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DAI Zhongliang, ZHU Yi, WANG Linlin, LI Fujing, ZHANG Xueping, YAO Shanglong,
ZHANG Zhongjun. Department of Anesthesiology, Shenzhen Anesthesiology Engineering Center ,
Shenzhen People’s Hospital, The Second Medical College of Jinan University, Shenzhen
518020 , China

Corresponding author : ZHANG Zhongjun , Email : dail0@sina .com

[Abstract] Objective To test the protective effect of a new Ringer’s malate solution on
intestine’s apoptosis caused by hemorrhagic shock in rats. Methods Forty-eight Sprague-Dawley male
rats, weighing 280-320 g, were randomly assigned into four groups: sham shock group (group SS) .,
normal saline group (group NS), Ringer’s lactate group (group RL) and Ringer’s malate (group
RM), n=12 each. The group SS was served as control group., the other groups were subjected to 60
min of hemorrhagic shock [MAP (40%5) mm Hg] followed by crystalloid resuscitation. Those rats
were sacrificed 3 h after resuscitation. Intestinal tissue was harvested to detect Bcl-2/Bax protein
level, the bioactivity of superoxide dismutase (SOD) and malondialdehyde (MDA) level. The level of
intestinal cell apotosis was measured using TUNEL method and apoptosis index was calculated. The
intestinal histopathology was examined. Results Compared with group SS, the expression of Bel-2
and the bioactivity of SOD were lower, the level of Bax protein, MDA and apoptotic index were high-
er in groups NS, RL and RM (P <C0. 05). Compared with groups NS and RL, the expression of Bcl-2
and the bioactivity of SOD was higher, the level of Bax protein, MDA and apoptotic index were lower
in group RM (P <C0.05). Histopathological examination showed that group RM was better than
group NS and group RL. Conclusion Ringer’s malate alleviated intestinal apoptosis caused by hemor-
rhagic shock in rats. The study suggests that Ringer’s malate solution could be a potential new thera-
peutic agent for fluid resuscitation.

[Key words] Ringer’s malate solution; Fluid resuscitation; Hemorrhagic shock; Intestine; Apop-

tosis

HEA I H FEYN R FE A4S (JCYT20130402092657766) s I TA: RFIF AL 4 (201401004)

PEH AL 518020 ¥ K2E4E IR K24 Be VRN T RREE 2 2 TR 5 o0 CBP 5 R B Tk 2w 5 0k S
P IR I s TR R [ IS B O R I I SRR R (k1 A

WAEMEE P4, Email : dail 0@ sina.com



It R R 27 2 7% 2017 4E 6 H %5 33 %5 6 ] ] Clin Anesthesiol,June 2017, Vol. 33.No. 6 * 599 -

2 PR R g 2 i IR T R 30 B H L B 2 TEAE
Z— EEWRIT B RWEE B WK E T
F R T5 IR A RV A R Y R R &
575207 AACEE 2 07 FUIR B8 L 2 07 I TR B 4 B
Bt EJE DL A A e A R B
AN RE 1S Jn AR T 0 R) U g 0 e SN . SRR 2 =
FRTRAE A i A AL 55 IR, ) SR R R - K A AR
BRGRE 055 i 3K T i NADH 5% iz & 4k 1K 4
PR AL R . F T 0K 5w S0 1] 9 A 5 4L B B AR
AS PR TE /T 0T 5T b S BT B — OB B AR
VST AR AN . %W pH 7.4, Na® 140
mmol/L,K" 4 mmol/L,Cl” 117 mmol/L, Ca’" 2
mmol/L,3ERBARE F 15. 4 mmol/L, B % N 296
mOsm/kg(F %% W% FIHZAL 201110149525. 8) . A
S AR A T SRR A SR it M DR RN i 2 4
UL R0 T P S ) Ay I R R I P R e 8 VR A A T 4 AR A
KM o

M5 E

kR A AR AR R
[F5F B= 2% BE 3 W) 1 B 25 D1 2 it i (SCXK2010-
0004), ¥4 SPF 2% SD Mtk KR 48 H &k H 280
~320 g,7~9 JEA&, H BBEHLECF R W IF R A
(SS ), 4= B £h /K 2H (NS 41) . & )7 SR 81 20 (RL
)R I SER RN (RM 41, B4 12 H,

