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AERRES TR A UW X35 OBk 52 T At i 19 R 37 1 F

R HERE F AEER REa EER,E W, B 400038 K, fili 42 %5 BE R 2 (45 =
HEPERY) o — MR ERRIERL , 2524 500 PS4 R AR 2% 5 rh 25 H 27 ;400020 L, BEZE45 958 15 B R R

[(HWZE] HIY R0 R HEKE ( Dexmedetomidine, DEX) 5 (i< ( Xenon, Xe ) 78 /il ek B i) g 57 5
BRI (university of Wisconsin solution, UW & ) X480 JEFE T- %8 B 78 #k ( donation after cardiac
death, DCD) il )R 1EM . Jithk 4~6 HIRHEME/NESE 4 H KRBT 13~ 17 kg, R FH 0T f
2 i St R S S A O A RS A, T PG IfTL ( warm ischemia, WT) 1 h J5 U4 HAT G A,
TR ) R WA 44 9 WA, 4R U0 W& T N,/DEX/ Xe B AE 4 A UW # b 4 C % BRI (cold
ischemia, C1)24 h, 3143 Mg 4 & WI+CI+N, 41 WI+CI+DEX 21 . WI+CI+DEX+30%Xe 21 . WI+CI+DEX+
50%Xe H, 5 HMHLEY] 17 HE e (8, K% 2 245 4733 43 ; TUNEL 32546 00 40 g 3 T ; Western blot 46l
cleaved Caspase-3 . 2Bt H it AL Y EF 4 ( glutathione peroxidase 4, GPX4) Fik ; fe 4Ll GPX4 |5
TR GEE [ 1 (high mobility group protein 1, HMGB1) ik, 538 5 WI 41 4. HE Jefa i /4541
IS Y6 235 A6 241 TG BH SR BB , M 7K e K & A 40 L 92 0 AN B S, it 463 15 9743 TG I 35 28 4k s WI+CT+N, 2 TUNEL
FHPEAN 4L (cleaved Caspase-3 5 14635 EHI NN (P<0. 05) ; £ 412140 GPX4 & 1Rk T0 & 781k
WI+CI+N, 41 HMGB1 % [ 55 5 255 % ( P<0. 05) . 15 WI+CI+N, 41 F#e: WI+CI+DEX 41 WI+Cl+
DEX+30% Xe #H fl WI+CI+DEX +50% Xe £H (i) TUNEL [H 4 20 g % 8 & s 2> (P <0. 001, P<0. 05,
P<0.05) ; WI+CI+DEX+30%Xe 41 HMGBI %5 [4 35 ik 55 4 £ (P<0.01) ., 451 DEX Sopli sk It & Xe
Ik B UW 8R40 A 0 0 U 9 HMGBI &3k K 200 it 5t N /R B0 4% DCD At fii & 4 B2 47 11
ORI ROR

(SRR ] CIEFETA BRI A R FERE i<
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[ Abstract ]| Objective To explore the protective effects of dexmedetomidine ( DEX) and xenon
(Xe) modified university of Wisconsin solution (UW solution) in a pig model of lung donation after cardiac
death (DCD). Methods Four healthy male mini-musk pigs aged 4—-6 months, weighing 13-17 kg, were

