MEERC R 545 Al 20251F4)]
Journal of China Medical University Vol.54 No.4 Apr. 2025 + 289 -

AERRERIZEFBERTERF SO

§EuE R AR R, ERE, T A, S
1. RABEE A IE R B SRR, A 2 I A SO TR S L KA 0670005 2. /RBEEE e 2B | I LA st 5 1 5 sl
FiE L R 0670005 3. ARG UL EBERRIACHTRY, TTAL 7RGE 067000; 4. KBS BEHI IR EBEFLIRSMRY, FAL 778 067000)

—~

WE BN R L £46508 (Dex) it i8% 4 B FxB (NF«B) £ M 17 B % (Adr) #5509 LB 9 pL 5% HSDR RS
Hcontrol 2L  Adr#l  Adr+DexZE, BOS LR B3 FTHE S & | 02 2R 28 AL 52 2 &, 52 BF & ¥ PCR ,Western blotting#s-i1 , BERKXRR
AR L2 I B FURE S 2 i 2 MDA-MB-23 i % 2m i % H226 . % 7% 20 it & AGSHe 5 e & 2m i £ 5637, 3 4~ 2 control 21 Adr4  Adr+
Dex#8 . Dex#i \Adr+Dex+NF-kBiZ, #47CCK-8 £ 8\ 0% KA & A (ROS) 42 4m R Adrfl X R s ILHER] F 4L,
W2 L5 P T e, SRR B WAL AR, ROS & s 3 A, NF-kB mRNAA= B & F A B 58 Y o Adr+DexZL:8 JLgm Jo T & &, i i&
P3G m , F AR AL S F , ROSA R , Adr+DexZENF-«B& A 2 238 A, Adr+Dex+NF-kBiZ & 448 5L & 42 4K, FLROS 4 p%,
e, AdvZLIE 9 0 0 & AR, 5 Adr+Dex L L B R 4831 5 £ 7 8518 Dex R %" AdrAd 4L y7 2R, T 48 38 3T 8 3 NF-«BAL &
o LR A AR BE WA B, Y ROS 2 A%, , iR A2 Adrif 3898 L3RG o

KB A ERT; FMEE; HETB; S MB

PESES RI72 MEARASRD A MERS  0258-4646 (2025) 04-0289-06

M4 HARMIE  hiips:/link.cnki.net/urlid/21.1227.R.20250409.1640.002

DOI: 10.12007/j.issn.0258-4646.2025.04.001

Dexmedetomidine attenuates doxorubicin-induced myocardial injury through nuclear factor kB
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Abstract Objective To explore the mechanism through which dexmedetomidine (Dex) alleviates doxorubicin (Adr) -induced myo-
cardial injury via regulating nuclear factor kB (NF-kB) expression. Methods ~Sprague-Dawley rats were divided into control, Adr,
and Adr+Dex groups. Theirs hearts were harvested for hematoxylin and eosin (HE) staining, immunohistochemical staining, real-time
polymerase chain reaction (PCR),and Western blotting anlyses. The rat primary cardiomyocytes, breast cancer cell line MDA-MB-23,
lung cancer cell line H226, gastric cancer cell line AGS,and bladder cancer cell line 5637 were cultured and divided into control, Adr,
Adr+Dex, Dex,and Adr+Dex+NF-kBi groups. CCK-8 and immunofluorescence staining were performed to detect the reactive oxygen
species (ROS) contents. Results The myocardial arrangement of the rats in the Adr group was disordered , myocardial cell activity was
lower, the mitochondrial membrane potential was lower, ROS production was higher,and NF-kB mRNA and protein contents were sub-
stantially lower than those in the control group. The cardiomyocyte morphology was improved, cell activity was higher, mitochondrial mem-
brane potential was increased, ROS production decreased,and NF-kB expression significantly increased in the Adr+Dex group compared
with those in the control group. The mitochondrial membrane potential in the Adr+Dex+NF-kBi group was lower, and ROS generation was
increased compared with the control group. The activity of the tumor cells in the Adr group was lower, and no statistically significant diffe-
rences were found compared with that in the Adr+Dex group. Conclusion Treatment with Dex may not affect the chemotherapeutic
effects of Adr. Dex administration may increase the myocardial mitochondrial membrane potential and reduce ROS generation by regu-
lating NF-kB levels, thereby reducing Adr-induced myocardial damage.
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1.1 Bk

