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Early Esmolol infusion can improve septic cardiomyopathy by reducing blood lactate and inhibiting cardiomyocytes
pyroptosis WEN Liang-he' |, QUAN Zhen’ , LI Yun-long' , WANG Hong-liang' , YE Ming'. 'Department of Critical Care
Medicine, the Second Affiliated Hospital of Harbin Medical University, Heilongjiang Harbin, 150085, China; *The Second
Clinical Medical College of Harbin Medical University, Heilongjiang Harbin, 150085, China
Corresponding author: YE Ming, E-mail: icuyeming@ hrbmu. edu. cn

Abstract Objective: This study aims to evaluate the efficacy of Esmolol (ES) in septic cardiomyopathy (SCM) and
explore its potential mechanisms. Methods: The study subjects were patients with SCM. After adequate resuscitation, the
patients with heart rate =100 beats/min were randomly divided into ES group (n = 34) and control group (n = 34). Base-
line characteristics and outcomes were analyzed. Additionally, 48 male C57BL/6 mice were randomly divided into Sham,
sepsis, and Esmolol treatment (sepsis + ES) groups to assess survival, echocardiographically measure left ventricular ejec-
tion fraction( LVEF) , and evaluate blood lactate, lactate dehydrogenase( LDH) , myocardial injury markers, and inflamma-
tory factor levels. HE staining was used for histopathological analysis, and Western blotting was conducted to assess protein
lactylation and levels of pyroptosis-related proteins (GSDMD-N, cl-caspase 1, NLRP3). Results: Patients in the ES group
experienced a reduction in ICU stay duration and blood lactate levels. ES improved survival in SCM mice, enhanced LVEF,
and reduced levels of blood lactate, LDH, creatine kinase-MB isoenzyme ( CK-MB) , and inflammatory factors. It alleviated
histopathological changes in myocardial tissue, diminished protein lactylation and expression of GSDMD-N, cl-caspase 1,
and NLRP3. Exogenous lactate was found to reverse the protective effects of ES. Conclusion: ES improves SCM by lowering
blood lactate levels and inhibiting myocardial cell pyroptosis, with potential involvement of protein lactylation changes.
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1. BFSEXT4 g A 2021 4F 1 2022 4 1 H g
IR R B K27 B R A — IR B 3 E IR A R IRCIA 1Y
SCM 8 89 19, HEBR 22 14 2 f51] BEA: B 52 (A BH i
FIEHIZE 12 5] B 4 0], &0 KR 55
AT =100 YK/ min 35 68 FI 98 A BT, BEHL 5> N
ES 20 (34 ], #& t5 it & 25 mg/h, H bR % 80 ~
100 YK/ min) 5%7 B2 (34 5], 5 FIGIT) , MEEEAE AR
HEAG IR YT MR PR RO R A 12 30 2018, 43 1 2
NGO B A48 bR 28 d FET- 3R, ICU A B [H], A
ZH1d.2 d.3d il Lac ZK-F 0 LA 1546 Bin K S8 I
TR

2. A SHEER R : DA 18 ~ 80 % ,(QSCM
WTARE AT R FEAE B 5 T WLES 8 F (cardiac
troponin I, ¢Tnl) > 0. 04 ng/mL 5% /2 =5 & MMl 53 %X
(left ventricular ejection fraction, LVEF) <50% , H.
FRFFIE B2 WA 5 e BEAE 3. 0 19 e 70/ e B 4 K
SEbRE o HEBR b - OO ERHT ; QAL
H B ZAKBH AT ; @M BEAE 2 WT > 48h; @2 7= 1
ONEPEN R A . ADESE 4 s B A 3 25 L ik
(15 :KY2020-249 ) , T AW H Y R E A A
4R FZ R EA .

