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Inhibiting mitochondrial fission protects multiple organ functions in rats with
concomitant explosive blast injury and hemorrhagic shock by improving

microcirculation and vascular permeability

ZHU Yu, LI Qinghui, WU Yue, PENG Xiaoyong, OUYANG Xingnan, ZHANG Jie, LIU Liangming, LI Tao State
Key Laboratory of Trauma and Chemical Poisoning, Department of Shock and Transfusion, Daping Hospital, Army
Medical University, Chongqing, China

[ Abstract] Objective To investigate the protective effect of mitochondrial fission inhibitor 1 (Mdivi-1),
on organ function in rats with explosive blast injury combined with hemorrhagic shock. Methods A total of
192 SD rats (half male and half female, 12 weeks old, weighing about 220 g) were randomly divided into
6 groups: Sham group (only surgical incision along the midline of the abdomen), model group (ESH group,
thermal radiation and shock wave injury followed by femoral artery hemorrhage), lactated Ringer’ s solution
resuscitation group (ESH+LR group, LR solution infusion in the femoral vein for resuscitation), and low-,
middle- and high-dose Mdivi-1 groups (0. 1, 0.5 and 1.0 mg/kg Mdivi-1 intervention after infusion of LR
solution). Fluorescent protein tracing was used to determine the leakage amount of fluorescent protein in the
lung and kidney tissues to evaluate the vascular permeability. Evans blue dye staining was employed to
observe the intestinal permeability and pulmonary vascular permeability. Laser Doppler flowmetry was
applied to monitor the tissue blood perfusion in the liver, kidneys, and intestine. Serum levels of cardiac
injury marker troponin T (TNI), liver function markers aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), and renal function markers serum creatinine (Scr) and blood urea nitrogen (BUN)
were detected to evaluate the functions of corresponding organs. The water contents of the lungs and brain
were calculated by measuring wet weight and dry weight of the lung and brain tissues. Blood pressure, heart
rate, and respiratory rate were monitored. The survival time and 72-hour survival rate were recorded and
calculated. Results Compared with the Sham group, the ESH group exhibited significantly increased
vascular permeability in the lungs and kidneys as well as intestinal tissue (P<0.05), along with obviously
elevated water contents in the lungs and brain (P<0. 05), and decreased blood perfusion in the liver, kidneys,
and intestine by 57. 1%, 39. 2%, and 43. 2% of the Sham group, respectively (P<0. 05), elevated levels of TNI,
AST, ALT, Scr and BUN (P<0. 05), mean survival time of 3. 8+1. 1 h, and a 72-hour survival rate of 0 (P<
0. 05). Although LR solution resuscitation reduced vascular permeability and alleviated organ injury in rats
with explosive injury combined with hemorrhagic shock, there were no significant differences compared to the
ESH group (P>0.05). Mdivi-1 treatment notably decreased vascular permeability in the lungs and kidneys
and intestine, and water contents in the lungs and brain when compared with the LR group (P<0. 05), with the
dose of 0. 5 mg/kg demonstrating the most significant effect. Additionally, Mdivi-1 treatment also significantly
enhanced organ perfusion, improved organ functions, prolonged survival time, and increased survival rate. The
0.5 mg/kg treatment resulted in a 72-hour average survival time 55.64 h and a survival rate of 62.5%.
Conclusion Mitochondrial fission inhibitor Mdivi-1 can reduce the permeabilities in the lungs, kidneys and
intestine, improve tissue blood perfusion, protect the organ functions of the heart, liver and kidneys, and finally
prolong survival time and increase survival rate in rats with concomitant explosive blast injury and
hemorrhagic shock.
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A and B: Effects of different concentrations of Mdivi-1 on lung permeability using Evans Blue; C: Effects of different

concentrations of Mdivi-1 on intestinal permeability using Evans Blue; D and E: Effects of different concentrations of Mdivi-1

on kidney and lung permeability using FITC-BSA; F: Effects of different concentrations of Mdivi-1 on lung water content ;

G : Effects of different concentrations of Mdivi-1 on brain water content. a: P<0. 05

E1

B B Mdivi-1 X RIS 7 5% M 52 K R 4E LU i M H 32

Figure 1 Effects of different concentrations of Mdivi-1 on tissue permeability in rats with explosion combined with

hemorrhagic shock
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A: Effects of different concentrations of Mdivi-1 on pH; B: Effects of different concentrations of Mdivi-1 on PCO»; C: Effects of

different concentrations of Mdivi-1 on PO, ; D: Effects of different concentrations of Mdivi-1 on SaO,; E: Effects of different
concentrations of Mdivi-1 on BE; F: Effects of different concentrations of Mdivi-1 on Lac. a: P<0. 05, compared with the ESH+LR
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Figure 2 Effects of different concentrations of Mdivi-1 on blood gas in rats with explosion combined with hemorrhagic shock
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A: Representative images of blood flow in the liver, kidney and intestine; B: Effects of different concentrations of Mdivi-1 on

liver blood flow; C: Effects of different concentrations of Mdivi-1 on kidney blood flow; D: Effects of different concentrations of

