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Summary: Based upon a well-acknowledged concept that the viability of a preserved
organ exclusively depends upon the maintainance of mitochondrial function, this study
was performed using variable damaged dog kidney by warm ischemic intervention from
0 to 120 minutes (warm ischemic time, WIT). The isolated kidney subjected to WIT
was perfused with cold fibrinogen-free plasma on the machine for 18 hours and re-
autotransplanted for the judgment of the graft function.

During preservation, several common enzymes, such as LDH, GOT, GPT, Al-P and
CPK were determined at 3 occasions, e.g. at 3hrs, 6 hrs and 18 hrs of preservation.
With regard to LDH, the isozyme pattern was analysed as well as total activity. All
data for each enzyme was surveyed in the relationship with WIT and interpreted focusing
on its relibility as a parameter of viability based on a function of re-autotransplanted.
graft.

Consequently, the following results were confirmed in the work.

LDH and LDH isozyme were the most sensitive according to both pfeservation time
and length of WIT in several enzymes which escaped into the perfusate from preserved
kidney after warm ischemia. Though GOT in perfusate was not so sensitive as LDH and
LDH isozyme, GOT elevated in proportion to the length of WIT. But the other enzymes
in the perfusate did not so elevate remarkably compared to WIT 0 and 120 minutes
as control groups.

Comparing the results between the graft function and the LDH activity in wash-
out sample, author decided that LDH activity value was 12 I.U[g (graft weight) as the
critical value in wash-out sample. ‘

Thus, an analysis of the LDH activity and LDH isozyme in the wash-out sample
can provide considerable and precise information about kidney viability as a graft.
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BRAEO LGN RLL O CREFD viability o
HEEEBE, L EEBEOYERCERT S EE
BB THD. ThET, REFOD viability OHED
parameter & LC, lactic dehydrogenase (LDH) %%
U & LT glutamic oxaloacetic transaminase (GOT),

il

glutamic pyruvic transaminase (GPT), alkaline phos-
phatase (Al-P) 3 X8 B-glucuronidase (B-G) 7 &'®D
WHBERNRE IR TE LD, WFhbERC LD
i —ER T, BREACIEE > Ty, FOHR
ELTHAERBRIEE © viability VB RE MK (warm
ischemic time, WIT) $3 Xk OV FRIMERR (cold ischemic
time, CIT) D% OFBRECED CRFEDOE T
EREILRTWA T &, EFRERROBLY Tk viability
HITE D 3 D153 TR RIMTR T 538 S Mg\ & & p3 U
SRBPDE, o viability ¥|7ED parameter
B4 % a2 EER A LR T B A ZERE R SR 37
LT\ edTHAHZ LA BETE L.

RO viability (2#ifaly ATP KEEDfER4E
53 bav iy 7ORBCRESKELTED, b=
v FY 7 OB MEFRHOR SIKELTETT5
LRI MBRTA. Ei, BEOERERRET
v FHROBIMGARFCIL, BRICERIREC
B, 2> ORRENC b REFHEREBRA O RBHEAR DR
FIZSEYC BE 5 B % P& A L C real time il
FELSHFEERL TS,

%o CHHERM L E Y BRI %, 14 ORE
D3 hay FYT7ORRBYEES e kT, 18RHOE
WREMHTE, RLUAEAREBHELTY, ERKHO
GOT, GPT, Al-P, creatinine phosphokinase (CPK),
LDH 3 X' LDH isozyme #EGHCRIE L. £
DORERERE WIT & OBfRE L OBEEOE HE &
B R b L hie, ERWEHEEED graft via-
bility 12B§4% parameter & LTOHE B OWTHE
L.

RRMHEEERBRFE
1. SBGtE

1) SEEREMY

fRERy 16-28Kg (19.944.2Kg) DMK A K125,
I 8 BHDEF208H % I .