subjected to cardiac arrest by cis-atracurium infusion and cessation of oxygen supply. After 1 h of warm
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ischemia (WI) , the lungs were harvested and cut into thin slices. Some of the slices served as WI group,
while the other slices were preserved in N,/DEX/Xe added 4 types of UW solutions at 4 C for 24 h of cold
ischemia (CI). These slices were divided into WI+CI+N, group, WI+CI+DEX group, WI+CI +DEX +30%
Xe group, and WI+CI+DEX+50% Xe group. The above 5 group of tissue slices were stained with HE for
pathological score. Apoptosis of pulmonary cells were detected by TUNEL. Western blotting was used to detect
the expression of cleaved Caspase-3 and glutathione peroxidase 4 (GPX4). The expression of GPX4 and high
mobility group protein 1 (HMGB1) were assessed by immunohistochemical staining. Results Compared
with the WI group, the histology of other groups showed no significant damage to alveolar structures.
Pulmonary edema and inflammatory cell infiltration were not obvious. The injury score of lung had no
significant change in lung tissues of all groups (P>0.05). Compared with the WI group, the number of
TUNEL-positive cells and the protein level of cleaved Caspase-3 were increased in the WI+CI+N, group (P<
0.05). However, the protein level of GPX4 had no significant change in lung tissues of all groups. Compared
with the WI group, the protein level of HMGB1 was elevated in the WI+CI+N, group (P<0.05). Compared
with the WI+CI+N, group, the number of TUNEL-positive cells was significantly reduced in the WI+CI+DEX
group, WI+CI+DEX +30% Xe group and WI+CI+DEX +50% Xe group (P<0.001, P<0.05, P<O0.05,
respectively ). The protein level of HMGBI1 was significantly reduced in the WI+CI+DEX+30% Xe group (P<
0.01). Conclusion The UW solution added with DEX alone or in combination with Xe can provide better cell

protection on swine DCD lung through inhibiting cell apoptosis, down-regulating expression and restraining

il 25 %2 B R, 2023,45(8) 795

cytoplasmic translocation of HMGBI.
[ Key words |

donation after cardiac death; dexmedetomidine; xenon

Supported by the Natural Science Foundation for Young Scholars of China ( 81801900), the General Program of Natural Science Foundation of Chongqing
(cstc2018jcyjAX0007) and the Talent Foundation of Army Medical University ( XZ-2019-505-028). Corresponding author: GU Jianteng, E-mail: gjt1976@

163. com

Jifi # A8 AR 2 H IR T 2R W s 5 A R
B R AR R R AR AW K (H R TR
VP B SRR S A R SE T IS
T E 87k ( donation after cardiac death, DCD) fit{&n] ™
Kas BRI e — € B T G2 i R A i B A B 1)
IR . {H DCD AR AT o 2 20 P ¥ i — P
TEA o ol i B TR 00 AR PRIH RS2 40 ARV
VIG5 , [R] IR FEAN LA A] R R 1T S8R HE 1 1 (high
mobility group protein 1, HMGB1 ) Z&36 {4 4H 5 43 T 2
(damage associated molecular patterns, DAMPs) & H .,
I3 PR R A0 R AT A e T 43 £ 1) T 2 — 346 (5 |
YRS | S RE S L AT e 2H 2R 45 5 , 7™ i Fsf 7]
HUR LR RO BERERS o PRIl AR B TT
DCD {4t , A Bl T4 e Mt A AE LA P2 , 8 fit i A% A
PR B ISR

A RATHKE & — PR ik o, B EIRRZ 1K
(a,adrenoceptor, o, AR) B, 812 W H Tl AR
JPREEAN 1ICU , B BA BLRS BRURAE R Ob e A PR Bt
TS VE S o R — P P, T4
P N-HIEE-D-RA IR Z A TF 45 Z Fh A A5 5 5 2
S AT U R R v Dol PR T 405 L

KB HE AR . DEX 5 Xe 1E T A F %
T, HAFRRS Tk S 8 AP 4 R G Pt A 152 80 v ik
BRI F AN DEX  Xe 145 57 Tl
T A (AL AR TR (8 3557 A AR DLARGE o BRI TR AR
bR B K2R A7 (university of Wisconsin solution, UW)
HrES I DEX AT Xe %% DCD fEfii i SRAP 2R , L i
TR A E IR IR THIm K DCD i {57 FH 56 JA T 22
FiFE AR it ot ke ) B o

1 #RExFZ®

1.1 %z

WFFE R 4 HAgRE 4~ 6 it/ N JE , (R i i
i 13~17 kg, B fili 242 B2 KA 5255 gh ) oo B2 41k B
A B S 2o KA ST B A R A S A 2 it
#E (AMUWEC20210209) ,
1.2 Feh B ErRAR

