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Effects of anesthetics on cardiac function test in mouse model of pressure overload-

induced heart failure
TANG Fuqin, REN Meiying, ZHU Yu, JIAN Zhao, XIAO Yingbin Department of Cardiovascular Surgery, PLA

Institute of Cardiovascular Surgery, Military Professional Laboratory of Vascular Injury and Repair, Second Affiliated
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[ Abstract | Objective To compare the effects of four common anesthetics on cardiac function test in
pressure overload-induced heart failure mice. Methods Eight-week-old male C57/BL6 mice (n=120) with
a body weight of 20 ~25 g were selected to establish a mouse model of heart failure by transthoracic aortic
coarctation (TAC). Mice were randomly divided into two parts. In the first part, 60 mice were randowly
divided into four groups (n = 15) and anesthetized with four different anesthetics ( isoflurane, sodium
pentobarbital , ketamine and tribromoethanol ) , respectively, to compare the effects of 4 different anesthetics
on cardiac function evaluation in mice with heart failure. There were 9 groups in the second part. Each group
had 4 mice from the first to the third group, and there were 8 mice in the rest of 3 groups. Mice were
anesthetized with different concentrations of isoflurane and tribromoethane to compare the effects of different
concentration gradient. Results All four anesthetics may lead to the death of mice with heart failure during
the anesthesia induction stage, and the proportion of anesthetized death in mice with heart failure caused by
isoflurane was significantly lower than that of the other three groups (P<0.05). The cardiac function of the

mice with heart failure was reduced, and the time of awakening from the anaesthetic was longer than that of the
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normal mice. Among them, isoflurane had the least effect on the heart rate of mice with heart failure, the

ventricular function parameters were higher than the other groups’ (P<0.05) and the time of awakening from

anesthetic was shorter than that of other groups (P<0.05). Results showed that the lower concentration of

anesthetics have less effect on cardiac EF value. And 1% isoflurane or 0. 15 mL/10 g tribromoethanol had no

effect on the cardiac EF value. Conclusion All four anesthetics could affect the heart rate and cardiac function

evaluation of mice with heart failure, and even lead to death. Inhaled isoflurane has significantly better anesthesia

effect and safety than other injectable anesthetics in anesthetizing heart failure mice.

[ Key words |

Corresponding author; XIAO Yingbin, E-mail; xiaoyb@ tmmu. edu. c¢n

O 58 PEAL /N B T B 2 S5 T W A A A0 T
BB B /N B I I R 2 R A b v T R
JRRTE 1) 14 el T A fulf 2l 0 7 0 5 7 45 A S ] DR 4 L
Gy THEAE (HRRIR) P REXT.O L4 D BE AR TE BN 2%
ARZ I o RS b R BRI A 9 I I R
J¥e Wi ( ketamine ) 1 FH 2R W B2 (xylazine ) | = Ji & ¥
(tribromoethanol ) | % [t % 2% ( barbiturates ) B¢ W% A 1k FR
PR, T 53 98 (isoflurane ) 3% 26 25 ) AT AN [R] 1) 24
PRAERRAE , 78 /) BRUBR I 2o A v 7 A AN ) 190 1M 48 4
S AR RAIRTE £ S SRR I X IE /N LG Zh AE
Y5 ALK o JFE 5 9 A5 AR /) B Ay B G 00 179 552 e B
AHRIE . PRI, ABEIE B TEIR A 6] JBR 700 0 36 /)
B O D REASIN A R2 0, BIF 5 48 2R AT B T D0 AR Y /N
SO EH RE P 2 0 v BRI AR ) e R 22

1 #RSH®

1.1 %5 iXH

SIS Wy H Rl AR A R O (B =R R ) R
Rt g = B sl oo B2 41 ( AMUWEC20201478 ) |, JiF A 45
VEREFF A & L ZE 45 R R s e B 2 B3 255G T3l W) s
BRI 46 rE . B 8 Jls KT 20~25 ¢
YRR C57/BL6 /R 120 HL, BELY K 2 7853, 45
5360 HSm /N E TRNEE (B RET S H
ANBR) L ISR BRI FIK, B R AR 12 h iSOG R 48
RS P 22 56 S 45 B BRI 79 1 e 2, I3 L2 B
1. 0% /KW ; IR O WE: 1. 2% KT S+ be - 4. 5%
RIS, 2. 0% ZE45 RIS
1.2 Shi%

