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Glucosamine inhibits cardiomyocyte death induced by myocardial ischemia/

reperfusion via OGT-RIPK3 axis

DENG Li, ZHOU Liping, SU Jinfeng Department of Cardiac Function, Jingmen People’ s Hospital ( Central
Hospital Affiliated to Jingchu University of Technology) , Jingmen, Hubei Province, 448000, China

[ Abstract | Objective To investigate the regulatory effect and specific mechanism of glucosamine
(GleN) on cardiomyoctye apoptosis and necroptosis after myocardial ischemia/reperfusion (I/R) injury.
Methods Twenty-four male SD rats (220 ~250 g) were randomly divided into sham operation group, I/R
eroup, I/R+GleN group (GleN group) and I/R+GleN+OGT-IN-2 group ( GleN+OGT-IN-2 group), with 6
animals in each group. For the mice of the I/R model groups, the left anterior descending artery was ligated
for 30 min after thoracotomy followed by perfusion for 3 h, and then the injured cardiac tissues and serum
samples were collected. While, the mice from the sham group were inflicted with only threaded but no
ligation. HE staining was used to observe the severity of myocardial tissue damage, and ELISA was employed
to measure the contents of serum myocardial injury markers CK-MB and LDH. TUNEL assay and
immunohistochemical assay for mixed lineage kinase-like ( MLKL ) protein were applied respectively to

measure cardiomyocyte apoptosis and necroptosis. Western blotting was performed to detect the protein changes
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of p-RIPK3, t-RIPK3, p-MLKL, cleaved Caspase-9, cleaved Caspase-3, and N-acetylglucosaminyltransferase

(OGT) in myocardial tissues of each group. Results GlcN treatment significantly improved the severity of

myocardial injury and reduced the levels of myocardial injury markers CK-MB and LDH ( P<0.05) , while the
addition of OGT-specific inhibitor OGT-IN-2 greatly weakened the cardioprotective effect of GleN (P<0.05).
TUNEL assay and MLKL immunohistochemistry confirmed that GlcN reduced cardiomyocyte apoptosis and

necroptosis at the same time, while OGT-IN-2 also significantly attenuated the inhibitory effect of GlcN on cell

death. Western blotting suggested that GlcN enhanced the activity of OGT and then inhibited the expression of
p-RIPK3, p-MLKL, cleaved Caspase-9 and cleaved Caspase-3 through RIPK3 mediation ( P<0. 05), while

OGT-IN-2 reversed the above effects of GleN ( P <0. 05). Conclusion

GleN can effectively alleviate

myocardial I/R injury, and its mechanism may be due to its inhibiting RIPK3-mediated apoptosis and

necroptosis by up-regulating the expression of OGT.
[ Key words |

glucosamine ; myocardial ischemia/reperfusion injury; apoptosis; necroptosis

Supported by the General Project of Jingmen Science and Technology Plan (2022YFYB023). Corresponding author: SU Jinfeng, E-mail: sujinfeng20@ 126. com

2% 0 JLAE BE (acute myocardial infarction, AMI)
S T ST R P BT T A R R L R 20 4F
K, Iz PR BRI VR YT WA RRAK T AMI &5 B
FPER  HEE I KW LR A K g
Jirt R R O 0t 9 0 1) ok A P B0 WL g 2k M LA
IHERALLA B K i T Bl S 6 O o i e o UL A 451
1, R Z g0 JL BRI 5 13451 15 ( myocardial ischemia/
reperfusion injury, MI/RT) ™ 41 g o 7= FO R F PE 3R
SRR & MI/RT rp 22 4 i s T 75 =0, 40 e 3
TR — SO K A AR TE & i b i 41 i 3= 3h 3t
T2 5 2, AR TR WY A &8 70 SR 1 A 2 2 A
AL TR E SR Ty 2, BRR S A MR R
BV 7E MU/RL o F R PR OR BE A2 A 1 A b Sr
KA, AR EAIH 28R ), RIPK3 ( receptor-interacting
protein 3) BiIE B A ] iof A T 72 7 MR FE AN T 9
A= BEAE WF 5 6 WY, N-2 Tk 2 5L 3 745 0 e B Tl
(O-linked N-acetylglucosamine transferase , OGT) 0] # n]
RIPK3 )5 2R 467 1w 4T O-BEHLALAE M , AT fie
ik RIPK3 (42 (PR R A , LABH T HE T 0% 28 AE S by Fl
TR HIRIE . S I 2 ¥ ( glucosamine , GleN) 2 i
R BRI TR A G R 25, CHGIER vl B3
OGT {23k NI A 450 WLER 37 4 HT (B B AL 1 A
AT o BT GleN nf Filad FiE OGT Mifi
P RIPK3 23K S Ak , Fe 2 ] B BH W7 72 J P4 SR
PR & AR ATT8E MI/RI,
1 #REFZE
e

