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leased from the 30 min ischemic condition.

WRITESSEL0T

198 74108

BRI & T FsU) 5 R 3 X OVBMREH -GTP OFFZE

BEERAZWREAHEHE GF : MEHHEER
A 7 ]

STUDY OF y-GTP ACTIVITY IN URINE AND RENAL TISSUE
OF EXPERIMENTAL WARM ISCHEMIC KIDNEY
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(Director: Prof. K. Okada)

The acute changes of proximal tubule function and its pathological condition were investigated
by measuring (y-GTP) activities in the urine and renal tissue using warm ischemic kidneys of adult
dogs (n=34). Eight kidneys were kept in a warm ischemic condition throughout the experimen-
tal period and the tissue was extirpated from the kidney at every hour, and 31 kidneys were re-
The urine and the blood (peripheral and renal artery
and vein) were collected from these kidneys at every hour up to 5hr. The kidneys observed for
urine outflow (n=24) were divided into three groups with time; 7 kidneys (1 hr), 5 kidneys (3 hr),
and 12 kidneys (5 hr), and they were extracted.

The y-GTP activity of the urine showed the maximum value of 8514102 mIU/ml at 30 min
and decreased to 217456 mIU/ml, which declined to be close to the starting value of 133426
mIU/ml, at 5 hr after the warm ischemic condition was released. The y-GTP activities of the cor-
tex were 325462 mIU/mg.p (1 hr), 527437 mIU/mg.p (3 hr), and 266444 mIU/mg.p (5 hr). How-
ever, no increase in y-GTP activity was observed either in the renal vein blood, or in the cortex
obtained from the 8 kidneys kept in the warm ischemic condition. A histopathological examina-
tion showed the progressive changes in some parts of the proximal tubules after release from the
ischemic condition.

The present results suggest that an extra amount of y-GTP is excreted and discharged from the
proximal tubules into urine by warm ischemia but that the y-GTP value immediately returns to the
normal amount. The hyperenzymatic action of y-GTP to protect kidney probably due to the via-
bility of the proximal tubules seems to be most active around 3 hr after the blood reflow. The
measurement of urinary 7-GTP activity seems to offer some useful information about the function of

the proximal tubule, especially in the warm ischemic kidney.
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B. r-GTP EH{EDRE: (Table 1)

1. BB IVMmE

BARIL 3T 3,000 rpm 5 ZRIEL L, D LK
W WTRE L. Hlioe/ F AP 1-GT (=—
DV S et AEE) 1ml % 37°C T 10~205
FIFMIEL, Thiehé0pl ZmeBFL, 37°C
Tl AMRE 2o, REKE HBEE LT 405
nm O R CHERNE L., JEXs74y 7 v—1

(F Yy vrzxgB) ©5EfTiey, 2 [EBEORIE
EOEHER K o=, BT 1 5 1 gmol o p-
nitroaniline # WX ¥ ABEE ¥ 1 Bifr: L T,
mIU/m] THR LK.

2. #%

BEHE, MESIOHOZALhER lg , 0.25
M sucrose 9 fEREZ M KK FCHrEeLH+14 XL, L
DhETHR— b % 105,000x G 604fED LT, *
DOEER T O WTR B IV MEOCEA L RAEOHE

Table 1. The method of measurement of
r-GTP activity.

1 Material

a. urine, serum

b. kidney{cortex, medulla), liver
tissue 1g

homogenate
105.000xg 60min,

supernatant
¥ protein determination : Lowry’s method
II Enzyme assay
kit
4mM L-r-glutanyl-p-nitroanilide
40mM Glycylglycine
185mM Tris buffer, pH 8.5
pre incubation (37°C, 10-20min.)
sample 50ul
reaction {37°C, 1min.)
products (p-nitroaniline)
absorbance at 405nm
3 1 unit=1gmol. p-nitroaniline/min.

T, 7-GTP OFEMEY JE L. ¥ ERAEEY
Lowry B CRBFCITE, EH lmg Hich OfEH:
fE mIU/mg. protein (L\'F mIU/mg. p L#FT) &
LTFER LI

ZhbOHEETT {C EELEERE (Mean
+8. E.) TRL, SMENEW b s Tk t RERTT
eV, p<0.05 b 5 CHEB L Li-.

£ B K &
1 7-GTP op#fE (Fig. 1)
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Fig. 1. Localization of y-GTP activity in the
kidney.
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7-GTP ¥EHEfE, BF 5 1 mIU/mg. p, BHRE
994425 m1U/mg. p, FHiH 636 mIU/mg. p THK
B S BT 5 & L ER S huie (p<0.005),
LIF. = off% control {H& L.