3. SLE Bl AR WEIT I I MENE CSTBL/6 /1B
(20 ~ 25) g, H e R i BE R R~ B 56 — 2 e 52 4
ghyrbc 24, 43 8 1A FRAE R BE (20 £ 2)°C W
(55% ~65% ) . H HKE 12 h SEIEA 12h B Y
TEH TR RGN RS 1 IR S . AT & 8h
YIE L= IR E , WG IR BE R R S s 4 5 4
Z2 ot 2 IR 3G 51 1 37 T AR AR B A 1 (52
ey B ] R ) 0 A WO AT (it
SYDW2023-048) .,

3. LK F . NLRP3 Hiu {4k ( Bioss, bs-
10021R) , GSDMD-N #i4k ( 22 Abcam , abh215203) ,
GAPDH $Hi ik ( ZSGB-BIO, TA-08 ), Cleaved
caspase-1 {4 ( 3 [E Abcam, ab207802) , FLg 11z
PifK (pan anti-Kla, 7 [F &R 44, PTM-1041RM ) ,
Lac ( £ [H Sigma, 16402 ) 5 £ 57 & (g 50 &AL,
A019-2) , AILEZ LI [F) T ( creatine kinase-MB, CK-
MB) 46 32057 & ( Gelatins, JLC3288 ) , F|1% i = A
(lactate dehydrogenase , LDH ) & {l]32 7 & ( B % 2E
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A%, A020-1-2), 1 40}l A % (IL)-1B ( Gelatins,
JLC3580) ,L-18 (1Gelatins, JLC3558 ) , i SRAL K -
o ( tumor factor-a, TNF-a, Gelatins,
JLC3924) ,1L-6 ( Gelatins , JLC3602)

4. STV

(1) 53 2H SRR S . 48 H 20 ~ 25 g Mk
CS7TBL/6 /)N FEHL AT A i T ARZH (Sham) |, JREEHEFE
RIZ (Sepsis) , 3R JRIA YT 4 (Sepsis + ES) , % 16
HOBHP N A THS H)MB WA H),H
o A SEZH T AAE 50 M, B S AH H] T Dy fig 2 A il K
JEELSEY Sy BT o e RERE AL AU HE 3T 7 12 : Sepsis ZH I
Sepsis + ES 2H I i 13 51 N 8 Z (lipopolysaccharide,
LPS,15 mg/kg) , Sham £ i Jiis vk 5 45 10 A HER K

(2) 253 .3 2H/ RS B A A 25 2 2%
(ALZET 2001D) , Sepsis + ES 2H 7F fik 52 28 N 0 A
ES,15mg/ (kg « h) FFZEH A 6 h, 51402 tH 4 7555
AR K, AR A LSBT 72 h AEAEREOL, B
T 24 h S5 AT RR OB A5 ORI 0 T RE, BRI,
14000 %£/min, B0 15 min 4828 | - 80°C {547, A T
JE SRR . 2520/ BRALFE J5 8RB0 IIEZH 21, il 1R v
MY R T e g s o

HOC2 41 i A= K% 2 1K 70% 22 A7 4 3, o h
Control 41 .I.PS 4 \ES + LPS 41 \ES + LPS + Lac 41,%}
2413 ~5 &, HNINA 15 pg/mL /) LPS,0.1 mM ES,
10 mM Lac 24 h JFISCHEAIIIES T F—BA0

(3) Ze e P A - 1S 24 b J5 =R S BERRINE
25, MRS 5 20 = KA AT 5 T A
L R4S A0 2l A ER, B ASAUE B R TR
LVEF {# .,

(4) DB ANG LI (HE ) Je a0 JLZH 2
A R, AR KAL, FRAR R G 8 15 min, 3L 53
1630 s, % A 15 min LT84, 90 s, kiR i f5 i K
SISl N UE =S5 R p

(5) A= Ak A W 7 BLHR HE B i 1.5 ml,
14000 %%/ min, B5.0> 15 min, BT , AR 478 BEEE 0% T
[ (enzyme linked immunosorbent assay, ELISA ) 1},
BH 45 & il LDH, CK-MB | Lac, IL-18, IL-18 | IL-6 |
TNF-o,