2) WERFRFR

WEDL bOMECRY, WL Toledo-Pereyra et
al® D7 4 7Y 7 — 7 ERBFRCEE L, koo
ELERL7e. Bl%, CPD Rif1-% y 7 CHRIfL L7z A
M5 m#Es s3HEL, silica gel (Aerosil 380, HA
By Yo BERAHE) & miE 1000 ml @ 20.0 g D%E|4
Tk, 6°C OAEET2RREE®E L -%, 3000 rpm
(A3z, 05P-22) Tl104%fhaly, LiEEBL7 4 7Y /-
FUMmEE LTI Uz, SERLB 7 4 70 7 =7y
R, PRV EYENLTCHEELRNC EEXHRL
L, W74 7Y =4 g 1000ml kL, #ik
154.4ml, KCL 1% 24ml, <= 27%Y— 9.5ml, 20
%< = k= 30.0m1; VA Fr—n 100mg, L.
F—AvAY v Tlml #ixERBRE7 + v 52— (&
BN 0.2¢) CHREL, SAKE T 4C CREL, £
FICERL Ty 8°C e ik L. BT DM,
Na 137mEq/l, K 5.5mEq/1, Cl 62 mEq]l, Mg 4mEq]/l,
pH 7.32 (6°C ©l%7.68), ®EE 300mOs/l T - 7.
¥/, WRYED oxygenation |3 membrane oxygenator
#ALTH, PO, 200-250 mmHg o3l U 7. %
¥, wash-out (¥ Euro-Collins ¥% F\>, ﬁ}ﬂﬁ?ﬂ:
13 4°Cir iR L.

3) WEMRFEE

BN FEE ORPH 2000C (5 TEEBHE& K /E
B, BRI & . ‘

0. EBRIE

1) SEERBEOIER & BRI s

BILMERRC X0, LT 5 HORRBEAER L.
T BB MIEET o WIT 04848, SOR
IR 3045 > WIT 30498 558, 45 TIAHXIRH M 45
S WIT 4558 4 56, SHIVEE LR IR 604y 0
WIT 60455 4 B3 X OV VEHZIR LM 12043 WIT
12055 3 BHD 5 B CRBR & 1T > 1.

FRIMTTERIE, T b Y — VERIRIREE T C, MRy — K
v F1r—%— 900C iz X 5 mechanical ventilation

CCEEL, FIIEML CREMCETCE S, BB
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No. of dogs
G-1 Omin 4
G-1I 30min. 5
G-I 45min. 4
G-V 60min. 4
3

G-V 120min.

18hrs perfusing
preservation

2N

re-autotransplantation’

Fig. 1.

B, kR KB R IGEISTS & C o Sl L ek, A
BlkE 4 S84 TRERL, FBEMAEEB L.

gD WIT off, EE#HREER L, AEBHIK
YW Lic: BREFGAREEBIRK & ORI L D
BT, RUBRBBERCLECTHRES ORE
L, %K, Pl LA (Fig. 1).

2) BERRAFE

%mLL%Oﬁ%mon&mﬁot«ﬂ»¢,f%%
N ENBHEINCEAL, Euro-Collins yg#y 500ml iz
THaPE# Ll tk, ORPH 2000C i X % pulsatile
mechanical perfusing preservation %7l 7. oD
%@%&Em&mmmHgf,Eﬁ&ﬁ&mm747J
/=&y KRR e

3) Ebﬁﬁgﬁﬁ&gwﬁ%%@ﬂ%

LR DR AR X B I8 OWRGEN, BE
BRI T RN TR R U B & B A2 N
RLUHRBEBELTok. LOHER, CEHRTAR
B HEBHEOTECR, FEHIRKEZANBEBIRC
6-0% 72IX7-0 Nylon Tl 4« K& cE e, A
HIREZEABE#EIKICT C< 6-0% 72ik7-0 Nylon. i
TofilfE TR & L.

