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Mechanism of warmed malate ringer’s solution in fluid resuscitation in improving

the lethal triad of severe trauma

WU Yinyu', SHE Han"?, DU Yunxia’, ZHANG Yuxi"*, ZHOU Xiaowei?, LI Qinghui?, LI Tao’, HU Yi', MAO
Qingxiang', WANG Yaling® 'Department of Anesthesiology, ‘Department of War Wound Shock and Transfusion,
Institute of Field Surgery, 'Department of Nursing, Army Medical Center of PLA/Daping Hospital of Third Military
Medical University, Chongqing, China

[ Abstract] Objective To explore the role and mechanism of warm malate ringer’s solution (MR) in
resuscitation of the lethal triad caused by severe trauma. Methods A rat model of severe trauma was
established in SPF-grade SD rats (half male and half female, weighing 200~220 g) using combined multiple
injuries and hemorrhagic shock, and the rats were randomly divided into 8 groups (n=8): Sham group, only
arterial and venous catheterization; Trauma (Tra) groups with different time points (10, 30, 60, 90, 120,
180 min) and a Trauma group that were observed without any treatment for 180 min after model establishment.
The changes of activated clotting time (ACT), reaction time (R), maximum amplitude (MA), and rate of blood
clot formation (Angle) at different time points were detected by using thromboelastography, and tail bleeding,
core body temperature and arterial blood gas parameters, were also observed and detected. The plasma von
Willebrand Factor (vWF) level, mitochondrial respiratory control ratio in pulmonary venous endothelium, and
expression levels of vascular endothelial cadherin (VE-Cadherin), peroxisome proliferator activating receptor
gamma coactivator la (PGCla), dynamin-related protein 1 (Drpl), p-Drpl, and mitofusin 2 (Mfn2) were
detected to evaluate the vascular endothelial injury and mitochondrial dysfunction. Another group of SD rats
were randomly divided into severe trauma group (no treatment for 180 min afier injury), and MR solution at
room temperature and at 37 °C groups. MR solution at room temperature or at 37 “C was given to the rats using
a medical blood transfusion apparatus at 60 min post-trauma. Above indicators were observed and detected to
investigate the resuscitation effect of the MR solution. Results Compared with the Sham group, the severely
traumatic rats at 180 min after injury had significantly prolonged ACT and R values (P<0. 05), shortened MA
and decreased Angle values (P<0. 05), extended tail bleeding time (P<0. 05), lower partial pressure of carbon
dioxide (PCO,) and HCO; and base excess (BE) levels (P<0. 05), and continuously increasing K™ (P<0. 05) and
decreasing Na“ (P<0. 05) and Ca’'levels (P<0.05). Additionally, plasma vWF level (P<0.05) and protein
levels of VE-cadherin, PGCla and Mfn2 in pulmonary vein endothelium were significantly reduced (P<0. 05),
the expression of p-Drpl was enhanced and the mitochondrial respiration control rate was declined in the rats
at 180 min after injury (P<0. 05). MR solution resuscitation shortened tail bleeding time (P<0. 05), increased
core body temperature (P<0.05), elevated plasma vWF level (P<0.05), increased protein levels of VE-
cadherin, PGCla and Mfn2 (P<0.05), and decreased that of p-Drpl protein expression (P<0.05) when
compared with the rats at 180 min after severe traumatic injury. The above effects were more significant in the
rats infused with the solution at 37 ‘C than those at room temperature. Conclusion Warm MR solution
significantly improves the lethal triad in rats after severe trauma, which may be associated with its improving
mitochondrial function and attenuating vascular endothelial damage.

[Key words| trauma; malate ringer’ s solution; warmed fluid resuscitation; lethal triad; vascular
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B3 2 B N A B 0 F R o A A 45 R 4
B B, pH T ™ EE 2 0 3 A RO A i 2 R e
S| RARIM R A ZEEAR L AR KBHRYT
SEC B S BRAE, RIVEE i) i R A AR A g A
PERR HH R, 3% 3 Fhoig BR S AR BAE T B S PETE IR,
XTLHAURIES B I RE RS B A E, B E IR E e
el HR, B XX LA IE AVA T R W AL
PR PRI R B, ST 20 A VR R A 2 R I
YR T, 0B A 0 TR R 2 1 R R R A (H AR
HRGE S ™ 5 B = HEAE Y
TR A R

