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M oz Q3 wt LEHE AL 2
23}317] 915t metabolism cagedl #rlEld Yo
ALSEtal 15904 ASAIZF metabolism cagel €]
Ang &7)d BRAZA 1% sodium azideE 0.5m
I M e B AFsAen AHT A7
= 42 o743t 3000pme 2 1583 A48
3t ARE-3HTh

AAPEISE E£F

L 712&3dy (71249 §398E Mondod
W) zat@om ¢34 pHY 7Y FE I
HAAFE Z1xdudgd o3l HPstn B
H goz Azsgrh

O Al ¢

Q59 1 0CTAA pH7E 7.80] HEZF 0.2mol p
otassium dihydrogen phosphate®} 0.2mol disodium hy-
drogen phosphateE ©1-8-3%] 0.1mol phosphate®%
Ag e

@ 7149 : 1.66X10%molo] ¥|%F L-alaninepnitr
oanilide® Z7F47ol 833t AH&-3tATh

L=
s

O &A3AX
Urine 0.4m¢+phosphate buffer 1.4m¢
I prewarm to 30C
Add substrate 0.2m¢
1
Reaction at 30TC for 15min
1
Measure absorption increase by pritroanilide
at 400nm

CHx =9 A&
AT Askde ool g,

AE _FV ___AE 20
1,1 e—dXWXlOG—-mXEXIOG(U/e)

AE ! absorbance change per minute.
€ : extinction coefficient.

d : light path.

FV ! final volume.

SV : sample volume.

2. $ZFde pHel 93 J& 7|2 AA WY
& Mondorf™®el] &35 &34} pHE 6.4914 8.0
7128 F A A2rtA = wEo} 3nlele] HE
o W3 SHAEE SAs 4F 49 pHRSt o
g 3% 2AlE Ha9 g4=E Yeple pH
#e T3

3. 71349 ¥=e &% 9% . 7149 F=E 2~
0mmol/ £ AWl A &7z wtEe] 3uiE]e]
FEN] s AAPEAEE S5t ¥y 7
A9 Fxo g 9dFE ZASIEL Lineweaverdt B-
urkd?e] ol Michaelis constant(Km)& T3
Atk

GRSEMT £H

1L 71BERuhy 71249 234deE Szass®el
Faton 4349 pHet 7149 = 2 JHF
FE 7]ZAH A4 98 At ddE @G
=2 A%k

OAl %

O &5 1 37CANA pH7F 5.6% 0.2mol acetic ac-
id-acetate 5 A& AME-3FATH

@ 7149 : 50mmol = == prnitrophenyl- 5 -glucuron-
ideE SHFol 833t AME-3tAh

®0.15N NaOH

0o &34zt

-t L I

gAx9] Aitae gt P

O &34zt
Sample Sample blank Reagent blank Water blank
mé mé mé o
Urine 01 0.1 - -
Buffer 08 038 08 038
DW. - 0.1 0.1 02
Substrate 0.1 - 01 -
incubate at 37C for 150min
0.15N NaOH 10 10 10 10
read at 405nm

- 32 -



AE _FV ___AE
ed v X =g

20
Xg7 X10°(U/¢)

AE : absorbance change per minute.
€ ! extinction coefficient.

FV : final volume.

SV : sample volume.

d :light path.

2. GRSZA 4 ¥Zd7 7189 F434 1 &%
T 2R ey FANZFSFE T3] A8 BES
9 (prnitrophenol 15#mol in 002N NaOH)3 7124
o] §F5E 3u5~45nm2) ¥4 WolA AL
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el filtration® FTE FAI817] 93t 7riE]e) HE
& 247} Sephadex G25M2.2 FA R Column PD-
-10(Pharmacia Fine Chemicals)& $3A1A o zati
AR AT o35 Algdl ts) AAPS GRS €4
=8 23s8lo o4& vasdck

ZMA 1 o] Aol AR S WYY AP
FAE T3] A8 3etele] AEREF pooling3t g-
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OEXNE T3 1 AL vwsAH.

