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Establishment of a new model of severe hemorrhagic shock in rats
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[ Abstract]  Objective Current hemorrhagic animal models often have a wide range of blood pressure fluctuation
and limited brain tissue damage. We aimed to develop a prolonged severe hemorrhagic shock model without significant blood
pressure fluctuation in rats. Methods A 10 mL syringe was fixed on a wall at 47. 58 c¢cm above a surgical operating board
to serve as a blood reservoir. A hemorrhagic shock model was induced by automatically withdrawing blood into the 10 mL
syringe. Mean arterial blood pressure (MAP) was controlled by adjusting the blood level inside the syringe. Twenty-eight
rats were randomly divided into four groups in accordance with different resuscitations. The hemorrhagic shock episode
lasted for 3 h. The physiological conditions and hemodynamic indexes of rats in each group were monitored in real-time and
arterial blood gas was analyzed before and after the shock. Brain hippocampal neuronal damage was assessed by HE

staining. Results MAP was accurately maintained at 31 ~35 mm Hg by keeping the blood level inside the syringe at 47. 58

[E£WAE WAt A 5Lt E AR5 H (1064003)
[YEHE BN IXIHR(1996—) , L AR5 A WF9E 07 ) 20 A= 4%% . E-mail ; hbbdzmt@ 163.com
[BISEE] TR (1967—) , 55, 8% W58 7 1) - 0 2L W2 50 iU B9 . E-mail: hbunxk@ 163.com



66 ] LA R 2 2 2021 4F 12 48 31 %55 129 Chin J Comp Med, December 2021, Vol. 31, No. 12

cm above the surgical operating board throughout the 3 h hemorrhagic shock episode. The rats in all groups had survived at

the end of the 3 h shock. Rats in the non-resuscitation group had died within 2 h after the end of the shock and those in

resuscitation (RB and RR) groups had survived within 3 h after resuscitation. There was a significant decrease in blood pH

and increase in blood lactate. Maximum blood loss had occurred at 20 ~30 min after hemorrhagic shock and the maximum

blood loss was very close to the final blood loss. Pathology revealed marked hippocampal neuronal damage in all rats.

Conclusions The syringe blood reservoir is useful to establish lengthy severe hemorrhagic shock with accurate control of

MAP. This highly reproducible hemorrhagic shock model induces reliable brain damage to investigate pathophysiological

changes and therapeutic effects of hemorrhagic shock.

[ Keywords)

e MMEAR T —Fp SRR UL S G TR, 2
T2 i ML BB PR I Y 20% (15T 2
— ) 05 | o R 3 /L, S A L ) R T A R
SHEFY UL AR, B9 1) b f5e R LY
FET IR P, Al 4 3R S A i R i R R
et LR, ATTE 2 T RS %% 71K
A 57 6 Y IR S A s B A BRAILTR], L2 T T 4%
a5 RE A S50 25, RIS N 0 RE A5 I 941K i 25 6
PEOR 3 19 52 i, JF PEAG & AR 9T O BRI TE 65
ARTET BRI 4 3 S S B 48 SR A A I AR I £
TRTT AN — PR, 3853 i PRI T R J2 >4 i S5 30 v feff
FH SRR 10 i i PR ST RIS 32 R
FH = FhIEACASE Y, o 25 AR R 5 i i A% 750 )
FE A il b A AR ARk AR R A /A A il
Mo B, TR S R BUT TR SR A bR
VAN R A M 1 2 B i 0 A P AR
SLEHALSHM, KT IR AT S AL, T80
JikHs (MAP ) A2 A4ERFAE— N BAR A A IR R
Kmbli] R i 5 300 BE A i e L | 51 %
FeT A, Kk, 78 H AT A8 | il & AR B (R 5E
WM F 90 min) , TIEIEFHL B, Hlwn,
Carrillo 252" Capone %' & W] 7E 40 mm Hg ¥
MAP F#5£E 60 min 5 30 mm Hg #J MAP F154E 45
min [ 2R MLAEAR FEAN 2 X0 A S5 A7 1 K B 4 sk
(LI RE B 4 2L G 454, T MAP 5 I 7E 30 mm
Hg H7K VA AT RE S OO NETRT , eAh AR & & 1
I [ 081 114 3 O A5 7R Bl SR AN R AR A b A 400 B 2 ™
IR 5 58 R B R T b 2 AT o B
MRIRZREL S I, BATHF R T —FloBr AL KRR
S MUPER SR | T Lo IR G s e o5

