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S ummary.Several experiments have shown that renal
tissue injury by oxidant stress can be lessened by treat-
ment with antioxidant enzymes. Although glutathione
(GSH), one of the antioxidants, is widely present in the
body, its effects on experimental renal injury have not
been fully understood. The effects of glutathione (GSH)
on puromycin aminonucleoside (PAN) nephrosis were
examined by comparing two groups of rats: those given
daily PAN injections (PAN-rats), and those treated
with GSH prior to the PAN injection (GSH+PAN-
rats). Results showed that: characteristic mor-
phological changes for PAN nephrosis were either not
present or very mild in the GSH+PAN-rats; in kidney
specimens taken on the 10th day of the experiment, a
large number of hyaline droplets and vacuolizations
were demonstrated in the PAN-rats but not in the
GSH+PAN-rats. With electron microscopy, hyaline
droplets and large vacuolizations were marked in
glomerular epithelial cells (GECs) from the PAN-rats.
In the GSH+PAN-rats, these degenerative changes
were not seen, but prominently developing intracellular
organellas and Golgi apparatus were demonstrated.
Although a marked loss of polyethyleneimine (PEI)
particles was demonstrated on glomerular basement
membranes (GBM) in both rat groups, the almost com-
plete restoration of PEI particles was demonstrated in
the GSH+PAN-rats despite the daily PAN injections
for 15 days. Urinary protein excretions increased
significantly in both groups; however, they -were
significantly lower in the GSH+PAN-rats on the 15th
day of the experiment. These results suggest that GSH
protects the kidney from PAN nephrosis by accelerat-
ing the recovery of glomerular epithelial anionic sites.
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INTRODUCTION

Oxidant stress has been suggested to contribute to
tissue injury1'. Several experiments have shown that
tissue injury can be lessened by treatment with
antioxidant enzymes such as superoxide dismutase
and catalases, or by the administration of allopurinol
which presumably blocks 02-production by xanthine
oxidase. In models of renal ischemia2'3', the protective
effect of allopurinol, as assesed by a marked diminu-
tion in the xanthine oxidase-mediated oxidation of
hypoxanthine, indirectly demonstrates the contribu-
tion of free radicals to renal tissue injury. Addition-
ally, in an acute nephrotoxic nephritis model
produced by infusion of an antiglomerular basement
membrane antibody, treatment of animals with
catalase produced as much as 75% protection against
glomerular injury4'. Thakur et a!5). have demonstrat-
ed a beneficial effect of hydroxyradical scavengers
and iron chelators in a model of renal injury.

The aminonucleoside of puromycin (PAN) has been
widely used to produce nephrosis in rats6'. Diamond
et al7'. have suggested a possible role for oxygen free
radicals in the development of aminonucleoside ne-
phrosis7' (PAN nephrosis). The; protective effects of
superoxide dismutase and allopurinol provides in-
direct evidence that oxygen free radicals, genenrated
by xanthine oxidase, are important mediators of
PAN-induced proteinuria7'.

Amongvarious antioxidant substances, tripeptide
glutathione (y-glutamylcysteinyl-glycine, GSH) is the
major free thiol in most living cells which partici-
pates in such diverse biological processes as the
detoxication of xenobiotics, removal of hydroperox-
idases, protection against effects of ionizing radia-
tion, and maintenance of the sulfhydryl status of
proteins8'.

In the degradation processes of oxidant free radi-
cals to water and oxygen, GSH is oxidized to GSSG
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( o x idi z e d f o r m of g l u t at hi o n e) a n d th e n r e d u c e d b a c k

t o G S H b y g l u t at hi o n e p e r o x id a s e . A lt h o u g h s e v e r al

r e s e a r c h e r s h a v e d e m o n s t r at e d t h a t b ot h G S H a n d

g lu t a t hi o n e p e r o x id a s e a r e a b u n d a n tly p r e s e n t i n

r e n al tis s u e
3
,
8
,
9
･
1 0

･
1 1)
,
t h e r ol e of g lu t a t hi o n e - d e p e n d e n t

a n ti o x id a n t s y st e m i n P A N n e p h r o sis h a s n o t b e e n

e s t a blis h e d . T his st u d y w a s u n d e r t a k e n t o cl a rif y

w h et h e r G S H e x e r t s a n y eff e c t s o n t h e d e v el o p m e n t

a n d c o u r s e of P A N n e p h r o sis i n r a t s .

