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STUDY ON RENAL TRANSPLANTATION

V. EXPERIMENTAL STUDY ON PRESERVATION
OF THE KIDNEY BY FREEZING

Masahiko TakaNo

From the Department of Urology, Nagasaki University School of Medicine
(Director : Prof. A. Kondo, M. D.)

The canine kidneys were freeze-preserved at —90~—160°C using liquid nitrogen. The
optimum concentration and the condition of infusion and extraction of cryoprotective agent
were investigated. The condition of freezing and thawing were also examined. Function of
the preserved kidneys were tested by means of extracorporeal circulation method by which
direct renal blood flow (DRBF), extraction ratio of para-aminohippurate and sodium thiosul-
fate (Epan and Esrs) and clearance of PAH or STS (Cpayg and Cgrs) were evaluated.
Histological changes of the kidneys were examined through the process of procedure,
Autotransplantation have been tried with 4 freeze-preserved kidneys.

(1) The renal tubular damage occurred even by infusion and extraction of cryoprotec-
tant without freezing, because of the hyper-osmolar gradient. Sufficient blood recirculation
of the kidney was not obtained after perfusion of glycerol due to severe outflow block, how-
ever this circulating disturbance was steadily diminished by infusion with gradual increase
of concentration and extraction with gradual decrease of concentration using 20% DMSO.

(2) Evident deep fissures appeared on the kKidney at rapid freezing rate exceeding 10°C
per minute, but no injury was produced at slow freezing rate.

The best DRBF was obtained in slow freezing and rapid thawing of the kidney which
was infused with gradual increase of concentration and extracted with gradual decrease of
concentration using 209% DMSO. Epau and Cpan were good in slow freezing and slow thaw-
ing of the kidney, however Egrs and Cgsrs were good in slow freezing and rapid thawing
of the kidney.

(3) After cryopreservation, renal function was almost markedly disturbed. Especially
tubular function damage was severe, however glomerular function damage remained slight.

(4) Histological changes of the freeze-thawed kidneys showed evident exfoliation and
destruction of tubular epithelium, but few changes in glomerular or vascular system. It
seems to be difficult to prevent this tubular epithelium injury effectively with the 209 DM-
SO or 30% glycerol used in this study.

(5) The canine kidneys were infused with gradual increase of concentration and ex-
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fracted” with gradual decrease of concentration using 20% DMSO and freezed at slow rate

and thawed at rapid rate. After autotransplantation of these 4 kidneys, all autografis result-

ed in necrosis, and the dogs died of uremia on the 3 to 4th day after contralateral ne-

phrectomy.
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FBHEAEET, ABREAEOHE, BEARE I
DOREE L, BEBHEORIIO D DER L —H
BHlico T 5. ¥BRIIBHEBOATHEN, &
HX 0 bEEICRD S - EPAERANEA S It T D
BiAe, BHEFFE ORI £ OEEWE I RT
%

REEE LT, KRETCBERE BRER &
FRETEEER LS5 LOR I b OH R
I ARFENFEREINTED, BEEC K\ THEE
(1968) L W EME TRERERF L B Ik, #F
(1969)? VB HER L OB EME MEEERRE ¥ B -
Teo T, FRENFI2EM £ B RIT sty
o TWBEREL. UL, ThHLDOFETRE
B EREOBREO STRERHCRAYH D, B

BAAOEERE BT, X5 nUEORFE

DIEEINETH D, FOTDIKEEL, FkAMT
BEEW S ETRLIFEO L THRMBHFEC DV T
ER AR

B, MR OWBRET, iR BB F
BEdEle, EEAMRE BTFRE Wb afilay <At
TR L, ERMEER TV, BRO L 5T
&4 DHIFDERHKT, Mieh OBBLETHEED
BRI O\ T, Wheeler (1964)1 235 v b
BRc o\ TR % 35 D 7r o LAk Mundth (1965)1®,
Halasz (1967)®, Hamilton (1968)1D & 34O
B Lo TRAR LN TD D, TR <, %
T RIERIRC DV T HEL S Ruic b DAL,
AEHTIL BRERTCHBRABOBREREE R
ZiV, RIS X B BN D BB s L UVEBENE
b\ TR .