DMSO I 5 £ = KA W), 2 B2 2 i | B T
3w, OGT-IN-2 Iy § MCE 247w, CK-MB i3] &4 B
T AR W, LDH G250 &5 0 8 R A A

HE 77 &1 B 31 2 KA W), TUNEL feps 2 't g 41
M &N B = Ko wl p-RIPK3 —47 (525 91702S)
Wy g CST 24 ], p-MLKL 1R 5 3% 28 38 25 44 ke 2
( mixed lineage kinase domain-like protein, MLKL) —$T
(%55 37333S) . cleaved Casapase-9 —#T ( 555 9509T) |
cleaved Casapase-3 —#{ ( £35 9664T)  t-RIPK3 —#j

5 10188T) .OGT —#i ( 525 24083S) #Jl) H CST
AT, B-actin —Fi (575 81115-1-RR) Iy H IR =JE L
AL R HL(BTS A0208) Iy H 3 = R AT, /NSy
WAL B 55 BB A A . SPF ZHE: Sprague-Dawley
R B =k R 52 56 g Wy G, iR S R IR Y
SCXK (% 2017-0012) ,
1.2 K& MI/RIBEA 4y

$ 24 KR A 220 ~ 250 ¢ M Sprague-Dawley

KEFLBEHLE T RIE I 4 21 ART ARG i AR
EH A PR+ 2 R 7 W 2 (A A AR ) R
MLFEEE A + 2 6 A % il + OGT-IN-2 ft b 2 (= L
ZHE+OGT-IN-2 41 ) ., 20 mg/kg f) GleN #1 10 mg/kg
OGT-IN-2 555 5 ) DMSO AR 418 43 21 5 fiff 75 A& $HER 7K
H, TRHT 24 h 2R TS T ARHET 30 min FRHRZ M
FETEST o BT A RBRZR 3% 1% B L Z 41 (40 me/kg) [ JiE
O RREE S [ TR G M 22 G B B A T g
WO S R LA R BRI A
BT 2~3 WEFTIF a2 58 Ol 4T O AR )
TES KB HE 5 20 O HARER T 3~5 mm 225 FL 4R 30 ik
ZERRE S, Z5FL 30 min J5, B T 4% 2 A AR 20 ok S
MVEFFE 3 ho 9]0 S B 360 i 181, LA T S8
ST Bedfim T P i B AR & O LB ML, ARATF 2L f5 ST
BON R T g W 2 bn AR R L. R TR R
R ZERALE L, AR S = R shYta sl 5
TR R A 22 D1 234t i (2022080C ) .



http : //aammt. tmmu. edu. cn

i A5 % R R 2241, 2024,46(2) 157

1.3 s HE & &

K BRGA R A PRI B0 O PR B8 A2 == 0
WLZHEZY, i 4 C TR 1) PBS V0RO L S np ik T
Hr, B 40 o/ L ZRHEEAE WP EE 12 he A RK
VR E T B O URR AR , 41k I3 1 1 O B AT
JR AL H A (o A B AR R AT HH A B B e
O 37 AL B O LA S e b A T A 2 3, f IR D) o
VIR TR i 8 e — P 2 Bt s DA R B 2 Tt 7K
AEiAE VS AR S T A A e, &2
B KGRIk IR G , IR &t 1% 3R R 2 B
S 7K PR | Scott 17 I RN 45 7K 152 1 25 b B {8 A
LRI TANM R e, B JS Zead 6 2K L —
2R A B A R B ), T R A T RER FA IR
1.4 s TUNEL 3 &

