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Early resuscitation by lactated Ringer’s solution alleviates
cardiac apoptosis of trauma-hemorrhagic shock in rats
Abstract

Background: Trauma complicated hemorrhagic shock is the
leading cause in trauma deaths. Mechanical trauma of body
without chest or cardiac injury would induce secondary cardiac
damage in clinical and laboratory studies. Apoptosis was
regarded as an important role. Although lactated Ringer’s (L/R)
solution resuscitation would decrease the levels of cytokines
and the amount of apoptotic cells, few reports discussed about
the effects for cardiac apoptosis. Therefore we investigated
whether trauma-hemorrhagic shock (THS) would induce cardiac
apoptosis, in addition, the therapeutic effects and the
intracellular mechanism of L/R solution resuscitation.
Material and Method: Twenty-one male Sprague Dawley rats
(300~350 g) were randomly divided into sham (C), hemorrhagic
shock (S), and hemorrhagic shock with resuscitation (R) groups.
THS was induced by the cutting wound sutured over abdomen

and maintained 60 minutes shock by withdrawal blood. Then
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resuscitation with auto-transfusion and L/R in 10 minutes after
shock restored pre-shock blood pressure. Each group was
scarified in different hours after intervention at zero hour, four
hours, and eight hours. Cardiac tissue were collected and
evaluated for apoptosis by TdT-mediated dUTP nick-end
labeling (TUNEL) stain, Haematoxylin & Eosin(HE) stain, and
western blot.

Result: HE stain showed significant decrease of cardiomyocyte
amount compared S group to C group and R group. But Less
decrease of that in R group compared to S group. S group had
significant elevation of pro-apoptotic signals (fas/fasL, fas
associated death domain (FADD), bax, bad) compared to C
group (p< 0.05). Resuscitation can decrease the pro-apoptotic
signals, in addition, increased of phophorated IGF-1R,
phosphorated PI3K, and Akt amounts compared between R and
S group (p<0.05). TUNEL stain showed existence of apoptotic
cells in both S and R groups. R group significant decrease the
cell amount of apoptosis compared to S group.

Conclusion: THS induces cardiac apoptosis by fas/fasL and
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mitochondrial dependent pathways, and early L/R solution
resuscitation can alleviate cardiac apoptosis by decrease the
amounts of pro-apoptotic signals and activate IGF1R/PI3K/Akt

pathway.
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2.1.1 & &2 #3 % ik

(1) Bp # ® Signa = &

SDS (Sodium dodecyl sulfate)
NaCl ( Sodium chloride )
MgCl. ( Magnesium chloride )
BSA ( Bovine serum albumin )
DEPC ( Diethyl pyrocabonate )

Acrylamide

(2) Bp 2 ®USB = &
Tris - base

Glycine

(3) B-p % M Gibco/BRL = 7
PBS (Dulbecco’ s Phosphate-Buffered Saline)

(4) Mp B3 P B RIOK3 Lo &
Na2H2P04 - 2H20 ( Sodium phosphate )
Acetic acide
K2HPO4 ( Potassium phosphate, dibasic )
HC1 ( Chloric acid )
KH2P04 ( Potassium phosphate, monobasic )



(b)) Mp % B Roche = &
Proteinase K

Complete proteinase i1nhibitor cocktail tables

(6) Bp 2 WBMA = &
ProSieve color protein markers

LE-Agarose

(7) Mp % B Amresco = &
Boric acid
Bis-acrylamide

APS ( Ammonium persul fate )

(8) - p % R Pharmacia Biotech 2 @

2-Mercaptoethanol

(9) Bp £ ®WNEN = &
PVDF membrane

(10) Fp # ® TEDIA = &
Methanol

(11) PMtp % ® Hyclone = &
FBS ( Fetal Bovine Serum )

(12) Fp # K Biotecx = &
Ultraspec RNA reagent



(13) Mp 2 B CPG = 7
TEMED

(14) pEp % B ANGUS = @
Glycerol

(15) p-p ¥ 5 f1407 127

Ethanol

Tween 20 ( Polyoxyethylenesorbitan monolaurate )

2.1.2 Antibody
IGF-1

IGF-11

Bad

Bcl2

a-tubulin

FADD

Nip3

Fas

Fas-ligand (fasl)
goat anti-mouse IgG - HRP

M
Santa Cruz Biotechnology
Santa Cruz Biotechnology
Transdution Laboratories (BD)
Transdution Laboratories (BD)
NEO MARKERS
Santa Cruz Biotechnology
Transdution Laboratories (BD)
Santa Cruz Biotechnology
Santa Cruz Biotechnology
SERVING SCIENCE TOUGH
IMMUNOCHMISTRY



2.1.3 F &R E

GeneAmp PCR system Techgene
Spectrophotometer Hitachi U-2001
Centrifuge Kubota-1720

