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I n tr o d u c li o n

N efir a c e t am [ N -( 2
,
6 -di m eth ylp h e n yl) - 2 -( 2 - o x o - 1 -

p y r r olidi nyl) a c et am id e] ,

,
a n o v el

p y r r olid o n e d e ri v ati v e
, p o s s e s s e s a p h a rm a c ol o gi c ally u n lq u e n O O t r OP I C a c ti o n , an d

fa cilit at e s c o g niti v e f u n c ti o n s i n v a ri o u s a ni m al m od els (1 , 2 , 1 7
,
2 6 , 4 2 , 4 4

,
5 1 , 63) .

R e g a rdi n g t h e m e c h an i s m s u n d e rlyin g it s p h a rm a c ol o gi c al a cti o n
,

n efir a c et a m h a s b e e n

r e p o rt ed t o i n c r e a s e th e r el e a s e of n e u r o tr a n s m itt e r s b y a cti v ati o n of th e l o n g
-l a sti n g

N / L ty p e C a
2 '

ch a n n el ( 6 3) , i nt e r a ct w ith y
-

a m i ni n ob uty ric a cid ( G A B A) - e rgic a n d

ch oli n e rgic n e u r o n al s y st e m s , an d e nh , an c e p r o tei n s y nth e sis i n th e b r ai n ( 4 2) . R e c e n tly ,
th e

i n v ol v e m e n t o f an u n kn o wn G i
-

P r o tei n p at h w ay r el e v a n t t o a cti v a ti o n of C A M P -d e p e n d e n t

p r o t ei n ki n a s e an d G -

p r o t ei n
-i n d e p e n d e n t p r o t ei n kin a s e C p at h w ay s h a s b e e n d e m o n st r at e d

(4 4) . P r e v e n ti o n of th e a c c u m ul ati o n of in tr a c ellul ar c al ci u m th r o u g h N -

m e th yl
- D -

a sp a r ta t e

r e c e pt o r ch a n n el s m ay al s o c o n trib ut e i n p a rt t o t h e a c ti o n of n efir a c et am ( 2) .

I n b oth cli nic al an d n o n
- c li nic al p h a rm a c oki n etic st u die s ,

n efir a c et am w a s f o u n d t o

b e e x t e n si v ely m et ab oli z ed; m o r e th a n t w e n t y m et ab olit e s w e r e fo u nd i n s e ru m
, u ri n e

,
an d

tis s u e s (5 5) . T h e m aj o r m et ab olic p at h w a y s o f n efir a c et a m a r e sh o wn i n Fig . 1 . I n s e r u m ,

n e fl r a C e t am an d t h e m e t ab olit e -3 ( M -3) a r e id e ntifi e d a s th e p ri m a ry c o m p o n e n ts i n al 1

sp e ci e s t e st ed , 皿 d m ak e u p m p r e th a n 8 0 % o f tb e t ot al c o n c e n tr ati o n of n e 丘ra c et a m a n d its

m e t ab olit e s . I n u ri n e , n eflr a C et am it s elf a c c o u n t e d f o r b el o w 4 .4 %
,
1 . 9 %

,
an d 2

.8 % of th e

d o s a g e s ad m i ni st e r e d t o r at s , d o g s an d m o nk e y s , r e sp e c ti v ely ; w hile th e di st rib uti o n

( c o n c e n t r ati o n) of e a ch m e t ab olit e f oll o w i n g a si n gl e o r al ad m i nistr ati o n o f n eflr a C e t am a t

3 0 m g 収g w a s M - 3 (3 5 .9 % , 0 .8 6 m M ) ,
M - 4 ( 6 . 7 %

,
0 ･16 m M) ,

M - ll (4 .0 % ,
0 .0 9 m M ) an d

oth e r s f o r r ats
,
M - 1 0 ( 2 1 . 2 % ,

0 .3 7 m M) ,
M -3 ( 8 . 7 %

,
0 .2 0 m M ) ,

M T l l (4 .3 %
,
0 . 10 m M ) an d

oth e r s f o r d o g s , an d M -3 (1 5 .3 %
,
0 .3 7 m M ) ,

M - ll ( 1 0 ･ 0 %
,
0 ･ 23 m M ) ,

M - 4 ( 9 . 9 %
,
0 .2 4

m M ) an d oth e r s f o r m o n k e y s . T h e m et ab oli c p att e m s e e n i n h u m an u ri n e i s e s s e n ti ally

si m il ar t o th at i n m o n k e y s alth o u gh M - 2 0 w a s als o id e ntifie d in s e r u m an d u ri n e ･ I n h u m an

u ri n e
,
M - 2 0 o c c u pi e d ap p r o xi m at ely 7 % n e x t t o M - 3 an d M -1 1 . T h e s e m e t ab olic d at a r ai s e

t h e p o s sibilit y t h at 3 - h y d r o x yl ati o n ( M - 1 8) an d s ub s e q u e n t s ulfati o n ( M -

∫
l o) m ay b e o n e of

th e k e y m et ab olic p ath w ay s f o r d o g s ･

A c c o rdi n g t o p r e vi o u s t o xi c ol o g l C al i n v e stig ati o n s
,

c h a n g e s i n th e u ri n a ry bl ad d e r

an d r e n al p a pill a ry n e c r o sis ( R P N ) w e r e ob s e rv e d o nl y i n d o g s gi v e n a l a rg e am o u n t o f

n efir a c et a m ( o v e r 18 0 m g/k g/ d ay) w ith a d el a y e d o n s et ( 28
,
3 2

,
5 6) ･ I n th e u ri n a ry blad d e r

,

alth o u g h d e g e n e r ati o n a n d d e s q u a m a ti o n of e pit h eli al c ells a n d e d e m a a n d h e m o 血 a g e o f



th e l a m i n a p r o p r l a W e r e O b s e Ⅳ ed i n w e e k 1
,
th e s e c h a n g e s t e n d ed t o r e c o v e r a nd b ad

al m o st dis ap p e a r e d b y w e ek 1 0
,

e v e n w ith c o 山i n u o u s t r e at m e n t . I n th e kid n ey ,

d eg e n e r ati o n a n d h y p e r pl a si a of epith eli al c ells i n th e p apill a an d c olle cti n g d u ct s w ith

i nt e r stiti al c o n g e sti o n a nd h e m o r rh a g e w e r e s e e n a土 n e c r op sy p e rf♭ m ed in w e ek ll . I n

ad diti o n
,

e x t e n si v e h e m o r rh a g e an d p apill a ry n e c r o si s w e r e s e e n i n a fe w d o g s th at died

d u ri n g r e p e at ed tr e a t m e n t p e ri od s ( w e ek 1 0 o r ll) . H e n c e
,

e pith eli al c ells i n th e u ri n a ry

b l add e r
,

r e n al p apill a a n d c olle ctin g d u ct s w e r e c o n sid e r ed t o b e an e a rly t a rg et
,

an d

m e t ab olit e( s) i n u ri n e w e r e i n fe rr ed t o pl ay a c e n tr al r ol e i n th e d e v el op m e n t of R P N (3 2) .

R P N is k n o wn t o b e c a u s e d b y d iff e r e n t ki n d s of c o m p o u n d s s u ch a s an alg e si c s a n d

n o n st e r oid al a n ti -i n fl am m at o ry d ru g s ( N S A I D s ,
3

,
l l

,
3 5

,
62) ,

2 -b r o m o eth yl a m i n e

h y d r ob r o m id e (7 ,
4 9) ,

o r D - o rm apl ati n (3 6) . R e g a rdi n g N S A I D s -i n d u c ed R P N
,
di r e c t

c yt ot o xi c a cti o n (4 7 ,
6 1) o r i s ch e m i c i nj u ry t o r e n al m ed ull a ry c ells th r o ug h i n hibiti o n of

t h e v a s o dil at o r e ff e ct s of r e n al p r o st agl an di n s a s a r e s ult of cy cl o o x y g e n a s e i nhibiti o n (3 ,

5 0) h as b e e n i n dic ate d a s a n i m p o rt an t c o n trib ut o r . H o w e v e r
,
th e p r o c e s s of r e n al d am a g e is

g e n e r ally i n sidio u s an d r e n al fu n cti o n s a r e o 洗e n s e v e r el y c o m p r o m is e d b efわr e t h e c o n diti o n

b e c o m e s ob vi o u s ( 6
,
1 4

,
2 5

,
5 8) .

T h e r ef o r e
,

th e p r e s e n t s t u d y w a s p e rf o rm ed t o el u cid at e p a th o p h y si ol o gi c al

ch a r a c t e ri sti c s of n efir a c et a m -i nd u c e d R P N an d it s un d e rlyi n g m e ch an is m .
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C h a p t 紺 且･ C o m p r e 払e m s豆v e e v a且tl a 伽 m of c a ni n e r e n al p a pil丑a ry n e c r o si s

豆n d Ⅶ c e 姐 b y 甘且e 鮎 a c et a m
,

a m e u F O甘r a m s m is si o n e n h a n c e r

S tl m m a ry

E ff e cts of n efir a c et a m
,

a n e u r ot r an s m i s si o n e n h a n c e r
,

o n r e h al bi o ch e mi stry a nd

m o rph ol o g y w it h t o xi c o ki n etic disp o siti o n w e r e i n v e stig at ed i n b oth in vi v o a n d i n vitr o

sy st e m s . I n th e i n vi v o s t u die s w ith r at s , d o g s
,

a n d m o n k e y s , o nly th e d o g e x hibit ed R P N .

B ri efl y , w h e n b e a gl e d o gs w e r e o r ally ad m i nist e r ed 3 0 0 m g/k g/d a y o f n eflr a C et am O V e r 11

w e e k s , d e c r e a s e d u ri n a r y o s m o ti c p r e s s u r e w a s n o t ed fr o m w e ek 5 , f oll o w ed b y i n c r e a s e s i n

u ri n e v ol u m e a n d u ri n a ry la ct at e d eh yd r o g e n a s e ( L D H) fr o m w e e k 8 . T h e fl rS t

m o rp h ol o gl C al ch a n g e w a s n e c r o si s of d u ct al e pit h eli al c ells i n th e p 叩ill a i n w e ek 8 . I n

t o xi c o ki n etic s a洗e r 3 - w e e k r e p e at ed o r al ad m i nistr ati o n t o d o g s
,

n efir a c et am sh o w ed

s o m e w h at hig h c o n c e n t r ati o n s i n s e ru m an d th e r e n al p apilla a s c o m p a r ed with r ats an d

m o n k e y s . A s fわr m et ab olit e s
,

alth o u g h m et ab olit e - 1 8 ( M - 1 8) c o n c e 山r ati o n i n th e r e n al

p apill a of d o g s w a s b et w e e n th at i n r ats an d m o n k ey s
,
th e c o n c e n tr a ti o n r ati o s of M -1 8 i n

th e p apilla t o c o rt e x a nd p apill a t o m ed ull a w e r e r e m ar k abl y high ･ I n th e i n vitr o st udie s
,

w hile n efir a c et am it s elf sh o w ed n o e ff e cts o n th e sy nth e si s o f p r o s t agl an di n (P G) E 2 an d

6 -k et o
- P G F l α,

a St ab le m et ab olit e o f P G I2 ,
1 n C an i n e r e n al p apill ar y sli c e s

,
o nly M -1 8

am o n g t h e m e t ab olit e s cl e a rly d e c r e a s ed b oth P G s y nth e si s ･ T h e b a s al P G sy n th e si s i n

c an i n e r e n al p apill a ry sli c e s w a s e x tr e m ely l o w r el ati v e t o th o s e i n r at s an d m o n k ey s ･ T ak e n

t o g eth e r , c e rt ai n f a ct o r s s u ch a s b a s al P G sy nth e si s
,
M - 1 8 p e n e tr ati o n i n t o th e r e n al p apilla

le ad in g t o a n i ntr a r e n al g r a die nt
,

弧 d i 血ibit o ry p ot e 山i al o f M - 1 8 o n P G s y nth e si s w e r e

c o n sid e r e d t o b e c ru ci al f o r th e o c c u r r e n c e of R P N i n d o g s .

O bj e cti v e

T b e p r e s e n t s t ud y w a s c a 汀i ed o ut t o el u cid at e th e clini c o p atb ol o gl C al c h a r a c t e ri stic s

i n th e d e v el op m e n t of n e fl r a C e t a m -i n d u c e d R P N s e e n o nly i n d o g s
,

an d t o s h ed li ght o n th e

p r o p o s e d m e c h a ni s m s c o n trib uti n g t o t h e sp e ci e s diffe r e n c e s i n b oth i n vi v o a n d i n v it r o

sy st e m s
.

M at e ri al s a n d m eth o d s

C h e m i c als

N efi r a c et am a n d its 4 m e t a b olit e s
,
M -3 , M - ll , M - 18 ,

a n d M -2 0 w e r e sy nth e si z e d in



t h e A kit a F a c t o ry o r R e s e a r ch T e ch n ol o gy C e nt e r o f D aiic hi P h a r m a c e u tic al C o .

,
L td

( T b k y o
,
J 叩 a n) . M -3 w a s th e m ai n m et ab olit e i n s e m m or all sp e ci e s t e s te d i n cl u din g h u m a n

an d i n u ri n e of r at s a n d m o n k ey s
,

an d w a s al s o a p r e c u r s o r of M - ll . I n d o g u ri n e
,
t h e m ai n

m e t ab olit e
,
M - 1 0

,
w a s an e x tr e m ely u n st abl e s ulf at e of M - 1 8 an d c o nj u g atio n u s u ally le d t o

d et o xi c a ti o n . M - 20 w a s id e n tifl ed i n h u m an s e r u m an d u ri n e , a n d it s m e t ab olit e p att e m i n

h u m a n w a s e s s e n ti ally si m ila r t o th at in m o n k ey s . T h e r ef o re
,
M - 3

,
M - ll , M -1 8 a nd M - 2 0

w e r e s el e c t e d f o r t h e p r e s e n t st ud y a s m ai n m et ab olit e s of n eflr a C e t a m . Ib u p r of e n , an

N S A I D , w a s p u r ch a s e d fr o m Sig m a C h e m ic al C o . ( St . L o uis
,

M O
,

U S A) . A ll o th e r

ch e m ic al s an d r e a g e n t s w e r e th e hig h e st g r ad e a v ailabl e fr o m c o m m e r ci al s o u r c e s .

A n i m als

M al e C rj : C D(S D)I G S r ats ( 2 1 ト25 5 g) a g e d 7 w e ek s
,

m al e L R E str ai n b e a gl e s

( 6 .9 - 13 . 0 k g) ag e d ap p r o xi m at ely 7 m o n th s t o 5 y e a r s
,

a nd f e m al e c y n o m olg u s m o nk ey s

( 2 .9 - 3 . 4 k g) ag ed ap p r o xi m at ely 6 y e a r s w e r e u s ed . Si n c e th e r e w a s n o s e x diffe r e n c e i n th e

o n s e t o f R P N i n d o g s (2 7 , 3 1 ,
5 5) ,

ei th e r s e x w a s u s ed i n th e p r e s e n t i n v e sti g ati o n . T h e

an i m al s w e r e h o u s e d un d e r c o n tr oll ed c o n ditio n s a t a te m p e r at u r e of 2 0 - 26 oC
,

a r el ati v e

h u m idity of 3 5 - 8 0 % ,
a li ghti n g cy cl e of 1 2 h (fr o m 8 :0 0 t o 2 0:0 0 e a ch d ay) an d 1 5 o r m o r e

ch an g e fllt e r ed airn l . C o Ⅱ 皿 e r Ci al d iet s w e r e g l V e n a d lib it u m an d th e an i m al s w e r e all o w e d

丘e e a c c e s s t o w at e r e x c ept o n t h e s am plin g d ay f o r u ri n e o r s e r u m . I n this st u d y ,
th e fir st

d o si n g w e ek w as d e si g n at ed a s w e ek l ･ A ll e x p e ri m e n t al p r o c ed u r e s w e r e p e rf o rm ed i n

a c c o rd a n c e w it h th e i n
-h o u s e g uid eli n e s of t h e ln stit uti o n al A ni m al C a r e a nd U s e

C o m m itt e e of D aiic hi P b a m a c e u ti c al C o
,
L td .

7Ti m e c o u rs e ch a n g e s i n r e n al t o xi ci ty i n d o g s aji e r r ep e a t e d o r al a d m i nist r a ti o n of

n ejir a c e t a m .

N efir a c et am w a s ad m ini st e r ed o r ally at 3 0 0 m g 化g/ d a y in a g el atin c ap s u l e t o 3

gr o u p s of 3 - 4 d o g s e a c h : gr o u p 1
,
tr e at ed f o r 8 w e ek s; gr o u p 2 ,

tr e at e d fo r ll w e ek s; g r o u p

3
,
tr e at e d fo r 8 w e ek s ,

an d u n t r e at e d f o r 3 2 w e e k s . I n an a dditi o n al gr o u p ,
th e an i m al s

r e c e l V l n g a g el ati n c ap s ul e al o n e
,
c o r r e sp o n din g t o g r o u p 3

,
w e r e u s ed a s c o n tr ol s ･ T h e d o s e

of 3 0 0 m g/k g/d ay w a s c h o s e n b e c a u s e R P N i n d o gs g l V e n this d o s e w a s m o rp h ol o gl C ally

ob s e rv e d o v e r an l l - w e ek tr e at m e n t (3 2) . A t th e e n d of e a ch tr e at m e n t p e ri o d , th e d o g s

w e r e kill e d fo r cli nic op ath ol o gic al e x am i n ati o n ･ P e ri o dic u ri n aly s e s an d bl o o d bi o ch e m i c al

a n aly s e s w e r e p e rf♭ m e d b efわr e th e s t a rt o f tr e at m e n t
,

o n c e a w e ek 丘o m w e e k s 1 t o 1 2
,



e v e ry t w o w e e k s fr o m w e ek s 13 t o 24
,

an d e v e ry f o u r w e ek s fr o m w e ek s 2 5 t o 4 0 . U ri n e

w a s a c c u m ul at e d in a c olle cti n g tr ay C O Ol ed o n i c e f o r app r o xi m at ely 1 7 h . D u ri n g th e

c oll e cti o n
,

an i m al s w e r e d ep ri v ed o f f o o d an d w at e r . A 洗e r c e n tri fu g ati o n (4
o C

,
15 0 0 rp m

,

1 0 m i n) of c olle ct e d u ri n e
,

ap p r o xi m at ely 5 m L of th e s u p e m at a n t w a s filt e r ed th r o u gh a

m e m b r a n e filt e r ( 0 . 8 トL m
,
D IS M I C - 25 c s ,

A D V A N T E C
,
T b k y o ,

J ap a n) . A 2 ふ m L s a m pl e of

th e filt e r e d s u p e m at an t w a s ap pli ed o n th e disp o s abl e c ol u m n P D - 1 0 ( S ep h ad e x @ G -2 5 M ,

A m e r sh am Bi o s ci e n c e s U K L td . , B u ckin gh am sh ir e , U K) an d 3 .5 m L of 0 . 06 2 5 M T ris
- H C l

(p H 6 .8) w a s u s e d f o r el utio n . I n fr e sh u ri n e
, o s m o ti c p r e s s u r e w a s m e a s u r ed w i th an

o s m o m e t e r ( m o d el 3 C 2
,

A d v an c e d In st ru m e n ts ,
I n c .

, N o r w o od , M A , U S A) . P r o t ei n
,

c r e ati ni n e ( C R E) , y
-

gl ut am yl tr a n sp eptid a s e (y - G T P) , an d N -

a c e ty トP - D -

gl u c o s am i nid a s e

( N A G) c o nte n t s i n th e filt e r ed u ri n e s u p e m at an t; L D H an d a cid p h o sp h at a s e ( A C P) l e v el s

i n th e el ut e d u ri n e w e r e m e a s u r ed w ith c o m m e r ci ally a v ail able kit s p u r ch a s e d fr o m W ak o

P u r e C h e m i c al I n d u st rie s ,
L td . ( O s ak a

,
J ap an ) ,

S hi o n o gi & C o
. ,

L t d . ( O s ak a
,
J ap an ) ,

o r

K A IN O S L ab o r at o ri e s
,
I n c . ( T ok y o

,
J ap an ) a c c o rdin g t o th e m a n u f a ct u r e r

'

s i n st ru c ti o n s .

A p p r o xi m ately 3
.
5 m L of bl o od w a s wi th d r a wn fr o m th e c ep h al i c v ei n i nt o a t ub e

c o n t ai ni n g p oly m e r g el a s a s e r u m s ep a r a ti n g ag e n t . S e ru m u r e a nitr o g e n ( U N) an d C R E

w e r e m e a s u r e d w it h a H it a chi 7 35 0 a ut o - an aly z e r ( H it a chi L td .

,
T o k y o

,
J ap an ) . P ath ol o gic al

e x am i n ati o n w a s p e rf o r m ed a 鮎 r th e t e rm i n ati o n o f e a ch tr e at m e n t p e ri od . T h e le 氏 kid n e y

of d o g s w a s fix e d in 1 O % n e u tr al b u ff e r ed f o rm alin ( W ak o P u r e C h e m i c al l nd u st ri e s
,
L td .) ,

e m b e dd e d i n p a r afrl n W a x
, S e Cti o n ed

,
an d st ai n e d w ith h e m at o x yli n an d e o si n ( H & E) ,

an d

e x a m i n ed li ght
-

m i c r o s c opi c ally .

