B A X 3 )
ZERILE 2,
3.6 KEOAAEL CuinfAMELER

NC 4K B0 A ZULFJE Cu™ Ui 5 5 NC 4141
Ft , Model £H K B0 ILZH 2R Cu™ ULARIE 22 5 55 Model 24
Fb, TAC 4857 40 K LD WLZH L Cu™ LR b . 25 51
DL 3,
3.7 KROAALR S Cu* GSH K FH 45 R

5 NCZAHLL , Model 2H K L LZHZ P Cu™ 7K
It (P<<0.05) , GSH 7K °F- & 35 B Ik (P<<0.05) 5 5
Model ZH A Lt , TAC 4571 2 41 K B0 LA 20 Cu”™ /K-
1 8 E R (P<<0.05) , GSH 7K F- (TAC-L . TAC-M H [
AN B ETFE (P<0.05) ., Z5FILF3,

E. TAC-H#

2 BAXBRONBARFHEUEENRER (Masson )

D. TAC-M 41 E. TAC-H#4

3 BHEXRONAR CuRARMBLER (Timm )
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®3 BAXBROIEAR Co GSHKFELL R (x+5,

F4 BAKRROHERF Sirtl/P53 5 S 18 B 18K

n=8) HEHEHXEBRIEKELER (x+s,n=8)
Eibl Cu¥/(pmollg) GSH/(pglg) il Sirt1/B-actin PS3jBactin -~ SLCTAllfB-actn  FDXI/GAPDH  LIAS/GAPDH
NCH| 316109 10794247 NCH 1391148 0484004 0934020 0331003 0561004
Model4 9174185 6334157 Model#l  030:002  LIE0I®  03£001 01400 030+00F
TACLA 5684105 647103 TACLAL 0891005  084£007  042£004 0204001 0434002
TACMA 375069 810122 TACMAL  LIST01Z 064068  0Q21004  020400° 0494001
TACH] 2944069 883+ 159" TACHAL  LI9H00S 0482041 LI4T004 0274007 0661000
a: SENCAUIHL . P<0.05:b: 5 ModelZLHI H. . P<0.05. Al DLATGAPDH  DLSTIGAPDH  ACO2GAPDH NDUFSSGAPDH _HSP70/GAPDH
NCH 038£003 0491003 0611004 0481003 0224001
|§_§| . = . == oy .
3.8 KROALALR T Sirtl/P53 15 S 18 B A KT X Modell  0ITHO0F  03£002  035:00F 0200 000
E ALK HSP70 FRiAK E#NLE R TACLAL 044002 03600 041£00°  060£001 0614000
\ . TACMA  057:002°  052400°  060£002 069001 0334003
5 NC 4 Model 4 SO LA 2E P Sirtd
9 AR K BLG LA TACHA 0582002  05800° 0704002 071001 0324000

SLC7A11.FDX1.LIAS.DLAT,DLST.ACO2.NDUFS8
B R IRIKOF 35 18 3 B AIK (P<<0.05) , P53 \HSP70 & 14
FIR KO BT (P<<0.05) ;5 Model 414 [, TAC
2 AR B AL 2 b 3R B Rk /KO- 1 3 3
(P<<0.05). 5 ULIE4 .34,