¥/ (Withinrun imprecision) : o] A g A€ &
by ol BEE A f3te kel AER
s} AAPS GRSEAHEE 9~103] ¥hE-ZA3sed ¥
o)A 4= (coefficient of variance) & T3t 4t #4&
A A8y ot

22418 | ¢44E L A5t 1079 RES p
otassium dichromate 10mg& FHF 1mlol]l &3AA
Z}z} o] FAEIAE FAEH FoAF 24, 48, 729
96A1 el Ztz} 4AI7r =8 ANF 3 gel filtrationd
% AAPS GRSEBAXEE &3 potassium dichr-

omateFlol oF F Axe wjdZ] FAH EF
& AT

4 =

AAPEAE 2R JoiA 2rlele] HAEEE phe
osphate @&49] pH7L 7.8UW 7MY & BHEE
Uehda 19tg]9] #ERE pH 8.0014 7HE &2
B4 EE e AKFig. 1)
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Fig. 1. Effect of pH of phosphate buffer on urinary
alanine aminopeptidase activity in three diffe-

rent urines.

AAPEAE ZA0 QoA 71FFxe] ¥ o
2E 459 Aole Fig 29 B}on o] AL
ZAZ 89 Lineweavers} Burk®] #gel 3 +&
KmA & 0.8~1.0mmol/ ¢ AvHFig. 3).

GRSEAE &4 YoM HA AHESQ pitr
ophenol®] FZEE 406mmol A HR e 712 p-
-nitrophenyl- 8 glucuronide®] FXTE 405nm*-¥ A
o] FAE FxAHFig. 4).

GRSEA=E &3 sloAl 2ute]e] AERE aceti-
¢ acidacetate+&4 ] pH7} 5.6¥m M =2 €4
TE Uty en 1uigle) #ERE 5.804 7HE =
< #Y=E JehAHFig. 5).

GRSEAE &30 YoiA 71AFsxe] Wsld o
a2 #8459 Aole Fig 63 #gton o] 43&
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Fig. 2. Effect of variation of L-alanine-p-nitroanilide
concentration on activities of alanie aminopepti-
dase in three different urines.
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Fig. 3. Lineweaverburk plot of data shown in Fig.
2.

ZAZ259 Lineweaver?} Burk®] %ol 93 +¢
Km*}& 0.65~0. 79mmol/ ¢ RoHFig. 7).

702]9] FEL 3 gel filration A2
ABE FEEA AAPEAEE 23 A gel filt-
ation§t A|BE 29120U/¢ & JYERAL A7 AR
© 20£13U/¢ & JERNO] gel filrationgt A&7} ¢
@ ANERT F94(p<0005)IA B GHEE
eiglen JMAMERE gel filtration® A E7} 25~
53.5% A= ¥ BAEE JelNAtH Table 1).

GRSEA = 101A gel filtrationd A&7} 57440
U/¢ & YRS st Alge 56130U/¢ 8 Yt
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Fig. 4. Absorption spectra of p-nitrophenol(15 #mol)
and p-nitrophenyl- 8-glucuronide(2.5mmol).
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Fig. 5. Effect of pH of acetic acid-acetate buffer on
urinary B -glucuronidase activities in three diffe-

rent urines.

yolx Fzde fozvl AdA=HA gton] A
ALEE gel fitrationdl o3 =7} F7H A=
AR FAFE A= YA Table 2).

2w ZAMAYL ZAG A3} AAPBAEE
o 2U/¢ A AA4E JehlAtHFig. 8).

GRS == ¢ 3.6U/¢L 7% AA4E Jeld
AH(Fig. 9).
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2233 Ax dolA4E 5.5~6.3%ed F-3A
A3} Rzt fo 27 AAHA G}eH Table 3).
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Fig. 6. Effect of variation of p-nitrophenyl- 8 -glucur-
onide concentration on activities of £ -glucuroni-
dase in three different urines.
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Fig. 7. LineweaverBurk plot of the data shown in
Fig. 6.

B 23 A3 HolAlee 1.4~6.2%H o™ F-3HA
A3} vrEZe) fo27) AR A ekkcH Table 3).

potassium dichromate® Fo{g 10vi2]e] REF 1
ute}(No. 1)€ 4A1Z o]F 78 Wini Rfen o
€ 201e](No. 36)= FAF AAIRE 4843 Ao}
o #WixX EIAFL E & 1u}al(No e F9%
BAZHFE inX RGP T FAF ALHo
2 yud AHNEL oy :a 5& YehAcHFig.
10).
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Fig. 8. Linearity of alanine aminopeptidase activity.
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Fig. 9. Linearity of £-glucuronidase activity.
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Fig. 11. Change in excretion of alanine aminopepti-

dase in rats after administration of potas-
sium dichromate.