HREY Alexsandre O JFE0THEN>,
L, RLAKBERBEEKTL, FlEfEEBL2MbL
7o FMRTHRWS B RChEZ v7 5 = v EEIE
L, iz v7rF=v{E 20mg/d PLEx*RE, 2.0

nephrectomy

B Bt g &

)

wash-out

measured serum
cleatinine level

after Sdays

WIT : warm ischemic time

Experiemental design.

mg/dl LI JLif & BN L, AR R L 72 (Fig. 1),
1) BRI L BRI i
- YERRRGRT 04y, 154y, 3EERE, 6 MR X Ot18HEE

- BRI\ A B IR & 0 RFCIER L, LDH,

GPT, GOT, Al-P 3 X8 CPK yEd: % % L e
GOT, GPT | Harmann %, Al-P (3 King-King 3,
CPK i3 Rosalki J5iC X b ZhZhHE L. i
LDH i3#EE L TEAL v B% A\, NADH 225
NAD ~oZ k% spectrophotometer 1= C Jl5E %
Wroblewski % > e, ) o

5) LDH jsozyme  DJIE 7T ﬁ .

LDH isozyme % Celofilm - (Pfeizer Co. Ltd., %I, .
H) 1T Starkweather et al.3® DIFHEICFEL, ﬁi‘i
BRI CRISE L e, LDH, 3 X 08 LDH; 153 LDH
FRTEMEMES L 00 LDH isozyme pattern ‘@ ¢— v b
M & DREED B RD e

LDH isozyme ratio (¥ Burchardt et al.3" @?Eﬁ:?’
#€\>,. LDH+LDH,/LDH,+LDH, C§& Ui,

- %_
1) WIT L graft biéﬁb
WHTOQO%Iﬁflﬁ#%EET,WHT%%O_
%Hﬁ&‘WH?%\@%mﬁD%ﬁf%h%hlﬁ?

OMRIET, Fhe WIT 6045 DBIVEECIE 1 AR L
BERBBEERD 7 v 7 F =V NBEDRED o graft
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BROHBIATETH - T

WIT tRUBRBRMEED graft #gEL 1L Table 1
AL - WIT 0401 8% X0 WIT 3040
SR graft BERIZTNCRIFC, %7 WIT 120
FOEVEDTRTCHATRTH o7z, WIT 455 DI
BRI WIT 605 OB IVEETIE RIFH & RRE N B
ELTwie. ThbOEEMLD WIT 045 0% IR%
HRERIFREOXRIC, WIT 12055 0% VL HEETR R
OB E LT, E@Hﬁﬁﬂ‘owﬁﬂffoﬁbﬁ%‘ﬁ%ﬁﬁ
BRSH L.

\,hl‘oé‘éﬂﬁﬁ%a‘%wﬁi T@%ﬁnﬂﬂﬁ@ WIT i3
40.7+£13.25C, BHERRBO WIT (352,547,514
THRBHC LR 0 o T

2) graft EE L BN E

RRIFLLVEDOI LRLUAFRBRMEED graft i
BEOYHER e LEIGECSWCEER, AFAH, M
B2 v7 I =vEE X OBERECOWTHER L.

ERORBT ST 5 BEEITEERFCH- 9T T
ik, FRhFh 57.549.19g, 71.0+14.50 g (P<0.05),
BERRERECIL TR ZEh 63.4410.29g, 73.3+12.21g
(P<0.05) »ERBEERDOHEMMNL S, BHEE
O BIFEE L TRERE L ORI IZAEZITZ D hicd -7

EFABIBRERFRC, UHMETH DIt
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S L, BERETREORRERBIIRL HREBIEE 6

HTh b, 4. 371770 L Ei -7 (P<0.01).
g7 v7 =ik BEERFHECTELEZREY
4-7H H T 1.62+0.86 mg/dl, 14H B € 1.04+0.21
mg/dl & IEHEZH - e DI ‘%%%ﬁ%ﬁﬁmi
4-7HET 14.74+8. 50mg/dl LABCEER R L
(P<0.01).
new, BRom, BEERREORL HRBBE T
CHBEUSOmE, VT = v, 2R Lo
TRHICTH 27 (Table 2).