£ B A &

MERATHAV, 2R TCRERMmCB L L T
washing out & -7cot. EFRKEL CIAmY
v A 500-ce i~ ) v B0mg, EEES A v
18 % RMLcboRAvc. hi 4£C wBHL
D, 100emH:0 OFET WIS RIE D ER5ELIE
Wt % F TR 100~150 ce AR L. 2
W THED IEFIOT TR A B h AL, BRE

A EAEE Y LT,

PFik# & U3, MEEaEwEchsr 7y ) v
(LUF Gly &LBEED) & FAFA ATy F340 F
(LT DMSO rBgEd) %, ThTh bEHERK CH
WL, pH 7.4 ci#kl, 4°C AL LORHEY
fo. WEHIFIZEATS &, LU DICBFERCER
OPNEESET S, ChARLEWIEREE Licob
Faih EofRicdh EBFT, KWL 200~300 cc
AEALR.

(1) wRERIEF OB

(a) ZEHBE -

LS - KO ZEIRE » BUEEIA ¥ COEMHER L
WET L lodic, o> washing out #%, 10%, 20
%, 309D Gly L1 DMSO WA BEIRL v iEE
EAL, 304, 604y, 12047, 1805MEIEMAE (4°C)
LB DWW T F b5 ) a7 A 819 (TTB
7 AN LBEED) AR REY B o iro T,

(b) WHEVLHIEA, BEE

WEHIEFIO EANBCRIET HE, LCRE
D @ X 558455 BINT, RO L 5 FETEA

BIUBREERR IR, FOBROEHEIER X OHEE

{hie o\ TR U,
© EEEA, BEEREE
BUALHEORED L OYEREEALCODL,

W T 2L CHEN L HLEERE T2 HETH

5.

@ BEEMEA, BiEREE
FHEV EFIOBRELYRACHEMULAGEAL, B

FCXCL THREEXRACEITHL o0k L)

frhEr bofo. Fig 1 oo, (A), (B) 2
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P TIE,  (B) ROBERRRTELIRS

LA BT s. Fihbh LHEOBEY dcd

WTEEs Ng/a s Thd ¢ 5o (B) oBE

(C:t %) iL,
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SR XL TiE, d=0.08ce, V=50cc &L,
BIHEENT Gly O C=40%, N=303/%, t=
304y, DMSO D#3413C=30%, N=350/%, =20
5, BEEERILLVCCETRER RS €, RS
BERBIETEHL, £0LEOBERTLE L1
~ 2%/ T h X DL,

(2) HEEFER

WAERY B L T553E (Union Carbide #:
BU HMEREEE, Type BF-4-2, Serial 34 DY-175)
(Fig. 2) 2R L THREY BSoiro o, ST
10°C/ 4y A b2 EpRAE & 1~4°C/5r DiEEHEY &
Zisotc. BRUEERE (—90~-160°C) Lo
DB, BHEHOERIC X5 5°C/5 DR - &
Frv vy (BAREREFVY v, MRK-620L) %A
WTORBHEER = R L F - LB 30~40°C/5 O 20EMR
WakIitoto, FERO I, FEFRETITIX
BEDBEFIL 15~265), SBHOHHTL 4 ~558E
L, Z0#H% 40°C oR4ARKFLRL TEEee
o leo LR Ex bo TRESET L LT &b
BEBROBEIRES LHOEREEA « BiEkREY
R\, BEBHOBARBEEEA « WRkRE
R, O TEHEE LB oW THER
LA, :

(3) Bitas

EEROREEERIC canulation ¥k =7\, Fig
30D X 5 /o ESMERIE & (F- 72 BHIREIX 100 mmHg
YL, ThUTOBGCRmRRY 72B 5L 5
Lt 10%-457 3/ ERE (PAH LB 1
VW% FAREEy — & (STS LUEEE) # AiEEc
LIV AML T, [EEOREIRmD PAH, STS 0RE
FREL, ZFOkREER (E-PaH, E-sTS), 7V 75V
A (C-paH, C-sTS) LU\ EEFMmEE (DRBF)
ZREL 12LD,

(4) HERENRE

BB L IR RIERBCRK > (R D 6 FRCHE
L, E#EAR e L T HE @bzl o Lic,

@ iM% washing out LB

® On*TOEIEHRE MELCE

® ORHEEWHEHIAPEALLE

@ BRETHZE@L v EERE LR RE
Lo

® @&y BETBIoIE

® @LyEENIEAERELLE

(5) WEFEFEOBMER

BEOLME L BHh s HHRC L DB LCEEEY
AT, 12 4RCERCBEYRAS, BRIV
BT ERBELE. Thbb, BRI
HL T, BEos SERRE BRTESCaRBM
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Lic. SEBIRORESIRE thehl«wal, B
BEEEYER L. BEHIEALL 20% DMSO %
AV, BEDEEA - BIRREE S o ko, BEE
7 B HCAREFLHHL CBEEOR L LT, BAR
SORBLBELL.