M A T E R I A L S A N D M E T H O D S

E x p e ri m e n t al a n i m a l s

M al e W is t a r r a t s a g e d 5 w e e k s w eig hi n g 10 0 g , w e r e

u s e d i n t h e s e e x p e ri m e n t s . T h e y w e r e all o w e d f r e e

a c c e s s t o f o o d a n d w a t e r .

D r u g s a n d c h e m ic als u s ed

P u r o m y ci n a m i n o n u cl e o sid e (P A N ) a n d G S H w e r e

p u r c h a s e d f r o m S ig m a C h e m C o . ( U S A) . O t h e r c h e m i -

c al s w e r e of a n aly ti c al g r a d e a n d ob t ai n e d c o m m e r -

ci ally .

E x p e ri m e n t al s c h ed u le s (F ig . 1)

T w e n t y - th r e e r at s w e r e di vid e d i n t o th r e e e x p e ri m e n
-

t al g r o u p s w it h t h e f oll o w l n g r e s p e c ti v e t h r e e s u b -

di v isi o n s .

1)P A N -

g r o u p : N i n e r a t s r e c ei v ed d ail y s u b c u t a n e o u s

i nj e cti o n s of P A N at a d o s e o f 1 .5 m g/ 100 g B W ,
a n d

t h r e e e a c h w e r e s a c ri丘c e d a t 5
,
1 0

,
a n d 1 5 d a y s aft e r

t h e i niti a ti o n of th e d aily i nj e c ti o n s . P A N w a s u s e d a s

a 0 .5 % s ol u ti o n dis s ol v e d i n n o r m al s ali n e .

2) G S H ＋P A N -

g r o u p : N i n e r a t s i n t his g r o u p r e c ei v e d

D a y s

d aily i nj e c ti o n s of b o th G S H a n d P A N a c c o r di n g t o

t h e s c h e d ul e (Fi g .1) . C o m m e r ci ally a v ail a bl e G S Ⅲ

( Y a m a n o u chi P h a r m C o r p L t d , J a p a n) w a s u s e d a s a

s ol u ti o n of 6 7 m g/d l f o r t h e a d m i nis t r ati o n t o r a t s .

T h e i n t r a p e rit o n e al i nj e c ti o n of G S H (1 5 0 m g/1 00 g
B W ) w a s gi v e n 2-3 m i n p ri o r t o t h e s u b c u t a n e o u s

P A N i nj e c ti o n .

T h e c u m u l ati v e d o s e s of b ot h P A N a n d G S H gi v e n

t o th e r a t s w e r e 7 .5-22 .5 m g/ 10 0 g of b o d y w eig h t f o r
P A N

,
a n d 7 50 -2 , 2 50 m g/ 10 0 g of B W f o r G S H ,

r e s p e cti v el y . A lt h o u g h t h e d o s a g e s e e m ed r at h e r

hi g h e r t h a n th a t u s u all y u s e d , th e r e g l m e n S W er e

c h o s e n b a s e d o n t h e p u r p o s e of th is e x p e ri m e n t t o

e x a m i n e
,
u s l n g n e a r t O m a x i m u m d o s e s , w h et h e r

G S H e x e rt s a n y e ff e c t s o n P A N n e p h r o sis .

3)C o n t r ol g r o u p : F i v e r a t s w e r e g i v e n n o r m al s ali n e

a s c o nt r ol s .

U rin a r y p r o t ei n c o n c e n t r a ti o n s w e r e m e a s u r ed o n

th e 丘n al d a y of e a ch e x p e ri m e n t , u si n g f r e s hly v oid ed

u ri n e s a m p l e s . P r o t ei n c o n c e n t r a ti o n s w e r e d e t e r -

m i n e d b y a c o m m e r ci all y a v ail a bl e kit (P r ot ein -

A s s a y , 丁a p B i o r a d L ab C o , J a p a n) a n d c r e a ti n i n e

c o n c e n t r a ti o n s b y C r e a ti ni n e ･ T e s t W a k o ( W a k o

c h e m i c als
, J a p a n )

Ⅲsit ol o g ic al e x a m in a ti o n

T h e a ni m als w e r e a n e st h e si z e d w it h et h e r . O b s e r v a -

ti o n w it h P E I w a s c o n d u c t ed i n a c c o r d a n c e w ith th e

m e t h o d b y S ch u r e r et al .
1 2) i n t h e f oll o w i n g w a y :