S F o, %@Fa%@%ﬁf&ﬁﬂﬂk, F1 ﬂsz‘o OB~
VT @%:EEEU&O graft b, EET-IVE: LOEVEE
DOEERRD graft LIEHTTCHRTH D L, HI1HL
VB SIERRE L OMICITERZBD 3EIE, 6
BEE, 1I8FEEOFThEh TR 2EDENRZ LR
23, BIO-IVEE CILER R IR & NREBETOWER a@%
EE A EEABR -7z (Table 3).

3) WERIR PR OREIZ L

IR 5 L HEOWRBIES 100 & LTS
FRHEOEHE KB L. £ ORKR, SHEDS B
LDH 5\ ¢ GOT, CPK 351 0% GPT 1c 2 7 &1
W EAFRD B, RIS E ClkERE+o LDH
TEME VBT O 2. 73 f51ICE Lz, GOT, CPK F L ¥

Table 1. Charcteristics and function of graft of experimental group
'Experimental W}T No. of Eﬂ‘éctive Graft weight (g) Purfusion Graft function
group (min.) dogs No. of graft Before After pressure (mmHg) Good  Bad
I 0 4 3 65.0411.2 65.3+19,0  44.3+3.3 3 0
I 30 5% 4 56.4+10.6 75.0%=14.3 47.2+3.5 4 0
I 45 4% 3 57.3%£ 8.2 69.3*+ 8.0 49.7£0.5 1
v 60 4% 3 59.2+ 9.1 76.0+11.8 = 46.3%+3.1 1 2
N 120 3 3 7.7+ 7.6 82.6+11.0  49,3%0.9 0 3

%: One graft was excluded by accidental death.

wk: One graft was excluded by loss of creatinine level.

Table 2. Graft function after auto-retransplantation

Weight of graft(gr.) Survival Serum Cr. level (mg/dl)

Pre Post (days) 4-7th day  14th day
2% | 5755 9.19 71041450 <14 1.62£0.86  1.04:0.21
(fi% 63.4110.29  73.8+12.21 437177 14.74+8.50

- 3 grafts were excluded by accidental death.
1 grafts was excluded by loss of data as to creatinine level.
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Table 3. Comparative analysis of perfusion rate and graft function

Graft function
Good Bad

Experimental group I I-v I-v v
Effective No. of graft 3 6 4 3
Perfusion rate (ml/min.)

at 3 hrs of preservation 1.05+0. 36 0.68+1.80 0.59+0.50  0.46%0.20

at 6 hrs of preservation 0.99+0.33  0.620.67 0.6140.55  0.49+0.24

at 18 hrs of preservation 0.98+0.50  0.62+0.20 0.60+£0.50  0.62+0.29
Serum creatinine value (mg/dl)* | 1.1040.25 1.23+0. 35 14. 74+8. 50 N.D.#*

#: Creatinine was measured on 5-8 days after auto-retransplantation.

s#: All dogs were dead within 5 days after auto-retransplantation and

could not be measured.

%
300
LDH
LDH isozyme ratio
: 2004
CPK
GOT
/ “eeT
— AP
1004 e
T T T T
15min 3hrs 6hrs 18hrs

preservation time
Fig. 2. Relative variation of each enzyme in per-
fusate during preservation in Group 1.
(Activity before perfusion was adjusted
for 1009, as basal value)

GPT CiizhZh1.51f%, L5655k X0 420 LR
BRDBhz. LL, AP gt A Y ERNALR
o fo. '

%7, LDH isozyme ratio % &Ry LA 2R L, ¥R
18/E [ B CIXER AT 2. 515D L7 %5 hiz (Fig. 2).