1 #RFn7E

1.1 LIEEhY
SPF 2l SD AR 30 H, /A 250~300 g,8~

shock ; blood pressure control; blood reservoir; acidosis; hippocampal neuron

10 Jil iy , Y4008 T b o 458 A1) A S0 sh R AR A PR A
H [ SCXK (%) 2016-0006 ] R B A7 K B A = 7 i
J&F 22°C ~25°C FIIRE 55% ~ 65% Wil 5 1, 6 IR
FLREHE 25 12 h SSB R 20, 36 0 PR 4 — S, J ) ]
HHZoK MR, KEIEEFRLEEBESHR
OB A7 T b BE B K 2580 245 R it 9 vh ol i
TN AT SYXK (3E)2018-005] . AWFFE T E il
SERTAb AR Y R 2 A A Bl 2% 2 BE LG Bl P O 4
ZE R (HEHES SM20171) . JF# 250 sh
i B 3R BRI L5 T NGB R AR

1.2 FERKFSMNE

S b /NS YRR BRI (TR DI B IR TS 7D ) 5 AT
RS (LT3 T A FD) 5 BL-420F {5 5 R AR
AT R G (AR ZE N\ 5 Ui 4 B A ( ABL8O
Flex, J} 4 RADIOMETER) .

1.3 SKWAHE
1301 I I A 0 i 42 )y

Y08 i A2 (RS A ML ) S 4 7 i an 181 1
Ji7R o 10 mL 33 52 FAE M4 77 2%, B 10 5 25 [
JETERGRE I TEAMEEF AR MR F 5 47.58 em AbA 0.0
mL ARic, VS8 VR A 77 2 0 R VAR (12
000 U/mL) #yk, B k- BE i
1.3.2 FAH] 4%

P BRURR T , AR A1 5 40 2 26 R 68 I S5 (4 D )
UESERRIRARAS o TE B AN OK 5 91 1a] A7 48 e D 3l 4
TSR A A0 T R P9 3 2, DI KRR P AR i e,
SERRERE WK B B R R R, I AR RS S g o A
TR IR R E R BEAE (37£1)°C, 7R
PSR 38 R 1 3 A e 3l ik, 4% PE-50
AR AL MBS IK AR K BRGE I 8 30 ik 55 500
Urkg P2, 4 PE-50 45— D HEdEIE 3 Ik (A
BRI R R 1 em 1K), WIE F 30K S 1
TR B S 0 v R AR T i B B
IR 58 PR S T GR B TE) . ZEAR e AT, H



vh [ R BE AR A 2021 4F 12 A %5 31 #8255 12 Chin J Comp Med, December 2021, Vol. 31, No. 12 67

F& MAP & 35 mm Hg, 785 IMPER e E], 26250 T
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1.5 KK PE-190 ) 5 G =l BETER ; D 5 B B iR AL IR 1)
H35E:20 S HF 3k F: 20 S E SR ER 5 G220 em KA PE-50
B TR BATL R 2 mL,
1 RS IR Y 4

Note. A, Syringe (10 mL). B, Baxter non-DEHP high-flow rate
extension set (or 1.5-meter-long PE-190 tubing). C, Three-way
stopcock. D, Connector to blood pressure transducer. E, 20-gauge
needle. I, 20-gauge needle cap protector. G, 20 em PE-50 tubing.
The total prime volume in the circuit was approximately 2 mL.

Figure 1 Connection of the syringe blood reservoir
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Table 1 Experimental grouping

2151 Groups

Kb Method

HS 24
HS group

RN 41
RN group

RB 4
RB group

N2 3 h iR T

All rats only subjected to 3 hours of hemorrhagic shock

2817 3 h RULPEAR S, SCPR LA R , 2557 M98, A5, 423 (25°C) TR 3 h
After hemorrhagic shock episode, the blood syringe reservoir was closed, blood discarded. All rats were allowed to

self-recover for 3 hours without any resuscitation, then were euthanized at end of self-recovery period

207 3 h RMEPR S i 3 [ B R AT AR GBI 10 min) , =R (25°C) TR 3 h
After hemorrhagic shock episode, all rats were resuscitated by blood infusion. The blood in the syringe reservoir was
re-infused back via femoral artery (over 10 minutes). All rats were allowed to recover for 3 hours

2217 3 h SRR T, 3d i ] FLRR AR VAR (37°C) BT E 95 (1. 5 mL/ (kg min) ;#id 10 min) , E i (25°C)

RR 4

TYE 3 h

After hemorrhagic shock episode, all rats were resuscitated by Ringers solution. The blood syringe reservoir was