E a ch r a t w a s i n t r a v e n o u sly i nj e c t e d w ith 0 .1 m l of

P E I ( M W 1
,
6 0 0) s ol u ti o n/ 1 00 g B W ,

20-3 0 m i n p ri o r

t o s a c ri丘c e . A f t e r p e rf u si o n t h r o u g h th e h e a r t w it h

20 0 m l of p h y si ol o g lC al s ali n e , th e ri g h t kid n e y w a s

r e s e c t ed f o r P E I e x a m i n a ti o n s . R e n al c o r ti c e s w e r e

c u t i n t o s m all p ie c e s a n d st ai n e d b y i m m e r si o n i n 2 %

1 0 1 1 1 2 1 3 1 4 1 5

C o n t r o l

P A N -

g r o u p

5 d a y s

l O d a y s

1 5 d a y s

↓ ↓ ↓ ↓ ↓

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

G S Ⅲ ＋ P A N- g r o u p

5 d a y s

1 0 d a y s

1 5 d a y s

Ji ↓ 迎 ↓ 也 ↓ 迎 ↓ 也 ↓

Jl ↓ 各 ↓ Jl ↓ iL ↓ 甚 ↓

鼻 ↓ iL ↓ 並 ↓ 也 ↓ Jl ↓

也 ↓ jl ↓ 也 ↓ 也 ↓ Jl ↓

甚 ↓ 曲 ↓ iL ↓ 並 ↓ 各 ↓ 屯 ↓ iL ↓ 也 ↓ 也 ↓ Ji I

↓S u b c u t a n e o u s i n j e c ti o n o f p u r o m y c i n a m i n o n u c l e o si d e ( P A N , 1 .5 m g/ 1 0 0 g o f b o d y w ei g h t)

JI I n t r a p e rit o n e al i nj e c ti o n o f g l u t a t h i o n e ( G S H , 1 5 0 m g/ 1 0 0 g o f b o d y w e i gh t) 2- 3 m i n p ri o r t o th e P A N

i nj e cti o n .

F i g . 1 S c h e d u l e o f th e e x p e ri m e n t s .



G l u t a th i o n e o n A m i n o n u cl e o sid e N e p h r o si s l l

p h o s p h o t u n g u s ti c a cid -0 .1 % g l u t a r ald eh y d e m i x t u r e

f o r a n h o u r . T h e y w er e w a s h e d t h r e e ti m e s f o r 1 0 m i n

i n t e r v al s w it h 0 ,1 M - s o di u m c a c o d y l a t e b u ff e r a n d

p o s t
一色Ⅹe d i n l % o s m iu m t et r o x id e in t h e c a c o d y ol a t e

b u ff e r a t 4 ℃ f o r 2 h . A f t e r d e h y d r a ti o n th r o u g h a n

et h a n o トp r o p y l e n e o x id e s e ri e s , t h e s p e ci m e n s w e r e

e m b ed e d i n A r aldit e M . U lt r a t hi n s e c ti o n s w e r e

p r e p a r e d , st ai n e d w it h l e a d cit r a t e , a n d e x a m i n e d

u n d e r a H it a c hi M -7 00 0 el e c t r o n m ic r o s c o p e . T h e left

kid n e y w a s f u rt h e r p e rf u s e d w it h 3 0 0 m l of 2 .5 %

gl u t a r ald eh y d e i n 0 .1 M
- s o di u m c a c o d y l a t e b u ff e r , p H

7 .4 f o r 5-1 0 m i n , a n d p e rf u s e d f o r c o n v e n ti o n al ele c -

t r o n m i c r o g r a p h s t u d y . A t l e a s t t w e n t y s e c ti o n s of

e a c h r a t w e r e o b s e r v ed b y o n e of o u r c olle a g u e s w h o

h a d r e c ei v e d n o i n f o r m ati o n o n t h e t r e a t m e n t f o r

e a c h r a t .

S t a tis tic al a n aly sis

U ri n a r y p r o t ein c o n c e n t r a ti o n s w e r e e x p r e s s e d a s th e

m e a n j = S E . T h e di ff e r e n c e s w e r e a n al y z e d b a s e d o n

t h e S t u d e n t
'

s u n p air e d トt e s t f o r s m all s a m p le s .

