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FEZL (CLP 4) FISCml& /R AL (ES 41) , P AR 5 s (8] SO RIBEHL /324 6,12 h 124 h 3 4L, &4
7 H . Sham HAVIFIE RS E I, CLP 1 ES ¥R FE M 45+ 25 FL AR ( cecal ligation and puncture, CLP)
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Effects of esmolol on cardiomyocyte apoptosis in septic rats
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[ Abstract | Objective To investigate the effect of esmolol, a short-acting, highly selective B-
blocker, on cardiomyocyte apoptosis in septic rats and its possible mechanism. Methods A total of 63 male
Wistar rats were randomly divided into sham operation group ( Sham group) , sepsis group ( CLP group) , and
esmolol group (ES group). Each group was further divided into 6-, 12-, and 24-hour subgroups. The rats of
the Sham group were given sham surgery only, and those of the CLP and ES groups underwent cecal ligation
and puncture ( CLP) to establish sepsis model. The Sham group and the CLP group were continuously infused
with 0. 9% sodium chloride solution at a speed of 1 mL/h by micropump for 6 h, while the ES group was
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continuously infused with 15 mg/kg - h esmolol diluted solution at 1 mL/h for 6 h. Then the rats were
sacrificed at 6, 12 and 24 h after successful modeling, and the heart specimens were collected. Serum TNF-o
and BNP levels were measured by ELISA. Water soluble tetrazolium ( WST-1) method was used to detect SOD
activity, and spectrophotometry to determine MDA content in myocardial tissue. The expression levels of
Caspase-3, Bcl-2, Bax and other proteins in myocardial tissue were detected by Western blotting.
Transmission electron microscopy was performed to observe the morphology and structure of myocardial
mitochondria. Results Compared with the levels at the same time points in Sham group, the serum TNF-a
and BNP levels, MDA content, and expression levels of apoptotic proteins such as Caspase-3 and Bax were
significantly increased in the CLP and ES groups ( P<0.05). Except the level of BNP in ES24h group was not
significantly different than that in CLP24h group (P>0.05), ES group had obviously decreased serum TNF-o
and BNP levels, MDA content, and expression levels of Caspase-3 and Bax when compared with those in the
CLP group at same time points ( P<0.05). The SOD activity and Bcl-2 level were remarkably higher in the
CLP and ES groups at the same time points ( P<0.05) , and the activity and levels were increased in the ES
group than the CLP group at all time points ( P<0.05). Under a transmission electron microscope, myocardial
fibers and mitochondria were almost intact in the Sham group at all time points; the damages were the most
severe in the CLP group, and the severity was deteriorated gradually with time elapse, while the conditions
became alleviated in the ES group at each time point. Conclusion Esmolol partially improves cardiac
function in septic rats by inhibiting cardiomyocyte apoptosis. The mechanism may be due to its inhibition in
apoptosis initiation factor TNF-a and regulation in the expression of apoptosis-related proteins such as Bel-2,
Bax, and Caspase-3, and reduction of the oxidative stress response as well. It mediates both the accompanying
process of apoptosis and an important initiator of apoptosis, and protects the mitochondrial structure of target
organelles damaged by apoptosis and oxidative stress.
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Zon) s BEIR A g (b [ 2453850 AR Z51)) s oK &
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( Molecular Devices) ; fik % 25 [ H, 3k HEL 5% & 4t EPS300
(Tanon) ; i 3} AL -\ B JEM1230 ( H A JEOL 2%
a) s D)L Leica EM UC6 (TEE PR )R RS
70 nm) ,,

JAR e RN 15 B ] 2 S AR BT IR o A
NG, F BRI A7 B0E BRG]
1.3 B Mm% ILF 3L K (cecal ligation and puncture,

CLP) 7 5 X SR A BE A

S IR BORATESE IR M 12 h, AER K, TR
PRI BE A, RO T S 2. 5% K A S I s i B
SRR, B2, ATDEMOE [ 7 DU BT TR & AR A B i i
W B, TEIEP & mm, K2
2 om, BEPESF RGN, BRI, R E W A
o B8 W RIS S R R AL E IR ER A 1/3 At
20 mL JoTE RS A st Sk RO R E R i 2 I (TE =
WESATE W AR ), R AR BB 0 1 PN 2 ) ke A 4
a3 S Em— Il g, B2 KN, THEEY)
FL AR 25 R BUR G S I 40 0. 9% F AL %
W (20 mL/kg) HifR 7, CLP ES Z41#°% 1 3R )7
MR AE B A, Sham HANFF G WS B W, 54 &
K
1.4 BRFE R RABEA F4E R iR 3h A 5

TEARSE S, WS R B — MR AT 00, 28 8 1 LK
P22 TERK %R B4 IR A 3 W 22 4
PERERNIN . H CLP REUEE THAE G, IR0 1%
JR AR E , JR S A= W L RE I A AE FIE oR SR AL B R 558
Je WD B3, 25 B ORI, 20 R F a0
2 APRUEZE N IERE BRI o R IASS TS 7T 0L
Jor T PR R I R B AT IR R IR B
W, WA R TE R
L5 RMETMRBRER RS