4) PERIK PO FERFEEM R X 0° LDH isozyme ratio
i35 WIT 0B o\

a) LDH jEH: : SR T B LB IVEEE co WIT
0-6023FE CUXIENT 6 R & ClRETF o LRAERM R
DD, FEFHTIIEALERIIZD R o h, EFR1S
KB ik WIT 238< 516t > T LDH EifEo

serum creatinine

AG-V
2000 A

1000 1

T
18hrs
preservation time

1'5Amin éhrs

Fig. 3. Relative variation of activity of LDH
during purfusation. (Activity before per-
fusation was adjusted for 1009, as basal
value)

ERERRES, EHLhZRETOEE U,
—75, EVEDO WIT 120 455E-CIXgE 6 FE X v
LRERAD IS Btk 29.8+418.6 L.U.Jlg L3
L "fEER L. B, LDH: EHTd T Ol
MREEBEOEICHAILCERLTEY, HIREFIS
il o LDH FEMERATC HBIL ¢, S IR T
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2.7M5%, BBOBETIX2.8f%, BBMBFTIX6.215, FIVHET
9. 465, BV TIZ23.7f5%, WIT R L
ERRFREHOR I AL CERH e LR R L. &
L, SBIVEED WIT 6048 LB VRO WIT 120055
L TR EDEANEHRCTH - = (Fig. 3). '

b) LDH isozyme ratio: £ I B0 8 IVEE CILEER
{RFE 6 IR A ¥ Clk EREA L KL £ W THEER
TR DN ety HERGRFISREIER T, £ I8
L5, HIBECS. 6f%, BIMBTL 765, HLIVEETT.S
&, HEVEHNL44. 405 L BB WIT I Hpl L B8 2
@ bhic (Fig. 4).

c) GOT yEdk: LDH EM XA, £ IS I0H
OB CILERRFISHFEE F Clr L A X ERERD LR
I, FICWERETE OB CIY, BIMEER X OHEIVEILE
VRLARTF 6 M B 72 B O 1865/ B i EREAR RS R,
BERRFISREIE 0 GOT EREIE I ¥R L 0'ED
HLOHOCRERETOENRZ LRIz, BVEECILETRE
FIMME X v EFRAbH, 6BEHIE R X O8I
TIRENTR 3.6 53 X 0°24. 5% L ZW e LRNRZDD
hic (Fig.5).

% a G-V

4000

3000+

2000

1000

100

15min (;hrs éhrs Ilﬂhrs
préservation time
Fig. 4. Relative variation of LDH isozyme ratio
during purfusation. (Activity before per-
fusation was adjusted for 1009 as basal
value)
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d) ZofliOBEREN : GPT Eitks Lot AP &k
B VEERERC, WIT & X % 281335 5 h (Fig,
6, 7), ¥, CPK EMLEVETIINAL ) O LERT
BBHY, LOMOFETITIER BRI LE 5 2 bz WIT o

% tAG-V

2000

10001

1l5min éhrs (Iihrs l‘8hrs )
preservation time

Fig.5. Relative variation of activity of GOT
during purfusation. (Activity before per-
fusation was adjusted for 1009, as basal

value)
%
1000
/A "
A//A . g_][ll
. B G-I
100 === =22 g:y}/
T
ll5rnin 3hrs éhrs 1'8hrs

preservation time

Fig. 6. Relative ' variation of activity of GPT

during purfusation. (Activity before per-

fusation was:adjusted for 1009 as basal
value)
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EXchfiL <L, WIT LERRFORIIIM
BAiE b hindotc (Fig. 8). ,