AR & A BA NS 4 . RL 4 fl RM 412 i
SCHRLA S 5100 77 325 i £ 2% i P AR o 45 7Y, s 1 559
B Z 8 50 mg/ kg, BRI S K B EMZ [ E TG
AT ) 5 350 P 2l Jok R 0 P R IOk AT AR 38 5 W AR
HEE % MAP, BRI E 10 min J5 0L E MAP
[ J3(40+5)mm Hg(# 2.5 ml/kg I Y& , 5 1M B [a]
2910 min) 4k S2 i Bk R 0 43 00 4k R I 0l
60 min J& A 2 i A 2R It a5 R A AR R4 XoF N YA L
WS ] 24 30 min, iV 56 G WK IE K 1 h N
MAP 254k, 884 5 1, SS 20 H AT 51 3 bk & 4 W
Wi, TEHC I A AR E R fE . 3 h R4S 4R H
F0P9 h ok PR S A i ) T iR AR SRR B TEEE R E W
10 cm AR BN 1R

DN EEEF B ok ot B2 & B (Bel-2) , Bel-
2 MXE G (Bax)#eml SR R 40 E Bel-2
FIE M Bax &k, JGHE N LSS, Wi/ i Fb B 41 L
JiL 3 H B B € IURLIR A Bk S AT R B BRI
B 5 2N BE I 403 G 4 6 e 5 8 B S AN 2 € T Sy
FFIPE 200 16 AR i B A e R B 1 A0 AN ) K

{H3H% Bel-2 £k 8 Bax & . & HPIAS-100
R B 22 (0 B 5 2 40 DN 4O 25 2 {E (OD fiD
Rl 12 HRRAS L 5k Fr , Bk ) B 2 AL BT
A3 IR IN  OD {8 A4 2408 4E S e 20 19 4%
FIA.

SRR A LA m R TUNEL
T 005 240 L8 T 0 SR FH O 2 I T O 5% R T A
FOFHARE . f5 R T A% 2 A48 1Y 20 B B A O
ToAME ., BRI AR S A B N BEMLIER 2 S HLET,
F HPTAS-100 BY & 22 % (0 KR 50 BT R e 1H 80 T
0 B R T e = G w1110 S
LA X100 %0 . HURE 4 A 0 B0 45 {4 3% 0t 4 1) 9
T-He %K.

DN 4L LR R R AL HAL B (SOD) Fe 5 = B
(MDA #% E Al ARIR R AR /N A2 A 1
mol/L i HCL, B BE §l [ 41 2151 3K )5 F 4°C F 3 000
r/ming 0 10 min, B E R . 323855 & 100 BH ok FH 8%
W W A AL 35 T 52 SOD I 1 L AR B b 22 R Lb (o 325 0
& MDA ¥,

BRI FIE N g A B K bk 3
i JE R A Y btk 22 B L R B K S A A
1Y) R HE 405 3530 2 s~ W a8/ g B
AU,

%t oM R SPSS 11.0 ¥ vk 47 40 #r .
IEB AR OB LB AR i 2 (o +5) R . 4
] bE 4SS R B 38 7 28 43 M, i — 25 T LR
SNK K5, 41N A [F] B i (4 R B A 0 40
P EAHT. P<<0.05 WESHGIT¥E L.

4] R

NN EERE H Bel-2 22 T4 Bax &% NS,
RL.RM 41 Bel-2 ik I AL T SS 41, Bax & i
M@ T SS 4H (P <C0.05), RL 4 Bax & & W &
i F NS4 (P<C0.05), RM 4 Bel-2 £k &
BT NS 40 F1 RL 4. Bax & & W] 2K T NS 41 A
RL ZH(P<<0.05 (F 1,2),

DN AERE B A T H oL NS.RL.RM 2 i 1
FERO WAL T NS 41 RL 41, 9 i &5 F SS 41 (P <<
0.05), RM 40 T-48 £ W] BAR T NS 4 F1 RL 4
(P<C0.05),