BRAN,) AR (CO,) A (0,) Fil Xe 4
4 PP AT AN Ve B b 481 19 56 T A B R (L A i
Fefh A R A ) : 30% N, +5% CO, +65% 0,
@5%C0,+65% 0, +30% Xe; 3)5% CO, +45% 0, +50%
Xe, ZJELA 0.5 L/min 3 EEBANIR IR &SR TEA &
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B AE 0.1 nmol/L DEX #4250 mL UW &+, 4345 20 min
DAFESM AN T RN g 5 430 1~4 51 UW iK: 145,
UW % +30%N,+5%C0,+65%0, ;2 =, UW ¥ +30%N, +
5%C0,+65%0,+0. 1 nmol/L DEX;3 & UW i +5%CO,
+65%0,+0. 1 nmol/L. DEX+30% Xe;4 2, UW i +5%
C0,+45%0,+0. 1 nmol/L DEX+50%Xe, 4 “C & EM51F o
1.3 DCD B:AR A2 A 69 3 5 & 3K I

INERESFF LR L H 240 (4~ 6 mg/kg) B G
i FFARG b, WEce v B i S0 A B TS A il He
IFHTEEN A T H SRR ik ST 25 K2 (1 perkg) |
PIAB (2 mg/kg) 5 N2 (300 Uskg) ;5 min J5 {5
IEAEAR, [T IR 600 mg BT 1 2% 10 mg
B O WEBR AT U M TR 2R DT B2 K, B 0T o B s 2
O, Tl S BKARFRAL A6, A7 O H B2 1 em, i 1]
10 000 U FFZAGAEBEE /K 1 000 mL X filiffE #5472
VR, TR M 60 min J5 4% B IE I B T ¢
A VKA BRER K R AT
1.4 % DCD Bkt B 1R )G A1k A

W IIEDI AL FEZ) 1 emX2 em, JEEE R 0.5 em L
W R 3 R L B T2 R R EE 8 E T
T RURE P ORAE LA 5 22 52 55 [ AR I ( warm ischemia,
WD A ] HARVI o0& Ta's i 1~4 501 UW i)
o 4 C B EMFAERIA B0 24 h, 2 55 0040 F 45 591 A
4 Fh UW WP B, 2R B TR AR, —FETZ
R b [ AR S 2t R 1 ~4 55 UW Y
FRAAY Bl 4l WI+CI+N, 41 WI+CI+DEX 41 WI+
CI+DEX+30%Xe 4] .WI+CI+DEX+50%Xe 4 .

1.5 HE & %45

S N AP 47 HE Je e, 568 N ULEE i 2H 41
PR ZE L R R AT 43 Bl 45 1
SIPREQNT 0 90 APULIE R 005 W] 2B ATt 5 1 9. 5%
JEE K v R[] J5 7 L R 8 40 R I 1 5 2 9 I AR LK
JIR S o5, it 235 A 38 3 A TR A W B8 A E A BRIV 5 3 2
rHRE I Y438 1 TN K i S RE 20 LR A 5 4 2%« i E AR E 4
IS R ZH AR 45 h T B IR
1.6 JRAs Ko 445 Be AT 23 R (TUNEL) % &,

& H] TUNEL 25 & ( Promega 23 7] , 32 [ ) Jf 4% It
VLA A ER AR A U0 7 i s 20K, 2R 1 K G
10 min ; fiff A5 2% v 2 8 F 10 min J5 A TdT
KNIREY 37 CHEE 1 h, TO-PRO ( Thermofisher 2
A, ) EIRMFE 30 min YR, £ S TE 200 £
DGR TSI I, R ALY) 7 FEALE 5 > 1L BT
FEit%k TUNEL 3 €2 BH P 20 i

1.7 Western blot

fii 1 RIPA 5 2R & (R K S s 4
IRZHZL S 1, BCA Al 85 vk B2, B ol S
AR ASREIFT 95 CAJEH 5 min, L 100 pg
AT SDS RN IEHER HL VK , 350 mA fH %%
HEZ) 2 h, 5% Wi g 4= W5 %L B 1 h, Caspase-3, GPX4
GAPDH —$i 4 CHIFF &, ILFEhif/ R _hiE R
IEE 2 b, ECL i &3 TG4 I, Tmage ]
A AT E R
1.8 RaAsiLFReE