R E S tJ L T S

M o r p h ol o gi c al c h a n g e s

W it h li gh t m i c r o s c o p y of s e m i -t hi n s e c ti o n s , p r o m i -

n e n t d r o pl e t d e g e n e r a ti o n s a n d l a r g e v a c u ol a r

c h a n g e s w e r e ob s e r v ed i n g l o m e r u li f r o m th o s e r a t s

w hi c h h a d b e e n a d m i nist e r e d w ith d aily P A N inj e c -

ti o n s (P A N -

r a t s) ; h o w e v e r , th e s e d e g e n e r a ti v e

c h a n g e s w e r e le s s s e v e r e in t h e r a t s t r e a t e d w it h

G S H p ri o r t o th e P A N i nj e c ti o n (G S H ＋P A N - r a t s)

(F ig .2) . T h e v a c u ol a r d e g e n e r a ti v e ch a n g e s of k id n e y

s p e ci m e n s f r o m t h e P A N -

r a t s w e r e f u r th e r a d v a n c e d

o n th e 15 t h d a y o f th e e x p e ri m e n t t h a n o n th e l o t h

d a y of t h e e x p e ri m e n t . I n c o n t r a s t , t h e o b s e r v e d

d e g e n e r a tiv e c h a n g e s , th o u g h v e r y m ild , dis a p p e a r e d

in t h e G S H ＋ P A N r a t s (Fi g .2) .

B y el e c t r o n m i c r o s c o p y , h y ali n e d r o p le t d e g e n e r a
-

ti o n s w e r e ob s e r v ed i n g l o m e r u l a r e pit h eli a l c ells

f r o m t h e P A N -

r a t s t a k e n o n t h e l o th d a y (F ig .3) ;

th e s e b e c a m e s e v e r e r
,
w ith a n a d diti o n of l a r g e

v a c u oli z a ti o n s
,
i n k id n e y s p e ci m e n s o n t h e 1 5 th d a y

of t h e e x p e ri m e n t ( Fi g .3) . A lt h o u g h a s m all n u m b e r

of h y ali n e d r o pl e t s w e r e p r e s e n t , d e g e n e r a tiv e

v a c u ol a r c h a n g e s w e r e n ot o b s e r v e d i n th e G S H ＋

P A N r a t s o n t h e l o t h o r 1 5 th d a y of th e e x p e ri m e nt

(F ig .4) . F u rt h e r m o r e , i n t r a c ell ul a r o r g a n ell a s a n d

G olg i a p p a r at u s w e r e p r o m i n e n tl y d e v el o p i n g i n

th e s e c ells o n t h e 15 t h d a y , i n di c a ti n g t h at a c tiv e

m et a b oli c p r o c e s s e s w e r e u n d e r w a y ( Fi g .4) . A l m o st

all gl o m e r ul a r e p th eli al c ells sh o w e d s w elli n g w it h o r

P 1 5

Fig . 2 . L i gh t m i c r o s c o p y o f s e m i
-t h i n s e c ti o n s .

H y a li n e d r o p l e t s a n d v a c u o li z a ti o n s a r e p r e s e n t i n t h e

g l o m e r u l u s f r o m P A N- r a t s t a k e n o n t h e l o th d a y o f th e

e x p e ri m e n t ( P l o) . I n th e G S H ＋P A N - r a t s , o n l y a f e w

h y a li n e d r o pl e t s a n d sli g h t v a c u o li z a ti o n s a r e s e e n ( P G I O) .

D e g e n e r a ti v e v a c u o li z a ti o n s a r e m o r e p r o m i n e n tl y o b s e r
-

v e d i n t h e P A N -

r a t s o n t h e 1 5t h d a y ( P 1 5) . I n c o n t r a st , t h e

o b s e r v e d d e g e n e r a ti v e c h a n g e s a r e r e c o v e ri n g a n d

g l o m e r u l a r e pit h e li a l c e ll s a p p e a r n o r m a l i n t h e G S H ＋

P A N - r a t s ( P G 1 5) ( T o l u i di n B l u e , × 1 0 0) .

w it h o u t a p a r ti al f u si o n of f o ot p r o c e s s e s in t h e

P A N - r a t s . T h e y r e m ain ed n o r m al in th e G S H ＋ P A N
-

r a t s (F ig .5) , h o w e v e r .