T o xi c o ki n eti c s i n d og s afte r r e p e a te d o r al a d m i n istr a ti o n of n eji r a c et a m i n c o m p a ri s o n w ith

th o s e i n r a ts a n d m o n k ey s .

S e ru m an d r e n al c o n c e n tr a ti o n s o f n efir a c e t am
,
M -3 , M - 1 1 , M - 1 8 , a n d M - 2 0 w e r e

m e a s u r e d aft e r r e p e at ed o r al ad m i ni st r ati o n of n e flr a C e t am at 1 8 0 m g 化g/d ay t o 1 0 r at s
,
4

d o g s
,

an d 4 m o n k ey s fわr 3 w e ek s ･ T h e d o s e of 1 8 0 m g/k g/d ay w a s s el e c t ed a s a st e ad y d o s e

th at c a u s e d R P N i n d o g s a 洗e r a 13 -

w e ek t r e at m e n t (5 6) w ith o ut s e v e r e cli nic al c h an g e s

s e e n a t 3 0 0 m g 化g/d ay ,
a n d th e tr e at m e n t p e ri o d w a s s e t at 3 w e ek s t o ob t ai n bi odi strib uti o n

of n efir a c e t a m b ef o r e th e o c c u r r e n c e o f s e v e r e ti s s u e d am ag e s u c h a s R P N . A t te r m i n ati o n
,

bl o od an d th e ki d n e y s fr o m all sp e cie s w e r e t ak e n 2 h aft e r th e f in al d o s e ･ T h e kid n e y s w e r e

divid e d int o th r e e p o rti o n s : c o rt e x ( c o rte x) ,
o u t e r m e d ull a ( m ed ull a) ,

a n d ir m e r m ed ull a

i n cl u din g p apill a ( p apill a) . E a c h p o rti o n w a s m i n c e d an d h o m o g e ni z e d w it h a 2 -f old



v ol u m e ( v/ w) o f O ･ 0 16 7 M K H 2P O 4 c o n t ai nin g 7 v ol % m eth a n ol . O nly i n r at s
,

s e ru m

s am pl e s w e r e ob t ai n e d fr o m 5 an i m al s an d kid n ey h o m o g e n ate s w e r e p r ep a r ed fr o m th e

p o ol ed ti n y s am pl e s fr o m l O an i m als . S e ru m o r kid n e y h o m o g e n at e s a m ple s ( 10 0 トLL) ,

c alib r ati o n st an d a rd s a m ple s (2 0 0 L LL) ,
o r q u ality c o n tr ol s am ple s ( 2 00 p L) w a s p ut int o a

t u b e t o w hich 5 0 い′L o f a n i nt e m al st an d a rd s ol uti o n ( 2 0 v ol % m eth a n ol f o r t h e bla nk) ,
10 0

p L of 5 0 v ol % m eth an ol
,

an d 7 5 0 トLL o f 0 . 0 1 6 7 M K H 2P O 4 W e r e ad d e d . T h e m i xt u r e w a s

v o rt e x e d fo r ap p r o xi m at ely 3 0 s . T h e kid n e y h o m o g e n at e s a m pl e w a s th e n c e n trif u g ed at

20 0 0 rp m f o r 3 m i n ･ T h e m i xt u r e ( s e r u m ) o r s u p e m at an t (kid n e y h o m o g e n at e) w a s t h e n

ap pli ed t o an a c ti v at ed B o n d El ut C 1 8 1 0 0 m g/1 m L c a rtrid g e ( V ar i an S am pl e P r e p ar ati o n

P r od u cts
,
H a rb o r Cit y ,

C A
,
U S A) ,

an d w a sh e d w ith 1 m L of 0 .0 1 6 7 M K H 2 P O 4 . A s am ple

w a s el ut ed w ith 1 m L of l O O % m eth an ol an d e v ap o r a te d t o d ry n e s s un d e r c o n diti o n s

p r o vidi n g N 2 g a s a t ap p r o xi m at ely 4 0
o

C . T h e r e sid u e w a s dis s ol v ed i n 1 o r 2 m L of 15

v ol % m eth an ol an d 2 0 p L of this s ol uti o n w a s th e n i nj e ct ed i nt o a hig h p e rf o rm an c e liq uid

ch r o m at o g r ap h y ( H P L C) sy st e m c o m p risi n g a 6 0 0 S c o nt r oll e r
,

6 1 6 p u m p ,
7 1 7 pl u s

a u t o
-

s am pl e r , C H M - D c ol u rr m h e ate r
,

an d sy m m e try C 1 8 C Ol u m n ( 4 .6 m m x 75 m m
,
3 .5 p m

o r 2 . 1 m m x 1 5 0 m m
,
3 .5 岬1

,
W at e r s C o rp o r ati o n

,
M ilfo rd

,
M A

,
U S A) . T h e m obil e p h a s e

w a s 10 m M a m o ni um f o r m ate b u ff e r (p H 4 .7)/ m eth an ol (1 :1
,

v/ v) or 0 .2 v ol %

f o rm a t e/ m eth an ol (3 :1 o r 5 :1
,

v/ v) . T h e fl o w r at e w a s 0 .2 t o 0 .3 m L/ m in b y gr adie nt fl o w .

El e ct r o sp r ay i o ni z ati o n liq uid ch r o m at o g r ap h y - m a s s sp e c tr o m etry ( E SI/ L C/ M S) w a s

p e rf o rm e d wi th a T S Q 7 0 0 0 m a s s sp e ctr o m e t e r (Fir mi g an M A T
,
S an J o s e

,
C A

,
U S A) .

A n aly sis of P G sy n th e si s i n c a ni n e r e n al p a pill a ry slic e s

T o i n v e s tig at e P G s y nth e si s in r e n al p apill a ry sli c e s
,
P G c o n c e n t r ati o n s i n th e

c o n diti o n e d c ult u r e m edi u m w e r e m e a s u r e d a s fわll o w s . N o n -tr e at e d d o g s w e r e kille d b y

e x s an g ui n ati o n un d e r p e n t o b a rbit al an e s th e si a( 2 5 m g n' g ,
i v ,

D ai nipp o n P h a rm a c e u ti c al C o ･

,

L td .

,
O s ak a

,
J ap an ) . T h e ri g ht kid n e y w a s r e m o v e d an d w a s divi d ed v e rti c ally i nt o 2 p ar ts ･

R e n al p apill a ry sli c e s w e r e p r ep ar ed a c c o rdin g t o th e m e th o d d e s c rib e d p r e vi o u sly w it h

s o m e m o difi c ati o n s (3 7 ,
3 8) . B ri e n y , pi e c e s o f 5 - m m di am e te r w e r e c u t w ith a c o ri n g t o ol

( V IT R O N I n c .

,
T u s c o n

,
A Z

,
U S A) , an d slic e s o f ap p r o xi m at ely 3 0 0 -

LL m thic kn e s s w e r e

p r ep ar e d w ith a B r e n d al N itr o n ti s s u e slic e r ( V IT R O N I n c ･

,
T u s c o n

,
A Z

,
U S A) in ic e - c o ol ed

slici n g b u ff e r(p H 7 . 4) . T h e slicin g b u ff e r w a s c o m p o s e d of 13 m M H E P E S
,
13 2 m M N a Cl

,

1 0 m M C H 3 C O O N a
,
4 .8 m M K Cl ,

1
.3 m M K H 2 P O 4 ,

2 .5 m M C a Cl2
･ 2 H 2 0 ,

an d l ･ 2 m M

M g S O 4
･7 H 2 0 ･ R e n al p apill a ry slic e s w e r e pl a c ed i n a n o n -ti s s u e c ult u r e -t r e at e d 1 2 - w ed



pl at e ( B e ct o n D icki n s o n a n d C o m p a n y ,
F r a nk li n L ak e s

,
N J

, U S A) w ith 1 m L of th e

c o nditi o n ed m e di u m c o m p rl S l n g S e ru m
-fr e e an d p h e n ol r ed -fr e e D ulb e c c o

'

s m odifl ed E agl e

m e di u m /F - 1 2 H a m
'

s m e diu m (1 :1) c o nt ai ni n g 5 0 U/ m L p e ni cilli n
,
5 0 LLg/ m L str e pt o m y ci n

,

a nd 1 25 n g/ m L am p h ot e ri ci n B ( L IF E T E C H N O L O G IE S O RI E N T A L , r N C . , T o k y o
,
J ap an ) .

T h e n th e slic e s w e r e p r e
-i n c u b at e d at 3 7

o

C f b ∫ 2 也 u n d e r a 95 % 0 2/5 % C O 2 a 加 o sph e r e ･

A 鮎 r th e p r e
-i n c u b ati o n p e ri od

,
th e m e diu m w a s r epl a c ed b y 1 m L of th e c o n diti o n ed

m e di u m c o n t ai n l n g n efir a c et am
,
M - 3

,
M - ll

, M - 1 8
, an d M - 2 0

,
0 .2

,
1

,
an d 5 m M

,
dis s ol v ed

i n O ･5 % di m eth yl s ulf o xid e ( D M S O) s ol uti o n . Ib u p r ofe n a s a p o siti v e c o n tr ol w a s u s e d at

0 . 1 m M . Slic e s w e r e c ult u r ed f o r fu rth e r 2 4 h
,

a n d th e c ult u r e m edi u m w a s c olle ct ed a n d

st o r ed at - 8 0
o

C un til a s s ay . P G E 2 an d 6 -k et o - P G F l α C O n C e nt r ati o n s i n th e c ult u r e m e di u m

w e r e d ete rm i n e d w i th a c o m m e r ci al e n zy m e i m m u n o a s s ay s y st e m ( Am er sh am B i o s ci e n c e s

U K , Ltd .) . Slic e s w e r e w eigh e d an d h o m o g e ni z ed i n 0 .5 m L of i c e - c o ol ed di still ed w at e r

with an U L T R A S O N I C P R O C E S S O R ( V C - 1 3 0
,
IE D A T R A D I N G C O R P O R A TI O N

,

T o k y o , J ap an ) ･ T o O ･5 m L of i c e
-

c o ol e d distille d w at e r
,
0 .1 m L of slic e h o m o g e n a te w a s

ad d ed an d p a s s e d th r o u gh a m e m b r an e filt e r ( 0 .8 p m
,

D IS M IC - 2 5 C S ,
A d v an c e T o y o

K ai sh a , Ltd ･ , T o k y o
,
J ap an ) ･ T h e s ol uti o n w a s s t o r e d at -8 0

o C un til a s s ay ed f o r a sp a rt at e

am i n otr an sf e r a s e ( A S T) an d L D H . A s ol uti o n of 7 0 % p e r chlo ri c a cid ( W ak o P u r e C h e m i c al

ln d u st ri e s
,
Ltd .) w a s a dd e d ( 2 0 p L) t o t h e r e m ai ni n g h o m o g e n at e an d m i x ed w ell . A 洗e r

c e n tri fu g ati o n ( 4
o

C
,
1 4

,
0 0 0 rp m ) fo r 6 m i n

,
th e r e s ult an t s u p e m at an t w a s u s e d f o r th e

m e a s u r e m e n t of p ot a s si u m . A S T an d L D H i n th e m e diu m an d th e s u p e m at an t o f sli c e s w e r e

m e a s u r ed w i th a H it a chi 73 5 0 a ut o m ati c an aly z e r ( H it a chi L t d .) an d p ot a s si um w a s

m e a s u r e d wi th an a ut o m ati c el e ctr olyt e an aly z e r M o d el 7 1 0 ( H it a c hi Ltd .) . A d diti o n ally ,
t o

el u cid at e th e b a s al P G sy nth e si s i n n ai v e r a ts an d m o n k ey s
,

r e n al p apill a ry slic e s w e r e

p r e p a r e d an d in c u b at e d w ith th e c o n ditio n ed m ediu m c o n t ai ni n g 0 .5 % D M S O a s i n th e d o g

st u d y . P G E 2 an d 6 - k e t o
- P G F l α c o n c e n tr a ti o n s i n th e c ult u r e m edi um w e r e d et e rm i n e d .

S t a tistic al a n aly s e s

A ll q u an tit ativ e d at a a r e sh o wn a s th e m e a n s ＋
_ st an d ar d d e vi atio n (S . D .) at e a ch

s am pli n g p oi n t . I n th e t w o
-

g r o u p c o m p a ri s o n
,
th e h o m o g e n eity of th e v a ri 叩･C e b et w e e n

g r o u p s w a s an aly z ed b y F -t e st a t e a c h s am pli n g p oi nt . S t u d e n t
'

s i -t e st o r th e A spin - W el c h
'

s

t e st w a s s u b s e q u e n tly u s ed , d ep e n di n g o n h o m o g e n eity ･ I n th e m ultiple c o m p a ri s o n ,

B a rtl ett
'

s t e st w a s u s ed fo r th e an aly s IS Of v a ri a n c e
,
f oll o w e d b y D u n n e tt

'

s t e st . F o r th e

q u alit ati v e u ri n e d at a , W il c o x o n
'

s r a n k s u m t e s t w a s u s e d ･ A t w o -t aile d p v al u e l e s s th a n 5 %



w a s c o n sid e r e d t o b e st atisti c ally sig nific a n t ･
T h e i n

-h o u s e G L P c o m p ute r sy st e m (F U JI T S tT

LI M I T E D
, T ok y o , J ap a n) o r E X S A S v e r . 5 .

1 0 ( A r m C o rp o r ati o n , O sak a
,
J ap a n) ,

a s o 免w ar e

p a ck ag e , w a s ll S e d fわr th e s e a n aly s e s . F o r t o xi c o ki n etic d at a
,

n o s t a土isti c al 弧 aly s e s w e r e

p e rf o r m e d b e c a u s e of t h e s m all n u m b e r of an i m al s ( n
- 1 - 5) .

R e s ti且ts

R e n al ch a n g e s i n d o g s d u e t o n eji r a c e t a m

T able 1 giv e s th e s u m m a ri z e d r e n al clinic o p ath ol o gl C al fl n di n g s f o r r at s ,
d o g s

,
an d

m o n k e y s . I n th e 13 - w e ek r ep e at e d o r al tr e at m e n t st u die s , n ei th e r r at s n o r m o nk e y s sh o w e d

an y r e n al c h an g e s ( 3 0
,
5 9) . C o n v e r s ely , a c c o rdin g t o p r e vi o u s d at a ,

d o g s ad m i nist e r e d 1 8 0

m g 瓜g/d ay of n e fl r a C e t am h a d in c r e a s e s i n u ri n e v ol u m e an d u ri n a ry p r ot ei n a n d R P N w ith

h e m o r rh ag e an d c ell i n filt r ati o n of t h e m ed ull a at th e s ch ed ule d killi n g ti m e afte r a 1 3 - w e e k

t r e at m e n t (5 6) .

I n th e p r e s e n t s t u d y ,
d o g s ad m i ni st e r ed n efir a c e t a m at 3 0 0 m g/k g/d ay o v e r 8 w e ek s

h ad o c c ult bl o o d i n uri n e fr o m w e ek s 5 t o 3 2 ( c o r r e sp o n di n g t o r e c o v e ry w e ek 24) ･ T h e

s e v e ri t y of thi s ch an g e b e c am e le s s fr o m w e ek 1 6 . U ri n a ry o s m o ti c p r e s s u r e t e nd e d t o

d e c r e a s e fr o m w e ek 5
,

an d w a s s lg nific a n tly an d p r o g r e s si v ely d e c r e a s e d fr o m w e ek 7 ･

A 鮎r r e a chin g th e n adir i n w e e k 1 2 ( re c o v e ry w e e k 4) ,
it i n c r e a s ed gr ad u ally ,

b u土did n ot

r et u rn t o th e c o n tr ol l e v el ( Fig . 2) . U ri n e v ol um e w a s sig nifl C an tl y i n c r e a s ed i n th e tr e at ed

d o g s fr o m w e ek 8 w ith a p e ak i n w e ek l l
,

an d th e r e aft e r d e c r e a s ed v e ry sl o wly ･ H o w e v e r
,

this c h a n g e b ad n ot r et u m e d t o t h e c o n tr ol l e v el b y w e ek 4 0 (r e c o v e ry w e ek 3 2
,
F ig ･ 2) ･ T h e

u r l n ∬y L D H l e v el r o s e i n w e ek 8
,
r e a ch ed its high e st v al u e i n w e e k ll , b e g a n t o d e c r e a s e

th e r e a 氏er
,

an d r et u rn e d t o th e c o n tr ol l e v el i n w e ek 3 6 (r e c o v e ry w e e k 28 , Fig ･ 2) I U ri n a ry

p r ot ei n i n th e tr e at ed d o gs i n c r e a s e d 丘o m w e ek s 5 t o 1 2 w ith in divid u al fl u ct u ati o n an d

st atistic ally sig mi fi c an t c h an g e s w e r e s e e n aR e r w e ek ll A A 鮎r w e ek 1 2 ( re c o v e ry w e e k 4) ,

al也o u gh st atisti c al si g ni丘c a n c e w a s o b s e Ⅳ ed
,
th e v al u e s or th e u ri n a ry p r ot ei n d e c r e a s ed ･

1 0



S m a11 b ut sig nifl C a nt i n c r e a s e s i n s e ru m U N an d C R E w e r e o b s e r v ed fr o m w e e k s 1 2

t o 4 0 ( r e c o v e ry w e ek 3 2) . U ri n ar y C R E
, A C P

, y
- G T P

,
an d N A G fl u ct u at ed sig nifl C an tly

d u ri n g th e c o u r s e of th e e x p e ri m e nt , b ut th e s e c h an g e s w e r e m i n o r an d of d o u bt fu l

t o xi c ol o gl C al i m p o rt a n c e
.

T a b le 1 O v e r v ie w o f r e n al cli n ic o p ath ol og ic a ‖茸n d in g s m r a t s
,
d o g s

,
a n d m o n k e y s f ollo w ] n g

r ep e a t ed o r al a d mi nis t r a ti o n o f n e rl r a C et a m

R e n al p ath ol o gy

N o c b a n ng e

N o ch a n g e

R e n al p apillr a ry n e c r o sIS
,

h e m o rrh a g e i n th e m ed ull a ,

c ell i n flltr ati o n i n t h e m ed tlll a

N ot e x a m i n e d

N e cr o sis of d u ct al epith eli a i n

th e p apill a

R e n al p apill ary n e c r o sis
,

S e r u m

c re atini n e

N o ch an g e

N o ch a n g e

N o ch a n g e

U ri n aly sis

N o ch a n g e

N o ch a n g e

p r o †, v ol†

T re at m e nt

p e ri od ( w e ek)

13

1 3

1 3

A ni m al D o s e

望望主星L + 聖 地
R at 4 8 0

D og 6 0

18 0

3 0 0 5 o p (J) ,
p r o (†) N o c h a ng e

8 0 P J
, v ol† (†)

p r o (†) , L D H †

11 0 P J , v ol†,
P r o †, (†)

L D H † h e m o 血 a g e i n th e p apill a,

c e11 in flltr ati o n in th e m e d ull a

1 3 N o ch a n g e N o ch an g e也 _ _ _

F h ,e - w e e k 1 01d S D r ats of b o th s e x e s (10 r at s of e ac h s e x/g r o up) w e re o r au y r e c eiv e d n e f m c et a m , 3 0 , 1 2 0 , o r 4 8 0

m 〆k g/d ay h a s us pe nsio n wi th 0 .5 % c a rb o Ey m ethy l c e h lo s e
. S e v e n - t o ele v e n

- m o n th - old b e agl e s of b oth s e x e s ( 3 - 4

d o g s of e a c h s e x/g r o u p) w e r e or any re c eiv e d n efTl r a C et a m , 2 0 , 60 , 1 80 , o r 30 0 m g n(g/d ay in g elat in c ap s ule s ･

A p p r o xim at e & frv e -

y e ar - old m ale c y n o m olg u s m o n ke y s ( 3 m o nk e y s/g ro u p) w e re o r aQ
r

r e c eiv e d n e 鉦ac et a m , 5 , 3 0 o r

1 8 0 m g n d d a y irl a S uS pe nSio n wi t h 0 .5 % c a rb o 町 m et h yl c e h lo s e ･ P r o: u r in a ry p r ote in; V ol: ur in e v ol u m e; O P : u rin ary

o s m otic p re s s u re; L D H : 1 a ct ate de hy dr og e n as e . †: s tatistic a uy sig niflC a nt in c re a s e; J : st at由tic al& sig 戚 c a nt d e c r e a se;

(†): te n de n c y t o in c r e as e ;(J) :t e nd e n cy t o d e c re as e . 【T s u c hb ,a et al l

,
2 0 0 3 ( 59)] ･

A t n e c r op sy ,
d a rk r e d f o ci in t h e r e n al p apill a w e r e s e e n i n 2 of 3 d o g s kille d i n w e ek

l l . A ft e r a 3 2 1 W e ek r e c o v e ry p e ri o d
,
th e kid n ey s h ad a r o u gh s u rf a c e an d ir r e g ul ar sh ap e

w it h d ar k r ed f o ci of th e c o rt e x
,

m e d ull a
,

an d/ o r p apill a in all d o g s . Lig ht
-

m i c r o s c o pic ally ,

n e c r o sis of d u ct al epi th elial c ells i n th e p apill a w a s ob s e rv ed i n th e d o g s kille d i n w e ek 8

( Fi g . 3 B) . I n w e ek 1 1
,
b e m o r rb a g e a n d n e c r o si s of d u ct al e p 池 elial c ells i n th e p apilla w e r e

ob s e rv ed in 2 of 3 an d 3 of 3 d o g s
,

r e s p e c ti v el y . O n e of th e s e d o g s h ad s e v e r e R P N

a c c o m p an i ed b y m e d ull a ry t u b ul ar dil at ati o n
,

e pith eli al h y p e rpl a si a of th e c olle ctin g d u ct s

an d fo c al fib r o sis (Fi g . 3 C) .
A R e r a 3 2 - w e ek r e c o v e ry p e ri od ,

all d o g s sh o w ed slight t o

m o d e r at e R P N w ith t u b ul a r dil at ati o n o f th e m ed ull a
,
epit h eli al h y p e rpl a si a of th e c olle cti ng

d u ct s
,

n e c r o si s o f d u ct al epith eli a in th e p apill a
,

a n d d e sq u am ati o n at th e tip o f th e p apill a

(Fig . 3 D) .

l l
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† * ● † . _
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P r e 2 4 6 8 1 0 1 2

(R 2) ( R 4)

†
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U ri n a r y L D H

1 6 2 0 2 4 3 2 4 0

(R 8) (R 1 2) ( R1 6) ( R 2 4) (R 3 2)

( w e ek sI

＋ ＋

＋ ＋ ＋ ＋

p r e 2 4 6 8 1 0 1 2 1 6 2 0 2 4 3 2 4 0

( R 2) ( R 4) ( R 8) ( R 1 2) ( R 1 6) ( R 2 4) ( R 3 2)

( w e e k s)
口 c o n tr ol 国 8 - w e e k tr e at m e nt 困 8 ･ w e e k t r e a t m e n t f ol] o w e d b y a 3 2 ･ w e e k r e c o v e ry

F ig ･ 2 U ri n a r y o s m o ti c p r e s s u r e †
tl ri n e v o h l m e

,
a n d u ri n a ry l a ct a t e d eh y d r o g e n a s e

( L D H) v a ltl e S i n m al e d o g s r e c eivi n g r e p e a t e d o r a l a d mi n is t r a ti o n o f n e fl r a C et a m a t 30 0

m g/晦/d a y f o r 8 w e e k s
,
f oll o w e d b y a 3 2 1 W e e k r e c o v e r y p c ri o d ･

C R E : c r e ati ni n e; P r e : p r e - ad m i ni str ati o n; R : r e c o v e ry ･ V al u e s a r e s h o w n a s th e m e a n s j : S ･ D ･ ( n

- 3 - 4) .