INLAE PN B 40 6 7 55 A 55 P RE LA IR T I
LA 388 325 1 A8 2 I RO SRR L T R, AL
PRI 7 | 9 RE R G 5 P 2K 4 S 009 R 4 i A 45, 3
0T A A T SO A N IR AR SN 0 EE AR AR IR
TR R EEST . R, A R 40 5300 20 05 ol R 45,
PRIE 8 (R0 ISP , 100 5 | % 8T8 A B 1 T RE R s
SRS AL RE B T AR FRRASXT T e T g
FERFEE L AL R T AR 2, TR
PN B 4 fi A A2 R AR Ak i R A 0 17T ) 555 HG e
Uise. Beah, Sobr RS 15 i 23 filh % P9 Kz 20 B 1) 7 1y
FOT, dE— 25 R N R e e 2k o Bk At mT DL
I B R AR DNA FUHA N TE(F 5 70 306 e R e
PRI, M B R GE M RAE , ) ™ 2 A 75 308 — AR
FRREIR 1O PRI LA PN B2 40 A A T B 4
FOE AR EAE P B B A AR

S B R MR A% W (malate ringer’ s solution, MR) J&
— il R R FH 48T 1 S B B R A BB S T
309 mOsm/L, SZi1 ¥ i3 [T 290 mOsm/L, 5 ifi 3 45 4% —
L EI ARSI AR ALY, AR
5 12K 5 FHAE , HCOS 7% 2 81 38 34 mmol/L, BEFF4E
A A RO, B Ik PR TR 8 . A, MR A 5 A ¢
LA L3R (330 mg/500 mL) ™, L-3E IR & =
FRIRAGA THEE A ] =), X T ZOR AR P A RE i
i e dmE, FF5E R, MR A 38 o 7 37 2k A
IRE , B A R PR v A1 e B AE 00 L D RE R AR 3
PRI A — T ] AR 390 T30 43 170 ok A 58 355 4 B L
X BRI R AIF 5T A & B, MR A1 B 2L B2 MRS W RE B 47 3t
A A AR PN IERE , FEIURE ARG 7L R K
S AR IR . SR, MR 75 A8 i 2 1 A
VA B 44t 7 A Ty e A o ™ B B 4 5 R 1 BB —
BRAE, HETMANTERE . &FxH ™\ )G, RE T HEH
IR VR AR TR DR o I B R 2 — A A5 T T B
3 2o o 0 I A 2 R A, TTHS B 4 R Ok

i, O BE L RE , PRI TR HE AR, SR O b B A
HE—FF L (E MR IR AR I % T 55
A HOAE = HR AR B G, e Bt — 2
e,

PRI, AT 5 38 e A S R ™ i A R L
MR Jiin it Y8 4% 52 95 o8 ™ B B 15 BOPE — R AIE BRI 7 A%
R IFE— 20 BB ALER] , LA O 7 ) 4 58 B A
52 I A PRI, FH e B (A al

1 #MREFZE

1.1 #H#

L1 1 SE5Rah¥) SPFZSD AR, MERESK, 12~
14 JA1#% , PR BT 200~220 g, H il 455 (0 12 27 POy S
S LR RISE T SPF s iR R 085, Tl 75 0 ]
H i POKER . B EER R Y B 1 i (40%~
70%) , WAL 22~24 °Co ARBISEH I ETA J7
R i 7 B R S S AR e R R H AL
HtHE(AMUWEC20237118) , ¥ S s AL S8 1) 5 45 &
S TN Sh Y AR A EEK

L2 EZE0GN S5 MmN ESHEA
(vascular endothelial cadherin, VE-Cadherin) it S8 4b %)
it {4 85 FE W) 0T A2 AR y 2RO - La(peroxisome
proliferator activating receptor gamma coactivator lao,
PGCla) | £ KL A4 W W2 1k 3 J3 A 3¢ 22 H1 1 (phospho-
dynamin-related protein 1,p-Drpl) (2R 5l ) M G5
M 1(dynamin-related protein 1, Drpl) S £ R0 ARl A &
1 (mitofusin 2, Mfn2)—3t . L 2EPT R PLPiikmng [ 5
[E] Abcam 2\ F] ; B-actin — $i M H 32 [& Cell Signaling
Technology 23 Al 5 =EHT 9 — Pt B 32 [# Jackson 28 7] 5
Minute' " Ifil 3 20 21 S8 PR BUAH &l A 3830 AR
TR AL HO) A PR 7] 5 K B A P 1L A2 9 T (von
Willebrand Factor,vWF)ELISA 35l &0 B A4E TAY) T#%
(TR e A PR 7] 5 1 Fe35  (Thromboelastography,
TEG ) K377 & W 3 2 [E Haemonetics Corporation N
s MR Chit 0 158 ) W) [ R B. A 57 12, - ME AR SRR A AT
B2 ] 5 = P i ot s vt 25 0 A1 A9 (e 5 A= Bt
HATBR A H]