WAL (.0 LA 2 A S H R U) e ALD) R 2
4 wm B S B F MO R 2% ph il b 95 °C ik
20 min 7247, FIRRHE, #H PBS M) F ks 3 K.
TR A A B 3% /it E AL A T = 3T b
15 min J5,f# H] PBS YE&UI 3 k. Ht TUNEL 7
PSR 1(TAT) 38 #2( dUTP) :buffer $1:5:50
RA BN E W E AL, VR a i, 37 CfE
AR E 1 h R & IR HRE . AL
B 30 min, 225 BERAA G I ARG BE—$T a-actinin
HFRET 4 CRiF K. / PBS YEik 3 G #
FYIH, AR SRR () =40, BOGIFE 30 min, PR
3 d JEiR N DAPT i e A% , i = R & 8 min,
Y35 B & F PBS e P2 IR b S alviik 3 Ik, BRIk
5 min, YR TG APTHOEEKE F R E R IEF
RN CRERIE
1.5 «spuzase MLKL %% 284k

WAL GF O WL 2 A S e D) R LU R S 24
4 wm TR BEEY) R TR ER 2% v 95 °C ik
20 min ey, EIRBREEM A PBS #4100 B ks 3 K.
FUI R A4 B 3% )it F Ak & F = i T Ak
15 min J5, i PBS PRiUI A 3 W A A 1L 3 1 i &
P41 30 min, 2B BB S I AR BE MLKL —$t, Jf
FiEE 4 CHiF . PBS ¥R 3 G A — 4L,
37 CH#E 30 min, FR PBS P& 3 ¥R, EHK 4 5 min,
48T 5T 1T e 0 1 9 DAB I 08 % 5 18 1 90 ARG
172 min E YIS K PIRIEIAT 1% 500 L 1K) 434k
1 PBS fU¥EIR W . FRUOK H e 55 17 K Fids B
TG R oE T A F s CRERIZ
1.6 ELISA #-#] LDH #= CK-MB & -F

KEODHL VR 4B, T F BRI 3 mL,
A 1000 r/min .05 10 min J5P-B FJ2TE 520 035 , 1%

1:9fy el A CK-MB LDH Bzt , T35 5546 v s
B 1 h, 5L B3 120 WL I AGET Y 96 £L
B, FRESRAC I E 450 nm AT IROGEE
1.7 Western blot ¥ & & £k B E4L

U LHZ 40 mg 20 24 I, 10 P v T 500
PLLA 13 000 xg B.LREA 15 min J5, BT 1
200 WL, fifA 50 pL () SxE HZ il , FEEH 2 S T
=20 CUKAHE I RAEE bR A, SEHE &G, il
SDS-PAGE LUK B Ja A7 H Uk L IS, 1 7 5% it B 4
Wi 2 h JEURAR 3 UK, DA R 9 —PL T 4 CUK5E
R S, R H BB — PG TR 3 W, =R P E 40
2 h YRR 3 WG A B DL B .
1.8 Git oM

fd 7 SPSS 20. 0 A AT Bl Ge it o3 #r, o 4
L xxs Fon, ZA R UK T 22004, PR TA] L3
KHLSD ¥ XUl A5, P<0. 05 TA R 22 5% B Ge it
PR

2 %R

2.1 RAH HHTHEZ MU/RI #5655 LB

HE Qa2 25 L0 LA SR s oL (T 1), 51k
FARYUA L , S i PR T 4O WLZH 2RI B O LI 24 LA
e rb L A i S G N (P<0. 05) , SR {8 ]
GleN Tk B o] A5 %0k 42 DA b @0 LA 49 15 B0 (P <
0.05) ,fHIX — & W 21 9 OGT-IN-2 Jir W] &t 3% 4% (P <
0.05), 5B, ST AL, G 73
44 1375 H CK-MB 1 LDH ()3 B . 33 fin (P<0. 05) ,
1M A GleN fi4h ¥ 5 1L 7% H CK-MB A1 LDH (%) ¥k JiE
AL (P<0.05) , 2 GleN fil OGT-IN-2 JL4b B 4
55 GleN O ILRIPYEI (P<0.05) o DL 45 5R4E
7, GleN AT 850 % MI/RI, GleN 9.0 ILER 474 F W]
BT OGT BTk,
2.2 RAH EHAET 5 MU/RI %509t fe A =