C h a n g e s i n a n i o ni c sit e s o n g l o m e ru 1 a r b a s e m e n t

m e m b r a n e ( G B M )

S e ri al c h a n g e s i n P E I p a r ti cl e s , r e p r e s e n ti n g a ni o ni c

sit e s o n G B M
,
a r e sh o w n i n F ig .6 . A m a r k e d l o s s of

P E T p a r ti cl e s o n G B M w a s d e m o n st r a t e d i n k id n e y

s p e ci m e n s o n t h e 5 th a n d l ot h d a y of t h e e x p e ri m e n t s

i n b o t h P A N - a n d G S H ＋ P A N -

r at s . I n th e k id n e y

s p e ci m e n s t a k e n o n th e l o t h d a y , a sli g h t r e c o v e r y o f

P E I p a r ti cl e s w a s o b s e r v e d i n t h e G S H ＋ P A N - r a t s
,

b u t n o t i n th e P A N -r a t s . F u r th e r m o r e
,
i n gl o m e r uli

f r o m t h e r a t s t r e at e d w it h G S 日
,
a n al m o s t c o m pl e t e
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F i g . 3 . E l e c t r o n m i c r o s c o p y .

A l a r g e n u m b e r o f h y a li n e d r o pl e t s a r e p r e s e n t i n gl o m e r u
-

l a r e pi th eli al c ell s f r o m P A N
-

r a t s t a k e n o n th e l o t h d a y

( P l o d ) . I n a d di ti o n t o th e s e 丘n d i n g s , l a r g e v a c u o li z a ti o n s

a r e o b s e r v e d i n t h e P A N
-

r a t s t a k e n o n th e 1 5 t h d a y

( P 1 5 d ) .

( u r a n i u m a c e t a t e f o r 1 0 m i n a n d l e a d c it r a t e f o r 5 m i n ,

P l o d x 2
,
8 0 0

,
P 1 5 d x 9

,
8 0 0) .

r e s t o r ati o n of P EI p a rti cl e s w a s f o u n d i n t h e G S H ＋

P A N -

r a t s o n t h e 1 5 t h d a y .

U ri n a r y p r o t ei n c o n c e n t r a ti o n s ( T a bl e 1)

U r i n a r y p r o t ei n c o n c e n t r a ti o n s i n c r e a s e d

sig ni丘c a n tly b ot h i n P A N - a n d G S H ＋P A N -

r a t s ; h o w -

e v e r
,
t h e y w e r e si g n i丘c a n tly l o w e r i n th e G S H ＋

P A N -

r a t s o n t h e 15 t h d a y of t h e e x p e ri m e n t th a n i n

t h e P A N -

r a t s .

D I S C tTS S I O N

T h is st u d y his t o lo g l C ally d e m o n s t r at e d t h e p r o t e c ti v e

e ff e ct of G S H o n P A N n e p h r o sis . U ri n a r y p r o t ei n

e x c r e ti o n s w e r e l o w e r i n G S H -t r e a t e d r a t s t h a n i n

t h o s e w it h o u t G S H t r e a t m e n t .

A lt h o u g h th e p r e ci s e m e c h a n is m of P A N n e p h r o sis

P 十G

蛋 ′

Fi g . 4 . E l e c t r o n m i c r o s c o p y .

I n th e gl o m e r u l u s f r o m t h e G S H ＋P A N - r a t s t a k e n o n t h e

l o t h d a y (P ＋ G I O d) a n d t h e 1 5 th d a y ( P ＋G 1 5 d) , a s m all

n u m b e r o f h y ali n e d r o p l et s a r e s e e n . V a c u o l a r d e g e n e r a
-

ti o n i s n o t p r e s e n t , h o w e v e r . I n t r a c e ll u l a r o r g a n e ll a s ,

i n c l u d i n g G o lg i a p p a r a t u s , a r e m a r k e d l y d e v el o pi n g i n

g l o m e r ul a r c e ll s ( u r a n i u m a c e t a t e f o r 1 0 m i n a n d l e a d

ci t r a t e f o r 5 m i n
,
P ＋G I Od x 6

,
7 0 0

,
P ＋G 1 5 d x 7

,
3 0 0) .

T a b l e 1 U ri n a r y p r o t ei n e x c r e ti o n i n r a t s

U ri n a r y p r o t e i n

( 〃g/ m g c r e a ti n i n e)

C o n t r ol ( N - 5)

P A N g r o u p ( N - 9)

5 d a y s ( N - 3)

1 0 d a y s ( N - 3)

1 5 d a y s ( N - 3)

G S H ＋ P A N
-

g r o u p (N - 9)

5 d a y s ( N - 3)

1 0 d a y s ( N - 3)

1 5 d a y s ( N - 3)