SLEG Iy R 2 WAy Ay 3k 60 HUNEL, BEAL Y
4 4L, A 1S HUNB, o E Bk 4% (transverse
aortic constriction, TAC)10 B, Fahfik5 45 75 1R F R4
(Sham £)5 H, 55— 41 57 FbE AR (2. 0% (41
S3E0 RIS =R (0.2 mL/10 g) 5
SRS E 244 (0. 05 mL/10 g) , 55 U ZH 5
Je i (0. 016 mL/10 g) .

heart failure; cardiac function; anesthetic; anesthetic effect; isoflurane

55 a3 60 FUNRBENL Y 9 456 1~3 4,
T 4 R AT EIIIR S R TR, 730 I R 2% |
4% 6% ) FUGE IR 26 4~6 41, 4 8 1, 17 E sk
SHE TR, 43 B T S 0. 20 mL/10 g.,0. 18 ml/
10 g.0. 15 mL/10 g =R L FERRIF; 55 7~9 4, &4l
8 HATESNK S 4878 TR, 0l W IE R 1.0% 1. 5%
H2.0% (TG0 B 5 BE AT IR . AN [R] R
[i573  Ni Bt s l VAN s RN e
1.3 %ok

F BNk A AEREAL: C57/BL6 /N R (AR5t i 20 ~
25 g3 4F IS 8~ 10 Ji) S mUbE MR 75 5 i, CE TR
AR SRR TR b AU I R WL (R I A
2120 R/ min, A 0.2 mL/R) o K708 BRI EP I 2
J& , BETIE I R R, B R e, T RS A
IV FH R o3 15 M i B B Esh ik S OF e i
FUEBINK, DL 27 G Sk ARG F Bk, #3335
Jok S A /N BB . BRAE 58 U 18 2 M, BE e, G A
R . ARG R RN RS 0.5 mL Az B KRR 7R
M. FF/NEWKE B 005 ALK . Sham 4]
TN I AR FL . A /N SR 8 J8 o SN/ RO JiE
AR5 G AL ST I 53-8 ( ejection fraction, EF)

OFE D EOIEE /N BUE T 10 Rl ieR it
i (7 3 R AR A i M80) TR AT A T AR 484
DAMEI - Y Sl KR ). B O R 8E A SUE B K, 5-0
22 LR S5 F LT O i S Ui, ARBF BT AE Bk 85—/
Millar 48 T 1AL 3 A A 308 B K, $T T 30 0 i 45
& B FERALOE Rl g L RoR R ARG
L R WERBOIE R - A IE RS, il %
e E N R BT AR (dp/dt max) | Z20F EF KRR
1% 17 (left ventricular end-diastolic pressure, LVEDP )
e O =W 5 K B JE S5 (left ventricular end-systolic
pressure , LVESP) . fiff 2 A BEER K, LA 1E B ik £k
EE M ITAEFF I 25 8

R P75 S F I R 73 1) ) ST D24/ R
JRIR25 2 Ja BRI G s, 2 TO; @70y BRUBR i A0 Eip 4
BLT Lok B X5 A7, LA R st , DY BTG 3, # 20 G



1638 i 25 %2 B R i, 2022, 44(116)

http : //aammt. tmmu. edu. cn

St S L, B AR B 2K 5 BV A 38 31 56 4 R AR 25
LTS T1; B/ B5E A2 BRI , 5 /1N B i IO 6 1
gy, BVHN E AT R S 5, MU D T2 BRIBEAFS 5 I [a] =
T1-TO, F5 A} [a] = T2-TO,,
1.4 %itF oM

g MR 1 SPSS 26. 0 B, /E B {f il Graphpad
prism 8. 0 HfF . SEIHAE LA xxs FR , THRBORER
FOrRFIR . LN LECR B H R Jr 240 Hr el X°
K, P<0.05 NZEFAH G Lo