5 RLEFKBBE%G graft WL ERRETRO
LDH &, LDH isozyme ratio & LDHg.; {Eike D
BRI o

1A EERIFTHEONB L L, B VIHEZRER

%
1504
A G-V
G-1
G-
1004 -9 G-11
L G-1Ii

T
18hrs
preservation time

1I5 min éhrs éhrs

Fig. 7. Relative variation of activity of Al-P dur-
ing purfusation. (Activity before perfus-
ation was adjusted for 100%
“value)

as basal

%
1000

500

1‘5min éhrs éhrs llﬂhrs
preservation time
Fig. 8. Relative variation of activfty of CPK
during purfusation. (Activity before per-
fusation was adjusted for 1009% as basal
value)
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REOWBL LT, EHOETHS L0 WIT o e
o\ LDH &4, LDH isozyme ratio % X OF LDH,45
FHCOWCRL BREBERD graft e L ORItk
retrospective THE Uiz,

a) LDH yEd:: 8 1% 0 LDH Hikix 3.58+1.33
LU.Jg IR bENED 5 bRERIFR T 3.35
+2.741LU.Jg LRBL LB IRHLEEREE MY
FRUTenS, HSREREEMY 5.11+3.261.U.Jg LFWHL b
Fshbnie (Fig.9).

b) LDH isozyme ratio: LDH isozyme ratio %
LDH k& ke, #1 ﬁf@ LDH isozyme ratio
134.07£2. 13CE WE» B HIVED 5 bFERFR T
5,92+ 161 LR E LB I L ZERBEOELYRL
7op%, HSEERBEAL 13.5848.67 L EHR AR AD R
7= (Fig. 10). :

¢) LDHg; ¥4 : LDH,; (s LDH FHik
LDH isozyme ratio & Fiic, £ 1% Cco LDH,.; %
Peix 2.2620.84 LU.Jg CH RO HHIVED b HiHE
BEFECE 2374149 LUJg LXBE LB IRFL
BIERBEDER T LI, HHER BRI 8471526
LU.lg R ERRSD e (Fig 11).

6) wash-out ¥ LDH 1M & graft gD
W

/g B
40+
30
20
.
10 .
.
.
L]
: i
L T L T
good good bad bad graft function

(G-1) (G-I ~ G-N) (G-V)
Fig.9. Comparative study of LDH activity at 18
hours of preservation and graft function.
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U/g
1004 S ¢
L
L]
50
: 3
104 .
' Y 1
T T LI - H
good good bad b;d graft function

(G-1)  (G-1I- ~ G-N) (G-V)

Fig. 10. Comparative study of LDH isozyme ratio
at 18 hours of preservation and graft
function.

HIF, BUFHIVENVHES IOEVHO graft 58
BIFREE RERECO wash-out ¥ LDH jEik
COWTHE Lichs, SFAFNrLEIVHED 5 bR
Bz 11.37+£7.291.U.Jg L& 1D 10.004+-8.491.U./g
LEERBREOEME R R L, KA EBETRIETIX
40.72+:33.47 LU.[g 294 BOEERL

DEX Y, EREEE T graft #EEOHIEDBIER
LDH ey 121.U.Jg LHELI DR TH o ic
(Fig. 12).

E B

Belzer et al42® 5 3B ORMBRAELT 5 L CHER
s Eie Lo A FEEE LT lipoprotein 12 & % A
PR % 250, %@ lipoprotein % [R3: L7z cryopre-
cipitated plasma % F\ > 24-72 R O BRI FRFHET
BB EHREL TS, Xbic, Toledo-Pereyla et al.3®
i% fibrinogen % WHEEDO A E TR CTH% LIEWL,
Silica gel % A\ CIn#fEfd cholesterol, a-lipoprotein,
B-lipoprotein % fibrinogen % 5g4 1R LA [ T
48-120R D ERIRFN TR TH S LHREL T 5. &
o Silica gel X BBi7 4 7V 7 — 7 v WEOF HIL,
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U/g
40+
L]
30+
204
°
10+ ‘
.
Ll
L3
: {
goldd ’ golod belxd béd graﬁ; function

(G-1) ~ (G-I ~ G-N) (G-V) .

Fig. 11. Comparative study of LDH,,; activity at
‘18 hours of preservation and graft func-
tion.