TUNEL %6 S0 2245 4100 LA 21 240 i 0 T 1 O
(E2). SERFARLAM L, Sl 757 5 240 Pl 2
TUNEL FH: 58 1 2 38 i, {i FH GleN 15 4 341 00) 55t 25 ik
/T MI/RI FFHE AN TUNEL FH4E2 (P<0. 05) , $75%
GleN Fab B AT AR ] ML/RI 5| 62 i) 48 M 0 T~ & A=
SR, SR H A WEALAR L, GleN il OGT-IN-2 47
DR 55 1 GleN XHE T/ HI/EH (P<0.05) . LA
AR IR, GleN A A 85008 5 ML/RT 375 & 1) 241 Jfd 1
T2, GleN B8 T30 i /5 W1 AR T OGT BTG4k .
2.3 RAF HAET 4 MI/RI 56942 512305

Gape ALY (o AR A AL WL 21 MLKL ik 4
JERAHMI N SO (B 3) o SRTARAAHLL, ki



158

Bl 25 % R R 2241, 2024,46(2)

http : //aammt. tmmu. edu. cn

FRETEAL 0 LA 21 MLKL 23k 5 B2 W 8 T 5 (P <
0.05) , HFEZ A TS, GleN FAb#N o] 2 25
AR AV e i P 9 2 Ak L o0 L ZH 21 MLKL 3Rk
(P<0.05) ,#KTfi GleN 1 OGT-IN-2 kb B 50 A] B 3 1]

55 GleN %} MI/RI % 5:/# MLKL |34 (P<0.05), LI I
AR, GleN A 08§ ML/RI 175 & 1) 40 o F2 7
B, GleN X 41 M2 1y 1 A R a0 il 4 AR T OGT
AT 1 o

BRFARA T PP 4 I A &\%ﬁiﬁﬂfltmu IN- 24
_:,, - - ‘T = R - J"‘)u‘ 4 \: i (R4 \‘ '\‘ 42 1' = ‘ ”‘-
E — 5 = s > 3 Nl s s Ty el e e L
— il - :,: © o = > 7] ® S (St - - - > 55 ” o & e
- = * 3 . T B e
— == . & S SRR, N =5 E ==
= = 3 G S ~ TS S S S, S DT, Sd
e s = 3 = “\..¢ N S % b b2 ’..”_ o~
= = - = = 4 - s oo A [ = s 2w
— = &, . e S Res % BE =@ ol
= = — = - o= " i : R L P ART = o a;,‘j;:
r""—'—50 “m, -~ " ~ 50 um - - B ,—_50 um : tt ) N Ne. r—-—5‘9 um ° = - 4 _\
4000 7 50007
g =) a a
t%( 3000 T = 4000
¥ ) {g 3 000 .
2 20007 =
= b = 20004 b
= - #r
_:EE 1000 Z 1000+
0- 0-
1 2 3 4 1 2 3 4
ZH 51 B 2157 C
Apsuzaze HE £ &8 .C. fuik o CK-MB LDH 3R % 1. 8F KA;2 . 4edn Fif 2203, A A FH B4 ;4. AL FH B #+0GT-
IN-2 28;a:P<0.05, 58 F R41b45 ;b P<0. 05, 5 8 b F R V2 401048 ;¢:P<0.05, 5 R A F G4k ik
B 1 SEFEEXT ML/RI &R O LR B #2000
BT A0 St i PR A
50
& 407
100 e
pum 100 um ﬂi— 30 b
=
AR A RE+OGT-IN-2 41 g 20 a
= 10-
O_
1 2 3 4
21
100 pm 100 pm
—_— —_— A B
AL TUNEL # &, ;B: TUNEL fa b & 1. 48F K2 8kt B2 20;3. R A H H 44 ;4. 2L F H4E+0GT-IN-2 21