(6) FEH#EE ) Western blotting £l : 50 mg .(»
WIHZUIA 300 WL 5 %0240, T EP 48 N 58 73 bF
JBE J vk b Z44#% 40 min, HOC2 ZHfifg PBS 3% 1 ~2 i,
HREE 20 % B A 100 ~ 150 L 550350 524 A 902, 4 i
IR A EP 45, UK B 246 30 min, &8 A9 2L
R 4°CF 12 000 ¥%/min, B0 15 min, IWE FEK

necrosis
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A, —80Chffr a5 Hlo W 8 MR EE, b FE 22 oh
W, 100°C 28 15 min, JEATEEME AL IK 6L A L U
Ji, A NLRP3, GSDMD , GSDMD-N | cl. caspase-1 . pan
anti-Kla $ {4 4°C 1 8 2 7%, TBST PEAE 5 min/IR x
3 U AHXT R Pt E T NEE 1 h U3 IR, B
5. it E ot SR HI SPSS 25. 0 Geit~#t, IE
SO ARTHR FERHL (& +5) 3801 ,2 4 E] HEBCR
MSTREA ¢ K56, 3 4 ] H R T B IR &R O 22 53 A
(one-way ANOVA ) ; JE IE 2543 () 11 5 58 DL M
(P25,P75) o, % Mann-Whitney U BEAIAGEE 5 T
SCUORH USSR E AR (% ) 75 R o Ko A7
MR Kaplan-Meier 7, i Log-rank #6456 b # A £7
Mgkt LU P <0.05 H2ESAHS = L,

& R

1. ES 45%5 SCM H % ICU 43 Fe i [a] , B&AIE 1.
Lac /K2 B E LRI LIRS, 2 7 RS+
B (P >0.05), W% 1, SXFAHE,ES 4
FEE U A HIAE 80 ~ 100 YR/ min , B i A 5 .0 JULA
k&) cTnl,CK-MB ¥k i R [ Il Lac 7K~FBH
AR ICU B [l B (P ¥ <0.05) {5 2 40°F
Bk RS EAR R R LA, 2R st E
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SL(P>0.05), 0322, ES JEAMAS SCM H #1 28d
AR LR

2. ES g% SCM /NELC DI fE: & ES WGYT A,
SCM /N AEAE B i, DLIRT 2A, RAE A TL-6 Fil
TNF-o 7K 75 B, UL EL 2B, /N BRLG JIE 2 g ol 3%,
LVEF $2, WWIE 2C. D, /N RO L i bR & 4 CK-
MB 7K-F-FEAIG, DL 2E

3. ES #ifil SCM /NELC LA ML £E T2 ES YR YT
J& ,/INBUMLYE F LDH (IL-18 1 TL-18 7K Rk, WK
3A B, [AlEFCO A ZUE TR OCHE  NLRP3, GSDMD-
N Fll cl. caspase 1 FJZRIAIHD, WLE] 3C .0 ILZHZY
F HE Y0 7R, Sepsis 200 LA A FHESIZETL,
UIRIR G , 5 A= , Sepsis + ES ZH L) IR LA
W, WLIE 3D,

4. ES BRGNS A FLRR ALK £ ES iR
I7 e /NEUO R, LRI 4A | Il Lac ZKSFREAS, DL
4B, % [EF Lac Z{EHEE F BTFLIR L AP ot , 46 1 7E
RN SEER A T ES X 1 B FLER b KT 1
KRB ES WEST A A 1z LR ALK REAR, DLIE 4C,

5. ES i i B AR AR 1 L R Ak 080 0 L 40 i £
T2 A SR ES 9.0 AN A3 4R T 5 FEAIR Lac 7KF
A K, ARG LPS il 30 WLAH B HO C2 |, 2 7 ik 53

*1 BHELEFRLH

A *F g2 (n =34) ES %8 (n=34) Pk
EXFNERED) 55.21 +14.67 55.26 +13.18 0.571
B[4 (%) ] 19(55.89) 16(47.06) 0.628
B R[4(%) ] 0.941

i 10(29.41) 9(26.47)

EEA 8(23.53) 5(14.71)

W 5(14.71) 6(17.65)

% 4(11.76) 5(14.71)

Bk Bk 40 4R 2(5.88) 3(8.82)

A A 5(14.71) 6(17.65)
Apache 1135 (%,% +5) 20.29 +2.83 18.38 +3.03 0.762
SOFA ##4(4-,% £5) 3.50 +1.24 3.88 +1.41 0.279
F ¥ B E(mmHg, % +5) 50.35 +5.57 48.71 £6.41 0.275
& (R /min, & +5) 129.09 +12.07 123.83 +13.25 0.571
F 9% B[ pe/ (kg » min) ,M(P25,P75) ] 0.10(0.08, 0.21) 0.12(0.07, 0.17) 0.315
LVEF(% , & +s) 43.06 +3.18 44.03 £2.65 0.430
I [ M(P25,P75) ]