5 g7

(1) WEWIERIOE

(a) ZEERE L B

TTB 5 & }CiZ, Gly ##9%, DMSO Ff12E -
LICEEEIC X527, FICREOERB L5 vi-
ability ORBELZEAEE XAz Fig 4. #
Mttt /T, RIS IEFEA, W ThoBER
F\ T L300 # T CIIT LIRS bR oFhE, i,
B RAE OB, BiER I ORBEOEERD b
B, FHEOBRE & I BT HEho 1
(Fig. 5, 6 (), (), (&)). L»L, AEERIOM
BRI TR OBETHIZ & A EELIIAR L gk

o, BEEORESRLBER O, Gly Tik30%,
DMSO Ci20%THw 7=. ' ’

(b) DREBFIEFIDOHEA, BEHE \

0% Gly # (DEHTEA - BEHLE, OREH
WEEA - RERERE 4B, 20% DMSO #f (®BE#HE
A BEFSE, OREEFHEA - BHBRERIB
T TEEREAE L iRy Table 1 ©iRL 7.
Gly TR TN CE£FERBROT DM A Y 7
Aozl g s hd, —JFF DMSO #Crif
ROMERET Tl A B s o LA TEz. E-pan, C-
PAH [3EBEE &AL EAA, E-sTs, C-sTS 3%
PAEMRIERRLICH, AR TLOEBE0 & L&
BOEHfEL R LTz, E-PAH, C-paH i3, Gly {H#HBE
T THERER S ., 20% DMSO EIEEA - B
DB EN R RIFoiEL /R L7z, E-sts, C-sTS
%, Gly ##2% DMSO X v { BIFTH- 2. DRBF
% 20% DMSO BEWHEEA « HEREOHE K
LT ShTnie,

Table 1. BHEFFILXIDOEAREE &BHIE 1)

S

e ¢ BE : PAH T
= ] % Bom o B STS
EREIEF] e =2 cc/min/100g E-PAH C-PAH E-sTS C-sTs

A - Bk T % cc/min/100g % cc/min/100g
65 8.0 ~110.2 0 59.7 2.8
67 8.8 —33.1 0 63.1 9.9
EBETE A - 73 3.5 —106.7 ) —~15.7 )
kR 74 8.5 —80.4 o 100.0 5.6
75 27.4 —268.2 0 41.2 7.9
30% Gly i 1.2 0 0 52.9 5.2
76 19.8 —159.1 0 54.4 6.9
78 22.6 —8.6 0 60.9 8.8
(%Eﬁﬁ%%%@f 79 28.4 —750.0 0 19.3 3.6
PR 91 62.2 —100.0 0 9.6 3.9
iy 33.2 0 0 36.0 5.8
95 17.3 —93.6 0 —22.9 0
96 18.4 —26.2 0 28.2 3.6
EEEEA - 97 20.7 85.6 11.5 27.8 3.7
EiERE | 103 101.7 5.0 3.3 21.9 11.1
113 30.0 —127.5 0 ~59.7 0
20% DMSO S 37.6 18.1 2.9 15.4 3.7
105 10.3 6.8 0.5 42.1 2.9
107 28.6 ~103.3 0 50.0 9.7
(»%}E@ri%%%p%f 108 18.6 —61.5 0 11.9 1.5
PR 115 131.5 —12.9 0 1.7 1.5
Fiy 47.2 1.7 0.1 26.4 3.9
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Table 2. 7R « MBI LB (O
T BB AT R PAH STS
S Te— = | cc/min/100g E-pAH C-PAH E-sTs C-sTs
HfS, FREE — 7 % cc/min/100g % cc/min/100g
26 39.2 2.1 52.0 29.9 7.3
27 8.9 22.2 1.1 —166.6 0
29 43.4 -32.2 0 —59.9 0
30% Gly 33 24.0 54.5 7.6 —199.8 0
34 24.0 —144.4 ! 64.9 9.0
. iy 28.0 15.8 12.1 18.9 3.2
RN -
HR IR 38 44.8 —40.5 0 24.0 6.3
39 32.3 45.8 7.5 36.8 6.8
41 3.2 69.4 1.8 —263.2 0
20% DMSO | 43 20.6 —20.0 0 —13.5 0
46 4.4 —180.6 0 38.3 1.0
S 21.0 28.0 1.7 19.8 2.8
122 5.4 —~89.2 0 39.5 1.0
124 9.3 —26.7 0 60.5 3.2
30% Gly 125 7.8 —-9.1 0 70.2 3.7
127 82.3 —5.6 0 41.3 15.9
SRR - S 26.2 0 0 52.8 5.9
i
SRR 112 20.3 —149.2 0 —42.3 0
117 24.5 —118.4 0 —181.9 0
209% DMSO | 119 45.7 —380.0 0 12.9 4.1
120 153.9 —65.7 0 16.4 16.9
05 62.3 0 0 7.4 5.2