2 #R

2.1 DREA RAFBRBMEL EE
Bk S AR A AN N SR T A T O ) i
TR — s oy 2 S/ B R /R TAC RS
8 JAl D HEACLEPEAE R (18 1A) , L IHBE R F P
Sham ZHAHLL , TAC ARJ5 8 Jal /s Bt IER i L 8 25 48
IM(P<0.01), ULIEN 1B OIS 1L 73 %0 2. 35 AR ( P<
0.01),WKE 1C,
2.2 REREEF] 5F TAC Fo Sham s F R ERRCR 69 Fodk
S FRUE B A JRR I 140375 3 10 (8] Fe 4, 10~ 20 s [P

DD

0 1 0-
A Sham 2

AT EARERARZS . Sham £ /)N B 5 %06 175 5 Bf 1) A
(18.20+3. 11) s, TAC 4/ BRI 5 96U Joc 175 5 ) [ Oy
(19.10+3.96) s, 4] 22 RG240 3, W 24,
55 S G A BRI B, LAl L s T S )RR e
25000175 T B ) S 3 R H A TR 5 /N BRI 3 /1
R IiE SR o 22 5, WK 24, I TO0%
B R, S48 R A O 35 3 K 30 S) 33 8 ik
FE 7,0/ NEURERE B9 28 (93+10 ) mmHg (i 45
JE) .(62£8) mmHg (75K ) (CARFEFREE T, 53
WKE I T35 25 5% ) o X0 B2 /N RUBR R, 44 R B 4
S5 i o R B0 E /N RIE RIS R b BT 7
T 10% (10 H/NEA 1 HAETD) , =3 L4 30%
(10 HUNEA 3 HIETD) I E He A4 40% (10 Hl
A 4 HIETs) , @l 30% (10 H/NRE 3 H3t
T2) o /Lo INERURRIE I 118 35 8 ) () ) 0 S 45 T S5
FEIT O3/ IN RGBS [R] 2y (19.70+4.06) min, i
F e T Sham ZH (I BER [A] (P<0. 05) o JUF IS 3 55
PR RS2 AN ) A 8 A K T 0 3 /) BRURR IR 5 T o
] (P<0.05) , WL 2B,

60—
S a
= 404
=3
20
0=
TAC4 B Sham 4] TACH4 C

A EDR(EBE)BEFEDNRCE)SIERA ;B HA D RS R/ FARRER  a:P<0.05,%5 Sham 20364 ;C. 4. K49 EF {4

a:P<0.05,% Sham 28 rb4x

B 1 MRENGFEEGESHEISHEER (n=5,325)

140 4 3 Sham 41(n=5) 3 TAC 41 (n=6)
120 4 ll
100
80
60
404
204
0 1

B4

L

RIS S ) /s

1 1
FNE REZ =mapE A

80— [ Sham #{(n=5) [ TAC 4 (n=6)

a

70 T

60 a
50 a
40 -
30 a
20 1
104
0 1
IR

Vi B E] /min

1 1
SN kB eze o B

A R ) BREEF) 5 -F-0F 1) 69 bb 42 B R ) BRBEEF) 7H B AT 1A] 69 1b38 a:P<0.05,% Sham 203645

B2 AERFEFIT TAC 2750 Sham A/NRARESRIOEE  (x2s)



http ://aammt. tmmu. edu. cn

il 25 %2 B R, 2022,44(16) 1639

2.3 RF)REA 3 TAC 4800 & A= Sham 288 &, 690
FFas Iy 5609 %0

Sham 20 /)N BRFH S SUBERRIR ) , o0 S R0 D) RESY
RARFRRE A, 550 2% 4% 6% 1)V FE iF
FTIRRTEE , Biti 5 PRI A2 (38, /N UL D REFE A B35 T
RE(E 3)