¢Tnl( pe/L) 4.15(3.18, 5.30 ) 4.05(3.20, 5.43) 0. 807

CK-MB( pg/L) 18.00(12.78, 22.73) 17.00(12.00, 24.00) 0.313

IL-6 ( pg/mL) 73.50(56.00, 98.25) 61 (44.00, 87.50) 0.619

PCT( ng/mL) 4.10(4.00, 7.25) 5.00(4.08, 9.80) 0.059

Lac( mmol/L) 3.50(2.58, 4.00) 4.05(2.38, 4.83) 0.128

i :Apache I1 3% : &1 & 52 1509 b 4k BR SLiR45 382 SOFA 5 A R BF

e I
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x2 2ARERFELHN
A sFRE 4 (n=34) ES 28 (n=34) P14
2R
W R (R/min, & £5)
Day 1 126.56 +16.37 90.29 £5.36 <0.01
Day 2 113.85 £12.20 89.41 £5.54 <0.01
Day 3 116.56 +16.37 83.97 £3.06 <0.01
F3¥H Ak E(mmHg, & +5)
Day 1 54.68 +£5.95 53.00 £6.22 0. 698
Day 2 57.41 £5.91 56.76 £6.29 0.444
Day 3 58.06 +£8.57 83.97 £3.06 0.056
PR EaE e/ (kg - min) M(P25,P75) |
Day 1 0.09(0.06, 0.19) 0.09(0.05, 0.14) 0.623
Day 2 0.08(0.05, 0.18) 0.08(0.04, 0.13) 0.623
Day 3 0.08(0.05, 0.14) 0.10(0.06, 0.15) 0.363
WH[ M(P25,P75) ]
¢Tnl( pg/L)
12h 2.50(1.68, 3.30) 1.95(1.30, 2.43) 0.014
24h 0.25(0.17, 0.33) 0.2(0.13, 0.24) 0.014
CK-MB( pg/L)
12h 4.47(2.5,5.75) 2.31(1.63, 3.53) <0.01
24h 2.55(1.84, 4.42) 1.9(1.25, 2.86 ) 0.018
Lac( mmol/L)
12h 3.25(2.36, 3.95) 2.10(1.28, 2.73) <0.01
24h 2.05(1.16, 2.75) 1.90(1.25, 2.86 ) <0.01
Apache 1 #45 (%, & +s)
Day 1 18.21 £2.97 17.74 £3.86 0.124
Day 2 17.88 +4.71 16.44 +4.67 0.981
Day 3 15.44 +4.67 14.44 +4.67 0.920
SOFA #4- (4 ,% £5)
Day 1 3.50(1.75, 5.00) 3.00(1.00, 4.00) 0.294
Day 2 3.00(0.75, 5.00) 2.50(2.00, 4.00 ) 0.580
Day 3 2.50(1.00, 4.00) 2.00(1.00, 2.25) 0.191
LVEF(% ,% =)
Day 2 47.06 +3.18 48.03 £2.65 0.430
Day 3 45.94 £3.44 49.09 £2.64 0.374
W[ d,M(P25,P75) ]
ICU 42 B it 1] 9.00(6.00, 13.25) 5.50(4.00, 6.25) <0.01
- eB BB I] 4.00(2.00, 8.25) 2.50(2.00, 3.25) 0.070

7 :Apache I #F%: &0 A 32 513 MAd R SLR1E3F 5 ;SOFA 385 B R BB i R385

— ESA

E O LA A5 5 455 750, 2 B ES ] 4% LPS i & 1Y
OWLAAET:, WA Lac J5, ES 593X Fa 446
B UL SA, R IEAN M LT Gy, TG A ek g
RAEN T IL-18 F1 IL-18 ZENNA Lac J5 R I &, W

BRELST

P=0.895

1 SCM B # 28d £ & dh 4

AR (d)