2. HiRMEmAEEORST 1-GTP EEEDCER
(Fig. 2)

RE MBS o0 f B s X OBIE AR r-GTP EiER, %
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Fig. 2. Changes of 7-GTP activity in the cortex

and medulla under warm ischemia. No

statistical changes were observed in cor-

tex and medulla.
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3. ¥EMMMERE O T r-GTP EHME O HB
(Table 2)

R IR & RIS 315, BAMEiss X R Mg
B0 r-GTP FBHECHBIIEH TH - 1. i
I BB LOFHHA~D r-GTP DAL, = DRB

BT EA Y RN LRI h.
Table 2. Changes of serum r-GTP activity after
release from 30 min warm ischemia.
No statistical differences were observed
in these results.

after release from warm ischemiat
30m th 3h 6h

44+056™" 43108" 44108 4.1+03" 39+04"
(n=23) (n=23) (n=10) (n=10) (n=11)

41403 40%10 40402 41104 42411
(h=19) (n=12) (n=8) (h=8) (n=8)

43+02 42+03 43+01 42+01 42106
(n=19) (n=10) (n=8) (n=8) (n=8)

t:miU/ml, 1¥: mean=+S.E.

before warm
ischemiat

Peripheral

Renal vein

Renal artery
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Fig. 3. Changes of urinary output after release
from 30 min warm ischemia.

5. E{EBEmME © Kb r-GTP EHE o #E
(Fig. 4)

FIROZED b i-24BORS r-GTP EHfEL, A
i3 133£26 mI1U/ml TH-7cAt, BRMMFRE0S
¢ 8514102 mIU/ml & BEsfEs =L (p<0.005),
P LC 5 BEEIC 217456 mIU/ml &7gh,
MEifEE T s ERER L.
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Fig. 4. Changes of 7-GTP activity in urine after
release from 30 min warm ischemia.

6. HRMAMMBREDOEFITETHE r-GTP &k
{o#RE (Table 3)

BB © r-GTP E#E X control Bo 224425
mIU/mg. p % L, PEMAFRME I BRI TR
325462 mIU/mg. p & kR (p<0.05) L, 3mepum
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58 G} 52737 mIU/mg. p & B&EfE (p<0.01)
RLIH, 5FMBERE TR L 266444 mIU/
mg. p &7¢bh control AW ERE T 5 EA L RL
fo. —H, WEBCRTA2EEREDNZEALRED

Table 3. y-GTP activity in renal tissues after
release from 30 min warm ischemia.
*; p<0.05, **; p<0.0] (when compa-
red with their control group)
No statistical differences were observed
in medulla.

after release from warm ischemiat
1h 3h 5h
224+25" 326+62" 527+37% 266+44"
(n=26) (n=7) (n=5) (n=12)
63+6 93+34 87137 80%11
(n=22) (n=7) (n=5) (n=12)

control*

Cortex

Medulla

t:mlU/mg.p, tt: mean+S.E.

Fig. 5. Photomicrographs of proximal tubules

after release from 30 min warm ische-
mia (H&E x200).
A: No remarkable changes were observed
(60 min). B: The mild dilation of proxi-
mal tubules and ‘edema of interstitium
were observed (180 min). C: The mode-
rate dilation of proximal tubules, partial
weakling of cellular connections and
edema of interstitium were observed
(300 min).
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TR B OB OVTREE L~ THRE Lic. B
1R 1%604 (Fig. 5A) TSI ELIIRD bh o
St hd, 1804 (Fig. 5B) iz is 5 & REOHIEDE
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8. FEFIRFD 7-GTP EPEfE (Fig. 6)

7HIOBE S KR A A L THFIREFRD D Z &k
feote. TRBRDWTERBOBREER?D, £
O MmATRA r-GTP FEikfEiy, FIRFICEE~S & T
NCEELRZR LT, Lal, 20 5RHSBoRE
W 7-GTP fErfE, FIRGIC HEEE I EE S
RLTED, Hr—aEoEdohinsi
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Fig. 6. y-GTP activities in 7 cases without uri-
nary output during Shrs. The value in
urine showed 7-GTP activity before
warm ischemia, and that in cortex at 5
hr after release from 30 min warm ische-
mia. The values in urine were found to
be high. These data suggested the exi-
stence of a certain pathological condition
before this experiment.
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ERZ IS r-GTP oRE—HioWTh, T TR
BINTHBND, 2 LT L o&EN, glutathion %
o> 7-glutamylpeptide & IKDET 5 & &b,
7-glutamyl Z#&{fic> peptide 7 ¢ / B~EH IE
HLEThY, AT I /B0 RME TOMHFRE
TR LTwB b TV b41810, Bz 6] 550
REFBIEEREE, e EBnEOHREC X
HEMS, BHCLHBEE'S, REFAECISER
BRED LR % X OMME & ©, r-GTP RS
L OVRPANBERE LOFWEN T B eNEZDBR
5. LI Tyr-GTP ORPHEMLEY MRS S - i
IALRME OBRER L OWRERY L 52 5 DA TIX
tvmEEx bhis.