* P < 0 .0 5
,

* * P < 0 .0 1 , sig nifi c a ntly diff e r e n t & o m th e c o n tr ol(St u d e n t
'

s i
-t e s t) I T P < 0 ･0 5

.

,

TT P < 0 .0 1
, sig nifi c a n tly diff e r e nt fr o m t h e c o n t r ol( A spi n - W el c h

'

s t e s t) A

1 2
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Fig ･ 3 Li g h t mi c r o g r a p h o f t h e r e n a l p a pill a fr o m m a l e d o g s r e c eiv t n g r e p e a t e d o r a 一

a d mi ni s t r a t h n o f Jl e rl r a C et a m at 3 00 m g/k g /d a y .

H & E st ai ni n g . ( A) C o n t r ol i n w e e k 4 0
,

x 4 . ( B) N efi r a c e t a m i n w e e k 8 , Ⅹ 4 . I n s e t: n e c r o si s

o f d u c t a] e pi th eLi a i n th e p a pill a ( - w h e ad) , hi gh e r m a g nifi c ati o n
,

x 4 0 . ( C) N efi r a c e t a m

i n w e ek I I
,
互 4 ･ S e v e r e r e n al p a pill a T γ n e C r O Si s w i th h e m o r rh ag e w a s s e e n

. ( D) N efir a c e t a m

i n w e ek 4 0 ( 8 1 W e ek t r e a t m e nt
,
f oll o w e d b y a 3 2 - w e e k r e c o v e ty pe ri o d) ,

x 4
. O nly slig ht t o

m o d e r a t e r e n al p a pi]1 ar y n e c r o si s w ith d e s q u a m ati o n at th e tip o f th e p apill a w a s s e e n ･

1 3



To xi c o ki n e ti c s i n d o g s i n c o m p a ris o n w it h th o s e i n r a ts a n d m o nk ey s

N e 丘ra c et a m c o n c e n t r ati o n s i n s e r a a nd in e a ch r e n al p o rti o n w e r e s o m e w h at hi gh e r i n

d o g s th a n i n r at s a n d m o n k ey s ( Fig . 4) . O f th e 4 m ai n m et ab olit e s ,
M -3 s h o w ed hig h er

c o n c e n t r ati o n s i n all p o rti o n s w ith o ut sp e ci e s diffe r e n c e s . M - 1l an d M - 20 c o n c e n tr ati o n s i n

e a ch r e n al p o rti o n fr o m r ats a nd d o g s w e r e eq u al t o o r le s s th a n th o s e fr o m m o nk e y s . M - 18

sh o w ed high e r c o n c e n tr ati o n s i n e a c h r e n al p o rti o n o nly l n m o nk e y s; 0 .7 8 けg/g f o r r a t

p apill a
,
3 .3 0 ±1 .3 8 LLg/ g f o r d o g p apill a

,
an d 1 3 .4 1 ±1 0 .3 5 トLg/ g f o r m o n k e y p apilla (Fi g . 4) .

H o w e v e r
,
b oth t h e p apill a t o c o rt e x r ati o a n d p apill a t o m e d ulla r ati o o f M -1 8 w e r e

r e m a rk ab ly high i n d o g s (1 7 . 63 an d 14 .6 8
,
r e sp e c ti v ely) r elati v e t o th o s e i n r a ts (3 . 71 an d

3 .2 5) an d m o n k e y s ( 1 . 18 an d 0 . 9 8) . R ati o s of th e m ed ull a t o c o rte x
, p a pill a t o c o rt e x

,
o r

p apill a t o m ed ull a f o r n e flr a C et am an d oth e r m et ab olit e s w e r e al m o st id e nti c al (0 .8 5 t o 2 . 75

f o r r at s
,
0 .9 4 t o 4 .0 2 f o r d o g s

,
an d 1 .0 2 t o 1 .4 0 f o r m o n k ey s) .

P G sy nth e si s i n c a ni n e r e n al p a pill a ry slic e s

T h e m et ab olit e M - 1 8 at 5 m M si g nifi c an tly d e c r e a s ed b oth P G E 2 an d 6 ･k et o
- P G F l α

sy nth e si s to 1 7 .2 % an d 3 8 . 5 %
,
r e sp e cti v ely ,

a s c o m p a r ed w ith th e v ehicl e c o n t r ols ( Fig . 5) ･

O n th e c o n tr a ry ,
n efir a c e t a m a nd its 3 oth e r m et ab olit e s h ad n o s lg nific an t efbe ct s o n eith e r

P G sy nth e si s
,
e v e n at 5 m M . Ib u p r of e n u s e d a s a p o siti v e c o n t r ol sh o w e d p ot e n t i nhibit o ry

effe ct s o n b o th P G E 2 an d 6 - k et o - P G F l α
Sy n th e s e s up t o 3 .9 % an d 6 . 4 %

,
r e sp e cti v ely . N o

c h an g e s w e r e s e e n i n A S T an d L D H l e ak ag e t o t h e m ediu m o r i n p ot a s si um c o n t e n t of all

t r e at e d slic e s .

T h e r e w a s a g r e at i n t e r sp e cie s diffe r e n c e i n b a s al P G sy nth e sis i n r e n al p apilla ry

sli c e s . T h e r a n k o rd e r of P G E 2 ( p g/ m L/ m g slic e) an d 6 - k e t o
- P G F l α b g/ m L/ m g sli c e)

c o n c e n t r ati o n s i n th e m ediu m (fr o m hig h e st t o l o w e st) w a s : m o n k e y s ( 1 03 9 4 ･7 A: 1 26 5 ･0

an d 12 8 5 8 .2 ± 1 9 9 2 . 8
,
r e sp e c ti v ely) > r ats ( 7 66 8 .2 ± 3 5 1 6 . 0 an d 4 15 3 .9 ± 1 96 6 . 0) > > d o g s

( 5 63 . 2 ± 2 23 .2 a nd 7 5 1 .3 ± 1 9 5 . 2) . O f 也e sp e ci e s u s ed , d o g s sh o w e d th e l o w e st b a s 礼l P G

sy nth e si s .

14
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Fig . 4 C o n c e n t r ati o n s o f n e rl r a C et a m 免 n d m et a b olit e s ( ” -3 , ” -ll , M - 18 , a n d M ･ 2 0 ) i n s e r a

(S) a n d r e n al c o rt e x ( C) , m e d ull a ( M ) , a n d p a pill a 伊) h o m o g e n a t e s i n r a t s , d og s , a n d

m o n k e y s .

N efi r a c et a m w a s gi v e n o r ally t o 10 m al e r at s , 4 m al e d o g s , a n d 4 f e m al e m o n k ey s at 1 80 m g/k g/d ay

fo r 3 w e ek s . T w o h o u r s a 触 r th e fh al a d m i ni st r ati o n (d ay 21) , th e kid n e y s w e r e di vid ed i n t o 3

p o rti o n s ( c o rt e x , m e d ull a , a n d p apill a) , mi n c ed a n d h o m o g e ni z e d wi th a 2 -f old v ol u m e (v/ w ) of

1/6 0 M K H 2P O 4 C O n t ai ni n g 7 v ol % m et h a n ol . C o n c e nt r ati o n s w e r e m e a s u r e d w ith a n L C/ M S/M S

sy st e m . V al u e s a r e s h o wn a s th e m e a n s i: S . D . ( n
= 4 -5) e x c ept f o r r at d at a ( n

- 1) fr o m 1 0 a ni m al s ,

p o ol ed .
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M J ”.1 1 hI ･18

C o n c e n t r ati o n s ( m M )

0 .2 1 5 0
.1

朗 ･2 0 I B P

Fig . 5 E ff e ct s o f n e rl r a C et a m (ⅣE F) a n d m et a b o lit e s ( M -3
,

M - ll
,

M -1 8
,

a n d ” -2 0) o n

p r o st a gl a n di n 伊G ) E 2 a n d 6 - k et o -

p r o st a gl a n di n (P G) F I 仇
S y n th e sis i n c a n i n e r e n a l p a pill ar y

sli c e s .

N E F
,
M -3

,
M -11

,
M - 18

,
an d M -2 0 (0 .2 t o 5 m M ) ,

a n d ib u p r of e n (IB P
,
0 ･1 m M ) a s a p o siti v e c o nt r ol

w e r e di s s ol v e d i n 0 .5 % D M S O s ol uti o n
,

a n d th e sli c e s w e r e c ult u r ed w ith th e t e st s ol uti o n s f o r 2 4

h ･ C o nt r ol (C O N T) sli c e s w e r e t r e
チ
te d o nly w i th th e c o n diti o n e d m e di u m c o n t ai ni n g O ･5 % D M S O

s ol u ti o n . P G E 2 a n d 6 - k et o -P G F l α
1 n th e m edi u m w e r e m e a s u r e d w ith e n zy m e i m m u n o a s s a y kit s

1

.

V al u e s a r e s h o w n a s th e m e a n s ± S . D .( n - 4 -8) .

* P < 0 .0 5
,

* * P < 0 .0 1
,
sig nifi c a n tly di ff e r e n t f r o m th e

c o n t r ol( A s pi n - W el c h
'

s t e st) . i
l

P < 0 .0 5
,
sig nifi c a n tly di ff e r e nt f r o m th e c o n t r ol ( D u n n e tt

'

s t e st) .
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D is c Ⅶs si o n

R e p e at e d o r al a d m i nist r ati o n of n e fl r a C e t a m at a hi gh d o s e c a u s e d R P N o nly i n d o g s ･

B ri e n y ,
d e c r e a s ed u ri n e o s m otic p r e s s u r e w a s f

l

l r St n ot e d i n w e e k 5; s ub s e q u e n tly ,
u ri n e

v ol u m e a n d u ri n a r y L D H i n c r e a s e d fr o m w e ek 8 . T h e s e ch an g e s b e c am e m o s t s e v e r e i n

w e e k l l o r 1 2 . H i st o p ath ol o gl C ally ,
n e c r o sis of d u ct al e pith eli al c ells i n th e r e n al p apill a

w a s an i niti al ch an g e ob s e rv e d i n w e ek 8 w h e n i n c r e a s ed u r i n a ry L D H o c c u r r ed . A lth o u gh

c o m p o un d s s u ch a s a n alg e si c s an d N S A ID s h a v e b e e n sh o wn t o e v o k e R P N
,
th e r e a r e n o

sp e c 泊c a n d s e n sitiv e di a g n o stic bi o m a rk e r s a v ail abl e b y w hi ch ch a n g e s i n th e p a pill a c a n

b e d et e c t ed b ef o r e ir r e v e r sibl e l e si o n s e m e rg e . L D H , a cyt o s olic e n z ym e
, h a s b e e n r e p o rt ed

t o b e r el ati v ely sp e cific t o th e dist al t u b ul e s (1 8 ,
4 8) .

I n c o n tr a st ,
u ri n a ry C R E ,

A C P
, o r

γG T P
,

a b ru sh b o rd e r e n zy m e i n th e p r o xi m al t ub ul e s
,

an d N A G a ly s o s o m al e n zy m e i n

th e p r o xi m al t u b ul e s a n d p apill a
,
did n ot sh o w an y ch an g e s th at w o uld in dic at e p r o g r e s s i n

r e n al i nj u ry . Lik e w is e
,
s m all b ut si g nific an t i n c r e a s e s i n s e r um U N an d C R E w e r e ob s e rv ed

fr o m w e ek 1 2 . T h e r ef o r e
,

u rl n ar y L D H w a s th o u g ht to b e a u s e fu l bi o m a rk e r f o r d et e c ti n g

●

s e v e r e R P N i nd u c e d b y n efir a c e t am . F u rth e m o r e , b a s ed o n th e f a ct s th at ur l n a ry o s m otic

p r e s s u r e
,

a m a rk e r f o r c o n c e n tr ati n g ab iliti e s i n th e dist al t u b ul e s , st a rt e d t o d e c r e a s e fr o m

w e ek 5 p r i o r t O th e ob s e rv ed ch an g e s i n u n n a ry L D H an d th at th e r e w e r e n o e vid e nt

m o rph ol o gi c al ch an g e s i n th e r e n al p apill a at this ti m e (3 2) ,
w e r eg a rd th e d e c r e a s ed u ri n a ry

o s m oti c p r e s s u re a s an i niti al fu n cti o n al e v e n t i n R P N ･ T h o u gh th e r e c o v e ry of d e c r e a s ed

u m n ar y o s m o ti c p r e s s u r e an d i n c r e a s e d u ri n e v ol um e w a s v e ry sl o w , th e r e w a s a t e nd e n c y t o

r e c u p e r ati o n b y w e ek 4 0 ( re c o v e ry w e ek 3 2) ･

I n a p r e vi o u s st ud y ,
of th e d o g s th at di ed d mi n g r e p e at e d tr e at m e nt p e ri od s ( w e ek 1 0

o r l l) s o m e sh o w ed s e v e r e R P N w ith h e m o r rh ag e (3 2) I I n t h e p r e s e n t s t ud y ,
s e v e r e Ⅳ N

w i th h e m o r rh ag e w a s al s o ob s e rv e d i n w e ek ll
,

an d sligh t t o m o d e r at e R P N r e m ai n e d b y

w e ek 4 0 ( re c o v e ry w e ek 3 2) ,
s u g g e sti n g th at it t ak e s a l o n g p e ri o d of ti m e t o r e p air th e

i n c u r r e d m o rp h olo gi c al c h an g e ･ M e an w hile
,
th e af o r e m e n ti o n ed ch an g e i n u ri n a ry o s m o ti c

p r e s s u r e w a s s e e n fr o m w e ek 5
,

an d n o m a c r o s c op I C O r ligh t -

m i c r o s c o p i c Ch an g e s w e r e

s e e n b y w e e k 4 (3 2) . I n vi e w of th e s e ob s e rv ati o n s
,
it is c o n sid e r ed th at if th e tr e at m e nt

w e r e st op p ed w h e n u ri n a ry o s m o ti c p r e s s u r e i s d e c r e a s e d
,

n efir a c e t am
-i n d u c ed R P N c o uld

b e p r e v e n t ab le .

I n o u r i n vitr o w o rk
,
ib u p r ofe n m a rk edly d e c r e a s ed b oth P G E 2 an d 6 - k et o - P G F l α

l e v el s i n c an i n e r e n al p apill a ry sli c e s
,
i n w hic h eith e r o f th e s e P G s i nd u c e s v a s o dil ati o n (3 9 ,
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6 0) . W hil e n efir a c et a m it s elf sh o w e d inl 1ibit o ry effe ct s o n n eith e r P G E 2 n o r 6 - k et o
- P G F l α

sy nth e si s i n p apill a r y sli c e s
,

of th e m et ab olit e s o nl y M - 18 d e c r e a s ed th e sy nth e sis of b oth

P G s . E vid e n c e th u s s u g g e sts t h at M - 18 m ay b e a d et e r m i n an t f o r th e i n d u cti o n of R P N i n

d o g s .

R P N p r o v o k ed e x p e ri m e n t ally b y a n al g e si c s a nd N S A I D s h a s b e e rl n ot e d m ai nly i n

r at s , o c c a si o n ally i n r ab bit s a n d d o g s , a nd r a r ely i n m o nk e y s (3 ,
5

, 4 0) . A ld e n a nd F rith (3)

h a v e als o e x pl ai n ed th e hig h s u s c e ptibilit y of r at s t o R P N o n th e b a si s of r e n al a n a土o m ic al

a n d p h y siol o gic al ch a r a c te ri stic s ( e .g . ,
w ell -d e v el o p ed i n n e r m ed ull a , u nip apill a ry kid n e y a s

i n t h e d o g ,
u nlik e m o n k e y s an d h u m a n s w it h m ultip apill ary kid n e y ,

an d hi gh u ri n e

c o n c e n tr a ti n g c ap a cit y) . I n ad diti o n
,
K b an e t al . (3 4) h a v e s u g g e st e d th at th e diffe r e n c e i n

c y cl o o x y g e n a s e ( C O X) dist rib uti o n w it hi n th e kid n ey c a n als o c o n t rib ut e t o i nt e r sp e ci e s

di ff e r e n c e s i n th e s u s c ep tibilit y t o R P N . I n th e p r e s e n t st ud y ,
th e sp e ci e s diffe r e n c e i n b a s al

l e v els of P G E 2 an d 6 - k e t o - P G F l a i n th e r e n al p apill a ry sli c e s w a s al s o c o n flr m e d
,

an d d o gs

b ad th e l o w e st b a s al P G s y nt h e si s .

N efi r a c et am -i nd u c ed R P N w a s n o t s e e n i n r a ts an d m o nk e y s ( 2 7
,
3 0

,
3 1

,
5 9) . It is

c o n sid e r ed th at r a ts did n ot d e v el op R P N b e c a u s e of th e l o w c o n c e n tr ati o n ( 0 . 78 トLg/ g) of

M - 18 i n th e r e n al p apill a
,
i n spit e of th e hi gh s e n siti vity t o R P N a s m e n ti o n ed ab o v e . I n

m o n k ey s
,
hig h e r P G c o n t e n t s m ay p r ot e ct fr o m th e o n s et of R P N

,
e v e n th o u g h M - 18

,
w hi ch

p r o v o k e s a d e c r e a s e i n r e n al P G s
,
r e s ult e d i n th e hi gh e st c o n c e n tr ati o n ( 13 .4 トLg/ g) i n th e

p apilla . I n d6 gs w ith th e l o w e s t b a s al P G sy nth e si s
,
M - 18 ( 3 3 0 トLg/g) in th e p apill a w a s

hi gh e r t h an th at (0 .7 8 LLg/ g) i n r at s . I n ad diti o n
,
t h e p apill a t o c o rt e x o r p apilla t o m e d ul la

c o n c e n tr ati o n r ati o of M - 1 8 w a s r e m a rk ably high o nly in d o g s . F r o m th e s e r e s ults
,

e x te n si v e p e n e tr ati o n a n d r et e n ti o n o f M - 1 8 i nt o th e r e n al p 叩illa w e r e c o n sid e r ed t o b e

c ru ci al fo r th e o n s e t of n efir a c e t am -i n d u c ed R P N . I n f a ct
,
R P N i n d o g s w a s o b s e rv ed o nly

afte r r e p e a t ed ad m i nistr ati o n of n efir a c e t am f o r a l o n g p e ri od
,
b ut n o t a 洗e r t h e s l ngl e l a rg e

d o s e at 5 0 0 m g 化g (5 7) . T h e s e p h e n o m e n a i m plie d th at a cl o s e r el ati o n am o n g b a s al P G

sy nth e si s
,
M - 1 8 p e n etr ati o n i nt o th e r e n al p apill a w ith an i ntr a r e n al g r a di e nt

,
an d in hibit o ry

p ot e n ti al of M - 1 8 o n P G sy nt h e sis m a y e x pl ai n t h e sp e ci e s diffe r e n c e . I n h u m an cli ni c al

t ri als
,
th e r e h a s s o f a r b e e n n o r ep o rt d e ali n g w ith th e o c c u rr e n c e of R P N . T his is s u p p o rte d

b y th e a s s u m ptl O n t h at m e t ab oli c p att e m s i n h u m a n u ri n e w e r e e s s e n ti ally si m il a r t o th o s e

i n m o n k ey s .