A ) Pk A R CLP @ B T i, BRZ KR,
W17 , T A B3 DXl 5 e 3 Ik 4 8, o B )
Fr B THEE BT, BT S BOE M — K2 1 em YT, B
PO B EILA B R 21, 560 2 R 8l iRk . T
NS TR WA T R A NS by B sl K
FH K e P e BRI o iy , A2 285 LB JDk g - L i
IRBLET A — V7B U) 1, 8 10050 JH 3R 8 A B ER K
(25 U/mL) J5 , TRALEE N & V7 B 0 5248 16 A K
FRIKIA, TR K, [l S e A [ 0l s Ak S0kt
[l NIEA—FR I, B e ah AL e A S g i



http ://aammt. tmmu. edu. cn

B SRR AE AR, 2020,42(13) 1295

k41 0.5 mL A EK . D) SR s G A
FER KR A W TARYI I . B MUE , B Sham
1% CLP 1Lk 1 mL/h 3 FE RO LR A 0. 9% 5
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AbFE , T BTN, Sl B, 0 RO, — U
Rl Bt B AR RN 25 4 mL, # & 40 min, 5.0 8L
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71 BCA LRI LA 28 (& 68 )5 ™ 4% i iE
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B s #r R A SPSS 22. 0 Geit 2844, vF 2 9k
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2 H#R

2.1 3% TNF-o .BNP K -F

ARJF 6.12.24 h,CLP 5 ES 41135 TNF-a /K5
Sham 2 H BB 7+ (P<0.05) ; RJS 6.12.24 h,ES
I3 TNF-a 7K 5 CLP 2 A0 Lt B SRR (P <
0.05), ARJ56.12.24 h,CLP 5 ES 41 1fiL.j% BNP /K-
5 Sham 41AH L 58 F+ 5 (P<0.05) , R J5 6.12 h,ES
4 1M BNP /K55 CLP 414 e B B R#AIK (P<0.05)
AR5 24h,ES 4 [fi. 7% BNP /KF-# CLP 425 R L% 3
22U (P>0.05,% 1),

*1 HHAKXRIME TNF-o BNP 7K FE (i+s)

) n TNF-o/pg + mL™ BNP/pg + mL™!
Sham #1 6

6 h 166. 44£10. 05 103. 46£21. 43

12h 165.196. 87 101. 46+14. 94

24 h 174. 85+2. 46 104. 90£20. 45
CLP 6

6 h 206. 78+4. 62° 133. 67+25. 68"

12 h 232.42+8. 03" 176. 98+32. 58°

24 h 258.55+4. 72" 199. 06£22. 12°
ES 6

6 h 185.89+3. 71 98.45+12. 45

12 h 214, 6%5. 24" 160. 83£21. 19

24 h 235.3+4. 65 198. 00+21. 60*

a;P<0.05,%5 Sham 41 F] B} 18] & bb4% ;b P<0.05,5 CLP 4
[&) B 8] pe AR
2.2 SRR BA L 4
L SOD i J1: R J5 6.12.24 h,CLP 5 ES #4.(»
JUL SOD ¥ J3 5 Sham ZHAH W] W R#AR (P<0.05) s R 5
6.12.24 h,ES 4H.C:JL SOD {i% J; 5 CLP 44 AH H B 2. 7t
& (P<0.05), o)l MDA ¥ . ARJ5 6,12 .24 h,CLP
5 ES 4H.03JL MDA &4 5 Sham 20 AH B 2 755 ( P<
0.05) ;RJ5 6.12.24 h,ES 41.00 )L MDA & &5 CLP
AR LI PRI (P<0. 05,55 2) .
2.3  Western blot 4| LZL 2% 8 T 48 2 & & R ik K
- E AL
ARJF 6.12.24 h,CLP 415 ES 4.0 U T8 A
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Caspase-3 .Bax F ik 5 Sham 4 AHH B ZF N (P<
0.05) ,RJ5 6.12.24 h,ES ZH.O LR T-FE 1 Caspase-3,
Bax #ik 5 CLP 44 kb g /> (P<0.05), ARJ5 6,
12.24 h,CLP #15 ES 2.0 WP T- 8 Bel-2 Rik 5
Sham 41 AH [t B 3 WAL ( P<0. 05) , RJ5 6.12.24 h,ES
AN T Bel-2 BEAFES CLP A B3
R (P<0.05, & 1-4) .

#2 HBAKXROIEAL SOD MDA 7kF (x+s)

25 n SOD/U - mgprot™’ MDA/nmol + mgprot ™"
Sham %] 6

6h 180. 12+21. 00 0.870.29

12 h 180.92=15. 12 0.90+0. 59

24 h 181.49=19. 66 0.95+0. 04
CLP

6h 174. 88+15. 32° 0. 96+0. 50°

12 h 168. 11£12. 59° 1.1520. 53°

24 h 158. 12£10. 19° 1.46+0.11°
ES

6 h 179.05£12. 14 0.90+0.29*

12h 176.53+11. 14" 1. 06+0. 37

24 h 166.39£10. 49 1.28+0. 04"

a:P<0.05, %5 Sham Z1F) 8 14 % He 3% ;b : P<0. 05,5 CLP 41
&) B ) & ph AR
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6h 12h 24h 6h 12h 24h 6h 12h 24h

Bax(21x10°)— W s e o o () == == o8
Bel2(26x10°)— I D S S .