Shark TKS

KA E FIRSTEK SCIENTRIC
Millipore Nalgene

B REF S Tomin TM322

PH meter Microcomputer pH/mV/TEMP METER 617
transilluminator National Labnet Company
Homogenizer knots tissue grind Wheaton

power supply Bio Rad

Glass Microfibre Filter (Dia. 47 mm¢e ) Whatman
Membrane Filter (Dia. 47 mm¢ )

(Pore size: 0.2 m) Whatman
Vortex mixer model VM-100 PIGISYSTEM LAB. INTRUMENTS. INC
C02 Water-Jacketed incubator NUAIRE
DNA % A Mupid-2
B PR Kodak
B EE AR AN Bio Rad
K he B TKS WB201
x T OHAUS
Mg x T OHAUS

[ R Nikon type 120
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S S FEEARETE R IR RN LS
;ﬁz\:‘,qﬁ Bl ,Pg.pi;;\%{/%-NIH/\Am.a% # 3 BB }éF'}%'EJ

2.2. 1 & L &

F et iER > £89300-350 2 senzedt & R(pLA SR
Fhp? o) AR TR E25C 2 BiF 12/ e RFRFF(S R

Bk 7)ot 4 BRI hd B E AR Ak & (4% 5001 PMI

ETINS

Nutrition International Inc. Brentwood, MO, USA) % &c-k > ri%g#%

-%;t,ga\ﬁafez] g X HI = B ey o«!’uj-ﬁgi/{-h—zg(S tL)‘ 413_14 *

¥ £ % 300 3] 350 = 5 enzed Sprague Dawley = & > fﬁd P E bt

sodium pentobarbital ( =+ 227 30 £ s )Frfr » L BEGFF ¥ 4

»

B0 100%F F o A d TE AL R e G or g end g
(PE50) » %3+ 4 ] ik s #% 2 A5 48 9% Jea = 3 B > @ T 2o » R (MAP) B

%ﬁd PIAL B 2% R 4 8 T8 B ¢ gk (Cardiomax-model 85; Columbus
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Instruments International Co.,Ohio, U.S.A) o = &g if Bld &l R T
PIBF B0 R B kR 2 o B2 T R MRS o

2.2.3 I1e Bk 2 RIHRK

Gk it > Jhd 10 240 hfd s BAR(F 27 2.5 )0
MAF T EE R 4045 F oK AL o RILPFRFAAF 60 A 4R e i oo A
Hefpok b B Kena g o R BFREE £ 10~ &) £3
ks m R o R o ke > B 10 AN A PE T AT LS
0t en ek o ¥ e FURRARRE R o B p BB S R TS 1 0 0%
frE R EE BTl PR LA X RE T RADEEE

2.2.4 % "ﬁ‘—B

F ot AP~ B AR o g el Bz e & PBS(0. 14 MNaCl, 3 mM

~i

KC1, 1.4 mM KH2PO4, 14 mM K2HPO4):3 fheize (% 100 % 2o k4 » 0.5 %
L PBS) 5 A48 v R F IO iR Aok b 10 441 0 g 30 A 4B(F A
4 12000 48) > B iRk E 0 -T0°C sk - H R KLY o

2.2.5 Hematoxylin & eosin(H.E. )% ¢ ;# 3 TdT-mediated dUTP

nick-end labeling (TUNEL)% ¢ ;&

L E RS AR R RF R Rk R YRS R
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Wis s s (0,2 Bk (8 RS R P o %gd xylen 2 455 k% R4k & o
Bt HE %4 > 5973 7 ¥ 38%= = hematoxylin 2 eosin %4 & > #&¥
ook a R EE R 0 B s £ * xylene 1ER ek o B AR AR
* th§_7eiss Axiophot % 4 o B>t TUNEL » szt ¥ £ * proteinasek
2 F ¥ % * phophate-buffered saline i# &> * permeabilisation iz
7% incubation, B {6 * PBSE & 3ed =x o A& 37°C ™ #* &= P3R4

(Roche Applied Science, Indianapolis, IN, USA) 60 % 4543 3 & AR %
41 450-500 nm & ¢ ¥ % eh TUNEL st enim®e 4% o TUNEL F5 |4 ehjm 22 e
o dEd 2056 BARHEE 2R S ZBFERAC P T
ALz Pz FRHRATRED AT IR EI S S BI A B