T h e r e w a s a c o n sid e r a bl e g a p b et w e e n th e M -1 8 c o n c e nt r ati o n (3 .3 0 トLg/g) in t h e

c an i n e r e n al p apill a i n v i v o an d t h e c o n c e n t r ati o n (5 m M : c a 13 11 . 5 LLg/ m L) t h at in hibit e d
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P G sy nth e sis i n vit r o . T his c a n b e , at le a s t p a rtl y ,
e x pl ai n e d b y t h e f in di n g th at an e x tr e m ely

hi gh c o n c e n tr ati o n u n d e r s e v e r e i n vitr o c o nditi o n s ( e x p o s u r e ti m e t o M - 18 : 2 4 h) m ay b e

r e q uir ed si n c e t h e l o n g
-t e rm c o n st an t e xp o s u r e o f th e c an i n e r e n al p apill a t o M -1 8 w a s

n e ed ed in t h e in vi v o s t u d y . A s o nl y o n e ti m e p oi nt of a r o u n d C
m a x( 2 h aA e r ad m i ni str a ti o n)

w a s s el e ct ed a s a t o xi c oki n eti c s a m pli n g ti m e i n th e p r e s e n t st ud y , fu r th e r i n v e stig ati o n w ill

b e n e e d ed t o r e s ol v e th e s e b y p otb e s e s .

N o ch a n g e s i n A S T o r L D H l e ak ag e o r i n p ot a s si u m c o nt e n ts w e r e s e e n i n th e

c an i n e r e n al p apill a ry sli c e s e x p o s ed t o n efir a c e t am an d its 4 m et ab olit e s
,

s u g g e sti n g th e

ab s e n c e of dir e c t c yt ot o xi c e 飴 ct s .

As a p r o p o s e d m e c h an i s m , th e o c c u r r e n c e of R P N s e e n o nly in d o g s m ay I n v ol v e

d e c r e a s ed le v el s of P G s , p r e c ed e d b y p e n e tr ati o n of M - 1 8 i nt o th e p apill a .
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C 払a p t e r 2 ･ A n a且y s e s of 岨ri n a ry p r o音曲 s a n d r e n a且 m R N A e x p r e s si o n i n c a n 拍e

r e n a且p a p豆l且a ry n c c r o si s i m d Ⅶc e d b y m e 鮎 a c et a m

S u m m a ry

T h e o c c u r r e n c e of R P N s e e n o nly l n d o g s a 洗e r r ep e a ted o r al ad m i nistr ati o n o f

n e fl r a C e t a m at a r el ati v ely high d o s e i s d u e t o i n hibiti o n of r e n al P G sy n th e sis b y th e

n efir a c e t a m m e t ab olit e M -1 8 . I n th e p r e s e n t s t u d y ,
an aly s e s of u rin a ry p r ot ei n s an d r e n al

m R N A e x p r e s si o n w e r e c a r ri e d o ut t o i n v e stig at e th e p o s sible e xi ste n c e of a s p e cific p r ot ei n

e x p r e s s l n g Ch a r a ct e ri sti c s of R P N e v ok e d b y n efir a c e t a m . I n th e s o di u m d o d e cyl

s ulf at e -

p oly a c ryl am id e g el ele ctr o p h o r e si s ( S D S - P A G E) o f u ri n a ry p r ot ei n s fr o m m al e d o g s

gi v e n n efir a c e t a m at 3 00 m g/k g/d ay o v e r w e e k s 5 t o l l
,
a p r o t ei n of a r o u n d 40 k D , w hi ch

w a s n o t s e e n i n th e c o n t r ol u ri n e
,

an d p r ot ei n of ar o u n d 3 0 k D e m e r g ed i n disti n ct b a n d s .

C o n s e q u e ntly ,
cl u st e ri n p r e c u r s o r w a s id e ntifie d i n t h e f o r m e r b an d

, an d tis s u e k allik r ei n

p r e c u r s o r w a s r e c o g ni z ed i n th e latt e r b an d b y liq uid c hr o m a t o g r ap h y/ el e ct r o sp r ay

i o ni z ati o n
-t an d e m m a s s sp e c tr o m et ry ( L C 偲S I - M S/ M S) . B y qtl an tit ati v e r e al -ti m e r e v e r s e

tr an s c ripti o n -

p oly m e r a s e ch ai n r e a c ti o n ( R T - P C R) an aly si s w ith r e n al m o rp h ol o gi c al

a s p e ct s
,
i n di vid u al fl n di n g s sh o w ed th at r e n al cl u st e ri n m R N A w a s i n c r e a s ed i n c e rt ai n

d o g s sh o w l n g S e v e r e r e n al i nj u ri e s
,

an d r e n al tis s u e k allik r ei n al s o i n c r e a s e d p r e s u m ably

r el at ed t o h e m o dy n am i c s . T h e s e r e s ult s d e m o n str at e th at ch an g e s i n r e n al cl u st eri n m R N A

m ay r e n e ct th e p r o g r e s si o n o r s e v e rit y o f R P N
,

w h e r e a s u p r eg ul ati o n of tis s u e k allik r ei n

m R N A m ay pl a y a s u b s e q u e n tly c o m p e n s ati n g r ol e i n th e p r e v e n ti o n of R P N
.

O bj e ctiv e

l n C h apt e r 1
,
d o g s r e c ei vi n g n eflr a C et am at 3 0 0 m gn ( g/ d ay sh o w e d d e c r e a s ed u ri n a ry

o s m o ti c p r e s s u r e
,

I n c r e a s e d u ri n e v ol u m e an d u ri n a ry L D H fr o m w e e k 5
,

8 an d 8
,

r e sp e cti v ely . T h e s e u ri n a ry p ar am e t e r s w e r e c o n sid e r e d t o b e u s e fu l bi o m a rk e r s f o r th e

o n s e t o f R P N . T h e p r e s e n t st u d y w a s p e rf o r m e d t o fi nd o ut sp e cifi c P r O t ei n s e x p r e s s l n g

ch a r a c t eri sti c s of R f N an d t o s e ek f o r th e p ath o p h y si ol o gl C al m e c h an i s m 丘o m a v l e W P Oi nt

of th e s e a n aly s e s .

M at e ri al s a n d m et h o d s

C h e m i c als

N efi r a c e t am w a s s y nt h e si z e d i n th e A kit a F a c t o ry of D aiic hi P h a r m a c e u ti c al C o .

,
L td .

1 9



A ll oth e r c h e m ic al s an d r e a g e nt s u s e d w e r e th e high e st g r ad e a v aila ble fr o m c o m m e r ci al

S O u r C e S .

A ni m al t r e a t m e n t

A t ot al of 16 m ale L 良E str ai n b e agl e s(6 .9 - 1 3 .0 k g) ag e d a pp r o xi m at ely 7 m o nt h s t o 5

y e a r s w e r e u s ed . D o g s w e r e h o u s ed in di vid u ally u nd e r c o n t r oll ed c o n ditio n s at a

t e m p e r at u r e of 2 1 - 2 5
o

C
,

a r el ati v e h u m idity of 4 0 - 8 0 %
,

a lig hti n g c y cl e of 12 h ( fr o m 8 :0 0

t o 2 0:0 0 e a ch d ay) ,
an d 1 5 o r m o r e ch an g e s filt e r e d ai rn l . T h e an i m als w e r e gi v e n c a

. 3 0 0 g

d aily of c o m m e r ci al diets a n d w e r e all o w ed fr e e a c c e s s t o w at e r e x c ept fo r th e ti m e of u ri n e

c oll e ctio n ･ N e 丘r a c e t a m w a s ad m i nist e r ed o r ally at 3 0 0 m g/k g/d ay i n a g el ati n c 叩 S ul e t o 3

g r o u p s o f 4 an i m al s e a ch : g r o u p 2
,
tr e at ed f o r 8 w e e k s ( an i m al N o s . 5

,
6

,
7 a n d 8); g r o up 3

,

tr e at e d fo r l l w e ek s ( N o s . 9
,
1 0

,
l l an d 1 2); gr o up 4

,
tr e at ed f o r 8 w e ek s

,
un tr e a t ed f o r 3 2

w e ek s ( N o s ･ 13
,
1 4

,
1 5 an d 1 6) . I n an ad diti o n al g r o u p ( gr o u p 1) ,

an i m al s r e c ei vin g g el ati n

c 叩 S ul e s al o n e
,

c o r r e s p o n di n g t o g r o 叩 4
,
s e Ⅳ ed a s a c o n tr ol ( N o s . 1

,
2

,
3 a n d 4) . I n 血is

st u d y , t h e fir st d o si n g w e e k w a s d e sig n at e d a s w e ek 1 . A t th e e n d of th e r e s p e cti v e s t u d y

p e ri od s
,
th e d og s w e r e kille d b y e x s an g ui n ati o n fr o m th e a xill a ry a rt e ry u n d e r p e n t ob a rbit al

an e s th e si a ( 25 m g 収g ,
i v) ,

an d th e l eft kid n e y w a s r e m o v ed . T h e d o g N o . 9 h a d o nly th e

u nil ate r al kid n ey (left) at n e c r op sy . T h e e x ci s e d kid n ey w a s di vi d ed i nt o t w o p a rts f o r r e n al

m R N A an aly sis an d hist op ath ol o gi c al e x am i n ati o n s . F o r hi st o p at h ol o gi c al e x a mi n ati o n s
,

th e kid n e y 佃a s fl X ed wi th 1 0 % n e u tr al b u q e r ed fわ rm ali n
,
tri mm ed

,
e m b ed d e d i n p a r afrl n

w a x
,

c u t i nt o 5 叫 m thick sli c e s an d st ai n ed w i th H & E . A ll e x p e ri m e n t al p r o c e d u r e s w e r e

p e rf o r m e d i n a c c o r d an c e wi t h th e i n - h o u s e g uid eli n e s o f th e l n stit uti o n al A ni m al C a r e an d

U s e C o m m itt e e of D aiic hi P h a m a c e u ti c al C o
,
L t d .

S D S - 月4 G E of u ri n a y y p r o tei n s

U ri n e s am ple s w e r e c olle ct e d b efわre th e st a rt o f tr e at m e n t an d o n c e a w e e k fr o m

w e ek s 1 t o l l fr o m d o g s i n b ot h th e c o n tr ol (g r o u p 1) an d ll - w e e k tr e at m e n t ( gr o u p 3)

g r o u p s . U ri n e w a s a c c u m ul at e d i n a c olle cti n g t r ay c o ol e d o n i c e fb r 叩p r O Xi m at ely 1 7 也.

D u ri n g th e c olle cti o n
,
th e an i m al s w e r e d ep ri v ed of f o o d an d w at e r . A 洗e r c e n tri fu g ati o n

( 4
o

C
,
1 5 0 0 rp m

,
1 0 m i n) ,

ap p r o xi m a t ely 5 m L o f th e u ri n e s u p e rn at an t w a s fllt e r e d th r o u g h

a m e m b r an e filt e r ( 0 . 8 トL m
,
D IS M I C - 2 5 c s

,
A D V A N T E C) ,

a n d a 2 .5 - m L s a m pl e w a s ap plie d

o nt o a P D - 1 0 dis p o s abl e c ol u m n ( S e p b ad e x ㊥ G - 2 5 M
,
A m e r sh a m Bi o s ci e n c e s U K L td .) t o

r e m o v e i nt e rfe ri n g m at e ri al s . T h e s a m ple w a s el ut e d w it h 3 .5 m L o f O . 0 6 2 5 M T ris - H C l(p H

2 0



6 ･8) an d c o n c e n t r at e d b y ult r afiltr ati o n u si n g a n U ltr afr e e - 4 c e n trifu g al fllt e r u nit 即ih o n

M illip o r e L td ･) . T h e c o n c e n t r at ed u ri n e s a m ple w a s dilut ed w ith 0 . 06 25 M T ris - H Cl b u H e r

( p H 6 .8) t o a chie v e a c o n c e n tr ati o n of 3 m g/ m L an d w a s m i x e d w ith 2 -f old L a e m m li

s a m ple b uffe r ( Bi o
- R ad L ab o r at o ri e s

,
H e r c ul e s

,
C A

,
U S A) a 鮎r a ddin g 2 -

m e r c apt o eth an ol

( 1 9:1) ･ T h e s am ple w a s th e n h e at e d at l O O
o

C f o r 1 5 m i n
,
a n d 1 0 LLg Of p r ot ei n s a m pl e s w e r e

l o ad ed t o P A G E L ( 1 0 -2 0 % g r adie nt g el
,
A T T O C O R P O R A T IO N , T ok y o , J ap an ) o r 1 5 %

a n d 2 0 % is o c r ati c g el s ･ T h e g els w e r e st ai n ed b y C o o m a s si e G - 2 5 0 ( uri n e fr o m c o ntr ol d o g s
,

G el C od e Bl u e st ai n r e ag e n t
,
PIE R C E

,
R o c kf o rd

,
IL

,
U S A) o r sil v e r ( u ri n e fr o m tr e at e d

d og s) . T h e an aly si s w a s ap pli ed t o th e u ri n e s am ple s p ri o r t o tr e at m e n t a n d i n w e ek s 5
,
8

an d l l ･ A s d e s c rib ed i n C h apt e r l
,
d o g s g l V e n n efl r a C et a m r e v e al e d d e c r e a s e d u ri n a ry

o s m o ti c p r e s s u r e i n w e ek 5
,
i n c r e a s ed u ri n a ry L D H i n w e ek 8

,
a n d R P N i n w e e k ll;

t h e r efわr e
,
th e s e ti m e p oi nt s ( 4 s a m pli n g p oin ts) w e r e s el e ct ed fわr th e S D S - P A G E a n aly si s .

T h e u ri n e fr o m c o n t r ol d og s t ak e n at ll s a m pli n g p oi nt s (p r e
- d o s e t o w e ek 4 0) w a s al s o

a n aly z e d a s a b a s al r efe r e n c e .

A n aly sis of u ri n a ry p r o tei n s b y a n L C / E S I - M S/ M S m eth o d

T h e s e v e r al di sti n ct b a n d s sh o w l n g m u c h high e r i nt e n slty i n p o st -d o s e 也 m i n

p r e -d o s e o r ap p e a r l n g O nly afte r t r e at m e n t i n S D S - P A G E an aly si s w e r e ch o s e n , c u t off w ith

a r a z o r bl ad e
,

an d dig e st ed wi th 2 5 n g/p L tr yp si n .
A 允er w ar d

, p e ptid e s obt ai n ed w e r e

an aly z ed
l

b y an L C/ E SI - M S/ M S m eth o d u si n g M a gi c 2 0 0 2 H P L C sy st e m s ( M i ch r o m

B i o r e s o u r c e s l n c ･ C A
,

U S A) ,
H T C P A L a ut o - s a m pl e r ( C T C A n alytic s

,
Z w i n g e n

,

S w it z e rl an d) an d L C Q D e c a X P ( T h e rm o E le ct r o n K . K . , Y o k o h am a , J ap an ) e q uip p e d wi th

an el e c tr o sp r a y I o n s o u r c e . T h e E SI p ar am e t e r s w e r e a s f ollo w s : I o n sp r ay v olt a g e
, 2 .0 k V;

el e c tr o sp rAy tip ,
fu s ed silic a (Pi c o Ti p F S3 6 0 - 5 0 - 1 5 - C E

,
N e w O bj e cti v e l n c .

, M A , U S A);

c apilla ry t e m p e r at u r e
,
2 0 0

o

C ; m a s s r an g e
,
3 5 0 - 2 0 0 0 m / z . T h e M S s p e ct r a w e r e i nt e rp r e t ed

an d m atc h ed b y u si n g a M A S C O T s e a r ch e n gin e f吏o m M atri x S ci e n c e L td . (46) . ･

Q u a n tit a tiv e r e al -ti m e R T - P C R

R e n al e x p r e s si o n o f cl u st e ri n o r ti s s u e k allik r ei n m R N A
,

w hi ch w ? s id e ntifi ed in th e

disti n ct b an d s of u r l n a ry P r Ot ei n s b y th e L C/ E S I - M S 仇4S m eth o d an d c o n sid e r ed t o b e

c an did at e s f o r sp e cifi c p r ot ei n s r ep r e s e n tl n g C h ar a c t e ri sti c s of n efir a c et a m -i n d u c e d R P N ,

w a s m e a s u r ed b y a q u a n tit ati v e r e al -ti m e R T - P C R m et h o d . T o t al R N A w a s e x tr a c te d fr o m a

p o rti o n of th e r e n al p apill a w ith an A b s ol ut ely R N A
T M

R T - P C R M i nip r e p K it
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(S T R A T A G E N E
,
L a J oll a

, C A , U S A) ,
w hic h i n cl u d e d D N a s e tr e at m e n t t o r e m o v e g e n o m i q

D N A ･ E x tr a c t ed t ot al R N A w a s c o n v e rt e d t o C D N A w ith c o c kt ails c o m p r l S l n g l x P C R

b u ff e r ( A p pli ed Bi o s y st e m s , F o s t e r C ity ,
C A

,
U S A) ,

5 m M M g C 12 ,
1 m M d N T P m i xt u r e

(T O Y O B O c o t

, L T D ･

,
O s ak a

,
J ap a n) ,

1 U /LLL R N a s e i nhi bit o r ( T O Y O B O C O . , L T D .) ,
2 .5

U/LLL R an d o m P ri m e r ( T A K A R A B I O r N C . S hig a
,
J ap a n) ,

an d 0 . 1 25 U /LLL A M V R e v e r s e

T r a n s c ript a s e X L ( T A K A R A B I O r N C .) . T h e p ri m e r s an d T aq M an p r o b e s f o r e a ch t a rg et

w e r e d e sig n ed b y u si n g of a P ri m e r E x p r e s s( A p pli e d Bi o s y st e m s) fo r th e d et e cti o n of t a rg et

g e n e s e q u e n c e s ･ R e al -ti m e P C R d at a an d an aly sI S W e r e C Oll e ct e d i n A p pli ed B i o sy st e m s

7 7 0 0 S e q u e n c e D et e cti o n S y st e m i n st ru m e n ts ( A p plie d Bi o s y st e m s) . T h e am o u nt of e a ch

g e n e t a rg et is n o r m al i z ed t o an e n d o g e n o u s c o n t r ol ( 1 8 S r R N A , 2 0 x P r e
- D e v el op e d

T a q M an A s s ay R e ag e n t s
,
A p pli ed Bi o sy st e m s) ,

an d th e n e x p r e s s ed a s th e r ati o t o th e m e an

c o n tr ol v al u e ( e a ch v al u e i n a t r e a t ed d og / th e m e an v al u e of 3 c o n tr ol d o g s) .

T b e fb ll o w l n g p r i m e r s a n d p r ob e s w e r e u s e d fわr P C R .

Cl u st e ri n :

f o r w a rd p r l m e r
,
5

'
- A A G T G A C C A G G C C T T G C C T - 3

'

; r e v e r s e p n m e r , 5
'

- G C G G A G T C C

A G A G G A A G G A -3
'

; T aq M an p r ob e
,
5

'
- A G G C G C T C C T G T C T C C T A A C C C A G C -3

'

.

Ti s s u e k allik r ei n :

f o r w a rd p r l m e r
,
5

'
- G C T G G G T C G C T A C A A C C T G T -3

'

; r e v e r s e p r l m e r
,
5

'
- G G G A A G C T C

T C T C T G A C C T G G - 3
'

; T aq M an p r ob e
,
5

'
- C G A G C A T G A A G A C A C G G C C C A G T T T -3

'

.

S t a ti stic al A n aly s e s

T h e q u an titi v e d at a 丘o m r e n al g e n e e x p r e s si o n an aly sis a r e r ep r e s e nt e d a s th e gr o u p

m e an ± S ･ D ･ a t e a ch s am plin g p oi nt . T h e h o m o g e n eity of th e v ar i an c e b et w e e n g r o up s w a s

an aly z ed b y F -t e s t at e a ch s am plin g p oi nt . S t ud e n t
'

s i -t e st o r A spi n - W el ch
'

s t e st w a s

s u b s e q u e n tly u s ed
,
d e p e n di n g o n h o m o g e n eity . A t w o -t aile d p v al u e l e s s t h a n 5 % w a s

c o n sid e r e d st atistic ally sig nifi c an t . E X S A S v e r . 6 . 1 0 ( Am C o rp o r ati o n) w a s u s e d fo r thi s

an aly sis .
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R e s t i且t s

U ri n a ry p r ot ei n a n aly sis by S D S - RA G E a n d L C / E SI - M S/ M S m eth o d s

l n u ri n e fr o m a r ep r e s e nt ati v e c o n tr ol d o g ( N o . 3) ,
th e f oll o w i n g t w o p att e m s w e r e

r e c o g ni z ed b y a c o m bi n ati o n p r o c ed u r e of S D S - P A G E an d L C/ E S トM S/ M S . T h e p r ofile of

p att e rn 1 ( w e ek s 2
,
4

,
5 a n d 6 c o r r e sp o ndi n g t o 2 W

,
4 W ,

5 W an d 6 W , u p p e r p a n el i n Fi g .

6) c o m p ri s ed 2 di sti n ct b an d s at a r o u n d 1 5 k D (b a nd s a a nd b) , a n d pr o st a ti c tis s u e

k allik rei n p r e c u r s o r w a s id e ntifie d i n b oth b an d s ( T abl e 2) . P att e rn 2 ( P r e , 8 W
,
ll W

,
16 W

,

2 4 W
,
3 2 W a n d 4 0 W ) c o n si st ed of 6 m aj o r di sti n ct b a nd s ( c t o h) e x c e pt f o r th e 2 b an d s i n

p att e m 1 . N u m e r o u s p r o t ei n s s u ch a s alb u m i n , s e n 皿 alb u m i n p r e c u r s o r a nd ti s s u e

k allik r ei n p r e c u r s o r w e r e id e ntifi ed i n th o s e b an d s ( T abl e 2) .