Sham Z1/)N BRI 30 min J&5, o0 LG Y)fg &
JPRIER ] (10 min) JC 2 35 22 & (P>0. 05, K] 4A [B)
R 70O /N BRURRIE 13 L b 22 R S0 i 25
fIG T /N BURKEE 30 min J5 .03 (P<0.05,&14C), 5
Z R, S S WA R 5 R = R 2 T R s 3 S R T 114
TAC 41/, ZERREES R PO RAR L IG5 53 (P>0.05) o
I3 EEL 122 R SR T R e 4 /N B H O JUE 55 1t 3-8

FEJRRIE S 91 (30 min ) 5 38 FEAIR 5 177 S5 300908 WA JRR 15
R R T S BRI 0 B /N R EF (B AR AN B (5
(E4D),
2.4 FEAEREREEA B A RS FF SR Y
itk —A M EE TAC 417N BUFE O 545 6 I ) 19 e
FEIRRIS 7 2CFH BRI 70 2, A 5236 % 55 Rt = TR £ Tt
AT TR H AR o SO0 R, 2. 0% 1 ¥k
F1 1. 5% B2 T ARG TAC 4/ BUBR I A v iy EF
{8, {H Y S e B TR 1. 0% B0 /N EF
FERBE R JC B B A8 4k (P>0.05) , WLIE 5A,
TS =R CFE4,0. 15 mL/10 g Y BRI R) & ) LU
Ay TAC 41/ BURRBES A i EF (8, JLIEl 5B,

29057 LRI 4905 IR 6% 5+ SR

4

2 150 = 150 2 150

£ 100 E 100 £ 100

= £ =

= 50 D E 50 E 50 @

£ 0 ® o £

B 50 - W50 K 5o

0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100

ZEE AR/ L

B3 ARERENFELCHE: Sham H/NRH O EES-BRF

7001 3 BEAE)S 10 min O M5 30 min

600 T

500 -1
T
400
300
200
100

/R e min™

0 T T
Sabe  GUEER REZE SRR A
600 O WS 10 mink 3 RS 30 min

LT

'= 400 a a
E
X
% 200
0 1 1

SRk MR KB =HoEE C

L E BBV UL

e ERF L

(n=4, x+s)
80 M) 10 min- 3 FRES 30 min
T
od [FA Mn & =
S
= 404
=
20
0

Slbt SRR LU =Reom B

409 O MRS 10 min - 3 FREF)S 30 min

T T

304

20

EF(%)

Sk SRR REHEM ZgRem D

A : R B AR BE A AF Sham 280y 5o 35 v0 89 YL AL ; B2 R Bl R BEE R 2 Sham 2840~ K05 2 56 %5 va 69 YL 4% C . R B IR BE ) 2+ TAC 2840 &
SR Yveg i a:P<0.05,5 Sham 2H3LER ;D R B FRBEEF) xF TAC 20/ oS de % vm e ibdg a:P<0. 05,5 Sham 20 b5

4 [ RREEF AR EEXT Sham ZB/NRFN TAC /0N RRD Z FD T EERIR2 M0

(n=5,x+s)



1640

i 25 %2 B R i, 2022, 44(116)

http : //aammt. tmmu. edu. cn

509 COFRES 10min - 1 BRFSS 30 min

40 T
~ 304
=
=
= 20

10

0 T T
2.0 1.5 1.0
SRR S (%) A

501 I RS 10 min - 0BRSS 30 min
40+
S 30
=
=207
101
0 T T T
0.20 0.18 0.15
SRR /mL- 10 ¢! B

AR RBVRE S+ BT TAC 280y v 2h /8 v 09 )4 B R BIR L =38 TBE A 2 TAC 480y 0 2 5 % v 09 s dk

B 5 AREFEREEF TAC HPROIHEERFM (n=8, x+s)