Dex (#t5HY-12719, E [EMedChemExpress /2y
H)) ;ERZ LA (RP-BC0940, [ b Eali 4 A= # Rk
FARATD) ; #% K F«B (nuclear factor kB, NF-«B) #1l
il FBortezomib (5 mg,S1013, 3 [ESelleck E 4 B} +7
A FRAH]) s NFkBHUA (32[E Cell Signaling Technolo-
gy~ 1)) ; LDH (A020-2, R 5t 8 A ) TR i fr
FRZS ) s DMSO (KMO0697DMSO, | Z 44
FHEARAH]) .
1.2 ik
1.2.1  SER B Ky 20 - #4518 HUEPES JE i SD K Bl
(K H200 g, bt BERAE YR RO A BRA w) BE
BLAT R34, 5206 H . (1) control4 : F551.3.5.7.9.
11.14 .16 18K IETESDMSO (2.5 mg-kg™'-d™") .
(2) Adr#: T 551.3.5.7.9 11K & I i FFAdr (2.5
mg kg +d™), T 45141618k i 5 13 $DMSO (2.5
mg kg™ d™") o (3) Adr+Dexf : T4 1~ 18K i i v
HDex (50 pg-kg '+d™), T451.3.5.7.9. 11K, i i
Dex1 hJi, I8 i 7 BFAdr (2.5 mgkg™'-d™), T5514,
16 18K & I 11 HIDMSO (2.5 mg-kg™'-d™) A5
ARAR AR B 2 e i 12 B 3 W 48 B ANl 25 D 25
HEHE (CYFYLL2022047) .

1.2.2 JEAR R B LA 855 3% B oy 4 - T oA A
oA 1~3 dRLEUDE MBI AL mm x 1 mm x 1
mm K/, FIDMEMIE B A0.25% B4 i 1L
W5 20 B R & 520 mL DMEMAY L H 45
P11 000 r/min B.0>5 min, 35 IR, EE 50 &
LT UE o 2 07 DO ok 008 5, P 2 S O B 3 1B 7 73 15
2 h, BAL x 107em™ R FE R FP T EE IR L K5 973 A #
AL 3 A control 2 (FH TG ML ¥ K5 FR 15 7724 h) Adr
20 (FH A1 wmol/L AdefY 55 7 W 1% %24 h)  Adr+Dex
ZH (FH &1 pmol/L AdrF110 pmol/L Dex i) 15 5% Wk 5
3%24 h) . DexZ] (FH5 10 pmol/L Dex )55 F2 KT 7724
h), Adr+Dex+NF«BiZH ({51 wmol/L Adr, 10 wmol/L
DexF11 pmol/L BortezomibAJH5 SR E #724 h)

1.2.3 i Jed 4 B 1% 37 B 53 2« 1% 5% L 9 40 T &R
MDA-MB-23 | Jilifi 41 i R H226 | B FE 41 RAGS b5
Ot T 2 L 2 5637 (F40) 1F iR 7 38 AR A R A R
Nl AT AR 1.2.2,

1.2.4 HEZGL A ] 20 58 H e[ K B OB, T 7K o2
B, A W B R IRE4 D) R BB RS ST R
IR A, T e PR AR AR, 56 B B e
T WL R AE K14, FiImage-Pro Plus 6.0 #4470 #7
B