Mdivi-1 on intestinal blood flow. a: P<0. 05
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Figure 3 Effects of resuscitation with different concentrations of Mdivi-1 on tissue perfusion in rats with explosion

combined with hemorrhagic shock
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A: Effects of different concentrations of Mdivi-1 on the cardiac injury marker TNI; B and C: Effects of different concentrations
of Mdivi-1 on liver function injury markers AST and ALT; D and E: Effects of different concentrations of Mdivi-1 on renal
function injury markers BUN and Ser. a:P<0. 05
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Figure 4 Effects of different concentrations of Mdivi-1 on vital organ function in rats with explosion
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combined with hemorrhagic shock
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A: Effects of different concentrations of Mdivi-1 on blood pressure; B: Effects of different concentrations of Mdivi-1 on heart

rate; C: Effects of different concentrations of Mdivi-1 on respiration rate; D: Effects of different concentrations of Mdivi-1 on

survival time; E: Effects of different concentrations of Mdivi-1 on survival rate. a: P<0. 05
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Figure 5 Effects of resuscitation with different concentrations of Mdivi-1 on blood pressure, respiration rate, heart rate,

survival time and rate in rats with explosion combined with hemorrhagic shock

£ 0 T S N 1 B BRI = (S SNl 1 X N
Y, J B Mdivi-1 A 38 2o B AR N5 I 2R il P R 5 K B
Fti I B O B 4 2 A A AL A e E T
PRSP E A | B A5 T L4 B DI RE 2 KR AT
TG S [B) B S A7 06 2R, R KE S T AR AR v ik 2 g
AN B 07 10 B 1 RO B AT 10 3 TR ek, JELRM A
R Z R B R TR RN 2

FERMIR A VEE T AR #5 ol e

S 2k -

[1] WOLF S J, BEBARTA V S, BONNETT C J, et al. Blast
injuries [J]. Lancet, 2009, 374 (9687) : 405-415. DOI:
10.1016/30140-6736(09)60257-9.

[2] JEgkear, M€, ZAR, & IEGTIR I PLE S KOs R

(4]

WILIOL]. fi 3 B2 (TR , 2024, 13(4) : 63-67. DOI:
10.3868/].issn.2095-1566.2024.04.0009.

ZHOU J H, WU P F, YUAN D F, et al. Mechanism and
treatment principles of blast injuries[J/OL]. Inj Med Electron
Ed, 2024, 13(4) : 63-67. DOI: 10.3868/j. issn.2095-1566.
2024.04.009.

KAZMIRCHUK A, YARMOLIUK Y, LURIN I, e al.
Ukraine’ s experience with management of combat casualties
using NATO’ s four-tier “changing as needed” healthcare
system[J]. World J Surg, 2022, 46(12); 2858-2862. DOI:
10.1007/500268-022-06718-3.

GORDON D, SPIEGEL R. Fluid resuscitation: history,
physiology, and modern fluid resuscitation strategies [J].
Emerg Med Clin North Am, 2020, 38 (4) : 783-793. DOI:
10.1016/j.emc.2020.06.004.



2590

Wi 525 KRR, 2025,47(21)