— 35 -



o

AAP

U/24hrs+kg body weight

IS

2

@

No.1 No.2

o

~24 0 24 48 72 96 -24 0 24 48 72 96

40

30

C

20

Urine volume

10

-24 0 24 48 72 96

GRS
U/24hrs.kg body, weight
©

hr hr
No. 2
No. 1

-

=24 0 24 48 72 96
hr hr

No.1 No.2

-24 0O 24 48 72 96 -24 0 24 48 72 96

Fig. 10.
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Changes of urine volume, urinary alanine aminopeptidase and A -glucuronidase

excretion after administration of potassium dichromate in 10 individual rats.
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Table 1. Effect of Gel Filtration on Alanine Aminopeptidase Activity in Urine

U/¢ at 30T
Urine Before After Difference
gel filtration gel filtration (%)
1 22 32 +455
2 14 19 +357
3 8 10 +25
4 16 24 +50
5 20 25 +25
6 16 21 +31.3
7 47 72 +53.2
Mean 20 29
SD 13 20
* { significant at 0.05 level.
Table 2. Effect of Gel Filtration on S -glucuronidase Activity in Urine
U/¢ at 30C
Urine Before After Difference
gel filtration gel filtration (%)
1 47 45 + 4.3
2 96 29 + 31
3 13 12 - 77
4 123 126 + 24
5 30 34 +133
6 43 42 - 23
7 37 44 +189
Mean 56 57
SD 39 40
Table 3. Within-Run Imprecision(U/ £ ) "
AAP GRS < Mean
Rat 1 % 163 17.3 o 12 4
S 09 08 ;
CV(%) 55 46 g 9
N 10 10 o 8
Rat 2 = 144 433 & 2 64
S 09 27 )
V(%) 63 62 2 3
N 10 9 g
Rat 3 % 193 353 =
S 11 05 =24 0 24 48 72 26
CV(%) 57 14 hr
N 9 9 Fig. 12. Change in excretion of f-glucuronidase in

AAP=¢lanine aminopeptidase
GRS= B glucuronidase

rats  after
dichromate.

administration

of potassium



4hr - kg body weighto]R1o.m FoF AUAIZE wid
& 4,246+2,567mU/24hr « kg body weightolAth 2
F uj e At RS 2AHEE %A1 A
ole] AT HidFE FAA FEF A9 2
(Fig. 11).

Fo A 4AHE¢Y GRSHIAFH 921+ 12lmU-
/24hr + kg body weight@on} FF 24, 48, 72, 9%
AZre) WM FL 2zt 1.356+1.841, 11141054,
1.312+1,695, 2.508%4.230mU/24hr - kg body weight
Z2A AAEE fr94e] ARHA FutHFig 12).
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AAPEAE &3 YA L-alanine-pnitroanilide
€ 7132 A3t B34 400nmE FHske Ro)
71 Agste AL ARAA Bad u Jon®
o] Yol phosphate}Z8 pHE 7.80) 713 &
¥ Aoz uUedth Mondod P& 932
405nm, ¢5d9 pHE 7.62.2 3lo 2R3 JY+vd
ol g ztolv AYPMZAH HAYFEY F9 Ao
o 7198 Aoz Alm€d

L-alaninepnitroanilide& 7122 4188w AAPY]
KmA+ 0.8~1.0mmol/ ¢ IR 2™ o] AYNA pflei-
derer,’ Mondorf 99l Z35te] AL28 71 H=E
FE€ L66mmol/¢ Atk o] AFA 7)1de IF
FE7} KmX 9 1081& FFAFIR] £317] o &
HEEA w2e Ao S APNE 94T
g Aok 2EA 3utele] RER] dish 9~103] u
Blo] AAPBAEE EA81e] vtz WHolAl¢g
ZAME A3} 5.5~6.3%°10o9 F-A3FA5 vhEzt
ol fojo] Qi v AL FL Ao BT
S Ak