sirtl ‘- M 82 kDa

SLCTALL ’ — - 5—‘-‘ 55 kDa

o |
- —— ol

NC4l  Model 4l TAC-L4] TAC-M 41 TAC-HZ
A2 Sirt] (P53 SLCTALL#E

DLAT‘- — ————  — —‘ 70 kDa

DLST\L- - - - 41 kDa

AC02|- e e NS -‘ 85 kDa

NDUFS8_ -— D --- 24 kDa

HSP70‘ — - - ) —‘ 68 kDa

NC4  Model4] TAC-L4l TAC-M#4 TAC-H4

B..MLZH4H FDX1 LIAS . DLAT .DLST
ACO2 NDUFS8 .HSP70 % [

B4 FHKXBROERS Sirtl/P53 15 518 B EKER
HEHEEEA R HSPT0 Rk R E X E

4 itig

DCM & 1 RN 2 FUA PR 1) F2 29 ol 2 —1, L
G HIGYT 722 R 25 I AR O E T TR 2Y
Yl e = AR LA TSR 259 . TAC 2—Fhrp 2l
PRI , H AT B E AT Co LR 1l P 1 403 7 A
AL LE R I, TAC A 5% DCM K BRC LA 2L 3
03 , FEAG 0 L4 20 CK  CK-MB  LDH /K-, 1% 3 1]
TAC X} DCM KA — & B UGEEH . BT, DCM )%
ML i AN WA, 5T 2 B, DCM E 2 4l s i 3 1

LIAS
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a: 5NCHM L, P<0.05;b: 5ModelZH M 1L, P<<0.05,

B, FECL LA P Cu® e B 5 T, e 23 B
OAHHIZE T, 3% ] Cu™ Fa 25 2 45 7] fiE /& DCM f9
IR . PLIRAFSE T, Model 21 K BUC ILZH 22
Cu” 7KV 3 3 F NC AL, X 5 Z Mo 45 51— 5

Cu” TELRRLARIT W Bt 42010 By A0 RN A 9 45 i 5 o 2
PR R A OCHAE Y TESE T R R
Cu” & HIE S 54 AW — RRIGA B -E B L
4 DLAT Ff1 DLST 4545, FHOX 26 1 & A 52 R4k, ki
RELAS: = FR WA B (%) 1 & BEAT 5 [T , At A A DG 2 1 B
fiff ] 1 — 2 R e S AL B R LU A — SRR ER R B
TR RE AR B, 5 | & B TSR M R A B A T
FERL LT, HSPT0 2 KB ek , i i ANFE il , 2 5
YRS, ST DCM B #T 5T & B, 24 DCM i
BE T AR ), R AH G AR H FDX 1, LIAS . ACO2,
NDUFS8 i A AT FEARY . ARWFoE 25 R L B, AR T
NC 41, Model 20 K R0 UL SR R B AH G2 1 Y ek
KOV ¥ i 2 AR, HSPT70 235 /K7 i 25 T i, X 3R W]
Model 41 K B Zr (A Qs b 90 S8 0 HLR A2 T &R
P N I o

P53 1] DU HEAS [F] 2R R0 9 41 g R e PR T, Ho 4%
M T PE S Cu® RS — 1 e R AR R
FER Cu® nl H] P53 23k, 1 e v B2 1) Cu” mI P P53 Jf:
RN IE TN, S ) P53 AT SLC7A4 11 HEPH 1%
SE, DT 98 /0 e 201 1 4 B, 53 GSH A 32 B
GSH J&—Fh e S N IR A 25530, HoK PR 2 (i 20
JitL TG A R B A B 0 Cu™ , 9 — A S B Cu™ Mk 1
T FHIFET, Sirtl J& NAD WK 1) 8 1 25 Z Bk
AT, A 2 3R T8 AT S0 A DR e K BRI JUE 2 B
Sirt] A LA P53 7E K328 {37 5 i Z AL, 42 E P53 Y
R, BRAR O LA AL FE T 5™ ARBIFGR S SR R B, &
TAC THiJ5 , KEO U ZU Sirt] LR AR SR
192 5K V-2 TF 5, P53 HSP70 & 14 14 #2 1k 7K - 2 %
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i, GSH K- Th o i $71 , TAC RJ I Sirt1/P53 {55

1 B L R E GSH 5 Cu™ 9SS VR T, DT 2 kit

PRAR SRR AT 55 2 1 BT M B, R 2 OB AR SR T AR DG L

JLAB AT o

Zi L PriAR  TAC Al 235 K B DCM, HoA B AT fig

L5 Sirt1/P53 5 5 il B G, (e GSH A5 Cu i &

VERT, A Co LA B T T 6

Sk
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