E ig ht e e n disti n ct b an d s i n u ri n e fr o m 3 r ep r e s e n t ati v e tr e at e d d o g s (b an d s i t o z ,

m id dle a nd lo w e r p an el s i n Fi g .
6) sh o w i n g di ff er e n t s e v e ri tie s of r e n al inj u ri e s a 鮎 r

1 1 - w e ek tr e at m e n t w ith n e flr a C e t a m ,
W e r e al s o a n aly z e d b y L C rE S I - M S/ M S . B ri e fl y ,

th e s e

i n di vid u al a ni m al s i n c u 汀e d o nly sli ght n e c r o sis of d u ct al epi 也eli a i n th e p 叩i11 a ( N o . 1 0) ,

slight n e c r o sis of d u ct al e pith eli a i n th e p a pill a ,
h e m o r rh ag e i n th e p apill a

,
an d t ub ul ar

dil at ati o n i n th e m e d ull a ( N o . l l) ,
o r s e v e r e R P N ( N o . 1 2) . A lb u mi n , cl us t e ri n p r e c u r s o r

,

tis s u e k allik rein p r e c u r s o r
, p r o st ati c tis s u e k alli k r ei n p r e c u r s o r

,
h e m o gl obi n s

,
h apt o gl obi n s

,

ap olip o p r ot ei n s , an d s o m e ot h e r p r o t ei n s w e r e r e c o g ni z e d i n th e s e di sti n ct b an d s( T abl e 2) .

Am o n g th e s e p r o t ei n s , cl u s te ri n p r e c u r s o r w a s s e e n i n t w o b an d s (k an d o) at a r o u nd

4 0 k D o v e r w e ek s 5 t o l l , an d ti s s u e k allik r ei n p r e c u r s o r w a s n o te d i n t w o b an d s Ci a n d n)

at a r o un d 3 0 k D o v e r w e ek s 8 t o l l ( m id dl e p an el i n Fi g . 6) . T h u s ,
cl u s t e ri n p r e c u r s o r

,

w hich w a s n o t o b s e rv e d in th e c o n tr ol u ri n e
,

an d ti s s u e k al lik r ein p r e c u r s o r
,

w hi c h h a s b e e n

k n o wn a s a v a s o dil ati v e p r o t ei n w e r e ch o s e n f o r t h e f oll o w l n g g e n e e x p r e s si o n a n aly sis .
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N o , 3

M r

p re 2 W 4 W 5 W 6 W 8 W ll W 1 6 W 2 4 W 32 W 4 0 W [k D a]

N o . 1 0 N o - l l

｢ ｢ ｢
P r e 5 W 8 W ll W P re 5 W 8 W ll W

N o . ll

M

D

r

a

7

4

ll

M r

[k D a】

1 98

11 5

93

5 0

3 6

2 9

21

N o . 12

｢
P r ¢ 5 W 8 W

M r

l l W [k D a]
蜘 網 細

N o . 12

1 9 8

11 5

9 3

5 0

3 6

1 u s)

2 9

2 1

M r

k D a

1 7

1 4

ll

Fig ･ 6 S D S - P A G E p att e r n s o f u ri n a r y p r ot ei n (1 0 一喝) i n m al e d o g s r e c ei vi n g r e
'

p e at e d o r al

a d m i ni st r atio n o f n efi r a c et a m at 3 0 0 m g/k g/ d a y o v e r l l w e e k s ･ I n t h e u p p e r p an el ( c o n tr o l d o g N o .

3) ,
a 0 -2 0 % g r ad ie n t g el w a s u s ed an d s t ain ed b y C o o m a s si e G - 2 5 0 . I n th e mi d dl e (tr e at ed d o g N o s . 10 ,

l l
,

a n d 1 2) a n d lo w e r (tr e at e d d o g N o £. l l a n d 1 2) p a n els , 1 5 % a n d 2 0 % is o cr ati c g els w e r e u tili z e d

f o r b an d s i t o p a n d q t o w ,
r e sp e c ti v ely , an d st ai n e d w ith sil v e r . T h e ri g h t l a n e i n e a ch p an el sh o w e d a

m o l e c ul a r m a rk e r . P r e : p r e -

ad m in is tr ati o n ; W : w e e k s; clu s : clu st eri n p r e c u r s o r; k al: tis s u e k allik r ei n

p r e C u rS O r ･
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r

F a b l e 2 C
t

a mi m e u ri n a ry p r o t ei n s id e m tiTl e d b y L C / E S I - M S/ M S m et h o d fo r s ele ct e d b a n d s

a
-

z s e e n i n Fi 6

B a n d N o . G I N o . Ⅰ
)
r ot ei n M o l e c ul a r w ei gh t

a 1 0 8 1 1 8 tiss u e k allik r ei n ( E C 3 .4 .2 l .3 5) r o st a ti c
,

r e c u rs or 2 9 6 0 3

b 1 0 8 1 1 8 ti ss tl e k allik r ei n ( E C 3 .4 ,2 1 .3 5
■

) r o stati c
,

r e c u rs or 2 9 6 0 3

d 6 6 8 7 I 8 8 alb u m i n 7 1 0 4 6

1 9 7 1 5 6 5 9 oly m e ri c i m m u n o l ob uli n rらc e t o r 4 0 5 8 4

e 6 6 8 7 1 8 8 alb u mi n 7 1 0 4 6

r 6 3 1 5 1 2 tiss u e k allik rei n ( E C 3 .4 .
2 1 .3 5) , p r e c u rs o r 2 9 6 7 5

1 3 1 2 4 6 9 9 s e ru m alb u mi n p r e c u rs o r 7 1 0 4 8

3 7 6 9 5 5 5 2 a n n e xi n 2 3 8 9 8 5

1 3 1 2 4 6 9 9

6 3 1 5 1 2

2 2 3 4 7 5 4 1

1 2 3 7 7 4

1 3 1 2 4 6 9 9

6 3 1 5 1 2

s e ru m alb u m i n p r e c u rs or 7 I 0 4 8

ti s s u e k allik rei n ( E C 3 .4
.2 1 .3 5) , p r e c u r s o r 2 9 6 7 5

n e u tr o p h il el a stas e

幽
s e r u m alb u m i n p r e c u rs o r

tis s u e k allik rei n ( E C 3 .4 .2 l .3 5) ,

3 0 4 7 0

1 2 8 3 7

7 1 0 4 8

r e clユrS O r 2 9 6 7 5

1 6 6 8 7 I 8 8 alb u m i n 7 1 0 4 6

J 6 6 8 7 I 8 8 alb u mi n 7 1 0 4 6

6 3 1 5 1 2 tis s u e k allik rei n ( E C 3 .4 .2 1 .3 5) r e c u r s o r 2 9 6 7 5

6 6 8 7 1 8 8 alb u m i n 7 1 0 4 6

1 1 6 5 3 l cl u ste ri n r e c u rs o r( C O r ot ei n 8 0) 5 2 4 6 7

1 2 3 5 I 1 b a p to g l ob i n alp h a a n d b et a c b ai n s 3 7 0 0 2

6 6 8 7 1 8 8 alb u m i n 7 1 0 4 6

1 2 2 3 6 8 ･ h e m o gl o b i n al p h a ch ai n 1 5 1 8 9

1 2 2 5 7 9 h e m o gl o b i n b et a ch ai n

7 0 1 9 1 h e m o gl o bi n alp h a -II ch ai n

3 91 5 6 0 7 ap olip o p r ot ei n A J p r e c u rs o r

1 0 8 1 1 8 tis s u e k allik rei n ( E C 3 .4 .2 l .3 5)

1 6 1 2 8

1 5 3 8 0

3 0 1 7 8

p r o st ati c
, p r e clユrS O r 2 9 6 0 3

6 3 1 5 1 2 tis s u e k auik rei n ( E C 3 .4 .2 1 .3 5) p r e c u r s o r 2 9 6 7 5

3 1 2 1 7 4 5 al 1e rg e n C a n n r e c ur s o r 1 94 4 9

1 2 3 5 1 1 h ap t o g l ob i n alp h a an d b eta c h ai n s 3 7 0 0 2

6 6 8 7 1 8 8 alb u m i n 7 1 0 4 6

1 I 6 5 3 1 cl u st e ri n p r e c u rs o r( g ly c o r o tei n 8 0) 5 2 4 6 7

6 6 8 7 1 8 8 alb u m i n 7 1 0 4 6

1 2 3 5 1 1 h ap to g l ob i n alp h a a n d b et a c b ai n s 3 7 0 0 2

8 9 2 8 1 8 9 1y s o z o m e C , sp l e e n is o e n z y m e ( 1
,
4 -b et a - N - a c ety l m u ra mi d as e C) 1 5 1 3 7

1 0 8 1 1 8 tis s u e k allik r ei n ( E C 3 .4 .2 1 .3 5) p r o st a ti c
, p r e c u rs o r 2 9 6 0 3

r l O 8 1 1 8 tis s u e k allik rei n ( E C 3 .4 .2 1 .3 5) r o sta ti c
,

re c u rs o r 2 9 6 0 3

u 5 4 4 1 5 1 9 u biq uiti n
- ri b o s o m al p r o tei n L 4 0 fu si o n p r o t ei n 1 5 0 5 7

v l O 8 1 1 8

1 2 5 7 8 1

w 1 0 8 1 1 8

6 6 8 7 1 8 8

3 1 2 1 7 4 5

tis s u e k allik rei n ( E C 3 .4 .2 1 .3 5) p r o st aⅠi c
, p r e c u r s o r 2 9 6 0 3

垣塑匹坐 軸
tis s u e k allik r ei n ( E C 3 .4 .2 1 .3 5) p r o st ati c

, p r e c u r s o r 2 9 6 0 3

alb u m i n 7 1 0 4 6

m aj o r alle r e n C an fl p r e c u rs o r 1 9 4 4 9

1 2 2 5 7 9 b e m o gl o b i n b et a cb ai n 1 6 1 2 8

6 6 8 7 1 8 8 alb u m i n 7 1 0 4 6

1 3 0 4 0 4 7 fib ri n o g e n A - alp h a
- ch ai n 4 6 1 7 5

7 0 1 91 b e m o gl o b i n alp h a -ⅠI ch ai n 1 5 3 8 0

1 2 2 5 7 9 h e m og l o b i n b eta c h ai n 1 6 I 2 8

1 2 2 3 6 8

2 5 8 4 9 9

1 2 3 5 1 1

6 6 8 7 1 8 8

h e m o gl o bi n alp h a c b ai n 1 5 1 8 9

h ap
t o gl o b i n h e a v y c h ai n

,
H p H c h ai n 2 6 9 6 5

h a p t o gl o b i n alp h a a n d b et a c h ai n s 3 7 0 0 2

alb u m i n 7 1 0 4 6

6 6 8 7 1 8 8 alb u m i n 7 1 0 4 6

3 9 1 5 6 0 7 a p o li p o p r ot ei n A -I p r e c u rs o r 3 0 1 7 8

1 0 8 1 1 8 ti s s u e k allik r ei n ( E C 3 .4 .2 I .3 5) p r o s tati c
, p r e c u r s o r 2 9 6 0 3

N o c a ni n e p r ot ein s w e r e id e n tifl ed i n b a n d s c , s a n d t .

25



G e n e e x p r e s si o n a n aly sis of cl u st e ri n a nd tis s u e k allik rei n i n c a ni n e r e n al p ap ill a

Cl u st e ri n m R N A w a s i n c r e a s ed i n w e ek s 8
,
1 1

,
an d 4 0 (8 - w e ek tr e at m e n t f oll o w ed b y

a 3 2 -

w e ek r e c o v e ry) a s sh o wn i n T abl e 3 ･ T h e st r o n g e st i n c r e a s e i n e x p r e s si o n w a s s e e n i n

w e ek ll w h e n R P N i n d og s giv e n n efir a c e t a m i nitially b e c am e a pp a r e n t (3 2) , alth o u gh

st ati stic al sig nifi c an c e w a s n o t ed o nly l n W e ek 4 0 ･ Ti s s u e k allik r ei n m R N A i n th e p apill a

als o i n c r e a s e d i n w e ek s 8
,
l l a n d 4 0 ･ H o w e v e r

,
th e l e v el w a s r el ati v ely l o w a s c o m p a r ed

w ith t h at o f cl u st e ri n m R N A i n w e e k ll . T h e r e w e r e l a r g e i n di vid u al v a ri ati o n s i n b oth

p apill ary cl u st e rin an d tis s u e k allik r ei n m R N A e x p r e s si o n .

I n di vid u al m R N A e x p r e s si o n an d r e n al hist o p ath ol o gl C al fin di n g s a r e g i v e n i n T able 4 .

I n w e e k l l
,

r e n al cl u ste ri n m R N A sh o w e d str o n g i n c r e a s e s i n d o g s w ith s e v e r e

m o 叩b ol o gic al ch a n g e s
,

s u c h a s d u c t al epith eli al n e c r o si s w ith b e m o 汀h a g e i n th e p 叩ill a
,

an d R P N ( N o s . 9 an d 1 2) ,
w hil e r e n al tis s u e k allik rei n m R N A w a s e x tr e m ely l o w . I n an i m al

N o ･ 9
,
th e r e n al i nj u rie s i nd u c ed b y n efl r a C et am m ay b e d et e ri o r at ed b y th e u nil ate r al kid n e y .

F o r t w o oth e r d o g s ( N o s . 1 0 an d l l) w ith sli ght t o m od e r a te n e c r o si s of d u ct al epith eli a

an d/ o r h e m o r rh a g e i n th e p apill a wit h o u t R P N , th e e x p r e s si o n p att e rn s of cl u st e ri n an d

tis s u e k allik r ei n di ff er ed fr o m th o s e of t h e af o r e m e n ti o n e d d o g s ( N o s . 9 an d 1 2) . O n e d o g

( N o . 1 0) e x hibit ed n o ap p ar e n t i n c r e a s e i n eith e r cl u s te ri n o r ti s s u e k allik rei n
,

c o n si st e n t

w ith o nly slig ht m o rp h ol o gi c al ch an g e s; w h e r e a s t h e o th e r d o g ( N o . 1 1) displ ay ed r el ativ ely

hi gh cl u st e ri n m R N A e x p r e s si o n with an e q u l V al e n t i n c r e a s e i n tis s u e k allik r ei n m R N A

( cl u st e ri n : 6 1 . 2 0 v s . tis s u e k allik r ei n : 4 2 .7 5) . O f d o g s ( N o s . 5
,
6

,
7 皿d 8) r e c ei vi n g 8 -

w e e k

t r e at m e n t , o n e d o g ( N o . 6) sh o w ed th e str o n g e st i n c r e a s e i n cl u s te ri n m R N A a nd displ ay ed

slight d u ct al e pitb elial n e c r o si s i n 也e p 叩ill a w i也 b e m o rrh ag e . T h r e e r e m a l n l n g d o g s w 弛

e x c e e di n gly m ild r e n al i nj u ri e s d e m o n st r at e d diffe r e n t p att e rn s o f cl u st e ri n an d tis s u e

k allikr ei n m R N A e x p r e s si o n; n am ely ,
t h e d o g N o . 5 h ad d e c r e a s e d cl u s t e ri n an d m a rk e dly

i n c r e a s ed tis s u e k allik r ei n . T w o o th e r s ( N o s . 7 an d 8) sh o w ed s o m e w h at i n c r e a s ed cl u st e ri n ,

an d fu rth e r th e d o g N o . 8 h ad slightly in c r e a s e d tis s u e k alli kr ei n . F r o m th e s e r e s ult s
,
th e

m e a n l n g Of i n c r e a s e s i n r e n al cl u s t e ri n a nd ti s s u e k allik r ei n m R N A w a s e q u l V O C al i n d o g s

w ith n o ap p a r e n t r e n al i nj u ri e s at th e e a rly st a g e o f n eflr a C et am tr e a t m e n t .

A fte r th e 3 2 -

w e ek r e c o v e ry p e ri o d ,
t h e d o g s sh o w e d si m il a rly m ild i n cr e a s e s i n b oth

cl u s t e ri n a nd tis s u e k alli b ein , e x c ept fわr o n e d o g ( N o . 1 6) sh o w i n g e x tr e m ely high tis s u e

k allik r ei n e x p r e s si o n . T h e s e d o g s e x hibit e d d e s q u a m ati o n o f th e p apill a ry tip a n d slig ht t o

m o d e r at e R P N
,

w hi c h s u g g e sts t h at th e r e w a s v e ry sl o w p r o g r e s si o n o f R P N o r n o n e a氏e r
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t h e 3 2 - w e e k r e c o v e ry .

T a bl e 3 G r o 叩 m e a n r C m a l p a p ill a ry cl u st c ri n a n d tis s u e k allik r ei n m R N A e x p r e s si o n o f m al e

d o g s gi v e n r e p e a t e d o r al a d m i n ist 柑ti o n o f n e rl r 且C et a m at 3 0 0 m g/ k g/d a y o v e r l l w e e k s

D o s e N o m aliz e d 也

T r e at m e n t eri o d

1 8 S r R N A

C l u st e ri n Tis s u e k allik r ein

C o nt r ol 0 .2 6 5 土0 . 12 7

(8 W ＋ 3 2 R W )

N e {lr a C et a m

3 0 0 m g 搬g/d ay

( 8 W )

N efir a c et a m

3 0 0 m g n (g/d ay

( l l W )

N e 丘r a c et a m

3 0 0 m g 収g/d ay

(8 W ＋3 2 R W

l l .9 土 1 2 . 6

1 4 .7 土1 3
.
4

2 .3 0 j : 1 .0 6 *

0 . 0 9 6 9 土 0 .1 1 0

1 0 .2 士 1 9 .7

1 .0 7 土2 .0 4

2 2 .2 士4 3 .6

V al u e s a r e sh o wn a s th e m e an 土 S . D .( n
-

4) .

N / A : n ot ap plic able .

W : w e ek s; R W : re c o v e ry w e ek s .

S t atisti c al si g ni丘c 弧 C e :
*
P < 0 ･O I by A s pi n - W elc b

■

s t e st .

2 7



‡

‡

‡‡‡

千
*

く: ⊃
tr l

寸

-”
¢ ＼

N
r q

I
- ･

{

I
- ･

ぺ

∩

A
-

I
- d

-

寸
⊂〉

M

州
LJl
く= 〉
I

- ･
}

0
-

, 1⊃
亡d

. O

電蓄
∈ ち

‥ ⊂コ

‡妻 届
dJ
＋J

∽

葛音量
‡ TQ <

草書葦貢
. O

猛
悪宅急

号吾妻蓋

≦
Z

寸

く⊃

⊂ト

蓋 崇
r ri ＼血

糊

卜 く⊃

㌔.0 卜

o c N

N
V ⊃

r ｢

寸
Lr )

N

く=)

＼.D o o

⊂ ) N
I/ 1 寸

＋1

寸 m

vi ∩
l′｢ ▼

一

寸
寸
I
- ･ ･ ぺ

く⊃

卜

N

寸

tT: 芦
卜 ,

_
}

<

州

q ”

l√l ⊂)
一寸

m

く⊃

▼
- - 一

寸

≦
芹

≦

要
吉

2 :
≦
Z

i

＼
.0

<

卜

｢√1

∩
～.0

1
1こ)

寸
-

卜
”

＼.0

N
∩
I
- ■

q

M
ー

＼C )

O C

N

T -

∩

卜
r†｢

く⊃

O O
～

. D

∩

t= 〉

-

くっ
く= )

y -

1= 〉
I
･ ･ ･･ ･

イ

-

1〇＼

0 0

く⊃

i

a

≦
Z

S

2 8

4 ) l

点喜
空;
'

=:

a ;

白:
O
O

貞
a
4)

己
0

A
～

i
A
I

匂
4)

N
;ニ]
Cq

己
L

O
F;

I
ヽ

■ 一

t J )

貞
¢

＋ II ～

( A

G Z)

4)
L

良
粥
○

i

莞
己

己
CQ

≡
ロ
CQ

P
r -

d

白
4 )

Fi

＼C )

I
- ･

{

t r )
-

<
-

r r )

▼■■ -ぺ

∩

y
-

y
I
～

-

く⊃
▼

･･ ･ ■
イ

d

( ⊃ヽ

(⊃

2:
'

言

.g
局

ぎ
Fi
N
”

＋

a
0 0

ヽ
･ ー

ぎ
y
' ■一 -

く

y
N
～

ヽ ー

ぎ
QO
)

お
一日
一

弘

i
己
⊂⊃

⊂⊃

ぐり

表
･トJ

d )
(J

巴
LF=
”

2 :

お
勺

一

弘

i
己
く⊃
(= )

m

表
＋J

4 )
O

巴
LF]
”

Z

a
'
てコ

ー

瓦

i
己
⊂)

く⊃

r ｢

蛋
芯
O

巴
唱
(”

之

ぎ

葛苧
U

>
00
)

′ ､

勺
○

一

E:
(D

n
-

G]
q)

己

貞旦

ぢ
q)

>
一

弘
早)

b D
くっ

匂

O
～

Cg

己
q ～

O

く乃

b D
日

'

6
日

l岩
～

CQ
U

'

払
O
-

O
＋J

盟
l -

C Q

F]
0

L l

勺
fj

.書葛
邑芸
当 5
< 藍

! i
表音

.