EET, 05MOFEEMM (15~20°C) BoER L,
PR fn 2B 1% 5 R ¥ CORF s X O MAfb D -GTP
EEER RIE L, ARG 1) 5 S8 B A BE
Lic. ZhET, EEmMMFRE6KREE X Y EHE
TOEYHEH LEBREIH BN, L vERCE
FAEBC OV TORE XL - fe.

R MY B 52 28 8E LT, BELVAOH
RHTIAR T BRSO, X5 HRRB OE
N HBE T\, HEAD glycogen ® glucose
AT B ERENL15~305 DM TH D, Zhil mito-
chondria matrix PJ @ mitochondria 58k A5 {#4k
L, flocculant densities ASFRD LI B FFR & —3 3
B EHERLE. Licd - C050HEEMMmE, Sn
AR, BRELCRAHIRESEChAB L E 25
nic.

R r-GTP X WEINEE e WET, ADHE,
pH, BZEE, BE, RPBEBWELLOFEYZT
Brlhdicd, EEKE T~ 78, 49°C &R
BERFE) TI0~14BMIX T OBEMMECET Y d7cbT
ZERiEE WS EHELTFMERICKE T, R
DBELBERBETHH - LR LTS, ¥hH
HEBINAD bR B DT, UHEHOERCOVWTER
THIEN, FEEXEL2 5D XL TULEL G HEN
HBW. L LAERTIE, TXT05HEROFHTER
KOWTHERETIVEERY L. BROBES IS
VT, ZOFRIVERAAIL TR Y, »oaii
FEOEALCRIETEL LE 2 M B THS.

BHEN D r-GTP i, X#4H% microsome 43
(105,000x G, 6047, LB KHAELTVBHA, —i
(I soluble pfi (105,000 G, 1-#) wdBE> b,
TOHBIRTIIWIL 1 THBHELHD KERT
i, RECH— O RO % 9 soluble 43H ¥ C
DOWEHATI, —EOBAE X 5 2 &% ANEL

105 19874

fe.

HEIMbc, MR LOEFD Na, K, Cr, BUN
ZWT BT - e s, #ERDIED AR, 305 HD
HEAMT TR hboErEtrRe s Likidd
AETeh 5.

FEP 3T o b& R T304 o EBE I B A 1R
L, R LOEEF r-GTP FHikfEe>T, PRmf
Bk 6 R B S LU E0EROEBI TR LTV, X
hick s e, R¥ r-GTP EHELMFRE 6 BRI T
REE CRhmfo 5 M) ¥RL, To®HTIEFHT
EFEL, DBROTAEATHS &), Eicll
7-GTP {GHAEIL, 6MHE TR THL, %
H—FEEYEBE LTS, EEOERTIL, MM
1R %305 TR r-GTP EfEE&EE Clmdio
#1645, p<0.0l) #RL, DR L5EBMTESE
LT HHEAETH -1, Th T2 EEERLE
HEBEME 2w T3, BRESHBEE TR EHE
(control FEDH#y 2.5 %, p<0.01) %R, 5K
CTEEATAEAY R Lic. EEECET L, R
FICHBLIIOEEHEZET S b0 L EZBR
5. ¥l o, BERiiFO r-GTP BEZTAE
THYH, Vb5 tubular leakage® %4 LB &
i oo, FERBEYEZEHES L, EMRME
ORFC X b r-GTP 23, BERbp~EH, sB3h
TG CRBBA O I, 5 TA L, BEKGHD
7-GTP EHEOETZZED T hE b,
ERERLICC &, ERMEER S EITS viabi-
lity 0FE2E LI DL Bbhs. Thbd, 3
MR E LTCEDORIEIE W, BEBRED D
, 73 BoRECHTHAERERE A Thebhic
ked TR EE L bR