1.2 Fik

.21 REU"EQIGEEH & SD KAt
W, H K . 18 3% I L 240 (30 mg/kg) 18 i A
TES BRI AT ML 11 7 T Bl b, 2R 2 R 5k 2K
AR SE A ™ BB GAERY  AT 20 3l bk
FH T R A 52 5, A OB 5l Jok A e~ 24 3 ik
F A LR S s AR SR AL ORI . AR
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A RO T AT, S ZE M T 2 GREE 1 cm,
FReL2 s, A 4R, BRI B RIFE 0.5 em) o &
P4 T, 2 7 0 S 0 Jok-fuh I, R B2 ot o A 4 B
1Y 30%[ 2 & (mL) =14 BT i X7 %x30% ], F547 85Ul
&g LB G EE T, AR A 5 A . 30 minJ5
WA R B il e, #5 4EFRF7E 40~50 mmHg N30, 36
INBRIR L), ARSI )R 80% .

1.2.2 SEEsr

1.2.2.1  FZEAM G K BREGE —BAE & A 1% O K i
BNELRARTIRERI ¥ SD K ECR I REPLEC T3
5930 8 41 (n=8) B F-A (Sham) 41 . ™ E B i (trauma,
Tra) A ][] £5(10.30.60.90 120, 180 min) £ . ™ &
45 (Tra) 4 o Sham ZHAURR B A Bh i bk B 45, Tra 21T
B A7 R R0 A 2 S B AS ) IR ) o5 B 4% 20 K B 230
Jok ARG i A4 55 7 PR, K6 Tra60 min ZH 11 Tra180 min
20 B ok il A= 38 A ek B PR Sk B I I i 5% Sham 21
1 Tra 20 R BRAZ O AR . Kl Sham 21 A1 Tral80 min 41
KU B L P T L 02 v WF R B R Ik 1 e £k R
A P W 2 1) 3 0 i 5 ok 1L 48 B B VE-Cadherin
PGCla Mfn2 Drpl.p-Drpl(s616) & H £k

1.2.2.2 MRIEIAE H5 K EREIE =IRAE K N R ki
ROiRek K SD KRR FHBEHLECFRIE 5y 34
(n=8) : Tra180 minZH MR # IR 5 2H (Tral80 min+
MR 41) MR il it i 4 52 75 20 (Tra180 min+MR+37 “C
4) . Tral80 min ZH : 75 A F A5 ALY HE 58 105 AN 1A A
VAT THCE 180 min; Tral80 min+MR 21 : 75 G/ {45155 51 4
SR 60 min B A FH B 4 i 6 8O 45 LA 20 mL/h
1Y) B 3 2 A% 2k i i Y H R MR ; Tral80 min+MR+
37 “CH1L - ¥ MR $E 1T B A2 K46 37 “C/K¥ 2 h, T
PR R 52 RS 60 min S {87 FH 125 3 i 1t i v L
i L4 20 mL/h B9 380 B IR v 2 %5 2R L fE B9 KR 2 h s
(9 MR o 6 I 5 28 R BRURE 308 L L ] A O MR | 1 3
VW ZKF- il # Jik Pz 2 A A I W0 42 ) 5 1 3 ik i
S, DU g K I 48 5L 2R [ VE-Cadherin, PGCla,
Mfn2 . Drpl.p-Drpl(s616) & FH ik

1.2.3  ImFesi AT AR ERUE R S R e
o Z BRI S AT R BUE I, B85 E B8k, 5 mL
TS AR I 2. 7 mL I8 3= Bl K O A S A R A R
300 L BBl KR LA, FR AR L EITR 20, 15 min N |
BURI o A 370 75 588 117 52 30 22 0 R 3 g e i
ICFFHERTFFHL AR I, RERIFR A 37 °C,
B 20 pL 2l 7K B B A IR, A AR A 10 plL
s T J ARG I 790 A 20 L 23R B9 CaCLL i3], FE