3 vk B AT S o

2.26 A2 8 34 &2

CHRER S PGP G ik Ji%ﬁﬁ Bradford - ;# (Bio-Rad
Protein Assay, Hercules, CA)4 -2 - F-d 8 (F iF g 50 M) 74
d 75 k&g in 2 10% SDS polyacrylamide %48 & A (SDS-PAGE) # 4
Bt R4 -0 f5d #H1 & (Bio-rad)# 4 # T] polyvinylidene

difluoride(PVDF) "=(Millipore, Bedford, MA, 0.45 um pore size) e
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PVDF i ¥ ixie*r 7 7 Sh2menTBS Ebre @ o % - fifl ¢ 4% fas
ligand ~ fas receptor ~ fas associated death domain (FADD) -~ Bad -
Bax, insulin growth factor-I receptor (IGFIR) -~ phosphoinositide
3-kinase (PI3K), Akt 2% «a-tubulin (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) = Bcl-2 (BD) = ¥ i* & v 125000 et 68 5
gl R4 CTEFERG SELRELI BEAE10 440 2 TBS ¥
ez o RisixE g3 IgG-HRP ~ L& X B-endid + [gG-HRP &
5+ 3l X [gG-HRP(Santa Cruz) &= scud83 % % — -] pFis » >+ TBS
e ? 000 B o AR d BEE Y TBS Bk o 10 » 48 i ix
SR o BERY Aoy Kendg > gLE E F R (Santa Curz, CA, USA)2
Mo ® LAY LLd v > ¥ % Fujifim LAS-300 & & ] & 583 2
¥ ( Tokyo, Japan) °
5= e iR
S Hhgen FEOFALE Y Ti5E + EE L N ER o HONHE
e R s 2 e RS e ke kR - TUNEL 1 12
BB kR THE o FpE 0,004 5 F st & b kg

L2 o
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3.1.1 H.E. stain
PR ARLE RN B AT me 3 A G ol
oAy B 44k R A uHH R e ke A

N N P S L

KA R T Lfarahmiz 7 2 B

Y e e 0 BEARIL G PAR 2 o

R
mfe Fendge] o i ¥ LI F L vim
e enimie H A d oG opnbnd 1t o @

no 3’1-‘“97 Eé’ E’f"]}}'i'f ;l

|+ wrrkiac(Fig. 1) s

» 2 2,
3B 2 S NN g
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27 A Ap $r
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2) e

CiRBe e b AR IR SR (S

2 g ) NF £ B 2 Bipk i NF £ B(p- NF
kB)ikv & o

22 g

NFx£Bfra actin et & w8 /] Pz p
| PEFE R B e R R e 23% g E A

(p<0.05) » ¥ ‘e

o e g A $E SR e 5% F T

3

15



(p<0.05) (Fig.3) -

3.1.3 TNF-a

B3k ez P BEAR AR 4 ik e fo it B & TNF- a f- B-actin ot
CRPER B SATEE W E R NI FOE A S o
%% (p<0.05)(Fig. 4) -

3.1.4 Fas/fasL 4= FADD

TR o R e r g P R BEA fasl fe Bractin vt EERAE
Fent Ao AB AR 4 @R FE > 5 5B A (p<0.01) - ¥
b5 ko e ? FADD fr B-actin vt B % v ] FRARE T H R B B B D
By b 2 (p<0.01) - it chFasL fv B-actin et B A 4 /] pF2 8 /] P&
AR e F 50%88 F T % (p<0. 01, p<0. 05) - 4 L% FADD {v
B-actin et B AR ISR (6 % N o] B BRAR £ IR L 2 H0% kg
¥ 7 '%( p<0.01) (Fig.b) e

3.1.5 p-Bad/Bax 4= Bid/truncated Bid (tBid)

kil ¥ Bax fr tBid ¥t f-actin et BREFPFRE 5 2 adg g o
t% 8 FFehpFiz > ks e Bax fr Bactin B2 2 tBid fr Sactin

EBUF L5 B2 4@ RF L A (p<0.05) » 4 T Bax fr tBid 4
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Bactin dwt EARE T R 2t 5 425 8 ) BB ulF H0%E ¥ 0 %
(p<0.05)(Fig.6,7) e

3.1.6 IGFIR fr mip& i Akt

it JGFIR fomips it Akt 0t AP R B b % 8] pFT B 3
B xeaT "5 (Fig. 8,9) »

d.1.7 TUNEL stain

AR Z R te FARIESFK S 0 NPT b anpF [ BEB{F anis il im
g > % DAPI %4 ;2122 TUNEL 2 ¢ 23 @ plwitimie £ F 422 0 %= 0

oo™ NP ER LT A im e B g B A R B g R )I* NIRE17.83%

e A 4 S % oo ARm R e AR SN R e it im e G = 2
=+ (58.39%) Bk P s ivime = (Fig. 10) > @ G igfR Do v 130

Ayl A2 ehlmie Biep (23.4%) iR {S F e 2 B N ] s I

—

/.

o R T 2L e S 0 B R TS i ] 305

2R g e & (Fig, 11, 12) »
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LAY AR )

d HE %d 27 ugpercme P FRILEER gL a3

N

AR K AR DAL ENNA) 0 4o b dmbe Bk ?Kipﬁ%’”fﬁiﬁ—g ¥rouavinre g 4

FEoRPPFAREY TOUE AL B PR BRAR O o g R iieh
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