5 F5RE ¥ CIRE A #kit Lic 8 B oWTEBk B 5
FmREB (Fig. 2). @#Fo r-GTP 11, KR#»
TRTEETHEELBNRS 2. 5B 2BE T,
FOERBEOET 2R T 2 & idlehoto kb
&, BRGRMRER A R T A ERE LAY R
DL ENRB SIS ETHESD. Tihbb,
FHIL BT r-GTP RRPiC G50 LR, Al
CRWTHA7e &b 5EHHIOEMT Tk, RiEkAL
IRIECEEIRWETHB L EL bR, BHETE
T, BIMSORET TR ARME D viability %757
TSRS bR & EL bhr

KB, 30O EBE MRS 1 ~2 AR
FABREPRINTVWBY. Thic X s &, REEE
EHEE LTI0GBER mild /eI LA B T
B, AFRK B T —OIMRME, ®Io
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mild 7o fRIE OIRER 36 L O RGO HE O A
PEE STV BORED b 305 HOREME M &
AT, EREO S bic MBFICET T T E A
HE L, 26k LT EoRMRIgOR{LL
PED bR ST,

7 BiL R MRk 5 BEff i - THFIR BB =
Lixiem ot WTFhid, BEmEToRF -GTP Hi
{ERFIRBIC NS L BEE IR ESELR LTS
D, B LhrORENT TREEL T Lo
FEhic. ARRTET HHEERAOHRIIRELERE
THLERDD, ZLOBK, FRERRRIV7,4 5
YTRERER DT B ENTESTHAS. FORME
R &5 AR D, BEENILREEL
fledittEz bhic, Lvl, [BinEss 5 R E
OEEE TEOEEENBELX TR LTV SRR H Y,
TR OBBER © 7o OBREEERE % Z28be5b
L, ARFEICIRERYELL DD, XLIRE0Z
BEEHFIRFED T BDOTIRinLD & bHEER
nic.

LAk, 303 DRMmMMREDR s X O AfHD 1
GTP FEHMEXWEL, b CEARREMERERLTR
o ZDRER, RO r-GTP FEEEDRERIZE)
L, SERLREEOBER JOYREBE IS R®RL, B
MFEREOREERERT v~ it Y 552 &
F®Ehis.

BERD BIRALRAVEOBERE L LT, MENTH
B2, PSP FA FR—EBHNCHETINRTVAB. UL
L, R0 r-GTP EMEEO PR E M CHRE T
RO EMNTE, FOMEEWT L D ERNDERY
ThrELEZ DRI,

¥ B

EEMERAY AT, BRI 305 H O REMnE
RIEB L, PRMFREORF D r-GTP IEH{E % 1
HWET 5 &It X b, EAREE OIS XU
B oWTRE L. iRk, BRBE+SD r-GTP
TEME S X OYRBASIT R oW T BRER TR, Ll
TokwxEr.

(1) 7-GTP Bz hETO®MERY, BEEFK
SEWIEE YD, HEMEOW 45, F{EOH4SMET
H ot (p<0.005),

(2) RPEMMAERE r-GTP BMMANKATS
LI RR~NERE, FWEhBD, ERh I EHET
BTs@EmER L.

(3) FEIEMmAERE, KESO r-GTP EEE
WA LR L, 3RRIEE S BCREE 2R Lt (pl

0.01) », 5HEMBFLECREECETSEEERL
7o, SRR TEA L LT X ORI BT, EARA
o viability 12 X % 8B D 10D O BEEFERH
frivhhickediiEErbhi.

(4) IBBHIM% 5 MRS % CRERE Lic 8 B\ T
ZORER UGB D r-GTP EiEILERNEL
BIETZ &t ot p-GTP 34l & b 5850
DEMIRET Th, TEEILIhEVWEERYETH
D, RMMFIRET T, Bo viability (7R
Ehionz BV L.

(5) XEOTIZ045HOBRME M, EMFREET
AN UTHENS IR LTS BRAEIL LHEE
FRIEZ D s, —HTIRETHETH -1

(6) FIRMEOLNIh -7 B, BHEAHTT
RS 7-GTP FEHEOBEE CIIRERENED L
h, ARBREC X ABa A BBIEORBEY 25l
H il EL bR,

(7) RAo r-GTP EEECEFERL, HLR
MEOBER JORBY I(RIL, ToEEERY
TRT=—H—D 1D 5B EEL BRI

REHABICHI0, HKIAMMREL > UICHEMAE
- 7 BEIMEMT RO CRBOBEELET. Tk
BRI H 720, RIEHHNEEO - MR AT IERL
SUREBAED T 4 ICRHAKLET.

AR OEE ZF200 B ABRBPE LB L5 T 2T
HEEABRELSBAC B THREL:.
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