A 340 L AR IR AL 1S 5 Sl DK AR &, A0 AL E I
f 8] (activated clotting time, ACT) | #E Ifil 52 v Fs) [H]
(reaction time, R) ., MLF2 5 K YR MH (maximum amplitude,
MA ) | Il EEHIE W % (Angle ) 4845 o
12,4 kiR 7R BUS N S E
ZHNRRIBE IS, FTOT R BRIk , B4 IR ik . FHHAT
FIRIGJE 19 1 mL A% 3 2 500 L (19 17 3 30 ik
L, AR 23 TE S &% N 2 OF AR B ZE B 3 A1k, S A
LA I B ik i R B (potential of hydrogen, PH) \ —
A ALK 71 % (partial pressure of carbon dioxide, PCO,) .
%) 43k (base excess, BE) VHCO;, K" Na".Ca™ .CI'FnFL
Fi% (lactic acid, Lac ) 7KV, WLZE K FRURRASFT H At o AR 4k
1.2.5 Ralimses: R BUS IS N TES G T
ZHRREE IS R RO R AR IC R U AR 3 mm BAR
Ab 9K R R L TR BT R A T b BUAR [ E B il
PN 1 em 4b , FHAMRET- AR JT Fr i b S B U)W R B
. A H KRB — e T AR A, wf o U -
REIC32 AR o S RIKE R B Wi T3 A5 37 "CAR BER UK
9 EPAE W AL AL L , ISR LR TE] . 20 min
Ja, g MR IR, 2R . A5 R REEMN
EP A TR PO 4% 5 Wi, By (hoE— 20 . R
BB [, Ak S 7
1.2.6  Western blot fa i fifi ik & FH #2158 TER R
IR P A T S I L 2 R O L P T I IR R
TR GO T 0 AR R b B 3 8 A v i
ik, /N 25 B B B A LA R LR LU, 1) B O I
B R B PBS R IRV R BR S N A M . PRI
20~30 mg I LAY, BT JIH 2150 A% 1 mmx1 mm /)
Yo B s O EHEEE . A 50~80 mg £ 1 H2 0K
TEOEEPIFE S . S RV R ) R R
B RGP 2~3 min, HHATA 100 WL 2R ARSAT
I min, % L35+, T4 CTF L 14 000xg &0 1 min,
EREOHE, BRIV EER. BB EEEIE.L
B, N A loading buffer, 105 ‘CZ i 8 min fifi 25 1251,
YRI5 1T SDS-PAGE HLIK ,400 mA fH 4485 25 min, 5% it
B Ay I B 1 h, in A —$T (VE-Cadherin ,p-Drp1
Drpl .PGCla . Mfn2 . B-actin¥J 4 1:1 000) ,4 “Cit 7 8%
A, TBSTYEH 5 minx3 U, MIAZEE — 5t (LEHTRL
15T %4 9 1:20 000) % i M 7 1 h, TBST 3 %
5 minx3 K, AL AMNEAL R G S . H Image J
43 MF B A 132 UMK BE AL, B -actin /E R 9 211 5K &
FefE.
1.2.7 ik B ORI i 2 FER
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BRI s P9 5 P30 2 LU 22 B BRI 5, T o B s 8
it 5 A S A P S B R A B G O i i
K, /N 25 R B A A IR B A 2L 8L, 9N 1) B 1
B PBSERIRIEEYE , RBRINTG , BUA 20 mL A (1) 7 25 2%
R (Or B BRI )T :0. 25 mol/L EEME , 0. 10 mmol/L
Na,EDTA,0. 01 mol/L Tris) A EE 1M . BT 4 °C
PL1 600xg 2.0 12 min, W 2E Fif . T4 °C,25 000xg
B0 15 min, WAEDTTE I EE T 2 mL B2 i,
4 CHE RN . SR SCHR 195 9 Lowry 10 2 4 ki ik
HREE . LR IAR T B8 AT {5 T IR K v B (1%
BHSH30 °C), W30 min, o sk, IR AR CHR
MRl KGEARBHEAL RS o MRURHE SO 28 o A LA A4
R0, 25 mol/LJERE, 15. 00 mmol/L KCI,1. 00 mmol/L
Na,EDTA, 15. 00 mmol/L. KH,PO,, 5. 00 mmol/L. MgCl,,
30 Ca B R pH 2 7.4) 150 L £ ki 44 7 0
150 wL, Jf-F45 2 min, FIMA 0. 2 mL B 520 IS 9 (3¢
RN 0.5 mol/L, L-F Z R 4 0. 5 mol/L) , F IK -1
J& A 50 pLi% 0. 5 mol/L ADP, il &bk E i
SEMNZR R Z AR AR AR i o TR AR I 47 i) 5
R BREERAR DI BE , S RIARIT I 42 ] 40 1152 A JC ADP
FEA I HUAA