WP SOD F M & MDA %  NS.RL,
RM 41 SOD {f ¥: W] @ AIK T SS 4. MDA ¥ Ji£ W] &
T SS 4 (P<C0.05), RL 4 MDA ¥k B A% T
NS 41 (P <C0.05), RM 4 SOD i% 8 & & F NS



. 600 It R R 27 2 7% 2017 4E 6 H % 33 %5 6 M ] Clin Anesthesiol,June 2017, Vol. 33.No. 6

ﬂgs_ a_ll?(t
gl

Bel-2

S = N W
T
H

H e

SS4H NSZH RLA RMZ1

W5 SSH A, P <C0.05; 5 NS 4 L& .Y P<<0.05; 5
RL 4 He%¢, < P<<0. 05
Bl1 MAXREFHEMES B2 RIZEMLLE

40r
3.5F
3.01 ab
gﬁﬂ 25F i
Qi L
5 2.0
2 1.5¢
1.0F
0.5F lﬁ
0
SSZH NSZH RLAH RMZH
5 SSHHE . P<<0.05; 5 NS4 Hbi,"P<<0.05; 5
RL 4 4, < P<C0. 05
2 MAXBRBFHEMAES Bax SEMEEE

i

abc

A RL 4, MDA ] @K T NS 4 A RL 4 (P
<C0.05) (& 3.4),

DR FEE NS Y /N E TS BT
(] B T B8 K BB R i b R AR A R R
BLERUGINAE s RL 21 48 B T b B2 0] Bt 1 5
£ SN e B R S S = U 5 o SO )
Jt 7% s RM 2 9B Tt b B2 F A2 B AR 58, 500 E [ AR
UL/ SR BT B0 75 5 SS ZH 45 # 1E H (8 5)

W’

T I PR AR R oS 0 A S R Y 2K 1l PR
PRTCARH W3l . %I IR v A e T A0 B A B
DA A A A a9 /D 5 A LR B AR T S
AL 1 g 12 30 e A o 4 Al O i ST R . e
AN AN A 7 A T PR A I
AITIRE . T 22 4% H 20 RE BE A5, X/ i D E RO 45 4
JEA IR BRTE R M IR T 9 R A 40 AR B
8B A3 o MR B 1 2B IR UK B R Ok 1 52 U5 FLIR
BT A A L R R R BB S
T LA P9 457 B I 1] 6, R b o IR e B0 4 B e 4

120
100 —L
abe
< 80r T
£
= 60F
a
Q a
s40r 1 T
20
SS# NSZH RL4H RM4

W5 SSHH K, P<<0.05;5 NSH H#."P<0.05; 5
RL 4 H 4, <P <<0. 05
3 MAXR/NFALH SOD iF MK L8

14r- a
12r
T ab
= 10F
£ T
thi
£ abc
= or
a
= 4r T
2 -
0
SS4H NS4 RLA RM4H

W SSHNH,*P<0.05;5 NSAH L HE."P<0.05; 5
RL 4 Hh 4, P<<0. 05
B4 MAXBR/MFHELAT MDA RELLE

s MAXR/MNIARAREFHET(HE, X100)

IR A RE SR AL AR 4 AR T

PR —F T Ion AL R R R KA
SR 2 W 1) T AR 43 L % ik I 9 NADH
e B B Lo Mt RE S 2 R AR AR AL N B AT
TR RE AR R Y RS R R, B
SRR B MR s R A R4 A pT I AR
AT RE A5 R T Kb T HIL A E i | 4R v LR A RE B A



I R FE 27 24 2017 4 6 %5 33 545 6 1 J Clin Anesthesiol,June 2017, Vol. 33,No. 6 e 601 -