1.2.5 gk ge o 20 e g /K AL TR HE
g, GBS, N IR i A8 Tk ) T RELOBT )
Z IR 10 min, PBSTPE2YK , PBSHE1YK  I—Hi4 °C
i IR E 45 min, PBSTYE2YK, PBSYE LR . il —
Pi,37 CHFFH20 min, PBS PE3UK, DABE {1 3 3R £
B T RERE, Flmage-Pro Plus 6.0 #{F 7T
K& 51T

1.2.6  SERFAE SPCR : 48 UK B WLAH A .0 L2
ZImRNA , 0055 5% e DNA , £7 52 % HPCR . PCRJX
5495 °C 305,95 °C 55,60 °C 345,72 °C 60 5,40
MEA  HGAPDHAE N S IR 515U R : GAPDH,
1E [715° -GCTCTCTGCTCCTCCCTGTTCTA-3 , J [f]
5’ -TGGTAACCAGGCGTCCGATA-3" ;NF-kB, iF [f]
5’-GCAACTCTGTCCTGCACCTA-3", JZ 15 -CTGCT
CCTGAGCGTTGACTT-3" R FH27* *“3: 3 H mRNA
TR

1.2.7 Western blotting: FH0.5 mLZJH g 2 2 i i 234
i R B JILAR L (2 x 10°~3 x 10°) B0 ILZH 4, 55
> (20 000 r/min, 4 °C, 10 min), 535006 0 46 1 94
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WAL T R G T

1.2.8  CCK-855 : A RO LA A K 22 70%~80%
A, RS B L, InZ96 Lk, T37 °C 5% CO,
RrEFRA 5524 h B 1% FBS+DMEM B 51 , BEAL 2>
“KeontrolZH  AdrZH . Adr+DexZH . Adr+Dex+NF-«kBiZH ,
IFVEE 23 U6 BRAL o 23 A o S AR e s S rh i
7724 h, LA CCK-8% T (10 wl/AL), 5537 1~4 h, I
BASCI 2 WO B

1.2.9 WGP (reactive oxygen species, ROS) 74 ik
I - Fe FERROSHN R £ (R o g A ) TR IS o
A BR D) BB AS A TR, RS 45 20 LA L Py
ROSH &

1.2.10 R ege o . FPBSTE Y. LA 3 YR, B
500 L JC-1 TAEW M Z 40, F37 °C.5%CO,55 77
AR 15~20 min, 11 x Incubation BufferE215 , K
P A FEIE TEI A b, TOO0 R M T MEIC-1

Control |

Adr

Adr+Dex

0D450 nm

TN
1.3 Gt

K FHSPSS 20.0%% 4 i# 17 4t 11 43 Hr . JHShapiro-
WilkeR: 56 50 B B4 45 A 1R 25 4341 o T F i BERER
X s 220 1] LA SR FH AR B0 Bk 5, 2 40
] LR R R 7 220081 P < 0.05 N 2ERA S
=98

2 HR

2.1 DexZE i Advifs S 1400 LA 193 K20 JUL A0 6 3%
FEAIG

HEZ & 45 B 5 7, control 2H K B0 L4 #4) 1F
L O WLET 4 HEF #3555 Adegl K RO LS B R 3R,
D HLEFHEHES ZE L, 2 AE A IRV 5 Adr+DexH K B
ONWUEFHEHES LS, R DA I o DL 1A

CCK-82L 56 25 . I 7R, S control4H F 3¢, AdrZH
K B LA L5+ 5 8 . T AdrDextil K BL
JULZH M35 P I A Ade ] i 25 T i, 2 R A St
X (P<0.05) ULIE1B,

1.2 9

1.0 A

0.8 =

0.6 =

0.4 —

0.2 =
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Adr Adr+Dex
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A, HE staining results (x400) ; B, CCK-8 results.*P < 0.05 vs. control group; #P < 0.05 vs. Adr group.