K 5B, NLRP3 #EHMIET-$IT8EH GSDMD £ GS-
DMD-N i 2[R #E A8 fta 94, W 5C, AWF5R A&
P ES FEARIL Lac ZKSF, $il SCM DAL BT, %

LR KO LA AR LR A KPR
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80% — = Sepsis
® - =3 Sepsis+ES
60% —|
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E
18
. =3 Sham
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%A 14 =3 Sepsis+ES
e
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gE
10

Sham Sepsis Sepsis+ES

B2 ES#%SCM /MR STh4 (A H ES B SCM NE T2 ;B 4 ES 1k SCM /) B iz 7% IL6 Fo TNF-a AP ;C 4 41 Al 4 %
&3 D & LVEF Giit 400k B E o ES B SCM /b & i i 0 LR 5 47 5 4 CK-MB AF, n =3 ~8,"P<0.05)

A g - * =3 Sham B o
= 4 =3 Sepsis g S00 =
= ! 5 . | =3 Sham
!é’l 2.0 =3 Sepsis+ES ‘E 3 Sepsis
S 48 @ _ 200 =3 Sepsis+ES
wv - SR
i o
S 1.0 [l
= E ~ 100 ‘
g os & # ‘
: L
1 0.0 .
L2 - -

S >4 |L-'1p L8
= 6.9& &
o

* * * =3 Sham
C . . = Sepsis
P Lt 3 Sepsis+ES
NLRP3 ﬁ 1:0
=
GSDMD-N @
a
clcasp-1 B
GAPDH
NLRP3 GSDMD-N cl.casp-1
D

Sepsis+ES i
3 ES ## SCM /N o Al 48 £ 1 (A H ES B4k SCM /) B 7% LDH & F;B 4 ES ik IL-1p #u IL-18 & F;C 4 ES #4| &4
%% 1 NLRP3 ,GSDMD-N #t cl. casp-1 3k ;D h HE e £ 2 ;n=3~5,"P<0.05;kD ¥ E a0 FELA, THARH)

Sham
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Sham Sham Sepsis

Sepsis+tES

180kD
140kD
100kD

Sepsis+ES o

60kD

| 45kD

| 35kD

T T T
Sham Sepsis Sepsis+ES

Sham  Sepsis Sepsis+ES

| 25kD
o 15D

H4 ESxtQMaBimpE LBy S (A Y ES B(% SCM /N E L% B % ES 1 SCM /N Bt Lac & F;C % ES 1% SCM

ANRCIALEGABRNUAT;n=3~5,"P<0.05)

-]
A i =3 Control
= 3 LPS
% 3 LPS+ES
~
Control AT ﬂ 3 LPS+ES+LAC
=h)
&
b
®
Les | — — — — 118kD
GSDMD-N —— = 32kD
cl. casp-1 T ——— 10kD
I GAPDH 37kD
LPS+ES Control LPS LPS+ES LPS+ES+LAC
$
=3 Control
=3 LPS
=3 LPS+ES
i =3 LPS+ES+LAC
+LAC

cl. casp-1

NLRP3 GSDMD-N

B 5 4MJE M Lac 3 % ES 890 B0 BR3P 1E A (A 7 HOC2 40 v8 e B 45 % 5B M 40 M Lac {58 HOC2 4m ffg 3k W F 45 C
SR Lac (3 & 1248 % & & NLRP3 (GSDMD-N 72 cl. casp-1 #1% 3k ;n=3 ~5, 5xt B4 k4L, “ P<0.05; 5 LPS 41142, P <0.05;

5 ES 4 #, P<0.05;kD K& 540 F R, T AH)
5]
AW FELE 0 B ZAKBH A ES 7] FEAR
SCM e F DI br ¥ ¢Tnl .CK-MB JZ [fil. Lac 7K
L 4K ICU fERE KA, RIS & IR i ES
Al 2l SCM /NER AL D REFNAE FE I L, BN Lac
HF, TR LA B AR T
HRATARL B1 AZ AR 71 ES, 38 2 98018 0 R I
At (LR AU SR RN BB ST A, e O MU0 , 76 0 10
WA B T BB BRRE , T4 4 A 5 TR ICU A B
Afa] o ES 20 £ AT UARGE R ]t 2 ek /D i 44 (H AR
WREEARR A R B G225, 28 d AfFE 0T
SRR ES IRYT T B A AR 4%, 5 2 B R 4
R MR AT AR b R R R T T
REDIRER VLR GE , MEFEAE (1)1 00 701 5 3 5 x4
B Zm e GOV A G, BT UL, R4S ES 58 T B
8] B 45 55, (X FET R AR A ™