AR AR N B AL B B T BR A G . SRR B AL CDA0 A CDAOL Z3K A RENA. i PR IR 1 5
SOD i K MDA ¥ JE J2: [ e g 5 iof 481 I B 11 Ak 2015, 31D 7062,

oA 0T SOD T5 4 AT $5 25 ML B 40 1 252 10 [6] Hubbard W], Bland KI, Chaudry IH. The error of our ways:
3 MDA e B2 A [a] 32 S Wk 240 Jfg 52 00 7 R . AR SE 5

estrogen-related receptors are about energy, not hormones,

and are potential new targets for trauma and shock. Shock.,

SRR E IR A RIiFn9 A B B &RE R 2015, 44(1); 3-15.
Jjjﬁﬁ o I—J ET fﬁﬁﬂm )‘IJ_ J[_.IEE;Q Eﬁ%% 7 IEVEI ﬁ Eﬁ I [7] Harrois A, Baudry N, Huet O, et al. Norepinephrine decrea-
Uﬁi_g\:% %EH:%?J‘E" ’fj] ses fluid requirements and blood loss while preserving intesti-

o nal villi microcirculation during fluid resuscitation of uncon-
25 b a5 07 3 R R B0 R 0P AR e S B

. o ‘ o trolled hemorrhagic shock in mice. Anesthesiology, 2015,
SN BB LA LA 0 B0 R R 0 R e oo

ﬁﬁﬁ%ﬂﬁ‘%i\?ﬂk ZN EIE'EIM: TR Y R A R B B PR, B [8] Santi M, Lava SA, Camozzi P. et al. The great fluid debate:
’ﬁg’ﬁzﬁﬁ*ﬂ.‘ %Umﬁ L ﬂ;‘ﬁ?{ o saline or so-called "balanced" salt solutions? Ital J Pediatr,

2015, 41 47.
2 % X # [9] Mondala AH. Direct fungal fermentation of lignocellulosic bi-
omass into itaconic, fumaric, and malic acids: current and fu-
ture prospects. J Ind Microbiol Biotechnol, 2015, 42 (4).
487-506.

[10] Kolosova NG, Akulov AE, Stefanova NA, et al. Effect of

[1] Bogert JN, Harvin JA, Cotton BA. Damage control resusci-
tation. ] Intensive Care Med, 2016, 31(3): 177-186.
[2] Stancil SA. Past and current trends in intravenous therapy for

hemorrhagic shock. Air Med J, 2014, 33(4) . 172-175.
malate on the development of rotenone-induced brain changes

in Wistar and OXYS rats: an MRI study. Dokl Biol Sci,
2011, 437, 72-75.
[11] Aleshin VA. Artiukhov AV, Oppermann H. et al. Mito-

[3] Dai ZL, Wu J, Meng C, et al. Ringer’s malate solution pro-
tects against the multiple organ injury and dysfunction caused
by hemorrhagic shock in rats. Shock, 2012, 38(3) . 268-274.
[4] Nelson A, Statkevicius S, Schott U, et al. Effects of fresh
. ; . chondrial impairment may increase cellular NAD(P)H: resa-
frozen plasma, Ringer’s acetate and albumin on plasma

zurin oxidoreductase activity, perturbing the NAD (P) H-

based viability assays. Cells, 2015, 4(3). 427-451.

e H:2016 =09 — 21)

volume and on circulating glycocalyx components following
haemorrhagic shock in rats. Intensive Care Med Exp, 2016, 4
(1): 6.

(5] EHE, HE&, #kT. Hhk Z ik X Bk M A o B

(A R T 5 R & R0 RO D2016 48 JiUR A

2016 4F 10 A 12 H.hEMZHE ARG BRI BRSO & m T 2016 48 i BR800 7 51 )4 (o
RO Y. Ay 1985 Fp ] T A SR B2 b B AR O T AR TFIRLC BT IK 3236 800 M R F 1. 364, FESMRL LR A 25 )
B 43 I HEFESE 3 A 2 47 7E BT R0 Pl vb 4y B HEZE S8 157 A58 107 1, & L WETAA T 2016 45 G 5000 1 H
G b B T Tﬁé‘%i@i(Fsooo) o PEGETT,2011~2015 4 B RS UCEOE B H T 18 2 RHTUUR K 2 45 5 i i 22 DL b B 18 50
AU 2 k. Horal ad G e M 07 sORAERT TIOR8 SCER 4 BB SO 2 2250 . AR TIA 20 RSB SCARE