1) fibrinogen D& 7c 5 3° lipoprotein % b e BE
TEBHC L, 2) C0HMORRBS MRS L, 3) Ml
B~V RAY 4 v R ERRECE, BRTHOHE
ThHo L, 4 MEKOBBENEHRETEST L, b
© 5) LDH = GOT 7 X OBERIBERCEL’ L,
IgG 7Dl s w7 ) VT O BERLWT LR BT
Twhb., BE, MEfiER s 2o Euro-Collins
BHRBEREECES BVubhTWw5h, FEELEW
=D 5 L 0FFBISCC Silica gel X BT 4 7Y
J =5y U X A EEREEE TV, TR T 2R
BECWBDT, SEDOERC L7 4 7V /—F il
#fea e, :
DO 5 HBA%E L R R EEE TH 5 R TER #
K&t H ORPH 2000C ORI PHIL A, I
EOLEEI - BB RET52 L X W EREY —
BRFEHZ LR TE, ¥RES pH b —EROZ &
NTEBZLTHD. 4, FHIZOEBERHVTE
AR 1T o e, $ERCHM LA & R AL Grund-
mann et al.4d 2ELUCWAHEFHEFRED 0.8 ml/g/
min. Z3Fys 0.76-4-0.41 ml/g/min. ¢, (ISFRE DR
Bchoie.
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/g
200
[ 4
100 .
.
®
10 . o .
3 3
golod gc;od b;d b;d graft function

(G-1) (G-II ~ G-N) (G-V)

Fig.12. Comparative study of LDH activity in
wash-out sample at 18 hours of preser-
vation and graft function.

SC, MO REZO viability XHifapyc
DEBEI =3V F—HHGR TH 5 TCA-cycle T
53 b av Y TEREOBRERBCEFL NS EE L
BRSO~ Trump et al. D (IEFEANC I b2V FI 7
PR 2% @ small flocculent density 2 HEZE X 5 stage
IV b »72 95 “point of no return” THAH 5 LIHE
LTwa. BRSO R % E, BENE, BE
HE L DRI hDD, ULrb S E#0aETS =
VRV TOBRNRKREL BitoTwh. ZOFTEEOL
T HREO KR 5 HE S X OMENBIZ: b2y
F V7 OBE ARG S X ONEALIR S AE LT
W57, hypoxia EE(IBDCHETH 5.

fek X D RFAMALEE, hypoxia ZEMT 5 Kb B
i oMEERAFEELLT: vav FY 7THEECET %
parameter DBRFRICBEBI TR £ 71 & LA — B
BuwbhT&eo~16, Grundmann et al.lD (34 &
B\ T155 5B 605y OIR LM E S Iz, EREFE
iEssRIE M DZEE) & AP R E DR Fe o\ Tl
N5, XHERAICIX604r % “point of no return”
LT BMENS O~
LD, EFHEORB T, WIT ORERK TR

~DEENL, W LDH Ei:, ouwe GOT &k
DRFFNEBR DS, GPT B b b 2knh
Fo@EENADLR A, AP L0 CPK yE# T
RRDB R ol Tk, Al-P, CPK zhZh
falfis X MRS R OBREAE L LTHFEL,
by R TR L EBEOBERIIE LR, fioT
LSEOEBHERTE WIT kIVERGEFEOHEEN L
bhisholcbDEBbhs.

GOT % X0 GPT 3L A CHIEESE I b2V FY
TESOWESCFEEL, ABRESIFTIET I 7 BHD
DOREF B SNI L BBEL LT, ¥k, bav iy
THEE WY, T ESTEAOTEREEL LCER
HBEETHHZ ENMBRTNA. foT, 3+av
) 7HEER RS EER LoD WIT 120 0B X 9 R
Db IR EFRORBEERE D LRI 5T
BN $ b2y U TESAD ORI o7 b
DEEZLRL. SEOERT GOT Fi kgL C
GPT Eiticik WIT &R RMCH - sk, BT
O GPT [EMASEM RIS s X OSEARAE O WT h
HWTh GOT HEHDR 1/5-20 BE L HELE L\
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