i
o3

7R R W] Lac W& >4 mmol/L 2 Jie 85 i f8 &
EAET RIS fE R R M R L B
W FHECONPEEEA |, Lac A= 38 0. ES 38 1395
Gl BRI T O WU R K, 98 10 L Lac B4R
SR BB 0 A K A S O BT I RE A U
e GRS R B, PTG 2 FL
BRI A1 TR B B 52 S 22 R G 1 5
PO B I PR AL A WSR2 el T 4
BRI . ES g BT B1 24K, M A2
AN RGN BE RN, B I IR B0 ) 2, R T b
Lac (A%

A5 LB, SCM /)N ERLC LA B 2 1132 LR 1k
b/ NS 0 o w8 1 e RS S 2 e el N
b Lac Az BT, [ I [ AR AR 1A 2L R Ak K 7 Ko LA
MIRET . AMEPEZS T Lac SN ANMAR T, %% ES
A LA VE I, B8R BB T ES 22 SCM
AL HIMBLT- 15 B At e £ T N F LR fb 1B A
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R #EAE B, Lac 7K P38 055 J6 S04 355 0 248 i 4K
W G ARAHOC , BITEA S A IE T, A0t fi 1) J3 ot
TG 7 i 7= A= = 85 12 IR FF (adenosine triphos-
phate , ATP) , 33 A< J2 4 Ji i %k R B4 1 ORAP PR S0z,
B FPFCIAS AL AR Y Lac F2 3R A] AR o B8 1k Jmy 34
IS, A3k S S R L RRAE/NPR NLRP3 5] %
{14 240 B A T L 20 B R 2 LB 2R R R
PEAIMIZET , 2 FEAE A A0 N 25 ) S R AE R 1 B
T, 5 | SRAE S B GRIBR  , J& SCM. 40 Jif 483 473 4 =
FREZ "1 Lac (RIEEAL S BT Z MR R
FRI R OCER ,— 71, Lac Fh i 8 2 2242 48 i oA
B B R AR T RN 5 o — T, AR T R By R AN
SOAE SIS A AR HE G R, 38400 Lac i 5™

AN Lac I LMES 3 70 By, 2 5 IKEEAERY
BB {55 IR S ARE O SRR, [ R T Y
KAz 2019 4F( Nature)) B KR IE Lac HAT
TR A BT AW VE ], B S OB B, FLRR
A A A 3 i 1) 2 1 B SS AB  , 5 AR R
T R AN REAR G

AT BRI T &P ES Bi3% SCM gLl 5%
fi% Lac /K- 2 O WU IRAE T4 G I R v 1 3]
HHFLRIAK I eE . [HRBEIIf iR LRI
Wi 55 A AR T B BB X RS R 2 AL
A A A AR S TR AT I 25

2 & X W

1 Hai PD,Phuong LL, Dung NM, et al. Subclinical left ventricular sys-
tolic dysfunction in patients with septic shock based on sepsis-3 defi-
nition: a speckle-tracking echocardiography study [ J]. Crit Care Res
Pract,2020,2020 :6098654.

2 Wang Z,Wu Q, Nie X, et al. Infusion of esmolol attenuates lipopo-
lysaccharide-induced myocardial dysfunction [ J].J Surg Res,2016,
200(1) :283-289.

3  Levy MM, Evans LE, Rhodes A. The surviving sepsis campaign bun-
dle: 2018 update [J]. Intensive Care Med,2018,44(6) :925-928.

4 Beesley SJ,Weber G,Sarge T, et al. Septic cardiomyopathy [ J]. Crit
Care Med,2018,46(4) :625-634.

5 Singer M, Deutschman CS,Seymour CW, et al. The third international
consensus definitions for sepsis and septic shock (Sepsis-3) [J]. JA-
MA,2016,315(8) :801-810.