GRSEAE &Ad UoAA EAWS9 422 pn-
itrophnol?] FFEE 405nmolA HoQgon 71
pnitrophenyl- 8 glucuronide®] §3 %+ 405nmol A A
9 BAY APz 405mmollA ZAsE Ao
AYE Aoz et o] AHE S B
o} dx)gte o)t} o] AP acetic acid-acetate
#3549 pHE 5.60] AFe Aoz el Szas
7Y% 9399 pHrt 4.0299) Ao YRS =4
g & Ao e o] 43 Ao YA A
e olfrE S AR AW GRSBAEE
ZA3Y 3 o] AP e HELF 9 GRSYYEE
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33t FE9 T4 A89 FH7 027 g2
RoZ AlgET

pnitrophenyl- 8-glucuronide® 7122 Alg-dw
GRS9] KmA& 0.65~0. 79mmol/ ¢ Ak, 3vte]e] #
Exc] b3 9~108) W=t GRSBY=E ZA3
o FHEZRY] WHolAlFE ZAR A 1L.4-6.2%%R
I, FARZAF 5 fo4gdo] gloiA o] w4
g AINL F& Aoz e

‘gel filtration®] AAPEA X nlAle J3Fe zA}
T 23} gel filtrationdt A &7F ¢ AERT G4
7} 94 A =% ANAEEE 20~53.3% 714
=Y ZAog vFo] Bol YEL Fof= AAPY i
nhibitor7} EAEE & ¢ I inhibitord] Y= 4A)
2 d2ug WA gel fitation3td AAPEAS
€ &Aook 3oz Algdd.

gel filtration°o] GRSEA x| "X & Qe 2A}
# 23} gel filration® A| 89} 45 A ZAPolO)] §-9)
Qo] gz MAERE GRSEAEV} F71et AR
A3 4 A% Qe Aog v|Fo] Hel HER
Zo= GRSY inhibitort} activator7} &4 3che A
< & 4 JNZ NAE=Z inhibitort} activatore] %
T 22 YEA] gel filtrationdl] GRSEAEE
ZAg o 3l oz Agdh

Berscheid $7¢ #ELS] AAPEAEE gel filtrat
ionoll 93] F71 1 GRSBAEE F718 A o
2 Z2% Az YATGL BudAeH oA o]
AYe] Ao} YA sk Aol

Kushinsky & %%9] saccharolactone® Y&
steroid-glucuronide® GRSl ¥ 723t inhibitoreh
I 23k

Wemer 59¢ gel filtration® AZ7} EAS A8
Bt o ¥& GRSEAEE Yehly] oo £4
Ht} gel filtration®]l GRS inhibitor® © ZH2o®
A AR ¥

Z3uy el S 2AEE Aal AAPE 2.0U/¢
72 GRS 3.6U/ £ 7HA] A& vdehlo] AlgF
9] =7 o olddu= A3l 2 okd A
o2 Alggd.

potassium dichromateF4F AAPWl M o] X 24
AZENe] FoAd 59 6.30UE Rog njFo
Hol AAPuMIA#L MNEA 274G oud XF
o) FEEA}. potassium dichromateS F-of &3]
AL o] FHE] AAPHI TS ZhAEte] 724 7HREE



6ol ol & v o F
sz ujFo] Hol AlFAo] Aste] AAPHWALF
o] FAFEIt Wg R A AAPHIAFS
2334 HE Add) LF5E dod 4 flew &
% T 849 A9 Aol 433 AJREF Vs
£ @A 7] giol =F AAPHAFY &3 2
B EFHt:s BG4 olgHe o] 4
$3d ZL=Z Algs€h

potassium dichromate® ¥ GRSHIAFE ZAIE
2 fo4< YehiA o} Ay zrAdde
AAPH A Fo] GRSMIAFHT o9F AEY He
2 AtgEo.