(2) UHEEBRPS ‘
AWEBOBESTI, BB tETIEHY

BT,
7z,

BOERREE T £ < 8RR ALY
REH GRS OBOEAENE & SR OB BRI
EfERE Table 2 Rl .
& 209 DMSO %R L7,

EEP ILFIL 30% Gly
Gly FHITNTLTIE

HMADID A 2O METIEMEIELRT, Mt
v I ERER L CniEHEERA . E-PAH, C-PAH (X

TBEL D PEB DL FREUEN B TH- 1oh,
sTs, C-STS {ZE%ETFT L DILERUTTH- 2.

E-
f#

BEERCOWCHEET 5 &, E-PAH, C-PAH | TIBHM®

HEE, E-sTs,

Table 3. FRASRFRIEC X 5B OMBEL

C-sTs LREMEBENRIFTH- /o,

T mEL % B R oM N ‘
L e P P T ILE 1L E 1 e
mom o @ - | x| - = | - -
B wash out @ — — — — — — _ —
‘cﬁ%wiﬁugx ® - | - | - 1+ - - 1 4 _ .
R R T e T O _ .
i %Lﬁ o ® -+ + - + s H + + +
mEREARE  © + T T T R . .
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S DICHER IEAIC OV THET % &, PL TREF TR wash out L@ I L OBRER) L0
IeBiER AL T2 &b h s ok 209 DMSO 3% EABERDBHODOMMALIBE TH > 2. L hHn
WRRHRED & 5 T 7. DRBF 1% 20% DMSO 2 RE EARAEALIOD, Bifih s 2 b Tic s

LS DS 0 3 O G AR QIR P RE oo I H@OTL, SRERAOZL i
(3)  MfFRA R BEETH o 120y, WA LR oBiE, Bk rishnic
Table 3 1273 & 512, HfSRHEEARICE T (Fig. 7B) . Zhuc i@z B2l B/ s

- :( & f « . = . % ‘ L :
- ‘h wt 2 - " ‘ o of

Fig 5. Gly fAHOZIL Fig 6. DMSO {EAEDZL
a. 10% Gly [EAIS0S . TRANAE 1K ikl Lo 5 a. 109 DMSO {EA #1807, JRANE B DZFEAE,
e 3 28] ?%@wkhio—HM%L#mot%wmkb
. . " ) . hs.
209 Gly TEABIS0S. IRMIEF LB D %P, T, W s, S "
R R e b. 20% DMSO JEAI805. IR F AR
A L IR, —E S A b NG, DB RIE S 5 .
¢. 30% Gly {EA#I1807. IR ERcAifalil& o)) c. 30% DMSO [EA180%7. WA L H o FfME:

HEds X O— ik, ZIE, BROWKA - % 5 H
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Fig. 7. wiEp; LA

POppE

DICHRERIEN Y » 1, RMENBmSASR, 20
S\, BREBFIEFIE LTk 20% DMSO o i g
EA - WL OB AL, Gly BHC A THISZA (b
BETH o 1o HHERHE B BT 58 (@, ®) Ok
TALTHBL TRORD DU, A RME ok
ERED B D% 3 L OEE (Fig 7C) T, Zofi—if
WCARERAEOBELMEMAM LA BRI, ZhbDEL
1%, Gly BEicL € 20% DMSO JEEWIHEA « #%
WSS « AW OB AT I HEETH L L Bb
nrc. ULh LEER I Fla A\ Hic s e B 2 s
2 1354 (@, Fig. TA) L iz L T k&AL Righ
ol HLIHERIEFIDRELX K £(®), L
AL, & TRME EROBIVWThogE
LWL Wb D& oo o (Fig D). BikEHRuiE O (i i
BHBCOWTL, SHCHKRREANY v @1, RAERN

LS, ROC X BEE
WRERS IEF A F A TCF Lo, MR LB Eo B, RIS B o LHEBE & SREREDONTZY.
20% DMSO [FA, BRERPIFCL BB GREEL). KB LROBE, HEr—icibhns.
30% Gly &, ®kE MOREHOE(L. RE EROWE, K% EHW

20% DMSO UE, wiks, Mok, sEsHERREHROEL. KME EROBEN - Z5FEW L5,

¥y

Himsaxbhton, oz b Gly Bk TEY
TdHo 1.