6 Ok SH,Ahn SH,Lee SH, et al. Lipid emulsion attenuates propranolol-
induced early apoptosis in rat cardiomyoblasts [ J]. Hum Exp Toxicol
2022,41:9603271221110852.

T WA, EAR, A F A E R IR MR LB S IR 0l
AT ¥4 E sz B4 4 & (B F k) ,2019,12(1) :15-19.

20

21

22

23

24

25

507

TR A&, 0. 3L 3] & RATIRAMAR L & F i3 h A K E R
EdRem [ T]. o Bl k¥ 50557 ¥,2017,22(11) : 1274+
1277.

ERmy, BB Y AB R IR AR L B iR B Ay AR
T e B L[ T]. b Ak SRR 5 ,2017,29(5) : 390-395.

I EFE,FREF AR T MESG S ARER TN EERB
WA M A g B 28 RIS AL ]. At E R ERAE,
2024,30(1) :12-16.

Morelli A, Ertmer C, Westphal M, et al. Effect of heart rate control
with esmolol on hemodynamic and clinical outcomes in patients with
septic shock: a randomized clinical trial [ J]. JAMA, 2013, 310
(16) :1683-1691.

Hasegawa D, Sato R, Nishida O. B1-blocker in sepsis [ J]. J Intensive
Care,2021,9(1) :39.

Suzuki T,Suzuki Y, Okuda J, et al. Sepsis-induced cardiac dysfunc-
tion and beta-adrenergic blockade therapy for sepsis [ J]. J Intensive
Care,2017,5; 22.

Carrara M, Ferrario M, Bollen Pinto B, et al. The autonomic nervous
system in septic shock and its role as a future therapeutic target: a
narrative review [ J|. Ann Intensive Care,2021,11(1) :80.

Liang S,Ji L,Kang L, et al. Metabolic regulation of innate immunity
[J]. Adv Immunol,2020,145;129-157.

Hu D, Sheeja Prabhakaran H, Zhang YY, et al. Mitochondrial dys-
function in sepsis: mechanisms and therapeutic perspectives [ J].
Crit Care,2024,28 (1) :292.

Joshi S, Kundu S, Priya VV et al. Anti-inflammatory activity of carva-
crol protects the heart from lipopolysaccharide-induced cardiac dys-
function by inhibiting pyroptosis via NLRP3/Caspasel/Gasdermin D
signaling axis [ J]. Life Sci,2023,324.121743.

Wen L, Wang M, Luo P, et al. Melatonin exerts cardioprotective
effects by inhibiting NLRP3 inflammasome-induced pyroptosis in
mice following myocardial infarction [ J]. Oxid Med Cell Longev,
2021,2021 :5387799.

Lamkanfi M, Dixit VM. Mechanisms and functions of inflammasomes
[J].Cell,2014,157(5) :1013-1022.

Yang K,Fan M, Wang X, et al. Lactate promotes macrophage HMGB1
lactylation , acetylation, and exosomal release in polymicrobial sepsis
[J]. Cell Death Differ,2022,29(1) :133-146.

Xie M, Yu Y, Kang R, et al. PKM2-dependent glycolysis promotes
NLRP3 and AIM2 inflammasome activation [ J]. Nat Commun,2016,
7:13280.

Zhang JY ,Zhou B,Sun RY et al. The metabolite a-KG induces GS-
DMC-dependent through death
caspase-8 [ J]. Cell Res,2021,31(9) :980-997.

Zhang D, Tang Z ,Huang H et al. Metabolic regulation of gene expression
by histone acetylation [J]. Nature,2019,574(7779) :575-580.

Wan N, Wang N, Yu S, et al. Cyclic ammonium ion of lactyllysine re-

pyroptosis receptor 6-activated

veals widespread lactylation in the human proteome [ J]. Nat Meth-
0ds,2022,19(7) :854-864.
Yang Z,Yan C,Ma J, et al. Lactylome analysis suggests lactylation-
dependent mechanisms of metabolic adaptation in hepatocellular car-
cinoma [ J]. Nat Metab,2023,5(1) :61-79.

(2024-08-18 #c#5 2024-10-06 15w )



