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KR BRGSO 2 UG I R SR AE 7 (TNF) -o. EHAIEAE (IL) -2, IL-1 454k, #d 0h, 6 h B
EEAVERZEAL, S TREEER A, S EHR LA AR B B RS AR T O . A 2 h BGE B A, A i
MR AR T AR O . HETETFAART M 6 h 4T X 8, WIBIRMARRS I 7ok . R M h & EAt
TIEWEE . Na7E 1 h i B, A% 138.7 mmol/L, ZJ5U 3 FIEWWE,; KTE 2 h i W &g, K
6.08 mmol/L, ZJ5 NI, s FIEH LR, Ca™fE 4 hikmlg, i 1.03 mmol/L, %ML T R B B MR A,
FEVE 2 h AP IR FRARME 17.7 mmol/L, ZJG4ERrahZS T, pHEAEREE 6 h (RN 7.28, FLER/KFAEHER 1 h A FF+
i, IAF] 9.6 mmol/L, ZJEZEHE TS UM EEAKCE NHEFETF A TR, T 2 h B3R, S 20 030 U/L,
ZIE TR, EMEEARA R E . RS RN RIER , DL B A 3R, Ba U R 0 5 &
. T 0 h BF I IR PR T A A R i 2, 6 h BRI T AN D . T O h BRI SR AL AR, 6 h B HE RIS
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Protective effect of normothermic mechanical perfusion with red blood cells from humanized genetically modified pigs on
severed human limb  Dong Yanghui®, Song Xiangyu, Yang Liupu, Jia Zhibo, Chen Leijia, Chen Heng, Yang Zhancheng,
Zuo Haochen, Xu Wenjing, Peng Jiang. “Graduate School of Hebei North University , Zhangjiakou 075000, China
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Peng Jiang, Email: pengjiang301@]126.com

[ Abstract] Objective To evaluate the preservation effect of normothermic mechanical perfusion with red blood
cells from humanized genetically modified pig on severed human limbs. Methods Severed human limbs were perfused
with red blood cells from humanized genetically modified pigs for 6 h. Perfusion solution was taken every hour to measure
the oxygen partial pressure, Na“, K, Ca*", pH value, glucose, lactic acid and creatine kinase levels. Superficial flexor
muscle was sampled to detect the changes of tumor necrosis factor (TNF)-a, interleukin (IL)-2 and IL-1 levels. At 0 and
6 h after perfusion, the superficial flexor muscles of the forearm were taken for pathological examination. Intercellular
space and glycogen consumption of skeletal muscles were observed. An appropriate amount of forearm vessels was
collected every 2 h to detect the apoptosis of vascular endothelial cells. X-ray angiography was performed before perfusion
and 6 h after perfusion to observe the filling degree of finger-tip peripheral vessels. Results The oxygen partial pressure
was observed in the normal range throughout the perfusion. Na" concentration peaked at 1 h, reaching 138.7 mmol/L, and
then fluctuated within the normal range. K* level peaked at 2 h up to 6.08 mmol/L, then decreased and fluctuated within
the normal range. Ca”" concentration reached the peak at 4 h, up to 1.03 mmol/L. Glucose level was gradually decreased at
the beginning of perfusion, reaching the lowest value of 17.7 mmol/L at 2 h after perfusion, and then maintained a dynamic
balance. The pH value was decreased to 7.28 at 6 h after perfusion. The lactic acid level was increased to 9.6 mmol/L at
1 h after perfusion, and then gradually decreased. The creatine kinase level was increased at the start of perfusion, reached
the peak at 2 h up to 20 030 U/L, then decreased and remained stable at the end of perfusion. At the end of perfusion, the
morphology of muscle fibers was normal, the gap among muscle fibers was expanded slightly, and the glycogen of skeletal
muscles was not significantly accumulated. At 0 h perfusion, the number of apoptotic cells in vascular endothelial cells
was large, which was declined at 6 h perfusion. Evident vascular filling was observed at 0 h, and the filling degree of some
finger-tip vessels was decreased at 6 h. Conclusions Normothermic mechanical perfusion of severed human limbs with
red blood cells from humanized genetically modified pigs may continuously and stably supply energy and oxygen, adjust
the ion pH balance of perfusion solution, maintain normal cellular metabolism and exerts certain protective effect upon
severed human limbs.

[ Key words] Normothermic machine perfusion; Genetically modified pig; Red blood cell; Severed limb;

Ischemia-reperfusion injury; Inflammatory factor; pH value; Lactic acid
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RS S, 7 K E -4 ( hematoxylin-eosin,
HE) . & #ifig-5 K ( periodic acid-Schiff, PAS) %
O, T ERZ R A I R i /- 19 dUTP Bk 1R
yibRic (terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling, TUNEL ) 4 Ji 78 1460 3247
&, NWEFRSEHE T (tumor necrosis factor, TNF) -a.
FI4IiiA % (interleukin, IL) -2, TL-1 B T
5 (enzyme-linked immune absorbent assay, ELISA )
W &, R Eh 2% wh W ( phosphate buffer saline,
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TETEW I 7% = DA 4 °C UKAR v I R 4R 4 1 1.
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20 mL, SkAEMEIREAE SR 1 g IR R IR IR BN
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10 mL, ARYEE RO I B (B A 7R3
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141 dBy Eiem AT, B/
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B4 21 ( ethylene diamine tetraacetic acid,
EDTA ) &P .05 53 UL R
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6 h LA ZH 40, Fi B8 ELISA X # &l 45, K
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1.5 FHitZEHAE
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PAS Y0 i 7, JETE 0 h LD 4H 4085 50K OF 1F
5 6 h WUFEIRIEFE, KRWMHEER (K3C~E) .
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Figure 1 Changes in oxygen partial pressure and creatine kinase during perfusion



- 768 - EBH $15 %

139 6.5 15
3 ~ 60 ~
é 138 S 55 2 10
=137 g jg g 05
< + . ‘
P i g
136 T T T T 40 T T T T 8 0 T T T T
0 2 4 6 0 2 4 6 0 2 4 6
Iy fE (h) ® AffE (h) ffE] (h) ©
~ 80 750 ~ 15
é 60 o 18 = .
2 g4
= & 735 g /\/\/\
22 — ‘ S
) === 730 5
%ﬁ 0 T T T T 725 T T T T 0 T T T T
0 2 4 6 0 2 4 6 0 2 4 6
e (h) @ e (h) ® ke (h) ®
1000 400 300
800 ~ ~
gﬂ 600 T o El M Fl
& H 5 £
5 400 B 200 & 200
% 200 o 100 7 150
0 T T T T 0 T T T T = 100 T T T T
0 2 4 6 0 2 4 6 0 2 4 6
i (h) © Bl (h) ® i (h) ©)

e AR NaZKEAR4k; B ECH KR4 (L C B Ca? 7K EAR Mk ; D B #I A K281k ; E B pHEAR L ;
F BEURFLERAK AL G ER TNF-a K FEA84L; H B IL-2 K284k 1R IL-1 KPR,
B2 #EEIERAEASIARKERTFTL

Figure 2 Changes in cellular metabolism and inflammatory factors in tissues during perfusion
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Figure 3 Skeletal muscle pathological manifestations and glycogen content at the beginning and end of perfusion
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Figure 4 Apoptosis of vascular cell during perfusion
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Figure 5 Peripheral vascular X-ray imaging before and after perfusion
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