(4)  PRAFEBAEEBRERE

1 2T ARBI S WIS RAFEL, 201& LB
BRI, 4 R 4D 5% 2 FITARTE
FH# 3 ~4 B TRBETIETL, BHFIIESCE
TR Bfao TUrfe. fthod 2 B O\WTIL 7 B B BHEE
R L CEOREXBZELI LA, WThLTT
SR ffa> TU 7o,

KEBLUEER
(1) WFECONT
i i B O MU RENC B 5 LR T D, O
DEEFIZO W TUIRD L Sic bt T b, O
BT & % MfakEs O BRRmBEE, @K & 3 #ilaA
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EREOBERY I UCESENR, RNt EA
BoEE (cross linking) o34, @ pH otk
OBEKOHRC & 5 MEBEL O, 2ol
HEBTHHHE, HROBECT, MlasHsRc X
LHEMBROWE, BENBEEC X LEH, —ok
EOyEmERN MY, FodiEsbhs.

% L2V BHEIL TP L & BEO g (bR
HFD) RCTHREShS. bbb, B (iquid
phase), ;@4 %] (super cooling), E&AHFE, BT
F8 (phase transition), 7k (freezing point) %
DL EREL, B (solid phase) &ins. #i
KOBAIKAR 0°C Tl %58 KB OBEIT KA
ETHET 2. KEVFBETHHER, BHEELI B
EREAI G RIRERE DT, BHIEE L
B RN SR A TD (Tamman B4). ¥
7o, KEIKBOET 2RISR LV DR
HET ®mAT 5 & RERETHO Bk L7es (Bl
vitrification), A4 D BERED IWI LR
s 5 DIEBTHTH Y, TR UIcEEN RS &<
EULDDROBHITHSL E by, Ml ES S
&, BEEENNEHRTH B LTk RSTE, o
DRBIMIIEFK L e S BET D5, SECHH)
T5 LARNNC N S I k@S EREL, &I
JREEIMROEFIC Lo TRSHTH DY, =D
KETEEGC & 2 EEL b4 RET 5 o dilikEt
PRLEED L WHETH 5, EBECEEMROCR
AHETH D, Lichio THERFEDIVITIL, BEE
EOBE TR EBERER L7t> TL%. RoweD,
HHHZE S (1967)9 DI Z7c o 7o L huE, BH
WL 1~2°C/5 DB AR D MIBOEFERN L L,
BENRINL YRz THEL s THATERIME
TT5E05,. —F, ZOBHEETMAaoEE X
o> THRi-> T B, FlziE, BEERCCgEIR T,
5LDELELT, BTOBEX 4~TC/5, HRuERO%E
A 3,0000C/ 503 b L WAEFERBELR T 59,
Lirl, BoZ &L EBBOEBREOIV-OBHIEE
oW TIRESTL S, Lichlo TAERRT DR EE
R, R - 2xHECL T, WhES 1~
4°C/5 DBEEEE XAV DTHS.

Rowe 213, WEDORIECPTVWBTHITLKS
NLIERCEB LI MEFERIIE B L
Tw3, ¥, BEMEYBERETCES, BH
BRIl E I OBTHIIETT 55 GREET) ,
Halasz & (1970)® % 1,500 Psi, 104fomEC X
SARARETZFIAL CBTHEL2ERNCEEE LD S
i kb, BHEBCERREEY & T LA

olzl 5. LaL, BREOBEBIC OV TR
o TW 5,
FEOWBREOES, filgr <A Ttike ME:
Tebinho IR NEEE RIEE /25, U
DEEC vz 5. Henderson & (1964)7 VX, Ashs
BREERBET LD~ 7 AT ABIVERY
A% BEIRL D AL, R EFESAY I
2. ZOFERE IE, BRSO BEEIX SV
3C THB Lo T 5. AERTIBENLERC
FIAL CERLBEOZ A RE L 2R LRAESH L
ZiRo7oDT, RO BREZECOWTUL AHTH
%.
HiR, BEOCOBACLIFLEE MMLS. Tiob
B, BHiER (recrystalization) i L 3 3 DT, BED
RUNTAE U7 A ok B8, RO I WICRle
LTREVKRIE RETAILHTHSL. L —40
~0°C DBEFCROTELY. Lt T, ohk
BT B TDWIY, BRY 3 278 51 (HEROE
U2 HHEINER O VBB 2 S 2 ithbh 5 HE
nH5. Lal, BEOBSCILohics BETH
B, BERARRcBIEEEET 500°C/ 5 ELETH B b
5D 9, AERCRVTE, BTrvoaAVER
HERBET D 30~40°C/ 3 TH o Tos Fie, AKRT
AU BEiET, Mo 3CoRBREREZL, BE
L AHBETERLEBEL —40°C b THEREX
TTCRMEIN TR D, BEFV v O CRETMIFHEE
TN THRLIETIE —20~—10°C 2L, &<
CREOHE, FEBRCELLTTL MRS
T,