AR T 65 CREFRRE 1 h, RS 2K, THIKIR
PRE R W B 5 min, HARRHI R 5=, 3% 50
AL A IR A 30 min, 10% 1] 2F 1M 375 25 V6 21 A
L h JEIIA—PL AR 4 CIHPBFF LR, 2 /N Rkt
BRIVER- AR BRI R G (P A28, sp-9000) Ui
BB —hui S DAB B4, RAKSZ Y 10 s, 1%4h
FRIPARS 434k 1 s, S/KIRTE 5 s, B 5 T A %o 2H 210 1 it
K HRE PR S o 200 A5 52 508 T 0
ZIF0 I, AR A BEHLEL 10 S HLEF, ] Image-Pro
Plus 6.0 177 & 5347
1.9 %itsasm

K1 GraphPad prism 8. 0 3K #4748 11434, Fr
At B dE L xxs o, 4R I LG AR LT ¢ 4
5. P<0.05 K2R HAAGIHE L.

2 R

2.1 DEX 5 Xe #Hntg UW & xF# DCD a6 & 5
O
HE QLA 255 IR - WI 20 SR IR FE 24 h 5 4% A il
TLEHTTH] AR, A L S 35 i 7K e B S e A =4
B o 2 5 (B 1) .
2.2 DEX 5 Xe #HAntg UW & 5% DCD 4 AF 8 =68
AL
TUNEL 1% 5 Western blot 25 R85 WI 21 |
B,WI+CI+N, 41 TUNEL BH{E 40 it #0 5 cleaved
Caspase-3 25 H . Z N (P<0.01,P<0.05), 5 WI
+CI+N, 41 e #8, WI+CI+DEX 41\ WI+CI+DEX+30% Xe
01 WI+CI+DEX+50% Xe 21 TUNEL B 40 %5 5
Z /0 (P<0.001,P<0.05,P<0.05) , Western blot 2%
SR 15 WIHCI+N, 1o e BB BT e
DCD L fiili cleaved Caspase-3 & [ & 15 &% #4 #
(El2),
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w4l W 1+C1+N2 gil o WI+CLDEX 41

2.5+
2.0 A

&

iy .u )sr::; A K 1.54

hi \‘w;m o ey S 101
w l+C[+l)hX+50”/{Xe 4l =

t e = 0.5

0_

A B

A: HE &M EMA 5 RE F KT ;B
+30%Xe 41.;5: WI+CI+DEX+50% Xe w
Bl 1 DEX 5 Xe A UW ixis DCD A A Z R #00

W14l WI+CI+N, 41 WI+CI+DEX 41
n

1: WI 482 WI+CI+N, 28;3: WI+CI+DEX 48 ;4. WI+CI+DEX

WI+Cl+DEX+30%Xe 2 WI+CI+DEX+50%Xe 41

100

TUNEL B4 %5/ 4

1 2 3 4 5

(-lea\red(Zaspast--3(17><10’)*>{ — T — ’

GAPDH(36x10)— | D CINED GEED s S

cleaved Caspase-3/Pro-Caspase-3

I 2 3 4 5
415 B
1. WI4m;2. WI+CI+N, 41;3. WI+CI+DEX 48 ;4. WI+CI+DEX+30%Xe £8 ;5. WI+CI+DEX+50% Xe 28
a;P<0.01,5 WI 481t4% ;b P<0.001,5 WI+CI+N, 2084 ;c: P<0. 05,5 WI+CI+N, 201k ;d; P<0.05,5 WI 20 b4k
A TUNEL 540 fti 2827 20 i 8 © A2 5454 EF T TUNEL [a b 28 i 30 rk 45 ; B . Western blot #4048 % & & & ik &4 cleaved
Caspase-3/Pro-Caspase-3 & & ¥ & &5
2 DEX 5 Xe #infy UW %1% DCD AR TR (n=4,5+s)
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2.3 DEX 5 Xe #Aet§ UW & x5 DCD 4 A4k 58 =
oA
A WEH KT B AL Y 4 ( glutathione peroxidase 4,
GPX4) e H Ak Ye {8 5 Western blot 45 5 i 75 . WI 240
SRR 24 h 5K A2 GPX4 IR KRBT
FHBA(P>0.05) , UiHITEASHYIBRIH  BRAE T AN
FHEUGHL B EEAMMAET IR (K 3) .
2.4 DEX Bf4A- Xe Fhmey UW & st3% DCD 48 HMGBI1
89 3% va
Gape AL Ye a2l S R : WI 2 HMGB1 2 (5 1
EE e T AR WI+CLN, 41 HMGBI 2 E1R 4>
AT AN TEA TN i B 2, 5 WI+CI
+N, 8, R IR AFFL AR 45 41 HMGBI 43 2245
TANAZN AR5 N A 80, B DEX Xe W]
FEARMZH 2 HMGB1 405t N R i Sy Ak 2F e
ZiR R 5 WLA e, WI+CI+N, 20 HMGB1 ik
BEW A (P<0.05), 5 WI+CI+N, 41 i, WI+Cl+
DEX+30% Xe 24 HMGB1 FiAERFL(P<0.01), 5