:d 害

.B芸
盲賀

･

u
選書
ご

'

B
c Q

CQ ”

昔:i
& ;

召毒
-

cI
O

ヨ 勺

!
･

;
' Q A

B 巴

■

寸

q )
-

A
CQ

ト



D is c u s si o n

U ri n a ry p r ot ei n s o bt ai n ed fr o m d o g s gl V e n n efi r a c et a m at 3 0 0 m g/k g/d ay o v e r ll

w e ek s w e r e a n aly z e d b y th e c o m bi n ati o n of S D S - P A G E a n d L C/ E S トM S/ M S m eth od s .

Cl u st e ri n an d tis s u e k allik r ei n p r e c u r s o r s w e r e id e ntifi ed i n th e distin ct b a n d s of u r i n a ry

p r otei n s b y S D S -P A G E fr o m w e ek s 5 t o l l an d fr o m w e ek s 8 t o ll
, r e sp e c ti v ely ･ I n g e n e

e x p r e s si o n an al y sis b y a q u an tit ati v e r e a トti m e R T -P C R wi th r e n al m o rp h ol o gl C al a s p e c t s
,

p apill a ry cl u st e ri n m R N A w a s m a rk edly i n c r e a s ed i n d o g s sh o w l n g S e v e r e m O rPh ol o gi c al

c h an g e s
,

s u ch a s d u ct al epith eli al n e c r o sis i n th e p apill a w ith h e m o r rh a g e an d R P N . I n

c o n tr a st
,
tis s u e k allik r ei n m R N A w a s o nly slig htly i n c r e a s ed i n th e p 叩ill a of th o s e a ni m als

o r m a rk edly i n c r e a s ed i n th e p 叩ill a of a ni m al s s b o w l n g m il d ch a n g e s .

C l u st e ri n is 弧 8 0 k D h et e r o di m e ri c gly c o p r o t ei n e xi stin g l n m a n y ti s s u e s , w hich h a s

b e e n kn o wn b y n u m e r o u s n am e s i n cl u di n g s ulf at ed gl y c o p r o tei n (S P G - 2) , gly c op r ot ei n 80

( G P - 8 0) , h u m an s e r um p r o t ei n (S P 4 0
,
4 0) ,

t e st o st e r o n e - r ep r e s s ed p r o st at e m e s s ag e
- 2

( T R P M - 2) o r p r o t ei n - 2 ( T R P P - 2) an d A p oJ (4 ,
9) . T his p r ot ei n h a s b e e n r ep o rt ed t o sh o w

b an d s at 3 5 - 4 5 k D a
,

c o r r e s p o ndi n g t o th e r e d u c e d i n di vid u al s ub um it s (2 2) . I n th e p r e s e nt

s t u d y ,
2 b an d s ap p e an n g at a r o un d 4 0 k D w e r e r e c og ni z ed t o c o n t ai n cl u st e ri n p r e c u r s o r .

A lth o u gh th e p r e cis e fu n cti o n s of cl u st e ri n h a v e n o t b e e n c o m plet ely un d e r st o od
, it h a s

b e e n p r o p o s e d t o fu n cti o n i n th e r e g ul ati o n of c o m pl e m e n t a ctivity ,
th e p r o t e cti o n of c ells

丘o m st r e s s
,
th e t r an sp o rt o f lipid s

,
an d sp e rm m at u r ati o n . F u r th e rm o r e

, its p r o d u cti o n is

al s o i n c r e a s e d in th e e ar ly st a g e s of n o rm al o r g an d e v el op m e n t an d a洗e r tis s u e i nj uri e s (2 4) .

S e n sib e r e t al . (5 3) an d C o r n e r et al . ( 1 6) h a v e s u g g e st ed th at cl u st e ri n a c ts a s a m a rk e r fわr

c ell d e ath
,

an d t h at it s e x p r e s si o n i s u p r eg ul at e d i n v a ri o u s n o rm al an d m alig n an t tis s u e s

un d e rg oi n g ap o pt o si s . A ulit zk y et al . (4) h a v e sh o wn t h at le v els of u ri n a ry an d r e n al

cl u st e ri n p r o t ei n s i n c r e a s e p r l O r t O C b 皿 g e S i n s e n l m C r e ati ni n e i n r ats tr e at ed w i仙

g e nt am i ci n ･ I n th e p r e s e n t w o rk
,

str o n g I n c r e a s e s i n r e n al p apilla ry cl u st e ri n m R N A

c o n si st e n t w ith th e s e v e r e r e n al i nj ur i e s w e r e s e e n i n w e e k 11
,
s u g g e sti n g th at r e n al n e c r o ti c

ch an g e s un d e r t h e r apid p r o g r e s si o n o f R P N a r e r e n e ct e d i n in c r e a s e s i n cl u st e ri n m R N A

e x p r e s si o n .

K allik r ei n is o n e of t h e s e ri n e p r o t e a s e s
,

w hic h r el e a s e v a s o dil ativ e ki ni n s & o m

ki n i n o g e n s
,

an d i s g e n e r ally cla s sifl e d i nt o 2 g r o u p s
,
i . e .

, pl a s m a k allik r ei n ( E C 3 .4 .2 1 .3 4)

an d tis s u e k allik r ei n ( E C 3 .4 . 2 1 .3 5) . Pl a s m a k allik r ei n i s a b a si c gly c o p r o t ei n w ith i

m ole c ul a r w eig ht o f ab o ut l O Ok D
,

w hic h is p r e s e n t i n bl o o d an d r el e a s e s b r a dy ki ni n
,

w hile

2 9



tis s u e k allik r ei n is a n a cidi c gly c o p r ot ei n w ith a m ol e c ul a r w ei ght of ab o u t 4 0 k D , w hi ch is

m ainl y l o c at ed i n th e s ub m a xill a ry gl a n d s
,
ki d n e y ,

an d p a n c r e a s
,

an d r el e a s e s k allidi n ( 45) .

R e c e n tly ,
1 n ad diti o n t o th e k n o w n cl a s si c al ti s s u e k allik r ei n

,
k allik r ei n - r el at ed e n zy m e s

h a v e als o b e e n r e c o g ni z e d i n oth e r tis s u e s
,
e s p e ci ally i n th e p r o st at e o f m a m m ali a n sp e ci e s ･

T hi s e n z y m e i s cl e a rly a m e m b e r of t h e k allik r ei n g e n e f a m ily , b ut h a s u n kn o wn

p hy si ol o gi c al s ub str a t e s ( 13) . M u rth y et al . ( 4 1) h as d e m o n s tr at e d th at m am m ali an u ri n a ry

k allik r ei n s a r e ti s s u e k allik r ei n s of r e n al o r lg l n an d a k allik r ei n of 3 8 .5 k D is fo u nd i n

c a ni n e u ri n e
. I n o u r i n v e sti g ati o n , a tis s u e k allik r ei n p r e c u r s o r w a s id e ntifie d i n di sti n ct

b an d s at a r o u n d 3 0 k D o v e r w e e k s 8 an d l l o f t r e at m e n t w ith n efir a c e t a m
,

w hile pr o st atic

ti s s u e k allik r ei n p r e c u r s o r w a s d et e ct e d m ainl y i n th e c o n tr ol u ri n e a s t w o distin ct b an d s of

ap p r o xi m at ely 1 5 k D ,
i ndic ati n g th at tis s u e k allik r ei n p r e c u r s o r o r lgi n ati n g fr o m th e

p r o s t at e w a s g e n e r all y pr e d o m i n a n t i n n o r m al d o g s .

R e n al h e m o d y n a m i c s a s w ell a s s odi u m a n d w a t e r h o m e o s t a sis w e r e w ell r e g ul at ed

b y th e r e ni n - an gi ot e n si n sy st e m ( R A S) ,
r e n al P G s , k allik r ei n

-ki ni n sy st e m ( K K S) ,
a nd r e n al

d o p a m i n e s (1 0) . T h e R A S sti m ul ati o n r e d u c e s th e r e n al b l o o d fl o w
, gl o m e ru 1 ar filtr ati o n

r at e
,

an d u ri n a ry s o di u m e x c r e ti o n , w h e r e a s K K S p r o m o t e s an i n c r e a s e i n r e n al

h e m o d y n am i c an d e x c r e t o ry fu n cti o n s ( 5 4) . T h e kini n s a r e d e gr ad ed b y s e v e r al e n z y m e s ,

am o n g w hi ch t h e m o st i m p o rt an t o n e i s kini n a s e II
,
id e ntic al t o an gi ot e n si n c o n v e r ti n g

e n z y m e ( A C E) . F u r th e rm o r e
,
th e ki nin s sti m ul at e P G s yn th e si s i n th e kid n ey , an d P G m ay

e n h an c e th e effe ct of th e ki ni n s an d m od ul at e th e effe ct s of th e v a s o c o n s tri ct o r
,

an gi ot e n si n

II ( 1 0) . I n o ur p r e vi o u s s t u dy ( C h apt e r 1) , P G sy nt h e si s in c an i n e r e n al p apilla ry slic e s w a s

d e c r e a s e d b y M - 1 8 am o n g th e m e t ab olite s of n efir a c e t am
,

an d this w a s th o u gh t t o c a u s e

is c h e m i c i nj u ry ,
f ollo w ed b y R P N . D u ri n g th e tr e a t m e n t p e ri o d ( un til w e e k ll) ,

d o g s

sh o w l n g m ild r e n al i nj u ry wi th o ut R P N r e v e al ed an u p r e g ul ati o n of r e n al p apill a ry tis s u e

k allik r ei n m R N A . T h e s e r e s ults s u g g e st ed th at a 洗er th e m et ab olit e M - 18 i nhibit ed P G

sy nth e si s i n th e r e n al p apill a
,

c o m p e n s at o ry s y nt h e sis o f k allik r ei n f o r v a s odil ati v e ki nin

p r od u ctio n w o uld o c c u r an d c o n s e q u e n tly th e p r o g r e s si o n of R P N m ay b e p r e v e n t e d ･ R e n al

k allik r ei n h a s b e e n k n o w n t o b e p r e d o m i n an t i n th e c o rt e x
,
w h e r e a s th e m e d ulla an d p apill a

h a v e a v e ry little k allik r ei n ( 1 2) . I n o u r r e s ult s
,
ti s s u e k allik r e in m R N A e x p r e s si o n w a s

g e n e r ally high e r i n t h e c o rt e x th an i n th e p apill a
,

an d c h an g e s i n th e i ntr a -

g r o u p e x p r e s si o n

w e r e m ild e r i n th e c o rte x th a n i n th e p 叩ill a . T h e i niti al r e n al m o rp h ol o g l C al c h a n g e s e e n i n

d o g s giv e n n efl r a C e t am W a S n e C r O Si s of d u c t al e pith elial c ells i n th e p apill a (C h apt e r 1) ･

si n c e th e c o n stit uti o n al le v el of tis s u e k allik r ei n i n th e p apilla is e x tr e m ely l o w an d fu rth e r
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P G s y nth e si s i n this a r e a w a s i nhib it e d b y n efir a c et a m m e t ab olit e M - 18
,
R P N i n d o g s

s h o w l n g d e c r e a s ed ti s s u e k allik r ei n e x p r e s si o n i n th e p apill a m a y r efle ct a n att e n u ati o n of

h e m o d y n a m i c s .
I n o th e r w o rd s , th e s e fi n din gs d e m o n str a t e th at i n c r e a s e d tis s u e k allik r ei n

pl ay s a c r u ci al r ol e i n th e i m p r o v e m e n t o f b e m od y n a m i c s i n th e r e n al p apill a .

I n c o n cl u si o n
,
cl u st e ri n a n d tis s u e k allik r ei n p r e c u r s o r s w e r e id e ntifie d i n th e di sti n ct

b an d s of u ri n a ry pr ot ei n s fr o m d o g s g l V e n n efir a c e t a m . T h e ch an g e s i n r e n al cl u st e ri n

m R N A m ay r e fl e ct th e p r o g r e s si o n o r s e v e rity o f R P N , w h e r e a s u p r e g ul ati o n of tis s u e

k allik rei n m R N A m ay pl ay a s ub s eq u e n tly c o m p e n s a ti n g r ol e i n th e p r e v e n ti o n of R P N .
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C 払a p t e r 3 ･ 鼠a y且y p a 地 o p 払y si o且o g且C a且E e a ttl r e S i n c a 姐i n e r e n a且p a pil且a ry
●

n c c r o s豆s i 弧d u c e d b y n e 鮎 a c et a m

S Ⅶm m a ry

T o a s c e rt ai n th e e a rly p ath o p h y si olo gl C al f e at u r e s i n R P N
,

n e fi r a c et am w a s

ad m i ni st e r ed o r ally t o m al e b e a gl e d o g s at 3 0 0 m g/k g/d ay fわr 4 t o 7 w e e k s . A d diti o n ally ,
t o

c o m p a r e th e p r o c e s s i n it s o n s et
,
ib u p r o f e n

,
an N S A I D th at w a s w ell -k n o w n t o i nd u c e R P N ,

w a s ad m i nist e r ed o r ally t o an o th e r d o g s at 50 m g/ k g/d ay f o r 5 w e e k s . D u ri n g th e d o si n g

p e ri o d
,

th e an i m als w e r e s u bj e ct ed t o l ab o r at o ry t e sts
,

li ght
- m i c r o s c o p i c

,

i m m un o hi st o ch e m i c al
,

an d el e ctr o n -

m i c r o s c op i c e x am i n ati o n s a n d/ o r C O X -2 m R N A

an aly sis . O f t h e l ab o r a t o ry t e st s
,

un n a ry o s m oti c p r e s s u r e
,

v ol u m e
,

an d L D H w e r e

c o n fi rm ed t o b e t h e m o s t s u s c e ptible bi o m ar k e r s t o R P N . Li gh t - m i c r o s c opi c ally ,

n efir a c et a m i nd u c ed epith eli al s w elli n g an d d e g e n e r ati o n i n th e p apill ary d u ct s i n w e ek 7
,

w h ile ib u p r of e n displ ay ed d eg e n e r ati o n an d n e c r o sis i n th e p apill a ry i nt e r stiti um i n w e ek 5 .

I n i m m u n ohi st o ch e m i c al st ai ni n g s w ith C O X -2 an tib od y ,
n efir a c e t am eli cit ed a p o siti v e

r e a c ti o n w ithi n i nt e r s titi al c ells a r o u n d th e a 飽 ct ed epi 也eli al c ell s i n th e p 叩ill a∫y d u ct s

( u p p e r p apill a) i n w e ek 7
,

an d ib u p r of e n e xhib it ed a p o siti v e r e a cti o n w i th i n i nt e r stiti al c ells

adj a c e n t t o th e d e g e n e r a ti v e/ n e c r o ti c l e si o n s i n w e e k 5 . U ltr a st ru c t u r ally ,
n efi r a c et am

displ ay ed r ed u cti o n s of i ntr a c ell ul a r i nt e rdigit ati o n an d i nf oldin g s o f epith eli al c ell s i n th e

p apill a ry d u ct s , w h e r e a s ib u p r o f e n sh o w e d n o ch an g e s i n th e id e ntic al p o rti o n s ･ Th u s
,
th e

e a rly m o rp h ol o gic al ch an g e i n th e p apill a b r o u ght ab o u t b y n e flr a C e t am W a S q uit e di ff e r e nt

fr o m th at elicit ed b y ib u p r of e n . I n th e r e n al p apilla r y C O X - 2 m R N A e x p r e s si o n an aly sis
,

n e flr a C e t am m a rk e dly d e c r e a s ed its e x p r e s si o n i n w e e k 4
,
b u t i n c r e a s ed in w e ek 7

,

s u g g e sti n g an i n d u cti o n of C O X - 2 m R N A b y r e n al p apill ar y l e si o n s ･ T h e s e r e s ult s

d e m o n str at e th at th e epit h eli al c ells i n th e p apill a ry d u ct s i s th e p r l m a ry t a r g et Sit e fo r th e

o n s e t o f R P N e v o k e d b y n e flr a C e t a m .

O bj e cti v e

T h e p r e s e n t st u d y w a s p e rf o r m e d t o cl a rify th e e ar ly p ath o p h y si ol o gic al fTe at u r e s i n

R P N s e e n i n d o g s o r ally giv e n n efir a c e t a m at 3 0 0 ‾
m g 化g/d ay fo r 4 t o 7 w e ek s , i n

c o m p ar i s o n w ith th o s e i n ib u p r o f e n
,
a n N S A I D

,
at 5 0 m g/k g/d ay fo r 5 w e e k s ･
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M at e ri a且s a n d m et払o d s

C h e m i c als

N efir a c et am w a s sy nth e siz e d i n th e A kit a F a ct o ry of D aiichi P h a rm a c e u ti c al C o .
,

L t d ･ Ib u p r o f e n w a s p u r ch a s ed fr o m Sig m a C h e m i c al C o
. A ll oth e r ch e m i c al s an d r e ag e n t s

w e r e th e high e st g r ad e a v ail abl e 丘o m c o m m e r ci al s o u r c e s .

A ni m al Tr e a t m e n t

A t ot al of 2 2 m al e L R E st r ai n o r N o s an b e agl e s (8 .9 - 12 .6 k g) ag e d ap p r o xi m ately 1 7

t o 1 9 m o n th s w e r e u s ed . D o g s w e r e h o u s e d i n di vid u ally u nd e r c o 山r oll ed c o nditi o n s a‡ a

t e m p e r at u r e of 2 ト2 5
o
C

,
a r el ati v e h u m idity o f 4 0 -8 0 % , a lig ht nin g cy cl e of 1 2 h (fr o m 8 :0 0

t o 2 0 :0 0 e a c h d a y) an d 1 5 o r m o r e c h an g e s filt e r ed airn l ･ T h e an i m al s w e r e gi v e n c a . 3 0 0 g

d aily of c o m m e r ci al di et s an d w e r e all o w ed fr e e a c c e s s t o w at e r e x c e pt f o r uri n e o r s e ru m

c o11e cti o n ･ T h e y w e r e di vid e d i nt o 6 g r o up s a s foll o w s . G r o u p I
, i nt a ct c o nt r ol g r o u p ( N o s .

1
,
2 an d 3); G r o u p 2

,
n efir a c et am t r e at m e n t g r o up at 3 0 0 m g 収g/d ay fo r 4 w e e k s ( N o s . 4

,
5 ,

6
,

an d 7); G r o u p 3
,
n efir a c e t am tr e at m e n t g r o u p at 3 00 m g 化g/d ay f o r 5 w e ek s ( N o s . 8

,
9

,

1 0 an d ll); G r o up 4
,
n efir a c e t am tr e at m e n t g r o u p at 3 0 0 m g/k g/d ay f o r 6 w e ek s ( N o s . 1 2

,

1 3
,
1 4 a n d 1 5); G r o up 5 ,

n eflr a C et am g r O u P at 3 0 0 m g/k g/d ay f o r 7 w e ek s ( N o s . 1 6
,
17

,
18

an d 19) an d G r o u p 6 ,
ib u p r of e n g r o u p at 5 0 m g 化g/d ay f o r 5 w e e k s( N o s . 20

,
2 1 an d 2 2) , I n

this st ud y ,
th e flr St d o si n g w e ek w a s d e sig n at ed a s w e ek 1 . P e ri odi c l ab o r a t o ry te s ts w e r e

p e rf o rm e d i n d o g s & o m g r o u p s 1 ( n o n
-tr e a t ed c o n tr ol) , 5 ( n efir a c et am f o r 7 w e e k s) ,

an d 6

(ib u p r o f e n f o r 5 w e ek s) b ef o r e th e c o mm e n c e m e n t o f t r e at m e n t an d w e e kly th e r e aft e r . A t

th e e n d of t h e r e sp e c ti v e tr e at m e n t p e ri o d s ,
t h e d o g s w e r e

･ kill e d b y e x s an g ui n ati o n 丘o m th e

a xill a ry a rt e ry un d e r p e n t ob a rbit al an e st h e si a ( 25 m g/ k g , i v
,
D ai nipp o n P h a m a c e u ti c al C o .

,

L t d .) , an d th e bil at e r al kid n ey s w e r e r e m o v e d
. A ll e x p e ri m e n t al p r o c e d u re s w e r e p e rf o rm e d

i n a c c o rd an c e w ith th e i n - h o u s e g uid eli n e s of th e I n stit uti o n al An i m al C ar e an d U s e

C o m m itt e e of D aiic hi P h a r m a c e u ti c al C o
,
Ltd .

L ab o r a t o ry te s ts

T h e l ab o r at o r y t e st s w e r e c o n d u ct e d t o m o nit o r th e e ar ly alt e r ati o n s i n

n efir a c e t am
-i n d u c e d R P N w hic h w a s ch a r a ct e ri z ed b y d e c r e a s ed u ri n a ry o s m o ti c p r e s s u r e

,

i n c r e a s e d u ri n e v ol u m e an d u ri n a ry L D H w ith t ri vi al i n c r e a s e s i n s e ru m C R E an d U N a s

m e n ti o n e d i n C h ap t e r 1 . U ri n e a n d bl o o d w e r e c oll e ct ed
,

an d u ri n a r y o s m oti c p r e s s u r e
,
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v ol u m e
,

a nd L D H a n d s e ru m C R E an d U N w e r e e x a m i n ed b y th e s a m e p r o c e d u r e
.
a s

d e s c rib ed i n C h apt e r 1 .

