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Establishment of a new organ preservation method using high-pressure medical gas
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With the development of transplantation medicine in recent years, various
organ preservation methods have been developed one after another, and further technological
development is still in progress. Applicants have developed a new vessel preservation method using
high-pressure medical gas (oxygen (02) 1.5 atm and carbon monoxide (CO) 2 atm) to preserve the rat
heart for 24 hours and perform the same function as immediately after excision. It was also
clarified that this preservation method is also effective for lung preservation in dogs. In
addition, this preservation method has been shown to have a significant effect on the ATP supply of
cells and reduce oxidative stress.
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Heart weight Survival rate
Preservation | Humidityinthe| [ before after

Group | method hamber (%) | n | pr ® |p (g) | rate of change (%) | Revival rate (%) | at 1hour (%) | on day7 (%)
CO 7 -molst Fig. la 96.3+ 1.06* 12 | 1524027 13140220 —1340+1.77¢ 12/12(100) 12/12(100) 9/12(75)
CO1-moist | Fig. 1b 96.3+1.51 6 1484024 1284022 —1385+1.63 5/6 (83) 2/6(33) 0/6 (0)
Alr7 -moist | Fig. Ic 9%.4+1.14 5 1494025 1.30+021 —1320+151 2/5 (40) 0/5(0) 0/5(0)
Alr 1 -moist | Fig. 1d 96.1+1.33 5 1514+0.24 1334023 —11.874+225 0/5 (0) 0/5(0) 0/5(0)
CO7-dry Fig. le 61.0+1.00° 5 1494031 1194019 —19.204543" 4/5 (80) 2/5(40) 0/5(0)
uw Fig. 1f - 5 1424041 1.204+0.35% —15.1242.11% 0/5 (0) 0/5(0) 0/5(0)
UwW-CO7 Fig. 1g 96.2+1.10 6 1444030 1224025 —15334+2.06 0/6 (0) 0/6 (0) 0/6 (0)
uw-co Fig. 1h — 5 1454021 1234016 —15.12+2.77 0/5 (0) 0/5(0) 0/5(0)
Control 8/8 (100) 8/8(100) 8/8(100)

Table 1. Humidity in the chamber, change of heart weight before and after 48 h of preservation, and revival
and survival rates of post-transplanted hearts using different preservation methods. Values are expressed as the
mean SD. P< 0.05:avsd,bvse, g, cvsf, h. P-values were calculated by one-way ANOVA with post hoc Tukey’s
multiple comparison analysis.

Group Partial pressure CO:02 (atm) | n | Revival rate (%) | Survival rate on day 7 (%)
7:0 5 0/5(0) 0/5(0)
4:3 12| 12/12(100) 9/12(75)
CO7-moist |35:35 6 2/6(33) 0/6 (0)
3:4 9 6/9 (67) 3/9(33)
0:7 5 0/5(0) 0/5(0)
35:0 5 0/5(0) 0/5(0)
20:15 9 6/9 (67) 3/9(33)
CO35-motst | 1.75:1.75 8 4/8(50) 2/8(25)
1.5:2.0 12| 12/12(100) 12/12 (100)
0:35 5 0/5(0) 0/5(0)
1:0 5 0/5(0) 0/5(0)
0.6:0.4 8 1/8(13) 0/8(0)
CO1-moist |05:05 8 1/8(13) 0/8 (0)
0.4:06 8 2/8(25) 0/8(0)
0:1 5 0/5(0) 0/5(0)

Table 2. Revival and survival rates of transplanted hearts after 48 h of preservation using different partial
pressures of CO and O,.



(3) KE# W =B 2hitER L OO MREE

A XD % AV CIEERFEER 1T o 72, R —0OA XM Bz U, 47K ET—KY0TO T
HEWE L72% . C0;1500hPa+02;2000hP Ciifi7z STz @EET ¥ o N—WIRIF LTz, £ D%, 717
L7z Ly By MR Lz, TOREE, AT 4 WVHATRIFELIZRHEZ, =2 b e
— AR THMAMERLI D 2o T, o0, RIEWEAT 4 =—Z— 1L-6, IL- B 1%, ®/E
AT 4 HNVHATHRIE LR, 20 b — VR TEMICE» o T2, SBIT, BEAT 4 H
IV ATRAE LT RE T, MR B s 2 = & N T & | A% Ol OFLEEAME T 228
Hotz, ZOFEZBWNT, ON 2ZEKATHIZLESEAS. C0 L 02 TH-THLY L OlRhE
NEWZERHOMNNI -T2, ZD70, @EAT 4 VT AMRFIET, N Oz 721 T2
<, REMONBEFICHISHAEETH D Z LRIz, £/, ZRETHHICIE, AEErD
ENZEPT BT TiERS, WO TARADL LT AMNERHS Z L2 LN LT,

(a) (b)

uoneasssald Joayy  uopenaseasd auojeg

=

v
S -

Hilar side Back side

Figure 4. Schematic representation of the preservation method used in this study (Experiment 2).
(a) The chamber was filled with a mixture of CO and O, [PCO (partial carbon monoxide pressure),
1.5 atm; PO, (partial oxygen pressure), 2 atm], and a flask with 50 mL distilled water was placed inside
to maintain humidity for 20 h. The lung was gently placed on the net placed in the container. Before
preservation, each lung was ventilated five times either with a mixture of CO and O, at a ratio of 3:4
(CO/O, group) or air (air group). (b) In the chamber, the trachea was kept open. After preservation, the
lung shrunk due to high pressure.
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Figure 6. Assessment of chorological changes in parameters of arterial blood gases (ABG). The red line
shows parameters in the CO/O, group, and the blue line shows parameters in the air group. Each data
of red lines are expressed as the means + standard deviations.
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Figure 4. Metabolome data map after 24-h heart preservation in glycolysis, tricarboxylic acid (TCA)
cycle, pentose phosphate pathway (PPP), glutaminolysis, and polyol pathway. Bar graphs indicate fold
changes relative to the control (CT) group. The lack of a bar graph representation for a given metabolite
means that the metabolite was not detected. Data in each bar are presented as mean + standard error of
the mean. N.S,, not significant. * p < 0.05,** p < 0.01,*** p < 0.001. CS, cold storage; HPG, high-pressure
gas; G6F, glucose 6-phosphate; F6F, fructose-6-phosphate; F1,6F, fructose 1,6-bisphosphate; GAF,
glyceraldehyde 3-phosphate; DHAF, dihydroxyacetone phosphate; BPG, bisphosphoglycerate; 3-PG,
3-phosphoglycerate; 2-PG, 2-phosphoglycerate; PEF, phosphoenolpyruvate; o-KG, a-ketoglutarate;
6PG, 6-phosphogluconate; Ru5SF, ribulose-5-phosphate; R5F, ribose-5-phosphate; Glu, glutamic acid;
Gln, glutamine.
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