a:P<0.05, 5 S e F 2 104 ;b . P<0. 05, 5 R R H 45400045

B2 sE#HZFEX MURLES AR TR



http ://aammt. tmmu. edu. cn Fii ZEZE B Rk, 2024 ,46(2) 159
FAR4 I T A
! s B0 ¥ / ’ e - L} ‘;
L] 1 -~
" ’ 2 ’ ® . e - i W
» i > -~ L oad
’ ; [} T - ° .- - ®
¢ 4 : 7 « o * .‘ 3 £ 6
’ v ;v A . a
2 Y * «® .‘\ 0” X : R s M 5
50 pum Five 50pum - » ; ﬁ_z 4 }
» i T K 34
SRR FIEAAT+OGT-IN-2 41 v b
> - « ™ i L . - s » E 24
i 2 b ‘ e - 3 & ’ - . s
& 2 - ‘ - J 1-
£ . 'S é
7' - e - - 0-
i s At 2 p 1 2 3 4
. > ‘_.-. N - ot < . % ¢ . fﬂ%llj
¥ < - > .
‘SOumr =—_. ~ -*. =- 50Qum .’ A,
}
— - : ”~ F — . B

A
A:p-MLKL # %98 2840 & ;B:p-MLKL Xk FF 1. BFRME;2:. e B i3 RAF F4E4;4. R A FH F4E+0CT-IN-2
28;a:P<0.05, 548 F R4 k% ;b P<0.05, 5 & fo B iZ 400045 ;0. P<0. 05, 5 R A % B #E 4 b4

3 SEFEHEX MURLESAMEEF RN

1.2 8 1.54
I b X 6 T )
12 3 4 ,‘
0.8 B ® 1.0
OCT(110><10‘)H’ L P — | K = s .
£0.61 a ZE 44 g = |
junng N )
TP 3 = 2 205
p-RIPK3(60x10 )*" W — | S 0.4+ &, b £ 0.5
©0.24 ﬁ.ﬂ =
t—RIPK3(6()><1()3)H‘ I R — | =5 L
0- 0- 0-
\ g 1 2 3 4 1 2 3 4 1 2 3 4
p-MLKL(54x10 )"’ | 27 B ZH 5 C 27 D
Cleaved Caspase-9—>| === === e c— |
(37x10%) 51 a 8
Cleaved Caspase-3— - e o= | i 4 o
(19x10°) ) ] 5
. 2 e
B—a(:tin(45><103)*>’ - GuD Gu» e | if 3 :;“._‘g ;
= 2 b 2"%
A Z 1 £
5
£ 07 ©
1 2 3 4 1 2 3 4 1 2 3 4
215 K 2151 F 25 G

LAR S R 452 Besbn B 24053 R H) B 484854 R H H#+0CT-IN-2 £1;a:P<0.05, 58 F R4A164;b: P<0. 05, 55 Sk o 7
HEELLLE e P<0. 05, 5 B A # B 2LER

A :Western blot ] X & & Lz 28 OGT ,p-RIPK3 t-RIPK3 ,p-MLKL cleaved Caspase-9 cleaved Caspase-3 & & & ik K-F;B~G: 4
# 4 OGT .p-RIPK3 .t-RIPK3 ,p-MLKL cleaved Caspase-9 .cleaved Caspase-3 %& & #83+ & & & 547

4 SEFHEHELE OGT iFE R RFE MU/RIESH) A T2 7 43R5

2.4 FAEH HHEH LA OGT K -F M @ 94 RIPK3
-4 B T Fo 2 7 IR IE
Western blot 6 i #% 20 .0 JJLAL 4 o ) 7 Fn R
IR A RIA (B 4) o ST ARAML, B
PEWE 1 410 WL 4L 2L p-RIPK3 | p-MLKL, cleaved