L ig ht m ic r o s c op y

T h e le 氏 kid n e y w a s r e m o v ed , fi x e d in l O % n e u t r al b u ff e r ed fo rm ali n ( W ak o P u r e

C h e m i c al l n d u strie s , L td ･) , e m b ed d e d in p a r afrl n W a x
,
S e C ti o n ed at 5 -

けm t hi ck n e s s
,
s t ai n ed

with H & E an d al ci an bl u e
, an d e x am i n ed m i c r o s c o pic ally .

I m m u n o hist o ch e m i c al st ai ni n g of C O X -1 o r C O M - 2 i n th e r e n al p ap ill a

A s e cti o n fr o m th e l eft kid n e y w a s d e p a r afFl ni z e d
,

an d an an tig e n w a s r et ri e v e d w ith

D a k o P r o t ei n a s e K s ol uti o n ( D ak o C yt o m a ti o n C o .

,
L t d .

,
K y ot o

,
J ap a n) . A fte r i n c u b ati o n

w ith 3 % h y d r o g e n p e r o xid e f o r 5 m i n , th e s e cti o n s w e r e p r ebl o ck e d with a N o n - S p e cific

St ai nin g B l o cki n g R e a g e n t c o nt ai ni n g 0 .2 5 % c a s ei n an d c ar ri e r p r o t ei n ( D ak o C yt o m ati o n

C o ･

,
L td ･) ,

an d t h e n w e r e i n c u b at ed w i th a p ri m a ry an tib od y o v e mi ght at 4
o

C . A s C O X - 1

an d C O X -2 p ri m a ry an tib odie s , o vi n e C O X - 1 p oly cl o n al r abbit an tis e r um 即o . 16 01 0 8
,

C ay m an C h e m i c al C o .

, Am A rb o r , M I , U S A) an d m u ri n e C O X - 2 p oly cl o n al r ab bit

an tib o d y ( N o . 16 0 1 0 6
, C ay m an C h e m i c al C o .) ,

r e sp e c ti v el y ,
w e r e u s e d . T h e s e an tib o di e s

w e r e dil ut ed 1 :4 0 0 w ith 0 .
1 % T w e e n

- T ris b u ff e r . I mm u n o r e a cti v e c o m pl e x e s w e r e d ete ct ed

vi a an L S A B 2 S y st e m s
- H R P ( D ak o C yt o m ati o n C o .

,
L td .) an d vis u aliz e d w ith

di am i n ob e n zi di n e ( D A B
, D ak o C yt o m a ti o n C o . , L td .) ,

w hic h r e a c ts w i th p e r o xid a s e t o giv e

a b r o wn r e a c ti o n p r od u ct . T h e s e cti o n s w e r e c o u n t e r st ai n e d b ri efl y wi t h h e m at o x yli n . A ll

c o n tr ol s e c ti o n s w e r e t r e at ed wi th n o p n m a ry an tib o d y .

El e ct r o n m i c r o s c op y

Si n c e app a r e 山 m o rp h ol o gic al alt e r ati o n s w e r e lig ht
-

m i c r o s c o pi c ally n ot e d in w e e k 7

f o r n e fir a c e t am an d i n w e ek 5 fo r ib u p r ofe n
,

el e ct r o n - m i c r o s c op ic e x am i n ati o n w a s
▼

p e rf o r m ed o nly f o r th e s e p oi nts . A ti n y p o rti o n fr o m t h e l e允 kid n ey w a s r e m o v e d
,
fi x ed in

3 % glut a r ald eh y d e an d 2 % o s m i c a cid
,
d e h y d r at ed w ith alc oh ol

,
an d e m b e d d ed i n ep o x y

r e si n ･ T hic k s e cti o n s w e r e m ad e an d st ai n e d w ith l % t oluidi n e bl u e f o r lig ht m i c r o s c opic

s u Ⅳ ey . U ltr a thi n s e c ti o n s st ai n e d w ith u r a n yl a c e t a土e a nd le ad citr at e w e r e e x a m i n e d w ith･a

tr a n s m i s si o n el e c t r o n m i c r o s c op e ( H - 5 0 0 ,
H it a c hi Ltd .) .
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Q u a n tit a ti v e r e al -ti m e R T - P C R a n aly sis of p a pilla ry C O X - 2 g e n e e xp r e s si o n

l n a s m u ch a s th e e a rly m o rp h ol o g l C al fe at u r e s i n R P N b r o u ght ab o ut b y n efir a c e t am

w e r e q uite diff er e n t fr o m th o s e b y ib u p r of e n
,
s e ri al ch a n g e s i n th e r e n al p apill ary C O X ･ 2

m R N A e x p r e s si o n w e r e a s s e s s e d o nly l n n e 丘r ac et a m -tr e a t e d g r o u p s . T わt al R N A w a s

e x tr a ct e d fr o m an a p pr o xi m a t ely 4 0 m g p o rti o n of th e p apill a fr o m th e right kid n ey an d

c o n v e rt ed t o C D N A b y th e s am e m e th o d d e s c rib ed i n C h a pt e r 2 w ith f oll o w l n g P r l m e r S an d

T a q M an p r ob e s d e sig n e d b y u si n g a P ri m e r E x p r e s s ( A p pli ed Bi o sy st e m s) . F o r w a rd p ri m e r ,

5
'

- C T G T G G G C C A G O A G O T C T T +3
'

; R e v e r s e p r i m e r
,
5

'
- C A C T C T G T T A T G C T C

C C G C A G - 3
'

; T a q M an p r ob e
,
5

'
- T G C C T G G T C T G A T G A T G T A T G C C A C C 13

'

. T h e

r e a トti m e P C R d at a an d an aly s e s w e r e c olle ct e d i n A p plied Bi o sy st e m s 7 70 0 S eq u e n c e

D et e c ti o n S y st e m i n str um e n t s . T h e am o u n t o f e a ch g e n e t a rg et is n o rm ali z ed t o a n

e n d o g e n o u s c o n t r ol (1 8 S r R N A
,
2 0 汰 P r e

- D e v el o p ed T a q M an As s ay R e ag e n ts , A p plied

Bi o sy st e m s) .

St atistic al a n aly s e s

T h e q u an tit ati v e d at a fr o m l ab o r a t o ry t e st s an d C O X - 2 m R N A e x p r e s si o n an aly sis a r e

r e p r e s e n t ed a s th e gr o u p m e an _
＋ S . D . at e a ch s a m pli n g p oi nt . F o r th e d at a of lab o r at o ry

t e sts
,
th e f oll o w i n g 2 an aly s e s w e r e p e rf o rm e d , an d o nl y th e s e c o n d m eth o d w a s ap pli ed fo r

th e r e n al g e n e e x p r e s si o n d at a : 1) p air e d t -t e st c o m p a r e d w ith p r e
-d o s e v al u e s w e r e ap plie d;

2) th e h o m og e n eity of th e v a ri an c e b et w e e n g r o u p s w a s an aly z e d b y F -t e s t a t e a ch s am pli n g

p oi nt . S t u d e n t
'

s i -t e st o r As pi n
- W elc h

'

s t e st w a s s ub s e q u e n tly u s ed , d ep e ndi n g o n th e

h o m o g e n eity . A t w o -t ailed p v al u e l e s s th an 5 % w a s c o n sid e r e d t o b e st atisti c ally s lg nifl C an t .

E X S A S v e r . 6 . 1 0 ( A rm C o rp o r ati o n) , a s oft w ar e p a c k ag e
, w a s u s ed f o r t h e s e an al y s e s ･

R e s t llt s

L ab o r a t o ry te s ts

l n d o g s r e c e l V l n g n e丘ra c et a m
,
d e c r e a s ed u ri n a ry o s m otic p r e s s u r e a n d a t e n d e n c y of

in c r e a s l n g u ri n e v ol u m e w e r e ob s e rv e d i n w e ek s 6 t o 7 . U ri n a ry L D H t e n d ed t o b e hi gh e r

丘o m w e e k 5 . S e n l m U N sh o w e d s o m e w h at h ig h e r v al u e s t h a n th at i n th e p r e - d o s e
.
o r

c o nt r ol g r o up th r o u g h o ut th e st u d y p e ri od w ith o ut a n y r e m a rk able i n c r e a s e i n s e ru m C R E ･

I n d o g s g l V e n ib u p r ofe n , a d e c r e a s e i n u ri n a ry o s m o ti c p r e s s u r e
,
i n c r e a s e s i n u ri n e v ol u m e

a n d u ri n a ry L D H an d a slig htly i n c r e a s e i n s e r u m U N w e r e sp o r a dic ally n ot e d i n w e ek; 1 t･o
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Fig . 7 tT ri n a ry o s m oti c p r e s s tl r e
,

ur i n e v ol tl m e
,

u ri n a r y l a ct at e d c hy d r o g e n a s e (L D H) ,

s e r u m c r e a ti n i n c (C R E) a n d s e r u m tl r e a n it r o g e n P N) v al tl e S i n m a l e d o g s r e c ei v i n g r e p e a t e d

o r al a d m i n ist r ati o n o f n e 且r a c et a m a t 3 0 0 m g/k g/d a y f o r 7 w e e k s o
'

r ib u p r o f e n at 5 0

m g/k g/d a y f o r 5 w e e k s ･

P r e: p r e - a d mi ni str ati o n . V al u e s ar e sh o w n a s th e m e a n a: S ･ D ･ ( n - 3 - 4) ･

* P < 0 ･0 5
,

sig nifi c a ntly

diff e r e nt & o m th e c o nt r ol (St u d e n t
'

s t -t e st) . S P < 0 .0 5
, SS P < 0 .0 1

,
sig nifi c a n tly diff e r e n t fr o m th e

p r e - v al u e ( P ai r e d t
-t e s t) ･
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L ig ht m i c r o s c op y

l n d o g s g i v e n n efir a c e t a m
,
n o tr e at m e n t - r el at e d c h a n g e s w e r e ob s e rv e d b y w e ek 6 ･ I n

w e e k 7 , h o w e v e r , e pith elial s w elli n g of th e p apill a r y d u ct s ( u p p e r p apill a) w a s s e e n i n 3 of 4

d o g s w ith i n c r e a s e d e o si n op hili c - st ai ni n g i nt e n sit y i n th e cyt opl a s m of epith eli al c ells , an d

n u cl ei lo c a t ed i n th e b a s al sid e ( T able 5 an d F ig ･ 8 C) . D e g e n e r atio n an d d e s q u am ati o n of

e pith eli al c ells w a s s o m eti m e s n o t e d ( Fig ･ 8 C , i n s e t) . T h e al ci a n -bl u e s t ai ni n g int e n sity w a s

c o m p a r able t o t h e c o n tr ol th r o u gh o ut th e d o 告in g p e ri o d s (Fig . 8 D) . M i n e r ali z a‡io n or th e

p apill a w ith o ut d et e c t a bl e ch an g e i n i nt e r stiti al c ells w a s n o t ed in 2 of 4 d og s ( T ab le 5) . I n

d o g s r e c e l V l n g ib u p r of e n
,
d e g e n e r ati o n an d n e c r o si s o f th e i nt e r s titi u m i n t h e p apill ar y tip

w e r e n o t e d in 2 of 3 d o g s ( T ab le 5 an d Fi g . 8 E); h o w e v e r
,

n o r e m a rk ab le ch a n g e s w e r e

n ot e d i n th e r e m a l n l n g P aPill a ry d u cts ･ T h e al ci an
-b l u e st ai ni n g i nt e n s lty W a s m a rk edly

d e c r e a s e d i n th e d e g e n e r ati v e/ n e c r oti c a r e a s of th e p apilla r y i nt e r s titi u m ( Fi g . 8 F) .

M i n e r aliz ati o n of t h e p apill a w a s s e e n i n 1 of 3 d o gs ( T able 5) .

I m m u n o hist o c h e m i c al st ai ni n g of C O X - 1 o r C O X - 2 i n th e r e n al p ap ill a

l n th e C O X - 1 st ai ni n g ,
th e r e w e r e n o s lg nific an t diffe r e n c e s am o n g th e c o n tr ol

,

n efl r a C e t a m
,

an d ib u p r ofb n g r o u p s ( T abl e 5) .

I n th e C O X , 2 st ai ni n g ,
th e i m m u n o r e a c ti o n i n c o n t r ol d o g s w a s s e e n i n th e cyt o pl a s m

o f i nt e r stitial c ell s in th e p apill a ry tip ( T abl e S an d F ig . 9 A) . I n d o g s r e c ei vin g n efir a c e t am ,

th o u gh th e i m m u n o r e a cti o n w a s w ithin th e c yt o pl a s m of i nt e r stiti al c ells in th e p apill ary tip

b y w e ek 6
,
si m il a rly a s i n th e c o n tr ol

,
i n t e r stiti al c ells a r o u n d a q e ct e d e pith eli al c ells ( u p p e r

p apill a) w e r e p o siti v ely r e a c t ed i n w e ek 7 ( T abl e 5 an d Fig . 9 B) . I n d o g s gi v e n ib u p r ofe n
,
a

m ar k ed p o siti v e i m m un o r e a cti o n w a s s e e n w ithin i ･

n t e r stiti al c ell s adj a c e n t t o th e

d e g e n e r ati v e/ n e c r o ti c ar e a s of i nt e r s titi u m i n th e p apill a( T able 5 an d F ig . 9 C) .
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El e ct r o n m i c r o s c op y

ln c o nt r ol d o g s
,

epith eli al c ell s of th e p apilla ry d u cts sh o w ed a c ub oid al ap p e a r a n c e

w ith th e n u cle u s l o c a t ed i n th e c e n t e r of th e c ell
, an d sh o rt m ic r o villi w e r e s e e n o n th e

lu m i n al s u rf a c e ･ T h e l at e r al pl a s m a m e m b r an e w a s i nt e rdigit at e d
,

an d th e b a s al m e m b r a n e

displ ay e d i nfbldin g s . S m all n u m b e r s of m it o ch o n d ri a a nd v a c u ol e s w e r e n ot e d in th e

cyt opl a s m ( Fi g ･ 1 0 A) ･ I n d o g s r e c ei vi n g n e fl r a C e t am , e Pith eli al c ells of th e p apill ar y d u ct s

s h o w ed s w elli n g a n d th e m i c r o villi w e r e d e c r e a s ed o r ab s e 山 . M e m b r a n o u s b leb s w e r e

n o t e d o n th e l u m i n al s u rf a c e . I n tr a c ellul a r i nt e rdi git atio n an d i nf oldi n g s i n b oth l at e r al an d

b a s al m e m b r a n e s w e r e i n c o n spi c u o u s ･
T h e s e e pith elial c ell s r e v e al ed sp a r s e c yt o pl a s m

c o n t ai ni n g l a rg e v a c u ol e s ( Fig ･ 1 0 B) A I n d o g s giv e n ib u p r of e n
,
n o r e m a rk abl e ch an g e s i n th e

epith eli al c ell s of th e p a pill a ry d u ct s w e r e n o t ed .

C O W - 2 m R N A e xp r e s si o n i n th e r e n al p a pilla

N efir a c et am e x c e edi n gly d e c r e a s e d C O X - 2 m R N A e x p r e s si o n i n w e ek 4
,
b u t it

r e c o v e r ed t o th e ゎa s al c o n tr ol l e v el in w e ek s 5 t o 6 . A 鮎r w a rd , i n w e e k 7
,
C O X -2 m R N A

m a rk edly i n c r e a s ed ( Fi g . 11) .
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Fig ･ 8 Li g h t m i c r o g r a p h o f t h e r e n a l p a pill a fr o m 山 a J e d o g s r e c e l V l n g r e p e at e d o r al

a d mi ni s t r a ti o n o f n e rl r a C et a m a t 3 0 0 m 封l喝/d a y o r ib tLP r O f e n a t 5 0 m g/kg/d a y .

( A , C , a n d E) H & E s t ai ni n g . ( B , D , a n d F) A I ci a n -bl u e st ai ni n g . ( A - B) Ir)t a ct c o n tr ol i n w e e k 7 , Ⅹ

9 5 . ( C I D ) N efi r a c e t a m i n w e e k 7
,

x 9 5 . E pith eli al s w e ui n g of th e p a pill a ry d u ct s w e r e s e e n . I n s et:

d e g e n e r ati o n o f e pith e]i al c ell s ( high e r m ag nifi c ati o n) ,
Ⅹ 1 70 ･ ( E - F) Ib u p r o f e n i n w e ek 5

,
互 9 5 ･

D e g e n e r a ti o n o fi n t e r s ti ti u m i n t h e p apill a w a s n o t e d ･

4 0
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F ig . 9 I m m tI J1 0 h i st o c h e m ie a l s t a i ni n g o f

C O 芝 - 2 i n t h e r e n a l p a pill 且 fr o m m al e

d o g 写 r e C e i v i n g r e p e a t e d o m l

a d m i ni s t r a ti o n o f n e fi r a c et a m a t 3 00

m g/l喝/d a y o r ib u p r o f e n a t 50 m 鵬 /d a y ･

A n ti - C O X 1 2
,

L S A B m e th o d . ( A) I n t a ct

c o n t r ol i n w e e k 7 , Ⅹ 1 40 . P o siti v e r e a cti o n

w a s n o t e d i n th e cy t o p l a s m o f i n t e r s titi al

c ell s i n th e p a pill a ry t ip . I n s e t: hig h e r

m a g nifi c ati o n , Ⅹ 8 6 0 . ( B ) N efi r a c e t a m i n

w e e k 7
,

Ⅹ 1 4 0 . I n t e r stiti al c ell s a r o u n d

a ff e c t e d epi th eli al c ell s i n th e p a pill a r y d u c t s

s h o w ed p o siti v e r e a cti o n . ( C) Ib u p r o f e n i n

w e e k 5 , x 1 4 0 . S t r o n gly p o siti v e r e a c ti o n

w a s s e e n i n i n t e r stiti al c ell s a dj a c e n t t o

d e g e n e r a ti v e / n e c r o ti c i rL t e r S ti ti u m

i n th e p a pill a ( a st e ri sk) . ( D ) S c h e m ati c a r e a

s h o w l n g P O Si ti v e i m m u n o r e a c ti o n s . T h e

a r e a s u r r o u n d e d by a bl a ck ]j n e ( c o n t r o l) ,

bl u e )i n e ( n e fi r a c e t a m ) ,
o r r e d li n e

(ib u p r o f e n) .



F ig ･ 1 0 E l e ct r o n m i c r o g r a p h o f t h e p a pill a r y d tl Ct f r o m m al e

d o g s r e c e l V I P g r e p e a t e d o r al a d mi n i st r a ti o n o f n e fir a c et a m at

30 0 m g/k g/d a y ･ Gl u t a r ald e hy d e - o s m i u m fi x ati わn . (A) I nt a ct c o nt r ol

i n w e e k 7
,

Ⅹ 6 5 0 0 ･ N o - al st r u ct u r e s o f epith eli al c ell s w e r e s e e n .

(B) N e丘r a c et a m i n w e e k 7
,

Ⅹ 6 5 00 ･ E pith eli al c ell s o f t h e p apill a ry

d u ct s sh o w ed s w elli n g a n d d e c r e a s e d mi c r o vi lli . M e m b r a n o tlS bl e b s

w e r e n ot e d o n th e l u m i n al s u rf a c e ( a rr o w) . I nt e r digit a ti o n a n d

i n f o l di n g s i n b o t h l a t e r a l a n d b a s al lll e m b r a n e s

w e r e i n c o n spi c u o u s ( a Ⅲ
･

o w b e a d) .
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C o m t r o l ”e fir a c e t a m

F ig ･ ll C O 芝 -2 m R N A e x p r e s si o n o f t h e r e n al p a pill a i n m al e d o g s

r e c ei vi n g r e p e at e d o r al a d mi n i st r a ti o n of n e rl r a C et a m a t 3 00 m g/kg/d a y .

V al u e s ar e sh o wn a s th e m e an ± S . D . ( n
- 3 -4) .
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D is 柑 S S孟o m

A s d e s c rib ed i n C h apt e r 1 , n e fl r a C e t a m C a u s ed R P N o nl y i n d o g s ad m i nist e r ed at 3 00

m g/k g/d ay o v e r l l w e ek s , n a m ely ,
d e c r e a s e s i n u rin a ry o s m o ti c p r e s s u r e w e r e ob s e rv e d

fr o m w e e k 5
,
f oll o w ed b y i n c r e a s e s i n u ri n e v ol u m e a nd u ri n a ry L D H fr o m w e e k 8 . T h e

i nitial r e n al m 叩 h ol o gl C al c h a n g e w a s n e c r o si s of d u ct al e pitb eli al c ells i n th e p apill a i n

w e ek 8 ･ I n th e p r e s e n t s t u d y ,
t o cl a rify t h e e a rli e r p ath o ph y si ol o gic al fe at u r e s i n R P N

,
m al e

b e a gle d o g s w e r e gi v e n o r ally 3 0 0 m g 化g/d ay of n efl r a C e t am f o r 4 t o 7 w e e k s
,
in

c o m p ar is o n w ith 5 0 m g/k g/ d ay of ib u p r o fe n
,
a N S Al D

,
f o r 5 w e e k s

,
a n d th e lab o r at o r y te st s

,

light
- m i c r o s c o p i c

,
i m m un o hi st o ch e m i c al an d el e c tr o n

-

m i c r o s c op I C e x am i n ati o n s , a n d

C O X - 2 m R N A an aly sis w e r e p e ri odi c ally p e rf o rm e d .