1 7 2 .8 ±2 5 .1

3 6 7 .6 ±6 0 .3
a

1
,
2 6 8 .8 ±5 8 .4

b

1
,
7 3 8 .1 ±1 0 2 .1

b

3 4 4 .9 ±6 6 .4
a

1
,
1 5 8 .9 ±5 8 .9

b
,
e

1
,
0 0 1 .0 ±8 1 .6

b ･ d

T h e v a l u e s a r e e x p r e s s e d a s m e a n ±1S E . p v a l u e s w e r e

c a l c u l a t e d b a s e d o n S t u d e n t
'

s u n p a i r e d t
-t e st f o r s m a ll

s a m p l e s : a , p < 0 .0 1 v s . c o n t r o l; b , p < 0 .0 0 5 v s . c o n t r ol ; c ,

p < 0 .0 0 5 v s . P A N -

g r o u p (1 0 d a y s); a n d d , p < 0 .0 5 v s .

P A N -

g r o u p ( 1 5 d a y s) .
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P S d

Fi g . 5 . E l e c t r o n m i c r o s c o p y .

S 耶 elli n g a n d a p a r ti a l f u si o n o f f o o t p r o c e s s e s a r e o b s e r v e d i n g l o m e r u l a r e pi th eli al c e ll s f r o m t h e P A N
- r a t s t a k e n o n

t h e 5 t h d a y ( P 5 d) . I n c o n t r a s t , n o a b n o r m a l c h a n g e s a r e s e e n i n t h e G S H - P A N -

r a t s ( P ＋G 5 d)( u r a n i u m a c e t a t e f o r 1 0 m i n

a n d l e a d cit r a t e f o r 5 m i n
,
× 2 1

,
0 0 0) .

F i g . 6 . C h a n g e s i n gl o m e r u l a r e pi tb eli a l a n i o n i c sit e s .

A m a r k e d l o s s o f P E I p a r ti c l e s o n th e g l o m e r u l a r b a s e m e n t

m e m b r a n e a s c o m p a r e d w it h t h e c o n t r o l r a t s ( C o n t) i s o b s e r v e d

i n k i d n e y s p e ci m e n s t a k e n o n th e 5 t b ( P 5 d , P ＋G 5d) a n d th e

l ot h d a y ( P l o d , P ＋G I O d) i n b o t h P A N- a n d G S H ＋P A N - r a t s . A

slig h t r e c o v e r y o f P E I p a r ti c l e s i s s e e n i n t h e G S H ＋ P A N- r a t s

o n t h e l o t h d a y ( P ＋ G I O d) , b u t n o t i n th e P A N - r a t s ( P l o d) . A n

a l m o st c o m p l e t e r e s t o r a ti o n o f P E I p a r ti cl e s , n e a r th a t o f th e

c o n t r o l r a t s ( C o n t) , i s o b s e r v e d i n th e G S S H ＋ P A N r a t s o n t h e

1 5 th d a y ( P ＋G 1 5 d) . I n c o n t r a st , o n ly a f e w P E I p a r ti cl e s a r e

s e e n i n t h e P A N ィ a t s ( P 1 5 d ) . (l e a d c it r a t e f o r 1 m i n , × 6 0 , 0 0 0) .



1 4 T . A s A M I
,
S .
T o y A B E a n d M . U c H I Y A M A :

r e m ai n s u n cl e a r
,
th e g l o m e r ul a r e p it h eli al c ell h a s

b e e n m o r p h ol o gi c ally d e m o n st r a t ed t o b e th e p r l-

m a r y t a r g et i n r e n al i n J u r y
1 3)

. T h e i n u i u o s e n siti vit y

of gl o m e r ul a r e p ith eli al c ells t o P A N a n d th e p r o t e c
-

ti v e e ff e ct s of P A N a n t a g o n is t s s u g g e st a r ol e f o r

t h e s e c ells i n i n ui u o P A N n e p h r o t o x icit y , w h e r e

alt e r a ti o n s i n b o t h t h e m o r p h ol o g y a n d th e a ni o ni c

t o p ol o g y of g l o m e r u l a r e p ith eli al c ells p a r ti cip a t e i n

t h e d e v el o p m e n t of p r o t ein u ri a
1 4)

. A r e c e n t r e p o r t h a s

d e m o n s t r at e d t h e p r o t e cti v e e ff e c t s of s u p e r o x id e

dis m u t a s e o n P A N n e p h r o sis , a n d th a t o x y g e n f r e e

r a di c al s a r e i m p o rt a n t m edi at o r s of P A N -i n d u c ed

p r o t ei n u ri a
7)