1.2.8 MM vWFRSN 728K RIS PES I b
ZENRIRE G, T IF R UM I, 28 08 =8 3l Bk B 4 il F
4 °CLA 1 200xg B0 10 min, FIGEIA M . $RATEAE
ait F vWF ELISA 32057 & 52 W 22 2 i, B k70 & AL
M, 2 O L R L S REAS S fL I X Bz 1%
B AL FECHI BRI vk B R AR AR IR &
FLAR NI 100 pL/ALFRHE S FRFIAEAS | FH 5 A 5
M5 T 37 “CHEIRAS T8 90 min, F£224% KW AL N T
RIFAEUEAC AR T, AL 100 wL A Prbric vWF BT
TR Z RN AL, T 37 “ClEIRAR RS T 60 min.
IR RN LN AR AEUE LR BT, 200 pL/ALYER
e A VR 4R BFIR 2 min, ¥ HRPARMCHEER SE MR
TAEW 100 wL/ALT 37 CHEIRAH T4 30 min, K
200 pL/ALVEB I VT 4, B 2 min, ARG HAL
JA 90 wL g a5, F 37 “CIERA TIA 15 min J5 , 4L

JIMA 50 WL 241, 5 min PNTE 450 nm ARSI S %8 B
[0D(450) ], Z=ilbruErh 4, THARE R EE
1.3 %t

K H SPSS 26. 0 Gt it 4o Bt . 456 IE S5
AT GOR 2as 7 o PG IA]R AR BN ¢ K56
Z A 8] LR B R R 07 2500, L LSD i AT 2 41 1]
iR . P<0. 05 FR 22 HA G #E L.

2 #R

2.1 PEeMGTHEA KA =K/

55 Sham 20 FL %5, Tra30 min 2K B 22 B gy ACT FlI
R {E P 5. 45 %5 , MA F1 Angle {5 B 5 9 K, BE 1 ) g 52
PR ZS 5 10 Tra180 min 21 K R B ACT 5 R {E W
i FER  MA N Angle {E BH 58 45 %, 58 1 D) i 5 0 251K
BER S (P<0. 05, ] 1A~D) . [RIA}, Tral180 min 41 K fl
B2 H 1 RS TR] B ZE K (P<0. 05, [ LE) o 3% 22 W)
RO & B, 7 H A 45 30 min I, KRR O A L 5
Wr 2 3R B, SR 2 B 7E 35 CAE A (P<0. 05, KT 1F) .
[R] BpASEIN 1 R R s K LA, 45 3R & B, Tra60 min 2H K
L PH.PCO, HCO;.BE 2 X F Sham 41, 2 R R
F 7 ; Tral80 min 21 K B PH .3 5 T Sham 41, PCO, .
HCO; . BE 45 {2 & 1% T Sham £ , &% 0% M 5 27 (P<
0.05,% 1), 4h, 5 Sham 4 H. 4, Tra60 min 4 K F&,
K" Ca™ \CI Al Lac 2 3 - FF, Na" R, B A 4
gk w85 L & L FLBER AE 5 5 Sham 41 Fb B,
Tral80 min 20 K Bl K FR22 Fh i, Na' $R 42 F %, Ca™ i
FEAR, Lac B4 FT EYE A A& T Sham 41, 52 =87 K
B ARAS | LR LE (P<0. 05,3 2) .

F1 FEGX KBNS (BEFEIEIR) BISZIE (n=8,x+s)

PCO HCO;

Rl PH : BE
/mmHg /(mmol/L)
Sham 7.39+0.04 44.34+1.04 25.80+1. 14 2.36+0.70
Tra60 min  7.31+0. 01" 35.63+2. 54" 16.50+3. 18" -5.96=+0. 81"

Tral80 min  7.45+0. 04" 26.20+1.53" 20.40+1.87" -3.70+0. 39"
a:P<0. 05,5 Sham 28 Yk 4%

F2 FEEGMARINKMS(REREIZE)RME(n=8,x+s)

K" Na® Ca® CI’ Lac
25
/(mmol/L) /(mmol/L) /(mmol/L) /(mmol/L) /(mmol/L)
Sham 3.75+0. 13 142. 50+1. 20 1. 369+0. 026 105. 13+1. 96 0. 88+0. 25
Tra60 min 4. 80+0. 38" 138. 00+2. 14" 1. 433+0. 026" 109. 00+2. 78" 4. 64+1. 18"
Tral80 min 5.36+0.51" 135.38+1.51" 1. 269+0. 029" 104. 00£2. 07 2. 69+0. 34"

a:P<0. 05,5 Sham %1 rb 45
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