1
Fig.1

2.2 NF-«BZ 5DexZefif Adrifs T 0. L 1
SEHRE T PCR , Western blotting M #J% 2H 4 fk 2

P zE R R, Seontrol 4l FLEE , AdrZNF-xB mRNA

JEE A FRIR KT 1 2 BRI Adr+ Dex4INF-xB mRNA

KR A 2K A B 2% BT, 2R E S

HE L (P <0.05) L WLE2,

2.3 NF-«BI 30040 R Dex i 350 LZH A 375 1 K 2%

DexZZf#Adrif S i K RO AILZE LR #5345 KO AR R T BE AR
Dexmedetomidine alleviated doxorubicin-induced myocardial injury and increased cardiomyocyte activity

AR A T DROS A

CCK-83L B 25 3 W7, 5 Adr+Dex ] FLHR, Adr+
Dex+NF-kBiZH 0 ULAH TG 14 0 2 BEAR, 25 S5 A e it
R (P<0.05) AFEDICGEALER TR, Heontrol
21 PR, Adr 21 4 b (R 5 HE A7 BRI, R b AR 1) fig
% 5 Adr 2H FE 38, Adr+Dex2H £ B IE da 45 FHEr , 4k
BRI REIG 5 ; 5 Adr+Dex4H FL 4T, Adr+Dex+NF-kBi
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ZH LR A B F A RIS, SRR TN BE T [ . ROSKE I Adr 20 8, Adr+DexZHROSH: L 20 ; 5 Adr+Dex2H
25 R, Heontrol 4 LA, AdrgHROSA: i N ; 5 HeES , Adr+Dex+NF-kBiZH ROSA: il i . W& 3.

1.5 #
<
z T
E = 1.04 - Control ~ Adr  Adr+Dex
o £
¥ 2
j = - NF«B
£ € 054
:: GAPDH
0.0
Control ~ Adr Adr+Dex A B
Control
C

A, real-time PCR results; B, Western blotting results ; C, immunohistochemical staining ( x 200) . *P < 0.05 vs. control group; #P < 0.05 vs. Adr group.
B2 NF-xB%5DexZEAdri% S OB
Fig.2 NF-B participates in the amelioration of doxorubicin-induced myocardial injury

JC-1-cyto JC-1-mito Merge
1.2
1.04
%g Control
ér 0.8
0.6
0.4-
R
Adr
A
Control Adr
Adr+Dex
Adr+Dex Adr+Dex+NF-«Bi
Adr+Dex+NF-«Bi
B C

A, CCK-8 results; B, ROS detection results ( x 400) ;C, immunofluorescence results ( x 400). *P < 0.05 vs. control group; #P < 0.05 vs. Adr group; &P <

0.05 vs. Adr+Dex group.
B3 NF-«<B3 il 71 AL Dexe 2 L AL 20 B i 14 R £ A (A BR FR A R D ROS = 4
Fig.3 NF-«B inhibitor worsened the effect of dexmedetomidine on cardiomyocyte viability and mitochondrial membrane potential and

reduced the production of ROS
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CCK-852 56 2% 5 /R, Adr+Dex2H il I8 40 i 1%
PES5 Adeg] L8822 57 TS24 2 0, BT Dex AN 2
Adrf AL 37 3R 5 S control 20 H 38, Dex 4 i i3 H226
21 355 P 53 AR (P < 0.05), 2 75 DexAE B AR il i
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A ,human lung cancer cell line H226; B, breast cancer cell line MDA-MB-23; C, gasiric cancer cell line AGS; D, bladder cancer cell line 5637. *P < 0.05

VS. C()l"ltl"Ol group.