3 it

ARG 0 TTAG /N SO D RE I — i B4
Ao BABERRE A B R VRS BT R
SRR 5/ RO SRR B DA ) T2/
T, PO I RE TS [, T 25 5) 3% 2 RR ) 19 5, A
ST FEEEATIRT . A SCREFE 4 FhASIR] 0 BRI, W%
HXP LB N T RERYE IR . BFSE45 3 B8 , A S
Skt /I B 5 A5 G 0 30 I s 22 4 R S B RR I
1.5% v/v 4k (0 5 GG 16 0 B8 /N BUH AT A2k /8 L
MR FRER . BRI = 15 2 B R Bt A B
SRRSO,  AELTE O ) B8k /N B M U 5 = R L A
TEZ AR, BRAE: SCER AP ) R 25 5 B3/
BPET . PRI, 0 T /N B BRI, W A S5 B b 7T
BEJEBCHT I Ve %

3.1 FRERA R RS 2 AL 69 B

S o FH R BRI /S B IS BB A — %
M, A [ AT 0 S e , (ELAS [ BRI By 0 o e
Ao BEAERFFE 1 I R /N SR g % B, TR 5 JRR I 59
XE/NEC T RE A (B /N B MR A5 B
PR, HAS B 22 /N RS IR 28044, S BV R %
BRI 45 SR IR AR BRSO S REY . R, AR
5% A B /N BLVE SRy % B O 2 /N B O T BB AR
% KRS S BUNRIET . R340/ B T
BLRAS T , DRI LBR, FEER %, L%
RN T BB S2 R E BRI R W, 526 Hh 77 16 5K
YR PR A OB 57 BNV /N B B R S B, T
TR L HRAE , TR S AR A, L
SRR, Pe By PR BRI 2540 , S B 72 00 R 1
SECREUIRT , T LA A 5 i 422, 0 0 R, DR T
T ARG GBI A AN 04, — B R HERR T A
PR ZEXT AR T o AHFSEAEARIE /N BRLU5E 42 R

B AR 0 T RS IO 28, R BRUAN [ 8RR I 24 ) 4 25 3
AN RA —E FEE 11, X — PR AR O 2/ U
R JE AW o PR, ARBIFTE 41N , CERRIE/IN B 1
R, EFEXS /N R MR N RRIE 259, m] B B i
AT ORI P RER I .
3.2 RPFRRERA A R IR e 69 F vk

AWFTE LS 25 SCHRATE A (149 750 4, A )RR 1 59
WA —E R R R . BRTERE R, 4 R e
7O R A P D« S e I A PR B (2. 0% MR 73 %80
SRS =R O RE(1.25% ,0. 2 mL/10 g) s s T
SIICEL 24 (1%, 0. 05 mL/10 ) sl MR (5%,
0.016 mL/10 g) , fES2 5 FP LSS 2, RIS XS T[] —FhpR
P, 250 R0 /N TFHER AR B, AR AT LS B L
BRI T AR ORI AR 22 0 S0 SR o JpR 1) 2
A AR GE AR AR T EUR 5 Z A SR B AR T 3N
I8 ML L B 7 2 AN E PSR ] ol SR B B 1
70 B S M PR RIF 9 45 2 7R < 0 T 0 D R 22 1 /DN BRI
B ARRR AR o, AT RLERIE S BURR B A P A
LA,
3.3 AR REZL

TEVERG BRI 25 000 /N SR BOOE A, FFE PIr A A
AOREAS B A 2D, 10T BE T BOE T R G o M A e —
SRR BE I ey o A 22 R A A 1 L4 I S, 7
ASSIZ I8 PP )RR R £ T, 4 BRI 7R 5 B0 2/
SO T REAE L2 N o R R SERIRTIE K0
REEAFIATIE— BT

AWFTE S B - e ke A A 58, 2 5008 7 1k
4, BE TO R/ RO SRR N . BRTE N A 2 ST
TESE S JRUE A BRI B8 58 /0 B B9 380 i
TN BRI RN O S RS W B B A [, %) 22 T 2 00
SRR E AN [) , DS BRER A N, ARG S 30 e 29
TR R , 78 (] — S0 v O 45 I JOR P 79 i 45



http ://aammt. tmmu. edu. cn

il 25 %2 B R, 2022,44(16) 1641

— B, BRI i S 2 — 0, R R R JRE e O DR JRR e i

g BRI T s T A 5 50 TR /N B R
e S RV R A PR 28 e g, o ST RE B B2 T /D, B A
LT HA R o

S 3k

[1] BURKHOFF D, MIRSKY I, SUGA H. Assessment of systolic
and diastolic ventricular properties via pressure-volume analy-
sis: a guide for clinical, translational, and basic researchers
[J]. Am ] Physiol Heart Circ Physiol, 2005, 289 (2):
H501-H512. DOI. 10. 1152/ajpheart. 00138. 2005.