(2) wE Ao WT

RELS IEFIDBEDS b >V, BER IRH
DK TF ORI D3R A TR EKE DKRERE SR
D, BLIICKGTTF&EDRERBET R - T, KED
RAELHAKEE CREB L EvbS, LT, oD
KEREDPEL, G TFrREREARMEEL D
DHDERE, TOERITEL RS, MEROKIE,
BREYHEBLCO5B8HKE, BHEESLTWS
EEKEDD DD, KBTS L EAESY X
7o U CHERIE T Uighs, BREBF LA, Zokak
DORAREHE L L E, BREOESREIELtTh
WERBTR. Licdis T, BEHIEEIE U TURKRD X
SR mEI B LENDS. Thbb, QWA
BOERENRIFTHDZ &, @KEDEEIBETH
Bk, QEMBOBE LA L, OBBETER
D&, FETHDH., B, hbOLMr3EE
LTW3LDE L THEHESFERINTHS L DIT
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Gly & DMSO ¢h 5.

YR RERET 256, Do UDHEHIE
FHZ2 T 5 SACEBIL TELLERH D, Ok
HIZHARIPS DBREDS IEFIN B ET % ¥ TN
B EE A -5, Lovelock (1959) %, 4°C ¢
Gly DI 2 B A ECH 54 DMSO @
BHFOPFTIV EV o %, Brada & (1965)1
ORI TE L\ CTOEBR T, Gly 11205C
OB ISEEHCET 54, DMSO iR BB T
% L5, Halasz (1970)® 1 X iug, 20°C LIFCiE
Gly 3+ iz EF b5 & Li37a\ 43, DMSO
DBEITBE L T EBIRICE.,

HEIEF b SEE CIERABHNEL n &, Ml
~HBRCH L CEE LS. HREHEHIC L - TR
INIFE, B HEREER DR IEERY
Lo h, HWBEOBER o TiEblEErRER %
HbhTLE>. ¥, HlaOBERSIIMYESRT
IR R I L OREBRIEE I D, flziE, O
FHIBELTLE, TERELE OHEGHO I
HMETL, Mo PBEEENETTS. Lhe
L, Zhb oMb —ErRENcmE LHISBRE X
MNAIUTEREIER IS, AHEBMEIEL kb E*
DOREREREE IR THHY & 7e 512,

HWE IF O _ L AER L R OB E RS
LB, 1 ROMBERBETIE P2 300 mOsm/L
THBHH, FFERTH 30% Gly, 20% DMSO
it 2,000~3,000mOsm/L H 5\ it rhll FoBE
FEEBLTWS., Mk~ o) s hEBBET
CEXLINZEE, HlENKS, BRESOTERS
OEBLBENRC b, EfRORBEREECET
BLHZLIBEBCHRMEINL. X5, BEOBAIC

ET - BBRASR AT

VIRER ERDBRED X WCEELEL, MikERN
AT BB R L T, w3 outflow block
A 5P, L Gly 3 DMSO iU CHlfaE
FREME oo, B Gly OBARIIESIFE
PMET %, Cady & (1966)™ [XHEN LFIOEEY
BRI IEA, BEARIAS LI D, bl
EapiEUC.
WERILFIOMFEE (EHEE o Tiigg
FEL L VETOMENL SN AED, Halasz (1966)10
Iy, Gly oBairiivic ey, DMSO k15
%EicoTEY, ZhLEDOEE T outlow block
DI DBEEE D E I ED o fo b WD, BEDOE
EaCH o ERER L HIE Halasz o F R L b 32005
BEEThHo 1208, U IREEN IR OBRERY B
5 WIS REL CEER o 7o, &K1,
i Gly oA EH TH- . ILTMKFEHRC
i1, Gly FRBCI123EH % outflow block #X7zL
T, £ IRAESHT, mikXAy 7E2HEVTirhic
WAL L5 LTI RERLC, 7o iagsd
RELLHL AL, DMSO Tk o k5 78l
FITEET, HEBITF MKy B85 2 L2 TEK
7%, WERE HETEe b BmEr BA LT
fz.
(3) BAEBOEEEC DT (Table 4, 5)
FEHBCRT DBROBSHEERIC VT, chy
EEICBRL CH 50K GENTHSY, BHEE
HRER L O EHER S X A &R 5729, F
AHEEEZ L BRETH S, Lichis T, EE
THEYEREL oAb oBELBA T BT,
FAMERIEC & » TR BREREOFEELHEL,
SR E LA, SR EE, FH LA wash out