Caspase-3(32x10°)—> W mm

B-actin(42x10°)— ‘“ - o e e —
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28 5] B ) & P
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Rt FRILKE

1.6 1 M Sham 21
BCLP 4
OEs4

Caspase-3 Bel-2 Bax

a:P<0.05,%5 Sham %1 F] & 4] % b 45 ;b: P<0.05,5 CLP
20 [3) B 8] B L 4R

3 12 h B KRR/ AN Caspase-3 . Bel-2 Bax FEH
HExtFRILKE

1.64 B Sham 24
1.41 BECLP 4
OES 41
o 1.2

oE -
10
& 0.8
=

1 0.6+
e 0.4

0.2
0

Zab

Caspase-3 Bel2 Bax
a;P<0.05, 5 Sham 48 JF) &} 9] & tb 3 ;b P<0.05,%5 CLP
28 [5) B A B v AR

B4 24 h TAKE /AN Caspase-3 Bel-2 Bax HH
Rt FRILAKFE

2.4 WEIEK

Sham 4% A1 LR 21 4EHE 51 5K 5%, B2 B/, Zeobi
B F & B L C I IO, A K RN 23 9 AR A5 45
Fo ES Y, 6 h: URLF 4% 4, LobiihF 5 , B A
SR, TCH R P KB 3 . 12 he LR EF 4EHESFAHE,
R BCR FE , — SRR A K, A RN,
DR PR S, 24 h SRR Bl LI 2T ZEHE
I /NIt 137 5 A N T QAT AR R VT 3 € &
R Ak 5Kk, CLP 417, 6 h. LT 4 HE 2 i
iy, B AR B B B, AL L TRT B, N R P 5K
12 h: U EF e HES S , 3853 WU L7 2 4540 71 0%, 2k
RLREL LD, — S5 AN TR T, 240 B b S R R B A
IV WL 5K o 24 e 2R A ™ E Ik 7S vl i
W, LR IS8040 5K , 240 B P9 T B 22 WE AR M BB A /)
TR MRRGE ST HUBESE IR |, R RERE 41K B C UVLR £ 48 |
AR ™, L[R]3 I, 45 R B A o o
SRS R AL U 2T 4 B A0 47 58 e i i 2 DR
DL 5,
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6h 12h

Sham ZH
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ES 41

CLP 41

5 BEARZFEAXRROINLREZNL

3 e

FRREAE AU S S R, 25 s DA ) 4= A3 B
A SPESRE IO Z5 A AE ) o AT 5 74 M LT 4 63
AW NI, AR 7 B N AR 3 RS LA
ER) TNF-a (TL-6 55 JAE S B FLAR T, 5 4 B
E S ZR A AL AL A R b B0 2 40 105 | S e
BBk 25— AR B B A PR R A, Fe 875 T e BEAE PR AR
SR A B I RE R BOR 2 B O
JULE R T e REAE A i A P R REES B BRI, 4

24 h

(AR :2 pm)

J e TR D O LA YA T2 S SO R O D fiE
ARG L T SOPR A R SE T ( programmed
cell death,PCD) , H A A 4 40 I 8 T2 5 1% 5 s =
SALTE 3 Bl NIEMERAR ( LR TR AR) SN
BT Z A TR LN R M@, O LA
M mifr /A TNF-R1TNF-R2 P i SR I 14
SRR TNF-o Sl 33 52 IR G5 25 RIS
SR T A UL 4 L U5 50 B RE R A Y AR
TNF-o 0034 0 WLHSC 45 AL 1 500 JOIL A0 00 1 2 V) A O
TNF-o 15 TNFR1 SZ 1RSS5, Ja 5 T 2 R0 , 2243k
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HH TRADD(TNF SZARFHSCIE T 453 1 ) & 5
F, 5E 5 WG Caspase X IR TS /Y S Bh b T
Caspase-8 , /24 Caspase ZZ I ' i T 19 J3 3l 431, pro-
caspase-8 JEHEATHT A& B T WG , FF I IE AL T R AL
N 43F Caspase-3, FfiJ5 T AL 1Y) Caspase-3 YIE K, F5
ST

LR A R T A5 5 9 R S N 0 3
JI BUT AR T AN IR i AR U T A S A A
55, A AT ZORA 2 55 1 PR O T R AR B TR R
PRSI, ZORARA S IR T AR 2R
Bel-2 ZE 4 mPTP SCELy , H B 5 5 /5, 15
S THEE Bax Hi 40 5T 5 A AR AR AP B, 38 7
LRRIARSNEST LA 5 mPTP (T 55— R 5P,
RN A B B, Bel-2 ZE05 % mPTP FF 7 42
P f 2 {fi Caspase-9 4 T 19 P I P 74 44 0 38 i
Caspase-3, VI K Y, SEA MM T . ML T &
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