Caspase-9 Fll cleaved Caspase-3 1% [ 15 I & 1
(P<0.05) ,0GT Hy#E H KW 2 F A (P<0.05) ,#&7
/R ALE AT R 94 OGT 7K. 55 ke i, 757 T 4L AH 1L,
GleN FiAbFRI AT & 3 134 OGT # [13£ ik (P<0.05) ,
4 p-RIPK3  p-MLKL . cleaved Caspase-9 Fil cleaved



160 Bl 25 % R R 2241, 2024,46(2)

http : //aammt. tmmu. edu. cn

Caspase-3 B4 H 634 (P<0.05) , 1fij GleN #1 OGT-IN-2
JELE PRI [RIE b U8 8 T AR PR IR AR B S A AR 1
iK(P<0.05) . S5{ETF-ARLA L, Sl b #E AR
ST T -RIPK3 B & 13836, 2 4l 2 5 B4 it
27 S, {H GleN FiAb 3G , t-RIPK3 By £ ik B &
&A% (P<0.05), 4K i GleN FI OGT-IN-2 3 4b i 5 |
t-RIPK3 [ 8 4 £ 15 8¢ GleN AL B E ¥ (P<
0.05), Ph 253N, GleN Al of i OGT & 7K
S~ DT ) 00 3 0 O FRR PP MR BE & 4, OGT [ 336
A AT 2 -RIPK3 4 85 1 B A AT 920 p-RIPK3 1y
FikiGfk, i GleN &K Hi T 18 OGT 7K F- M1 41 4l
RIPK3 /S (8 T AR P IR BE

3 itig

MI/RL & 7™ 5500 AMI B8 4 3% il iz 5 #1397
WHATIG I EZE R . MU/RL S 80K &0 U140 i 5t
T2, W UERH , 50% (1) e 240 AL 1 R MI/RI Py i
8o BRI, HRTI R AT Z A SGATT MR (7
2 R BRI T PR TR IR YT G R 3K 2% . ASWFIT4S
SR, GleN FT 368 Ao [ s 400 1] 240 e o) T~ FO R 3o PR SR A8 &
A=, DT A 350 ARG O WL A b 25 4 LDH il CK-MB
(K-, 0 S At O LA SR R E , ALk AT
GleN [ OGT i J5 il RIPK3 411 41 it 9 1~
FEFFHESRAE .

20 JE 0 T R M IR BE S MIL/RIE HLG LGN 1
FEIETS 7 2, C 8% UE B & AT R R A R 1 A0 i At
T BRAEBRSTIN g MR AE A 2 P R Bl s HOR BT 4
(14, SR e AF 9 A B 0 UL AN 3R B8 2 32 7 A% 1A
PR A6 T, By RIPK1/RIPK3/MLKL 4 § %
A FRELR BN A B R 2R DA S A B PN B T R
FAEANE G R AE RN . AR TR A
TSRS S (R SN IR T AL A B P R A 8 7
PEPET TS, 43 1 Capsase-8 il Caspase-9 {1k J5 )i 3l
Caspase ZRIE N o FERFPEIRFERNJE T-7E MI/RI
[t % A=, KOSHINUMA 2520 5% 5, 43 514 Fil /1N 43
254 Z-VAD (8 - BT 7)) F1 Nec (72 )5 4 31 5E B 167
) TAb 35 O LRE B TR AR A TR 4 B 2 e /N2
20% , [ EH il A 2 b 2 90 ) ] 45 /N 2 40% 119 .0 JILASE
FETRTRR, S [R) AF 00 1) 98 12 RN AR e PR B8 14 & A= T B
KRR Moy % MI/RL, ZHANG % % 8, g 2 A1E
P2 2R 5 T 000 L 8 2 B A/ &2 05 5 1O LR
i, w5 RIPK3 2 A[ g /024y 70% (7). AL L AE T,
MM 38 RIPK3 AU T F2 7 IR P8 A9 &k A, B [
AP RE T A T, WFFTIER GleN FiAb # o] 45 25008,
520 WL 2 M e 46/ 5 SR A 1 15 5 1 P D P 4 N O