Table 4. BREPFILFIOEA « Bk LB ()

\\ﬁ%&lﬂ;\mﬁé e 30% Gly 20% DMSO
e ’ BEEEA - BEEEEA - | HEEA - BEEHREA - % @
% m ~ Bi#EkRE R EHRE HHRERE
L I SEECAE I SEIECER I SRR S
E-PAH (%) Eig ‘ 0 0 | h 0 ; 18.1 3 1.7 | 43.9
E-sTs (%) Ef; : 52.9 : 36.0 ° 15.4 : 26.4 | 20.9
. i (+) o 0 2 1
C-pAH (cc/min/100 g) (=) 5 0 4 0 3 2.9 3 0.1 25.4
C-sTs (ce/min/100 g) gfg 1 52 | ¢ | s 5 a6 J : 3.9 | 13.9
i ! i !
DRBF (cc/min/100 g) 11.2 33.2 37.6 ‘ 47.2 87.6
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Table 5. %S - R & BHHE ()

S e | ERURE IR | SR BRI
T - 1 309 Gly ! 209 DMSO 30% Gly | 20% DMSO } 5 B
LRI IR IR I IR
E-PAH (%) jgi%\ s | 15.8 \ 5 23.0 i 0 \ 0 ! 9 %» o i 43.9
E-sTS (%) &fﬂ ; | 189 E 2 1%81 . } 52.8 s 14) 20.9
C-PAH (cc/min/100 g) gfg’ S 12.1 } : 1.7 ; ¢ 1 0 9 } 0 % 25.4
C-sTs (cc/min/loog)%gigi : 3.2 | 2 2.8 ; : ; 5.9 | : | 5.2 \ 13.9
DRBF (cc/min/100g) = 28.0 \‘ 2o ' 26.2 i 62.3 1 87.6
THZ LS, R TIEDICEBHE LSO DU

BRETH- T, & (1968)2 OFERIC L hEL IR
WL B LA

(a) HEEFMmMKERE (DRBF) ©@2owT
BB B 2B e, FEghlEo -
DEEN BFETHSH. Gly (AT LML LIFE
L AEBEFAMADCD, 4 X OMERET TR
WOV B e hs o 12T, [A Y 710 LT 200~
300mmHg %3 Th Y EDHEY iz THhic
MEEBL CTBLRRETHS. Licdi=T, Gly
FREBI 2B Y L CLBREOREIEEA LY
bl L0 EEbhs. —F, DMSO RS
NTA ADMFEDH TR AES Z LN TEXRDT
Fhc o TBBEXREL LD THL, Licdio
THRBOREEIL SO T LRI R-> T b
WEIFIOEA, BEFRCETUL WBED
DRBF O5fEns 87.6 cc/min/100 g Th- loDic
LT, 30% Gly B#EFEA - BREF T 11.2¢cc, B
FEWIEA - SRR ER T 33.2cc, 20% DMSO @
BEEEEA - BRERECIL 37.6cc, JREWHEIEA - IR
BREBETIL 47.2¢cc Th- 1o, BREERICE LTI,
iEEREE O Gly BTt 28.0cc, DMSO BFCix 21.0
ce, MRS Gly BT 26.2cc, DMSO ZETik
62.3cc Thotc. LIEDOFTRL Y, BBBEDOHE
BHIEFIDTEA « BRECY > TiE, HARBRES RFC
BAL, GACBREYTIFCRET L VEE
OFENTHNT, BFLBMTEABLRD Z &
BL7:. 7edvCd 20% DMSO DEEEHfsIEA -
BEEOBEIRLT R TEY, WRRELTLR
12EE B LD T eh o T

(b) PAH, STS OfREERBIV2Z VT IV AL

TEEECix, PAH 021 7 5 v A BRI
F7r v EHETHBMEEYEHLL, STS ©7Y
7 7 v ARG T O BRI BT 5 aEvFEKD
T.La L, BEEEE SRR, REEEEY
EloT L L OWEIRETRBC L Y BRI S h, &
ERBLU 2V T 3 Vv AEHITELETT 505
T, DDLRITADOERTRT IS, 2D negati-
ve extraction ratio o\ Cik, EEY, EE» 5
PHMCETVBD, AERCKBVTLARTRT S
D% b bR,

i) E-pAH, C-PAH &2\ T

HE IRFIDOEA B L OBREERC R\ C, Gly #
AT H, DMSO BEL L EAAERRL, B
fELERICIEL TEL {ETLTwezs, Gly # Xy
1, DMSO #Di3 5 0IBEZEICCEECho 0. £
DizhChH DMSO OEHEIA - BEEGRERRHEN
BIFfcfERmTho 1o,