I n l ab o r a t o r y t e st s
,
d e c r e a s ed u ri n a ry o s m o ti c p r e s s u r e a n d i n c r e a s e d u ri n e v ol u m e i n

w e ek s 6 t o 7 o f n efir a c et am tr e at m e n t w e r e e s s e n ti ally c o n si st e n t w ith th o s e ob t ai n e d i n

w e ek 8 of th e p r e vi o u s st u dy i n C h ap t e r 1
,

b u t a n i n c r e a s ed u ri n a ry L D H l e v el w a s

o b s e rv ed e a rli e r ( w e ek 5) I A lt e m ati v ely ,
th e s e p a r a m et e r s w e r e r e c o n fl rm ed t o b e u s e fu l

e a rly bi o m a rk e r s t o d et e c t th e o n s e t of R P N e v ok ed b y n efl r a C et am ･ Ib u p r of e n als o elicit e d

d e c r e a s ed u ri n ar y o s m o ti c p r e s s u r e
,

I n c r e a s ed u ri n e v ol u m e an d i n c r e a s e d u ri n a ry L D H
,

alth o u g h th e r e w a s a g r e a t i nt e ri n di vid u al v ari a n c e ･ T h e o n s e t an d s e v eri ty of th e s e ch an g e s

b y ib u p r of e n w e r e e a rli e r an d str o n g e r th an t h o s e b y n e fi r a c et am
,

w hi ch w o uld b e cl o s ely

li n k ed w ith n e c r o si s of th e i nt e r stiti u m i n th e p apill a ry tip ob s e rv ed o nl y i n th e ib u p r of e n

g r o up a s m e n ti o n e d b el o w

L igbt
-

m i c r o s c o pic ally ,
i n d o g s r e c e l V l n g n e 丘r a c et a m

,
n o ch a n g e s w e r e s e e n i n t h e

kid n ey b y w e ek 6 1 I n w e ek 7
,
h o w e v e r

,
e pith eli al s w elli n g an d d eg e n e r ati o n of t h e p apill a ry

d u ct s ap p e a r e d a c c o m p a ni e d w it h a p o sitiv e i m m u n o r e a c ti o n t o C O X - 2 w it hi n i nt e r stitial

c ells ar o un d th e afrTe ct e d e pith eli al c ells in th e u p p e r p apilla ･ U lt r a st ru c t u r al 1y ,
epith eli al

s w elli n g ,
d e c r e a s e d o r dis ap p e a r e d m i c r o villi

,
an d bl eb bi n g o n th e l u m i n al s u rf a c e w e r e

n o t ed w ith r e d u c ti o n s of intr a c ell ul ar i nt e rdigit ati o n an d i nfbldin g s in b ot h l at e r al an d b a s al

m e m b r an e s ･ I n c o n tr a st
,
tr e a t m e n t w ith ib u p r of e n r e s u lt ed i n d e g e n e r ati o n an d n e c r o sis of

t h e i nt e r stiti u m i n th e p apilla ry tip l n W e e k 5; h o w e v e r
,

n o r e m a rk able ch an g e s w e r e

ob s e Ⅳ e d in th e r e m a l n l n g p 叩ill a ry d u ct s . I n th e C o 東 - 2 st ai nin g ,
u nlik e th e c a s e w it h

n e fl r a C e t am
,
ib u p r o f e n sh o w ed a p o siti v e r e a c ti o n w ithin int e r stiti al c ells adj a c e n t t o

d e g e n e r a ti v e/ n e c r o ti c ar e a s i n t h e p apill a ry tlP ･ U lt r a st r u ct u r ally ,
n o c h a n g e s i n e pith eli al

c ells o f t h e p 叩ill a ry d u ct s w e r e n o t e d ･ T h u s
,

t h e s e d at a i m pli ed th at th e e a rly
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m o rp h ol o gl C al alt e r a ti o n i n th e p apill a b r o u g ht a b o ut b y n efi r a c e t am w a s q uit e di 触re nt

fr o m t h at eli cit e d b y ib u p r ofe n ･ B o th n efir a c et am a nd ib u p r of e n sh o w e d mi n e r ali z atio n i n

th e r e n al p apill a s u g g e sti n g th e p r e - e xist e n c e of d a m ag ed r e g i o n s .

●

As fo r th e C O X -1 st ai ni n g ,
th e r e w e r e n o s lg nifi c an t diffe r e n c e s a m o n g th e c o n tr ol ,

n efir a c et a m a n d ib u p r of e n g r o u p s ･ G e n e r ally , C o 東 - 1 h a s b e e n r ep o rt ed a s a c o n s tit u ti v e

i s of o r m h a vi n g h o u s e k e e p i n g f u n cti o n s
,
w h e r e a s C O X -2 i s an i nd u cible is of o r m i nd u c ed b y

i nfl am m at o ry sti m uli o r g r o w th f a ct o r s ( 2 1
,
23

,
6 2) . M o r e r e c e n t st u di e s h a v e s u g g e st e d th at

C O X ･ 2 i s als o e x p r e s s ed i n t h e r e n al m ed ull a an d i s th e m aj o r is of o r m c o n trib uti n g t o

●

m ed ull ar y P G g e n e r ati o n i n vi v o
,

e sp e ci ally i n d eh y d r at e d s ubj e ct s (3 3 , 4 3) . S elle r s e t al .

h a v e f u rth e r sh o wn th at C O X - 1 i s th e m ai n i s of o r m i n v ol v e d i n th e sy nth e sis of r e n al P G s

i n n o n
- h u m an p r l m at e S an d h u m an s w hil e b oth C O X -l an d C O X - 2 c o n tri b ut e i n th e

sy nth e sis of r e n al P G s u nd e r b a s al c o n diti o n s i n r at s an d d o g s ( 5 2) . H e n c e
,
C O X - 2 w a s

c o n fi r m ed t o pl a y m o r e i m p o rt a nt r ol e s th an C O X - 1 i n th e p r o g r e s si o n of R P N i n d o g s

gl V e n n efi r a c e t a m .

I n th e r e n al p apill a ry C O X - 2 e x p r e s si o n
, n efir a c e t a m m a rk edly d e c r e a s ed it s

e x p r e s si o n i n w e ek 4
,
b ut r et u m ed to th e b a s al c o n tr ol le v el i n w e ek s 5 t o 6 . I n w e ek 7

,

C O X - 2 m R N A e xtr e m ely I n c r e a s ed a s c o m p a r e d w ith t h e c o n t r ol . T h e r ef o r e
,
it w a s

●

c o n sid e r ed t h at n efir a c e t am e x c e e di n gly d ep r e s s e d C O X - 2 m R N A e x p r e s si o n a t th e e a rly

p h a s e
,
f ollo w e d b y .

a c o m p e n s ati n g I n c r e a s e
,

an d th e n m a rk ed u p r e g ul ati o n w a s s e e n i n

r e sp o n s e t o th e p r o g r e s si o n of r e n al i nj u rie s w ith c o n ti n u o u s tr e at m e n t . T hi s a s s u m p ti o n

w a s p a rtly s u pp o rt ed b y th e f a ct th at th e p o siti v e i m m u n o r e a c ti o n t o C O X - 2 w a s i n c r e a s ed

i n th e i nt e r stiti al c ell s ar o u n d th e affe ct ed epith eli al c ells of th e u p p e r p ap 叫a i n w e e k 7 .

It h a s b e e n r e p o rt e d th at th e e pi也eli a p r o m ot e o rg a n b o m e o st a si s b y r e st ri cti n g th e

fl o w o f io n s an d s ol ut e s b et w e e n c ells a c r o s s th e e pith eli al c ells
,

an d th e i nte r c ell ul ar

J u n C ti o n al c o m p le x e s s u c h a s th e tig ht j un cti o n
,

ad h e r e n s j un c ti o n
,

an d d e s m o s o m e s ar e

i m p o rt a 山 t o m ai nt ai n th e c elトc ell c o n t a ct (1 5 , 1 9 , 2 9) . B a cb 皿 a m et al . h a v e d e m o n st r ate d

t b at 也e e pitb eli a ( e sp e ci ally w h e n s alt s e c r e ti o n i s s ti m ul at e d) e x hibit a n el ab o r a t e

"

i n tr a c ell ul ar m e m b r an o u s l ab y ri nth
n

c r e at ed b y c ell ula r i nt e rdi git ati o n an d i nf oldi n g s of

t h e b a s ol at e r al m e m b r a n e ( 8) . G ot o et al . h a v e p r e vi o u sly sh o wn th at M - 1 8
,

a m et ab olit e o f

n e 丘r a c e t a m
, r ed u c e s tr a n s e pitb eli al ele ctri c r e si st a n c e ( T E R) in th e p ri m a r y c ult u r e d

u r o epith eli al c ells of c a ni n e u ri n a ry bl ad d e r
,

an d M - 1 0 an d M - 18 displ ay e d a d ef o rm ati o n of

u r o epith elial c ells an d a slig ht r e d u c ti o n o f th e Z O - 1 b an d
,

w hi ch is an e s s e n ti al p r o t ei n

a s s o ci ati n g w it h th e tigh tj u n cti o n ( 2 0) . Lik e w i s e
,

w e h a v e r e p o rte d th at t h e c o n c e n t r ati o n
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r ati o of M - 1 8 i n th e p apill a t o m ed ull a o r c o rt e x i s r e m a rk ably hig h e r i n d o g s th a n i n r ats

a n d m o nk e y s
,

a n d th at M - 1 8 p o s s e s s ed i nhibit o ry eff e cts o n P G sy nth e sis i n c an i n e r e n al

p apill a ry sli c e s ( C h apt e r 1) ･ B y t aki n g i nt o a c c o u n t af o r e m e n ti o n ed fin di n g s
, w e p r o p o s e

th e f oll o w l n g m e ch a ni s m u nd e rlyi n g R P N e v o k ed b y n e fl r a C et a m : th e r ed u cti o n s of

i nt r a c ell ul a r i nt e rdigit ati o n a nd i nfbldin g s a土b oth l at e r al a nd b a s al m e m b r a n e s i n e pith eli al

c ell s of th e p apill ary d u ct s m ay i niti all y l n a Cti v at e th e p a r a c ell ul a r tr an sp o rt ･ T his i s

f oll o w e d b y d e c r e a s e d c ell ul a r i nte g rity ,
a n d th e n M -1 8 p e n e tr ati o n an d r et e nti o n i nt o th e

r e n al p apill a o c c u r ･ M -1 8 i n hibits r e n al p a pill a ry P G sy n th e sis , an d c e r t ai n a ni m als fi n ally

i n c u r is c h e m i c I nj u ry d u e t o d e c r e a s ed P G s y nth e si s .

●

I n c o n cl u si o n
,
th e e a rli e st e v e n t i n R P N e v ok e d b y n eflr a C et a m i s q uit e di 飽 re nt 丘o m

t h at b y ib up r ofe n ･ T h e e pith eli al c ells i n th e p apill a ry d u ct s ar e th e p r i m a ry t a r g et Sit e fo r

t h e o n s e t of R P N e v o k ed b y th e n efir a c et a m .
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C o n cl u s L
'

o n

T h e re s ult s ob t ai n ed i n th e p r e s e n t i n v e stig ati o n l e ad t o f oll o wi n g c o n cl u si o n s ( s e e a

s c h e m e d e s c ri b e d b el o w) ･ I n n e 丘ra c et am -i n d u c e d R P N
,

u ri n ar y o s m o ti c p r e s s u r e , v o l um e

an d L D fl w e r e u s e fu l bi o m a r k e r s i n th e e a rl y p h a s e of th e o n s e t . F r o m th e an aly s e s of th e

u r l n ar y an d r e n al c o n stit u e n ts
,

ch a Jlg e S i n r e n al p apilla r y cl u s t e ri n m R N A r e fl e ct e d th e

pr o g r e s si o n o r s e v e n t y o f R P N
,

w h e r e a s u p r e g u l ati o n o f tis s u e k al lik re in m R N A pl a y e d a

s u b s e q u e n tly c o m p e n s a t in g r ol e i n th e p r e v e n ti o n o f R P N
. As th e m e c h an i s m un d e rlyin g

th e o n s e t o f R P N , n e fi r a c et a m fi r st al t e r ed c ell ul a r i nt eg rity o f d u ct al e pit h eli a in th e r e n al

p a pill a a n d c o n s e q u e n tly M - 1 8
,
a m et a b o lit e o f n e 丘r a c et a m , p e n e tr a t ed a n d r et ai n e d i n l o 血e

r e n al p a pill a l e ad in g t o an i nt r a r e n al g r a di e nt o nly i n d o g s . Fi n al ly ,
M ll 8 i n hib it ed r e n al

p apilla ry P G s y nt h e si s r e s ult in g i n in d u cti o n o f i s c h e m i c I nj u ri e s i n in di vid u al s h a v i n g th e

l o w e st b a s al P G sy n th e si s an d e v e n t u ally R P N .

N e rl r a C et a m t r e a t m e n t

J ユ
S w elli n g l

d c g e II e r a ti o n a n d A e C r O Si s o f t h e e pit h eli a l c ells i n th e p a p ill a r y d u c t

車≡買
P e n et r ati o n o f M - 1 8 i n t o th e p a pill a l e a di n g t o a n i n t r ar e J) al g r a di e n t

T h e L o w e s t b a s a l P G i n d o g s

R eJ a ti v ely Tl ig b ” - 1 S p e n e t r a ti o n il] d o g s D t
t

● 一
一 一 ■ ■

■ 一 一 一
I ● ●

L o w M - ] 8 c o n c e n t r ati o 山 i n r a t s

fligh b a s a l P G j n m o n k e y s

I s c h e mi c d a m a g e r e s tLlt e d f r o m d e c r e a s e d r e n al P G sy n ( h e si s d tl e t O M -1 8

c J tJ S t e ri n I :

p r o g r e s 5i o J) O f n e c r o ti c c h a n g e s

Ti s s u e k a lljk r ei n T :

c o m p e n s a ti n g v a s o di】a ti v e a cti o n

U r n i n a ry bi o m a r k e r s :

::T
o

L

t

L
e

E
r

T
e S S u r e J , v ol u m e †

,

O n s et of r e n al p a pill a r y n e c r o si s o n ly i n c e rt ai n d o g s

P o s sibl e m e c h a n i s m u n d e rlyi n g t h e o n s e t of c a ni n e R P N i n d tL C e d b y n efi r a c et a m
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R ef e r e n a e s

1 ･ A b e E
,
M u r ai S

,
S ait o H , M a s u d a Y

,
T ak a s u Y

,
S hi ot an i T

,
T a chi z a w a H

,
It oh T ( 19 94)

Eff e ct s of n efir a c e t am o n d e fi cits i n a c ti v e a v oid an c e r e s p o n s e a nd hip p o c a m p al

c h oli n e rg l C an d m o n o a m i n e rgic d y sf u n cti o n s i n d u c ed b y A F 6 4 A in m i c e . J N e u r al

Tr a n s m 9 5 :1 7 9 - 1 93 .

2 ･ Aih a r a H , Li X
,
F uji w a r a S

,
M ats u m u r a T

,
O k um u r a S , T o z aki H

,
K a n n o T

,
O ht a K

,

N a g ai K , N ishi z aki T ( 2 0 0 1) T h e p r ot e c ti v e a c ti o n of n efir a c et a m a g ai n st

el e ctr o ph y si ol o gl C al an d m et ab olic d am ag e i n th e hip p o c am p u s a 鮎 r d ep ri v ati o n of

gl u c o s e an d o x y g e n . B r ai n R e s 9 2 2 :1 5 8 -1 6 2
.

3 ･ A ld e n C L
,
F ri th C H ( 1 9 9 1) U ri n ar y s y st e m ･ I n : H a s c h ek , W M , R o u s s e a u x

,
C G ( ed s .)

H a n db o o k of To xi c ol o gic P ath olog y ･ A c ad e m ic P r e s s
, N e w Y o rk , p p 3 4 7 -3 48 .

4 ･ A ulit zk y W K
,
S chl e g el P N

,
W u D

,
C h e n g C Y

, C h e n C L C , Li P S
,
G old st ei n M

,

R eid e nb e rg M
,
B a r di n C W ( 19 9 2) M ea s u r e m e n t of u ri n a ry cl u st eri n a s an i n d e x of

n ep h r ot o xi city . P r o c S o c E x p Bi oI M ed 1 9 9 : 9 3 ･ 9 6
.

5 ･ B a ch P H
,
H ar d y T L (1 9 8 5) R el e v a n c e of an i m al m od els t o an alg e si c

-

a s s o ci at ed r e n al

p apill a ry n e c r o si s i n h um an s . K id n ey l n t 2 8 :6 05 - 6 1 3 .

6 ･ B a c h P H
,
T h an h N T K ( 19 9 8) R e n al p apill a ry n e c r o si s

- 4 0 y e a r s o n . T o xi c oI P a th o1

2 6 :73 -9 1 .

7 ･ B a?h P H
,
S c h ol e y D J

,
D el a c r u z L , M o r e t M

,
N i ch oI S ( 1 99 1) R e n al an d u ri n ar y lipid

ch an g e s a s s o ci at e d w i th an a c u t ely i n d u c ed r e n al p apill a ry n e c r o sis i n r at s . F o o d

C h e m T o xi c 2 9:2 1 l - 21 9 .

8 ･ B a c lm an n S
,
E d z W ( 1 9 82) H ist ot o p o g r ap h y an d ultr a st n l Ct u r e Of thi n li m b s of l o op

of H e nl e i n th e h am st e r . C ell Tis s u e R e s 2 2 5 :1 1 1 - 1 2 7 .

9 ･ B ail ey R W
,
A r o n o w B

, H a m o n y J A K , G ri s w old M D (2 0 0 2) H e at sh o c k -i niti at ed

叩 Opt O Si s is a c c el e r a t ed a n d r e m o v al of d a m ag e d c ells is d ela y e d i n 也e t e stis or

cl u st e ri n/ A p o J kn o ck - o u t m i c e . B i oI R ep r o d 6 6:1 0 4 2 - 1 05 3 .

1 0 ･ B aili e M D (1 9 9 2) D e v el o p m e n t of th e e n d o c ri n e fu n cti o n o f th e kid n e y . Clin

P e ri n a t o1 1 9 :5 9 - 6 8 .

ll . B e n n ett W M
,

H e n ri c h W L , St off J S (1 9 9 6) T h e r e n al effe ct s of n o n st e r oid al

an ti -i n n a mm at o ry d ru g s : s u mm a ry an d r e c o m m e n d ati o n s . A m J K id n ey D is 2 8:

S 5 6 - S6 2 .

1 2 ･ C a r r et e r o O A
, S ci cli A G ( 1 9 7 6) R e n al k allik r ei n : it s l o c ali z ati o n an d p o s sible r ol e i n
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r e n al f u n c ti o n . F e d e r a ti o n P r o c 35 :1 9 4 - 1 9 8 .

13 ･ C h ap d el ain e P
, G a u thi e r E

, H o
- K i m M A

,
B is s o n n ett e L

,
T r e m bl ay R R

,
D u b i J Y

( 19 9 1) C h ar a ct e ri z ati o n an d e x p r e s si o n of th e p r o st atic ar gi ni n e e st e r a s e g e n e
,

a

c a ni n e gl a n d ul a r k allik r ei n . D N A C ell Bi o1 1 0 :4 9 -5 9 .

1 4 ･ C le m o , F A S (1 9 98) U ri n a ry e n z y m e e v al u ati o n of n e p h r ot o xi city i n th e d og . T o xic oI

P a th o1 2 6 :2 9 -3 2 .

1 5 ･ C oll ar e s - B u z at o C B
,
J ep s o n M A , Si m m o n s N L , H i r st B H ( 19 9 8) I n c r e a s ed th y r o sin e

p h o s ph o ryl ati o n c a u s e s r ed istrib uti o n of ad h e r e n s J u n C ti o n an d ti gh tj u n cti o n p r ot ei n s

an d p e rt u rb s p a r a c ell ul a r b a r ri e r f u n c ti o n i n M D C K e pith eli a ･ E u r J C ell Bi o1

76 ･

.8 5 - 92 .

1 6 ･ C o n n e r J
,
B u tty a n R

, O I s s o n C A , D
'

A g ati V
,
0

'

T o ol e K
,
S a w c z u k IS ( 1 9 9 1) S O P - 2

e x p r e s si o n a s a g e n e ti c m a rk e r of p r o g r e s si v e c ell ul a r p ath ol o g y l n e x p e ri m e n t al

h ed r o n ep h r o sis . K id n ey I nt 39 :1 09 8 - 1 10 3 .

1 7 ･ D e F o rd S M
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a ef er e e s

T his th e si s w a s j u d g ed b y th e f ou o w l n g r efe r e e s n o m i n at e d in t h e G r ad u at e S c h o ol of

M edi c al a nd P h a - a c e u tic al S cie n c e s
,
C hib a U ni v e r sit y ･

C hief r ef e r e e : P r o fe s s o r D r ･ S hi n g o Y a n o

R efe r e e : P r ofe s s o r D r . K a n C hib a

R efe r e e : P r o f e s s o r ･ D r ･ T o shihik o M u r a y am a
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