. I n th e p r e s e n t st u d y , hi st ol o gi c al

c h a n g e s c h a r a c t e ri stic of P A N n e p h r o sis
1 3 , 1 5 , 1 6 ･ 1 7)

w e r e

ob s e r v ed i n t h e r at s g l V e n P A N . H o w e v e r
,
t h e s e w e r e

n o r m al o r l e s s s e v e r e i n th e a n i m als t r e a t ed w ith

G S H p ri o r t o t h e P A N i nj e c ti o n t h a n i n t h o s e w it h o u t

G S H t r e a t m e n t . I n a d diti o n
,
d e s p it e th e P A N i nj e c

-

ti o n s
,
a n al m o s t c o m p le t e r e s t o r a ti o n of t h e l o s t P E I

p a r ti cl e s w a s o b s e r v e d i n th e a n i m als t r e a t e d w ith

G S H .

G S H i s a t rip e p tid e w hi ch p l a y s a sig ni丘c a n t r ol e in

t h e r e d u c ti o n of di s ulfi d e s a n d i n t h e p r o t e c ti o n of

c ells f r o m th e eff e c t s of r a di ati o n
,
o x y g e n i n t e r m edi

-

a t e s
,
a n d f r e e r a di c als

8)
. A lt h o u g h b y th e f o u r th w e e k

f oll o w i n g P A N a d m i n i st r a ti o n , s p o n t a n e o u s h e alin g

of t h e m o r p h ol o g l C al a p p e a r a n c e of g l o m e r u li w a s

r e p ot e d
1 3 )

,
th e ob s e r v ed p r o t e c ti v e e ff e c t f u r th e r s u g

-

g e st s t h a t g l o m e r u l a r i nj u r y a s s o ci a t e d w ith P A N

c o uld b e l e s s e n e d b y G S H a d m i nis t r a ti o n .

S i n c e el e ct r o n m i c r o s c o p y still d e m o n st r a t ed a l o s s

of P E I p a r ti cl e s t y pi c al f o r t his m o d el
1 3 , 1 4 , 1 8)

e v e n i n

th e r at s t r e a t ed w ith G S H
,
t h e d e v el o p m e n t of P A N

n e p h r o si s , t h o u g h v e r y m ild , c o u ld n o t c o m pl e t el y b e

p r e v e n t e d b y G S H .

H o w e v e r
,
r e s t o r a ti o n of t h e P E I p a r ti cl e s w a s v e r y

r a pid a n d al m o st c o m pl e t e i n th e G S H
-t r e a t e d a n i -

m als a s c o m p a r e d w it h t h o s e gi v e n o n ly P A N .
T h e s e

his t ol o g l C al i m p r o v e m e n t s als o m a y c o r r e s p o n d w ith

t h e s l g n i丘c a n tly l o w u ri n a r y p r ot ein c o n c e n t r a ti o n s

i n t h e G S H - t r e a t e d a n i m als .

I n c o n cl u si o n
,
th e r e s ult s of t his s t u d y s u g g e s t t h a t

G S H is e ff e c ti v e i n p r o t e c tin g k id n e y s f r o m P A N

n e p h r o t o x icit y .

R E F E R E N C E S

1) M c C o r d J M : o x y g e n- d e ri v e d f r e e r a d i c a l s i n p o s ti s-
c h e m i c ti s s u e i nj u r y . N E n gl I M e d 3 1 2 :1 5 9- 1 6 3 ,
1 9 8 5 .

2) P a ll e r M S , H o i d a l J R , F e r ri s T F : O x y g e n -f r e e r a d i-
c a l s in i s c h e m i c a c u t e r e n al f ail u r e in th e r a t . I C li n

3)

4)

5)

6)

7)

8)

9)

1 0)

l l)

1 2)

1 3)

1 4)

1 5)

1 6)

1 7)

1 8)

I n v e st 7 4 :1 1 5 6- 1 1 6 4 , 1 9 8 4 .

M c C o y R N , H ill K E , A y o n M A , S t ei n J H , B u r k R F :

0 Ⅹid a n t st r e s s f o ll o w i n g r e n al i s c h e m i a : C h a n g e s i n

th e gl u t a th i o n e r e d o x r a ti o . K i d n ey I n t 3 3 :8 1 2- 8 1 7 ,
1 9 8 8 .

R e h a n A
, J o h n s o n K J , W i g gi n s R C , K u n k el R G , W a r d

P A : E v i d e n c e f o r t h e r o l e o f o x y g e n r a d i c al s i n

a c u t e n e p h r o t o x i c n e p h riti s . L a b I n v e s t 5 1 :3 9 61 4 0 3 ,

1 9 8 4 .