T ARHIFTELE SRR B, GleN ] g 2 i 0 JLZH 41
H1 TUNEL BHM: 38, 2B Glen AT 410 1 20 M 98 12 & A=
LA, S 21 Al Y 45 R B, GleN A B Or JULZH 41
o MLKL ()35 5, W] GleN AJ [w] iy $ fi 96 T Fi R
JP IR IO KA o o ) 240 L 9] T RN P P PR A O e B
I Z2R 85 IR R , GleN [R] i 4] 1 20 e 0 1= R R 7
PRI KA

5 R , MI/RI 3@ 3 R I OGT % sk K-F-Fi g
IR, & R 10 LA I P 2 1 A9 O-GleNAce &
MK, i St i AL B AT )8 OGT &k M is 2 1 bR
95 A BRI AR J 0 R R MIL/RT 45 /)N 0 JILAE B8 1
BT GleN J2& OGT Fy R SE B sh 37, 76 R 4%
T2 T T R PRAP R AAE I ] . BF5R &
R4y 0o R 3 23 R VR O T3T 4 M H # IR GleN,
5HAEHEZ GleN 3Ry BB A LE , 76734 8. 9 4E Ry Rl 15
AR, AL GleN A 5el.0i FB A FRAR T 15% 1Y
SRFETZ AN 18% 1.0 ML FE T 3R, FEAS B I R s
(% RS L PRI, GleN AT fil 2 B G e 0 0 He 3
IO 0l 78 XUBS: A 2259 . SR GleN Jii % MI/RI
SR AL 1 AR IR B o A BF 9T & B, GleN A] |
OGT R ik K, {2 i -RIPK3 2 [ B fif I 10 il p-
RIPK3 {23k 15 Ak, DT [ B 9000 ) 200 JH 0080 o e 1k
PRAEIX 2 Fft MI/RI Hp 3B 40 MO FE FPERE T R 2k

25 LT AR A5 R R, GleN W] LU &40k
MI/RI, HHL ) 7] g S 4 b4 OGT & 3k M i 40 1
RIPK3 4 5 19 40 it 8 = ARE P PSR B8 AR BF5E N
GleN 7 JH T AMI 3% (9 FUm sle st 34t T BE Rl ,
FEE W MU/RL 36T 259082 i T S2 5k ds
Bigt R M SR LD R AR A S S

S Xk

[1] CHO K H, HAN X Y, AHN J H, et al. Long-term outcomes
of patients with late presentation of ST-segment elevation
myocardial infarction [ J]. J Am Coll Cardiol, 2021, 77
(15): 1859-1870. DOI. 10.1016/j. jacc. 2021. 02. 041.

(2] w5 P i 2 5 4L O U e S
Pttt 2019 #EEE[ T . A EPEFRIRAE, 2020, 35(9):
583-612.. DOI; 10.3969/j. issn. 1000-3614. 2020. 09. 001.
Writing Group for Chinese Cardiovascular Health and Diseases
Report. Report on cardiovascular health and diseases in China
2019 an updated summary[ J]. Chin Circ J, 2020, 35(9):
583-612. DOI: 10.3969/j. issn. 1000-3614. 2020. 09. 001.

[3] GONG F F, VAITENAS I, MALAISRIE S C, et al.
Mechanical complications of acute myocardial infarction: a
review[ J ]. JAMA Cardiol, 2021, 6(3) . 341-349. DOI.
10. 1001/ jamacardio. 2020. 3690.



http : //aammt. tmmu. edu. cn

i A5 % R R 2241, 2024,46(2)

161

[4]

[10]

[11]

KAKAVAND H, AGHAKOUCHAKZADEH M, COONS J C,
et al. Pharmacologic prevention of myocardial ischemia-
reperfusion injury in patients with acute coronary syndrome
intervention [ J ]. ]
Cardiovasc Pharmacol, 2021, 77(4) . 430-449. DOI. 10.
1097/FJC. 0000000000000980.

LIW J, NI HX, WU S F, et al. Targeting RIPK3
oligomerization blocks necroptosis without inducing apoptosis
[J]. FEBS Lett, 2020, 594(14) . 2294-2302. DOI; 10.
1002/1873-3468. 13812.