WI 41

100
m

100 pm
o

WI+CI+DEX+30%Xe H

100 pm 100 pm
IR —_—

1 2 3 4 5

WI+CI+N, 4]

WI+CI+DEX+50%Xe 2H

WI+CI+DEX+30%Xe 41 L4z, WI+CI+DEX+50% Xe 41
HMGBI1 ik 53 £ (P<0.05) , BLEAFE UW 3 Hh s
R Xe JEAR R AP A9 F I HMGB1 RiE 1
BOR(E4) .

3 itig
3.1 429t DCD B AR TR A4S 4 3 B 42 5k 1 1
5 ok

TR B A, 10% ~ 13% 1) RS TE S5 Rl
FEIRIFE T, B PR BN 5 7 K A3t 4 6 s o i
DCD {4 K TF A7 R0 25 B R A7 BOR 22 fifk 2 ' e ik
IR {H DCD (LR A ] 6 222 PGl 74 Bl
Bl )5 FEREVE SV . DEX &5 Xe ] Ji i Bl i R
W HEZHERYER . BURMESR #7 5 DCD it
PARAEERY BEHDLIG PR O e 3R 152 I T AR B (IR 25 1, 4R
7% DEX Xe ¥ N2 K14 UW Y8062 A58 o A3t i 1 £ 37
fEH .

WI+CI+DEX £H

GPX42200') - | M, -~ |

GAPDH(36x10%)—> l —— e EEH C=ND @D ’

puu
1
b
RE]
ﬂ
H_
<t b
>
(=
@)
A
i)
)
w®
E
=
a
S
<
b
(=™
]
1 2 3 4 5
it B

1: WI 28;2; WI+CI+N, £1;3; WI+CI+DEX £1 ;4 ; WI+CI+DEX+30%Xe £1 ;5 ; WI+CI+DEX+50% Xe 21
A 5o g5 A M AR 2 2% GPX4 A A28 GPX4 39 055 AL ;B Western blot #-] GPX4 & & 4.3k &4 GPX4 B & ¥ 2 S04

3 DEX 5 Xe k) UW fixi 3% DCD ftii$k 5t TR 7200

(n=4,x%s)
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'ﬂ%'{}»&) Zﬂ g

WI+CI+DEX 21
Y R =
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Aptealg™ o FECE AL TN
o3 P s R WY gt
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:T o ’“’“\C h'_f\‘?\ M S
0.4
a C
2 0.3+ b
0.2 4
0.1
0- T T
1 2 3 4 5
2151

a:P<0.05,5 WI 21345 ;b.P<0. 01,5 WI+CI+N, 28064 ;¢ P<0. 05,5 WI+CI+DEX+30%Xe 203t 4k;1. WI 2852, WI+CI+
N, #8;3: WI+CI+DEX #8 ;4. WI+CI+DEX+30%Xe 2835 : WI+CI+DEX+50%Xe 21