http ://aammt. tmmu. edu. cn

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

/NG R, SR, A VMRS R 1 4 2 VR AE
TR KA I 2 2 1A AR e A B L A 400 6 445 g 45 3 )
WU AR LT S5 RO A2 i (B2 ) L 2024, 50(5)
1227-1234. DOI:10.13481/j.1671-587X.20240505.
PENG XY, ZHU Y, ZHANG S B, et al. Alleviative effect of
fluid resuscitation on damage of structure injury of vascular
cells after blast injury complicated with hemorrhagic shock in
rats by inhibiting ferroptosis of vascular tissue[J]. J Jilin Univ
Med Ed, 2024, 50(5): 1227-1234. DOI: 10.13481/j.1671-
587X.20240505.
MADREITER-SOKOLOWSKI C T, HIDEN U, KRSTIC J,
et al. Targeting organ-specific mitochondrial dysfunction to
improve biological aging [J]. Pharmacol Ther, 2024, 262:
108710. DOI:10.1016/j.pharmthera.2024.108710.
ZHANG Q, LIU Z H, HUANG X X, et al. Mdivi-1 alleviates
sepsis-induced liver injury by inhibiting sting signaling
activation [ J]. Shock, 2024, 62(1): 95-102. DOI: 10.1097/
shk.0000000000002349.
ZHANG X Y, FAN H, SU L, et al. Mdivi-1 attenuates
sepsis-associated acute lung injury by inhibiting M1 alveolar
macrophage polarization and pyroptosis [J]. Mediators
Inflamm, 2025, 2025: 3675276. DOI:10.1155/mi/3675276.
LIU Q, WENG J L, LI C F, et al. Attenuation of PM,,-
induced alveolar epithelial cells and lung injury through
regulation of mitochondrial fission and fusion[J]. Part Fibre
Toxicol, 2023, 20 (1) : 28. DOI: 10.1186/s12989-023-
00534-w.
ZHENG D Y, ZHANG J, ZHANG Z S, et al. Endothelial
microvesicles induce pulmonary vascular leakage and lung
injury during sepsis[]]. Front Cell Dev Biol, 2020, 8: 643.
DOI:10.3389/fcell.2020.00643.
ZHU Y, DENG H Y, SHE H, et al. Protective effect of
moderate hypotonic fluid on organ dysfunction via alleviating
lethal triad following seawater immersion with hemorrhagic
shock in rats[J]. Front Physiol, 2022, 13: 827838. DOI:
10.3389/fphys.2022.827838.
CUI L H, CHEN M Q, JIN Y H, et al. Mdivi-1 alleviates
nicotine-induced human periodontal ligament cells injury by
inhibiting mitochondrial fission and dysfunction through the
JNK/Drpl pathway[]]. Ecotoxicol Environ Saf, 2024, 288:
117338. DOI:10.1016/j.ecoenv.2024.117338.
SHARP W W, FANG Y H, HAN M, et al. Dynamin-related
protein 1 (Drpl) -mediated diastolic dysfunction in
myocardial ischemia-reperfusion injury: therapeutic benefits
of Drpl inhibition to reduce mitochondrial fission (1]

FASEB J, 2014, 28 (1) : 316-326. DOI: 10.1096/fj. 12-

[15]

[16]

[17]

[18]

[21]

[22]

226225.

MARX N, RITTER N, DISSE P, et al. Detailed analysis of
Mdivi-1 effects on complex I and respiratory super complex
assembly[J]. Sci Rep, 2024, 14(1): 19673. DOI: 10.1038/
s41598-024-69748-y.

SUN Z H, JI Z H, MENG H W, et al. Lactate facilitated
mitochondrial fission-derived ROS to promote pulmonary
fibrosis via ERK/DRP-1 signaling[]]. J Transl Med, 2024,
22(1): 479. DO1:10.1186/512967-024-05289-2.

WANG K K, QU HY, HU R N, et al. Polymerase delta-
interacting protein 2 mediates brain vascular permeability by
and

regulating  ROS-mediated ZO-1  phosphorylation

localization at the interendothelial border[J]. Cell Commun

Signal, 2025, 23 (1) : 9. DOI: 10.1186/512964-024-
01982-3.
NAGAR E, SINGH N, SAINI N, et al. Glutathione

attenuates diesel exhaust-induced lung epithelial injury via
NF- kB/Nrf2/GPX4-mediated ferroptosis [J].
2025, 515: 154154. DOI:10.1016/j.t0x.2025.154154.

SUN K, FAN J Y, HAN J Y. Ameliorating effects of

Toxicology,

traditional Chinese medicine preparation, Chinese materia
medica and active compounds on ischemia/reperfusion-
induced cerebral microcirculatory disturbances and neuron
damage [J]. Acta Pharm Sin B, 2015, 5(1): 8-24. DOI:
10.1016/j.apsb.2014.11.002.
SUZDZ, LICQ, WANG H W, et al. Inhibition of DRP1-
dependent mitochondrial fission by Mdivi-1 alleviates
atherosclerosis through the modulation of M1 polarization
[J]. J Transl Med, 2023, 21 (1) : 427. DOI: 10.1186/
$12967-023-04270-9.
DUAN CY, WANG L, ZHANG ], et al. Mdivi-1 attenuates
oxidative stress and exerts vascular protection in ischemic/
hypoxic injury by a mechanism independent of Drpl GTPase
activity[ J . Redox Biol, 2020, 37: 101706. DOI: 10.1016/;.
redox.2020.101706.
HUANG S B, WANG Y F, GAN X Q, et al. Drpl-mediated
mitochondrial abnormalities link to synaptic injury in
diabetes model [J]. Diabetes, 2015, 64 (5) : 1728-1742.
DOI:10.2337/db14-0758.
WU Y, LI Q H, ZHU Y, et al. Effects of mdivi-1 on
extending the golden treatment time following hemorrhagic
shock in hot environment in rats[ J]. Adv Biol, 2023, 7(7):
€2300024. DOI:10.1002/adbi.202300024.

(W7 :2025-07-04; f& ] : 2025-10-20)

(m# o)