AELELDE AFFASE 4uF Es
vele A7 Qln ol B uF mLedF
2Pz AEAYS AYE & e 984 it
£ Ae uose AFHAE A god ¢k 3
oz Ag¥rh. E] potassium dichromate £4F B-

& A&AA 271 JehiAR D nF oz
AAP WMAdFe Hzx %N B¢ AT F7HE
e T OF F43) #dadte 49T 4%E Yt
o] W&ol NEGAYS AT o o2 S
nsol & HRoZ AlFEET

2 £

HERZFS AAPS GRSEAE &) Had 4
T8 ZUEL A ARPHE AE AE
g o]4% AEFAYY oM ol FELY &&
7FeAE 2A) Q3 wYE AEEHde O
I 2t}

1. AAPEAIE 23 A phosphate$t5-H 9] X pH
£ 7.801%ch

2. AAP¢] KmX & 0.8~10mmol/ ¢ ©]Sith

3. GRSEAxE Z3A 3HE #HFLE 405nmo]
Ach

4. GRSEAE Z2RA| acetic acid-acetatedF R 9]
#4 pHE 5.6011ch

5. GRSY KmAE 0.65~0. 79mmol/ £ ©1 %At}

6. gel filrationd A Bt e A Ee] AAPEAEE
= Ztz} 20+920U/¢, 20413074 24§44 (p<o.
05)0] AR AMAD2 = gel filration$t A8} 25~
53.5% 3 = Etch

7. gel filtration¥ Al &9} e A|8 Y GRSEAE

= Z+z} 57440, 561390/ ¢ B4 F9Alo] fila A
AH2E gel filtrationdll F713 AE A2 4T
A= YA

8. 23wy FHAALE AR EF AAPEAE
s} GRSEASE Z4Z 2.0, 3.6U/4 7HA HARZL
Ve At

9. 23wy o] AL =413 A3 AAPS GRS
o} WolAFE 4% 5.5~6.3, 1.4~6.3%Q F-A
AA3 FiEL 5 9ED {30 ARHA &
lg= 4

10. potassium dichromate§-1 24A]3H5<17} o
T UNZERLS AAPHAFE A7 6751227TmU-
/24hr - kg, 4,24612,567TmU/24 - kg @ 2N FHF A4
AZHEQE EAF w9 M YEhfQith

11. potassium dichromate®{¥ GRSHl4FS 7
ANER FostA Gtk

ol49 AANE FTUNW REE o]&F AFAHA
ol 2ol =AAPWAFo] LGRSHAdFETD A
E9 z7AGd o AR ARE AR F
R ArREH.
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Nephrotoxicity Assessment by Determination of Alanine
Aminopeptidase (AAP) and B —Glucuronidase(GRS) in Rat

Dong-Hwan Shin, D.V.M,, M.S. and Chang Woo Lee’, D.V.M,, PhD.

National Institute of Safety Research and College of Veterinary Medicine,
Seoul National University’

Abstract

Present experiment was performed in order to establish the optimal reaction conditions for determina-
tion of urinary AAP and GRS activities and to investigate the applicability of urinary AAP and GRS in

1. The optimal pH of phosphate buffer for determination of urinary AAP activity was 7.8.

. The Michaelis constant of urinary AAP ranged from 0.8 to 1.0mmol/ ¢ .

. The optimal wave length for determination of urinary GRS activity was 405nm.

2
3
4. The optimal pH of acetate buffer for determination of urinary GRS activity was 5.6.
5. The Michaelis constant of urinary GRS ranged from 0.65~0.79mmol/ ¢ .

6. The AAP activities in gelfiltered samples were significantly higher than those in crude samples.
Mean values of AAP activities in geliltered samples and crude samples were 29+20 and 20+13U/ ¢,
respectively.

7. There was not significant difference between gel-filtered samples and crude samples in urinary GRS

— 44 —



activities. Mean values of GRS activities in gel-filtered samples and crude samples were 57140 and 56
+39U/ ¢, respectively.

8. Limits of linearity of urinary AAP and GRS activities were 2.0 and 3.6U/ ¢, respectively.

9. Withinrun imprecisions of the assays, were acceptable, as the coefficients of the AAP activities
ranged from 5.5 to 6.3% and those of GRS activities ranged from 1.4 to 6.2%, respectively.

10. Urinary AAP excretion was 6751227mU/24hrs + kg before administration of potassium dichro-
mate, and increased significantly to 424612567mU/24hrs - kg within 24 hours after administration of
potassium dichromate.

11. Urinary GRS excretion did not increase significantly after administration of potassim dichromate.

12. From these findings it is concluded that urinary AAP excretion is early and sensitive indicator to

detect kidney damage in nephrotoxicity experiment.