[2] PACHER P, NAGAYAMA T, MUKHOPADHYAY P, et al.
Measurement of cardiac function using pressure-volume con-
ductance catheter technique in mice and rats[ J]. Nat Protoc,
2008, 3(9) . 1422-1434. DOI. 10. 1038/nprot. 2008. 138.

[3] CONSTANTINIDES C, MEAN R, JANSSEN B J. Effects of
isoflurane anesthesia on the cardiovascular function of the
C57BL/6 mouse[ J]. ILAR J, 2011, 52(3) : e21-€31.

[4] LIC, DAI J, WU F, et al. Impacts of different anesthetic
agents on left ventricular systolic function in mice assessed by
echocardiography[ J ]. Physiol Res, 2019, 68 (3): 365 -
374. DOI: 10. 33549/ physiolres. 933940.

[5] SABATINI C F, O’ SULLIVAN M L, VALCOUR J E, et al.
Effects of injectable anesthetic combinations on left ventricular
function and cardiac morphology in Sprague-Dawley rats[ J].
J Am Assoc Lab Anim Sci, 2013, 52(1) . 34-43.

[6] HOHLBAUM K, BERT B, DIETZE S, et al. Impact of
repeated anesthesia with ketamine and xylazine on the well-
being of C57BL/6JRj mice[ J]. PLoS ONE, 2018, 13(9):
€0203559. DOI: 10. 1371/journal. pone. 0203559.

[7] IMAI R, MAKINO H, KATOH T, et al. Desflurane anesthe-
sia shifts the circadian rhythm phase depending on the time of
day of anesthesia J]. Sci Rep, 2020, 10(1) . 18273. DOI;
10. 1038/541598-020-75434-6.

[8] ZIEGLER T, LAUGWITZ K L, KUPATT C. Left ventricular
pressure volume loop measurements using conductance cathe-
ters to assess myocardial function in mice[ M ]//Methods in
Molecular Biology. New York: Springer US, 2020. 33-41.
DOI. 10. 1007/978-1-0716-0668-1_3.

[9] WEIC L, KAN C D, WANG J N, et al. Does conductance
catheter measurement system give consistent and reliable pres-
sure-volume relations in rats? [J]. IEEE Trans Biomed Eng,
2011, 58(6): 1804-1813. DOI. 10. 1109/TBME. 2011.
2118210.

[10] MACHADO M L, SOARES J H, PYPENDOP B H, et al.

Effect of heart rate on the pharmacokinetics of fentanyl in
dogs anesthetized with isoflurane and hydromorphone [ J].
Vet Anaesth Analg, 2019, 46(6): 736 -744. DOI. 10.
1016/j. vaa. 2019. 06. 005.

[11] ROTH D M, SWANEY J S, DALTON N D, et al. Impact of
anesthesia on cardiac function during echocardiography in
mice[ J]. Am J Physiol Heart Circ Physiol, 2002, 282(6) :
H2134-H2140. DOI. 10. 1152/ajpheart. 00845. 2001.

[12] TANT P, GAO X M, KRAWCZYSZYN M, et al. Assess-
ment of cardiac function by echocardiography in conscious
and anesthetized mice: importance of the autonomic nervous

system and disease state [ J]. J Cardiovasc Pharmacol,

2003, 42(2): 182-190. DOI. 10. 1097/00005344-20030
8000-00005.
(Yr#5:2021-12-30; & @] : 2022-04-25)
(%#h AR3E)