FRERBC R\ T, EEREFEE T Gly B,
DMSO B & W OHH A TH - fodt DMSO
B CEERBROB GBI RIFTh- 1o, BEMR
BTN CAT, FHELELETL, BORM
EEFEIN 5 b,

ii)y E-sTs, C-sTS

E-PAH, C-PAH MEBHCDWTHEILL EABALTL
720 LT, E-sTs, C-8TS (XIExRT L D%
o 7.

LG EFIOEA S L O BERRIC IS\ TIE, Gly
BT+ CELRL, DMSO BoEEEA - BER
EBFTIL 5 B 3IBNE, BEEEEA - BEBREER
TRHEFELEERTRL. L EBRERINE L FAR



810 B - BRI RE

BETH-o .

BRRESERIC I\ T, RREMRBREE D oo T Gly &
RAO5ED5H 2%, DMSO FRHOSEFD 5L 3H
PAEXRL, SEMERHONHT Gy #FHAIGOS
%%, DMSO FH4EF2BLEEZRLE. Thic
LTh, AERABEREGEES - SREC SV Thh e
BELTBHLDLEbRS.

(4)  MEBEFHAPTRICoWT

G DB L OLFRMEE L ROBE, B,
g, Tk IOCRERG O, B, mEWEERE
THHH, BLEHLELIFEME LEOZEEE D
DR, BHETHD. COBEBEE L, WELHY
AT ETIEALRLWDOTH BHH, WEREFD
A, BRECRIERI I oo 12T CIRAEHEL,
ILEE, MEMEFOE#,IbERLLY, LK
FROREE, BRERS hF % bk % BB CREE DS
BLHLWbD Lo, & O LA ERE LR
AT CEEEE - ML Ao bE kT
L, TOBEBERBLAELELRCDOTHS. Lichs
T, RERRTHWHEHIEFIL, ToBEKOREL
BEWICHIE, FhESKC X 2EMEEMEZ DA
T, B - BRI L TE U 5 BAEE
BFIESHRAE O Tcb D E B s.

LA RS EIDORR T % OB BHRERFICIIT)
Ulgino 7oid, BfEOABRCH\ - CHEALH 58
ERALCT S E L biC, BT ro R A HRR
Uiz, 418, X b X\ EREHIEFI OB & EREOH
%, FIER, MEROLELETOWTLEE XBH
RRHETHA 5.

& Bl

4 ROBWEKREERC LD —90~—-160°C iTfH
LR, EENIEFORE, 1EA - BEDOLMH
B LUK, MEOSKICOWTRAYR I/t .
SO IHBRER OB AIMERE THEL, AR
CHRBENEE YO to o, FOH, KECHLR
HFEOERBHEL AR,

(1) REV LA ZHgEs, Gly TiL30%,
DMSO Ti20%TH b, HAREICE B2ELh-
7.

(2) HEYEHIOEA, BREOHIEEGT, B8
BEZ L 3R oEE e 5. Gly 0BE4 il
Bi7c outflow block #2z b», MIOBHIIED L
U 20% DMSO BEEHIEA « WiRREES R
EE Do 1o,

(3) 10°C/HpPbo GFREYR- L, B

R @, E U %5 . DRBF it 209% DMSO &
BT O TI b, E-PAH, C-PAH CIHiBiEfE,
E-sTs, C-STS CRREFEMBHENBIFCTH- 1.

(4) B, BEREOFHRBI B ERCETT
M, L CREEREOESEN L, RIREEED
BEEIBRETHo . ’

(5) @HHS Mol X 5B L, REE LR
7% L NERTH o fo. L UGS L O
OELIIRE THo fo. AER TR EER AT
i, TOEEE T 384T S - LitiigTE
Vawi o R (o

(6) REEOFHBTRLEHFDO L vE Bbhic 20
% DMSO BEWHEA, BHmEs, S0FEFm, BE
W E X b BERELEB Y 4 Al ARBHEER
Iy, £l & b ICEECH .

MEMRZAChIY, SBERCREE CRMABb-
BEGE BB rbB#oBERLET. $2HN
WD BB OHERECE RO LET.

KR OBESX, #7EHE LUH 8 HHABEELRES,
%1 EREREATRS, ®1EARKBESHREAICENT
HELUR.
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