E4 DexA#MmAdriL TR
Fig.4 Dexmetomidine did not affect the chemotherapeutic effect of adriamycin
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AdrJE T REIEGUIIE 259, S0 FLIIREE i
IR A S PR R PR L R Y AT 25 AR
AdeI RO D), A0 XL 05V IR, T 8
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TR A U O B R B 2590, (R 25 AR R
JOF, 0 R BT 4 PR e, B T HLl PR A
M, FHR—Fh AR IR Adrefl T RCR 3] R4
LAY 252 ek R o 15 A DR [ Dex Rl —Fif
HEARBERBI 251, 80T 2 T8 R TR R
L EAE WA s B ARG T Dex B A A
IR A R S0 T H I AT T I AR B
58 HRE  Dexill it I K BLO WUBel-209 ik K T
P Bax 215, 180 LR /P A3 4 Al 28 1k

24 L PR R AL 7 A DT D O LA A o
WEAHE T AE Adrifs 5 190 WL 5 T, Dexctl, AT 58 A& #50
RSP E ]

ARSI, Adrr] I 25 R Rs H226 41 2L,
JR9EAMDA-MB-2341 fifd . ' i A GSAH M K Ji% It 98 5637
20 i 1 3 T DeexIBE2 A ez JH (74 firh 93 200 it 5 8.
Adrih B 1 ik 98 4 B 5 1 TG 22 5, U6 B DexAS 5% 1)
Adrf) ST ROR o (HDex ] B i 68 H226 41 it 1) 20
R, AT VE R B AT 259 1 AR B TEiE R IR,
AdeZH K B0 VR G HOEL , O WA 4EWT 2L, RAE
A B 1T Adr+DexZH K BRLO LA G5 R , 0
JUEF 2 HE 51 R 55, G £ 35 5, 2R U e fik 710 4 S 448 L
B, B2 0E B Dex g 22 fft Adrifs 5 1 0 LA 405 0 B
TS, A ST R FCCK-8SL 56 46 1 4% 41
JE AR B 75 K O WU B TG 42 , 285 3R 2 B, AdemT 3500
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JULZH0 B 3% 1 T e, T Dex U] B 2. 2 444 JonCo WL 200 %
P, 25 UE A DexfEZZ M A dviZs T 14 Lo LA 5455

NF«B& A Ml R A5 R 6e, LS
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15 5 3 4% 38 18 P R kB AT 15 AL NF B, 15 1k FUNF-«B
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SCHR Y HRAE , Dex AR B N Bl it /P98 5 5 | A2 10
L 55 , FEML ] 540 HIHMGB1-TLR4-MyD88-NF-«B
A 5 30 A O 7 K LD LGS I 453 73 A5 AL Hh | Dexc
AT A I HINF<BIR R &4 R VR o T
BEVINFKBJE 2 5 T DexZZ it Adrifs T 190 LI
01, AW 5 53 53 2K FH 92 B % 5PCR . Western blotting
G 28 2 ARG I T 45 21 K R0 LA i Je 41
ZUPNF-«BRYFRIBTEN, 450 R, Adefi il T NF«B
f 2635, T Dex I 34 11 T NF-«BAY 15 575 41, Adeffi
FERC WLAH AR ROSES T, S (A (57 R AT, Sbr
PRI RE T B ; Dex I i 080 /0 T R ELC MLAR A ROS
(7= A I T SRR R LA, R TR T fE 5
TMNF-« B il 71 W] 58 335 4% Dex X K B0 WIL4H HEROS
FNZRRAA BIVE FH , 1360 Dexclf 1o NF-k BRI 36 42 b A<
HL A, S 8 P ROSA: B, AT I8 8 A de iy 119 0 UL A5
Hio

25 bk, AR 05T & B, DexBE A 52 M Adri) £k
JP AR, AT A Adrifs 5 100 LR 007, FEHL T R
R T U TN« BRI 2R AR B A7 S i D ROSHY
Az B AR B 1 Je BRAE T AR A R BP0 IE ) i
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— AR FEDex L LER 4 VR 1T LA K AT g 1 4 HIBIL
file DexT ) ¥z F Tl K A S35 BRI, (HAE Adr
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