T h a k u r V
,
W a l k e r P D

,
S h a h S V : E vi d e n c e s u g g e s t-

i n g a r o l e f o r h y d r o x yl r a di c a l i n p u r o m y c i n
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3 4 :4 9 4- 4 9 9
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1 9 8 8 .

F r e n k S
,
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,
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p h r o si s . K i d n ey I n t 2 9 :4 7 8- 4 8 3 , 1 9 8 6 .
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m e t a b oli s m . S ci e n c e 2 2 0 :4 7 2 A 7 7
,
1 9 8 3 .
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m i n a ti o n o f n a n o g r a m a m o u n t s o f t o t a l a n d o x id -

i z e d g l u t a t hi o n e : A p pli c a ti o n s t o m a m m a li a n bl o o d

a n d o t h e r ti s s u e s . A n a ! yt B i o c h e m 2 7 :5 0 2- 5 2 2
,
1 9 6 9 .

H i s s h i n P J , H ilt R : A fl u o r m e t ri c m e th o d f o r d e t e r -

m i n a ti o n o f o x idi z e d a n d r e d u c e d g l u t a t hi o n e i n

ti s s u e s . A n a l B i o c h e m 7 4 :2 1 4- 2 2 6 , 1 9 7 6 .

A k e r b o o m T P M
,
S i e s H : A s s a y o f gl u t a h i o n e ,

gl u t a t h i o n e d i s u l丘d e , a n d g l u t a t h i o n e m i x e d

d i s u l fi d e s i n b i o l o gi c a l s a m pl e s . M eth o d s E n z y m o1

7 7 : 3 7 3- 3 8 2
,
1 9 8 1 .

S c h u r e r J W ,
K a li c h a r a n D

,
Ⅲ o e d e m a e k e r P J ,

M o l e n a a r I : T h e u s e o f p o l y e t h yl e n ei m i n e f o r d e m
-

o n st r a ti o n o f a n i o n i c sit e s i n b a s e m e n t m e m b r a n e s

a n d c o ll a g e n fi b ril s , J H i st o c h e m C y t o ch e m 2 6 :6 8 8

- 6 8 9 , 1 9 7 8 .

R y a n G B , K a r n o v s k y M J : A n u lt r a st r u c t u r a l s t u d y

o f th e m e c h a ni s m s o f p r o t ei n u ri a i n a m i n o n u-
cl e o sid e n e p h r o si s . K i d n ey I n t 8 :2 1 91 2 3 2 , 1 9 7 5 .

Fi s h m a n J A , K a r n o v s k y M J : E ff e c t s o f a m i n o n u
-

cl e o si d e o f p u r o m y c i n o n gl o m e r u l a r e pit h e li a l c e ll s

i n vi t r o . A m I P a th o1 1 1 8 :3 9 8- 4 0 7 , 1 9 8 5 .

B l a u E B
,
M i c h a el A F : R a t g l o m e r u l a r b a s e m e n t

m e m b r a n e c o m p o si ti o n a n d m e t a b o li s m i n a m i n o n u-
cl e o si d e n e p h r o si s . I L a b C li n M e d 7 7 :9 71 1 0 9 , 1 9 7 l .

B o r o w s k y B A , K e s s n e r D M , R e c a n t L : S t r u c t u r a l

a n a l o g u e s o f p u r o m y c i n i n p r o d u c ti o n o f e x p e ri m e n-
t a l n e p h r o si s i n r a t s . P r o c S o c E xp B i oI M e d 9 7 :8 5 7

- 8 6 0 , 1 9 5 8 .

F e ld m a n J D , F i sh e r E R : R e n a l l e si o n s o f a m i n o n u-
cl e o si d e n e p h r o si s a s r e v e a l e d b y el e c t r o n m i c r o s-
c o p y . L a b I n v e st 8 :3 7 1- 3 8 5 , 1 9 7 1 .

0 1 s o n J L , R e n n k e H G , V e n k a t a c h a l a m M A : A lt e r a -

ti o n s i n th e c h a r g e a n d si z e s el e c ti v it y b a r ri e r o f th e

gl o m e r ul a r 丘1t e r i n a m i n o n u cl e o sid e n e p h r o si s i n

r a t s . L a b I n v e st 4 4 :2 7 ト27 9
,
1 9 8 1 .