ZHENG M, KANNEGANTI T D. The regulation of the ZBP1-

NLRP3 inflammasome and its implications in pyroptosis,

undergoing percutaneous coronary

apoptosis, and necroptosis ( PANoptosis) [ J]. Immunol Rev,
2020, 297(1): 26-38. DOI; 10. 1111/imr. 12909.
GIOGHA C, LAWLOR K E. Sugar fix keeps RIPK3 at bay
[J]. Immunity, 2019, 50(3): 539-541. DOI; 10. 1016/]j.
immuni. 2019. 02. 018.

JEON J H, SUH H N, KIM M O, et al.

induced OGT activation mediates glucose production through

Glucosamine-

cleaved Notchl and FoxO1, which coordinately contributed to
the regulation of maintenance of self-renewal in mouse
embryonic stem cells[ J]. Stem Cells Dev, 2014, 23(17) .
2067-2079. DOI: 10. 1089/scd. 2013. 0583.
HEUSCH G. Myocardial ischaemia-reperfusion injury and
cardioprotection in perspective J]. Nat Rev Cardiol, 2020,
17(12) : 773-789. DOI: 10. 1038/s41569-020-0403-y.
LIL, LIN L, LEL S Q, e al.

myocardial

Maslinic acid inhibits
ischemia-reperfusion injury-induced apoptosis
and necroptosis via promoting autophagic flux[ J]. DNA Cell
Biol, 2022, 41(5) . 487-497. DOI. 10. 1089/dna. 2021.
0918.

MASLOV L N, POPOV S V, NARYZHNAYA N V, et al.
The regulation of necroptosis and perspectives for the
development of new drugs preventing ischemic/reperfusion of
cardiac injury[ J]. Apoptosis, 2022, 27(9/10) : 697-719.
DOI; 10. 1007/510495-022-01760-x.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

YEL P, HE S Q, MAO X L, et al. Effect of hepatic
macrophage polarization and apoptosis on liver ischemia and
reperfusion injury during liver transplantation [ J]. Front
Immunol, 2020, 11. 1193. DOI. 10. 3389/fimmu. 2020.
01193.

KOSHINUMA S, MIYAMAE M, KANEDA K,

Combination of necroptosis and apoptosis inhibition enhances

et al.

cardioprotection myocardial  ischemia-reperfusion

injury[ J]. J Anesth, 2014, 28(2) . 235-241. DOI. 10.
1007/s00540-013-1716-3.

ZHANG T, ZHANG Y, CUIM Y, et al. CaMKII is a RIP3
substrate mediating ischemia- and oxidative stress-induced
myocardial necroptosis[ J]. Nat Med, 2016, 22(2): 175-
182. DOI; 10. 1038/nm. 4017.

CHAMPATTANACHAI V, MARCHASE R B, CHATHAM ]

C. Glucosamine protects neonatal cardiomyocytes from

against

ischemia-reperfusion injury via increased protein O-GleNAc
and increased mitochondrial Bel-2[ J]. Am J Physiol Cell
Physiol, 2008, 294 (6) . C1509-C1520. DOI. 10. 1152/
ajpcell. 00456. 2007.
HBFT, JpHREE. O-GleNAc ML L LR ML -3 11451 £
BITERILT]. Aawiyfbzs, 2022, 42(10) ; 1835-1841.
DENG L, SU J F. Role of O-GleNAcylation in myocardial
ischemia/reperfusioninjury[ J]. Chem Life, 2022, 42(10) .
1835-1841.
JENSEN R V, ANDREADOU I, HAUSENLOY D ], et al.
The role of O-GleNAcylation for protection against ischemia-
reperfusion injury[ J]. Int J Mol Sci, 2019, 20(2) . 404.
DOT: 10. 3390/1jms20020404.
LI Z H, GAO X, CHUNG V C, et al. Associations of
regular glucosamine use with all-cause and cause-specific
mortality; a large prospective cohort study[ J]. Ann Rheum
Dis, 2020, 79 (6): 829 - 836. DOI. 10. 1136/
annrheumdis-2020-217176.

(%5 :2023-06-10; & [F] :2023-09-05 )

(%4 Z9th)