RR group

closed, and the blood discarded. Warm(37°C) Ringers solution was infused at 1. 5 mL/(kg+min) ute via femoral

artery (over 10 minutes). All rats were allowed to recover for 3 hours
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Table 2 Mean arterial blood pressure

H ROEHT(mm Hg)  ARGCIR] (mm Hg) S 9541H (mm Hg)
Groups Before shock

During shock During resuscitation

HS 41

97.6+6.9 .1£2.97 /
HS group + 31.1+2.9
RN £
= 94.7+11.5 34.6+2.1" 20 (only one rat)
RN group
4
R 2 104.2+11.7 35.3+£3.2" 90+21.2"
RB group
RR £
4 116.8+10.5 33.8+1.5" 35.5+£10.2"
RR group
L SRTERT R, * P<0.05,
Note. Compared with baseline, * P<0. 05.
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Table 3 Heart rate
ik PRBERT(bpm)  ARFESSH (bpm)  SZF5IIE] (bpm)
Groups Before shock End of shock  During resuscitation
4
HS AL 283+44 217£45" /
HS group
RN #
i 320+40 267+24* 200 (only one rat)
RN group
RB ¢
il 303+21 222+34" 284+56"
RB group
RR 41
294+41 174£37" 199£33 "
RR group

T S IRFERTILES, © P<0. 05,
Note. Compared with baseline, * P<0. 05
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Table 4 Blood gas and lactate

2157 Tl A5 FR 8% FLIR & Vi ZE AR IMELE R EE
Groups Blood sampling pH Lactate ( mmol/L) PO,(mm Hg) PCO,(mm Hg) Het (%)
HS 41 Baseline /R 32 Aij 7.39+0. 04 0.8+0.5 86+10 4010 35+3
HS group End of shock fi& 7.24+0.06 " 5.2+2.5% 89+10 43+10 26+7 "
RN 41 Baseline YK 3 Hij 7.38+0.03 0.6+0.5 87+15 43+11 36+5
RN group End of shock J& 7.23+0.08 " 5.8+3.5" 90+13 44+12 2746 "
RB 41 Baseline /R 3T Hij 7.37+0.05 0.7+0.8 90+11 45+13 37+3
RB group End of shock f& 7.24+0.09 " 5.9+3.7" 89+12 43+11 29+8 "
RR 4 Baseline {K 7 i 7.38+0.07 0.9+0.7 88+15 41+12 33+3
RR group End of shock J5 7.25+0.07* 5.7+2.9% 87+15 42+14 2649 *
I SRGERTHEL, * P<0.05,
Note. Compared with baseline, * P<0. 05
A ) 1 2 ? e ""C'..{-: 5 ~ °D \,_‘;_j‘.,.‘ : 4
< . 3 ", L A .- /",:\"-_f.:..-, : oy 1‘;“.-‘. o l
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PR, TR R [ N
20 pnd 3 é 49 Laphs ] “ A &
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.28 RRRBEYL Y 0 4 4, SAIILH 3 h KPR (B4 7 H) o AARFAR KR IEF 6 S HEARYI0;B. HS 4;C.,
RN 41;D:RB 41;E:RR 41, HS:RIMMEARTL 3 h; RN, TCALME 55402, RB . A S I & 75 s RR: FLIRMAS R E 75, 18T

HEAR R ITIR A, B (SR AR , e IR (7S BTR ) o

B2 KEHD CAl KIFAR - detn

Note. Twenty-eight rats were randomly divided into 4 groups. All groups were subjected to hemorrhagic shock for 3 hours (=7 in

each group). A, Rat that underwent the sham procedure with normal pyramidal cells. B, HS group. C, RN group. D, RB group.

E, RR group. HS, Hemorrhagic shock for 3 hours. RN, Recovery by nothing. RB, Resuscitation by blood infusion. RR,

Resuscitation by Ringer’ s solution. Pyknotic hippocampal pyramidal neurons were shrunken with condensed and deeply stained

nuclear chromatin (arrows).

Figure 2 HE staining of rat hippocampus samples taken from the CA1 region

RS REANR M
Table 5 Body weight and blood loss

251 RHE (grams)  FKKIMLE (mL) FRZK M E (mL)
Groups Body weight Max blood loss  Final blood loss
HS %
S Al 266+41 9.4+1.6 9.2+1.9
HS group
RN 4
il 253+17 9.3x1.5 9.3+1.5
RN group
B4
R 21 252+11 9.4x1.4 9.4x1.4
RB group
RR 4
il 25916 9.3+1.6 9.3+1.6
RR group

T B AU KR IR AR 4% I i A HE R
Note. Comparison of body weight, maximum blood loss and final blood
loss among groups.
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