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Effect of mesaconate combined with LR on prolonging the golden treatment time window and its
resuscitation efficacy for hemorrhagic shock rats under high-altitude conditions

ZHOU Yuanqun, XIANG Xinming, OUYANG Xingnan, ZHANG Jie, LI Qinghui, LIU Liangming, LI Tao
(Research Laboratory for War Wound Shock and Transfusion Medicine/State Key Laboratory of Trauma and
Chemical Poisoning, Army Medical Center of PLA, Army Medical University, Chongging 400042, China)

ABSTRACT OBJECTIVE To observe the effects of endogenous metabolite mesaconate combined with Sodium lactate Ringer’s
injection (LR) on prolonging the golden treatment time window and its resuscitation efficacy in rats with hemorrhagic shock under
high-altitude conditions. METHODS Rats were divided into the shock group, LR group, and 5, 20, 50 mg/kg mesaconatetLR
groups, with 20 rats in each group, to investigate the effect of additional use of mesaconate on the golden treatment time window.
After establishing a model of uncontrolled hemorrhagic shock under high-altitude conditions in all groups by housing in a hypobaric
hypoxia chamber combined with splenic artery transection, rats in the shock group received no resuscitation, while rats in the LR
group and mesaconate+LR groups underwent low-pressure resuscitation with LR or mesaconate combined with LR. Blood pressure
control, fluid infusion volume, blood loss rate and survival status were observed in each group. Rats were further divided into the
normal group, shock group and mesaconate (50 mg/kg)+LR group, with 10 or 20 rats in each group, to evaluate the resuscitation

effects after extending the golden treatment time window by additionally using mesaconate. Except for the normal group, the other

AESTE M5 (AT H ) groups underwent the same procedure to establish an
&IE E SRBHFIL AT H (No.82402549
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uncontrolled hemorrhagic shock model under high-altitude

RS % 7 HLA 2 B, E-mail: zhouyuanqun]123@tmmu.edu.cn conditions. Rats in the shock group received no resuscitation.
#BEEE W5, M WFSE 07« SR B T 28 B Th R s In the mesaconatetLR group, after 3 h of low-pressure
KAML B ia Tt . E-mail: 1€200132@tmmu.edu.cn resuscitation, bleeding control was performed by ligation of
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the spleen artery, and the infusion volume and blood loss rate were recorded; subsequently, the rats received LR resuscitation with
twice the volume of blood loss. Then, blood gas indicators of the mesaconate+LR group were measured at different time points.
Survival rates, indicators related to sublingual microcirculatory perfusion, liver and kidney blood flow, indicators related to the
function of vital organs, and lung and brain water content were observed in all groups. RESULTS LR infusion alone could
effectively maintain mean arterial pressure (MAP) within 50-60 mmHg for approximately 1 h. The administration of mesaconate
combined with LR during hypotensive resuscitation could maintain MAP within 50-60 mmHg for over 3 h, with significantly
reduced fluid infusion volume and blood loss rate in 50 mg/kg mesaconate+LR group, compared to the LR group (P<<0.05). In the
LR group, rats maintained low pressure for up to 1 hour with a survival rate of 52.94%, and no rats survived beyond 2 h. In the 5,
20 and 50 mg/kg mesaconate+LR groups, rats maintained low pressure for up to 1 h with a survival rate exceeding 80%; in the 20
and 50 mg/kg mesaconatetLR groups, rats maintained low pressure for up to 3 h with a survival rate exceeding 70%. After
complete resuscitation with mesaconate combined with LR, the 72 h survival rate of rats was 43.75%, and significant
improvements in blood gas parameters were observed compared to the end of the shock phase (P<<0.05). Compared to the shock
group, the mesaconate+LR group showed significant recovery in sublingual microcirculatory indicators, and liver/kidney blood flow
after complete resuscitation (P<<0.05), with significant reductions in heart, liver and kidney function-related indicators and lung
water content (P<<0.05). CONCLUSIONS Mesaconate combined with LR significantly extends the golden treatment time window
for hemorrhagic shock in rats under high-altitude conditions, improves blood gas parameters, sublingual microcirculatory perfusion,
and liver/kidney blood flow, mitigates vital organ impairment and pulmonary edema, and increases the survival rate of shocked rats.
KEYWORDS mesaconate; Sodium lactate Ringer’s injection; high-altitude conditions; hemorrhagic shock; fluid resuscitation;

early therapy; golden treatment time window; resuscitation efficacy
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LA 3,

China Pharmacy 2026 Vol. 37 No. 6 <723 -



RAMH/%
DD = D
o O O O
1
18
°
4 0
o
= | o %ob
oSIFebo
0 /mL

B.fiif it
I ARTE4; LR ; I . 5 mg/kg R RHEER+LRAL; IV : 20 mg/kg
FR+LRZH ; V : 50 mg/kgH BERR+LRZH ;a: 2H ] HLAR , P<<0.05,
B3 HREEE LRIMERXREME HERENFN
(x*+s,n=16~18)

3.1.3 A HT AT 5

WAL 1 b5 A 4 HOR B A5 %
4 25.00%(4/16) o MREAEREZE 1 h)5 , LRANA 9 HK
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0.31)h, H7E2 h NAHFAET 5 H R ER+LR 41K BRI 4705
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MHRARA (=) 12631185 13642167 2863017 2395342095 3235248788
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3.2.5  Jifi MK

5 IEH 2 A, R va 20 K BRI i 25 7Kk 3 T e 2 A8 Ak
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o HRILE 6,
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o B A P R T — PR RR R AR R B A A T
A RS IR T, o B P AR A A R RV AR
B A ROA B A A, HROAME B I = O R LK,
I, TR BB TE = )5t IE 37 B R % dz i b ] A
AR Y PRBE T4 BCHE Z2 T B ) 7 T T it , AT A
HEENEREYE L,

WA I 2 2% AR s A ROR M B ER YT B
R (A LR) &5 A 2 00, B 7ER 2 - A K
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