B4 SEANEENE DEX 5 Xe FmE) UW Exi5E DCD #thfi HMGB1 #3501

3.2 /b G IR &SRR F R

REAF SR 52K BRI PR A7 24 b )5 A] B0 b
FE A T R i e /b i W R R . AT R
% DCD fiefifi gl 1 h Sy i 24 h 5 fili S5 5T K W
SR A005 B R M A MR, L PR T BB A — S Do DA
Bk R o K A, A 05 R G I AR, A5k 7 R
A1 TF M 2 5 o Jili 5 FH 25 I 28 1) A B R /K MR 47 38 4 T
T s R BE 2 e RO B AR B A
M B ERIE N . AWESE B R AT T DCD il
(AR A B, T AR B8 AL A% AL 5 %) L P 483475
A DA, £/ 74 B iy T S5020 M 15408 T P v 0 I 5 |
RSBV AT SN I T i — 25 I FE S A A% B 473
3.3 R UW & it 474 20 fo B = & 3% 28 JL A% 37

AR

YN LT T 2 5 ST A A St I P A 0 40 1) R
R —  FHEFEIEIRE /R DCD i LA A8 141 56
EF BN E, ZREPEAET- B 5M ST
P At e o, FERE TR AR o AN BIF 8 2o G 00 2 g o
TS PSET A IR, DAL 3 W Fh 4l L 8T 7 s AE A
SIS R A SEE R R BT DCD IRy T 5

DEX T4 31 5 AT 38 Ao 4100 441 20 9 T e 3 ke 1l 5
FEERG o Xe BMNAY SR L A48 B R A7 B8 IE 52 A] ek
HRAE A B A o ARSI, RAY BB i
PRI T AT 25 R D S 3 461477 , {H. TUNEL A5 25

(n=4,%+s)

TR T BRI, e ALY SRR ST AR
1748 h Je FRMETE 4 h J5 4% 2L fAs A5 5 7R A T
XS EMOR EA I B A T A A, 5 WI+CT+
N, ZHH4, o BLAR A7 41 cleaved Caspase-3 # [ 15
REAR I 5, G2 o Hh B0 0 3 2% S5 1 DB R W g
SRR AR B R R, I Ah, B AEBF 5T B R cleaved
Caspase-3 7LV e L 10 20 I, 4547 18 h Jbf 2
Z /0t X AT RE R 24 h ARHG I F] DEX  Xe X H:
FIKAA BEWNRA

BAET 5 5 2 Fh R T B0 B I T TR IR, 1Rk
FET AT AR RO U ot i PR B . GPX4 ol
PR BIET IS AR 1, 71K 2 I 57 5 8 Ak
T JEU R B TR , 4007 40 0 kA kst e AR
F GPX4 Kl 45 5 R , i 10y B2 8 B 1L S5 4% 4HL I 4
21 GPX4 7& [T 03575 1k, SR 7E A B 70 v Bk BE T2
RS HUM A 0 A RIE TR, X4
5 LI ARG, 78 F 7 A /0N UM% A e 10 -
VEB IR ch B FET LG R R, T E AR LA O
RS b AT LR AE T S AN, 3 T RE A5 R [R) 4 4
X R HE T 1 S S 25 S A e
3.4 & Rw UW %@ it F i HMGB1 & & & ik X #&

o AR 47 AE R

IEHHBUT HMGB1 7640 A% 415 DNA 454, fil
T L e 10 % 988 T 00 I T R SR VR B s R 40 %
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N B AN B Bk gl BRI Bl AR M Al I 3 B o W
HMGB1 B]{E b 4 i IR FE 19 A= W b =5 90 F Ak B8 A Al 45
PafepEt " DEX BIIES2 L 95 1 HMGB1 3k
R PRV Xe T8 HMGBY fin) 40 g 3k
R ¥E R R B Y . AR ST S B R,
DEX Xe M [ 1 %8 B PR A7 5 , HMGBI 33k & FE AL,
YL BT N TR kD . AR, ST 30% Xe 4]
FL#E, TSI 50% Xe 2H I A i B 44 F 18 HMGB1 3
KRR o ABEIE REE A B3N, A R BT B KAEAR
B SE 6 LA E— 2B R R 25 1) 3o R S H R PR

2 [k, DEX Xe #ShNei B UW % ] 38 1 417
A T T 98 HMGB1 2R3k J2 40 it ot N R 5Ok 4%
YL ORI E R, T HR TE DCD AR 44 o 8 D 5% i il £% A
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