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Abstract 

The in vivo effect of 6-(1 H-indol-3-ylmethyl)-5-methoxy-3-(2-methylpropyl)-2(1 H)-pyrazinone,4-oxide (OPC 15161 ), a superoxide 
scavenger, was studied in rats with anti-Thyl nephritis. Rats were divided into 4 groups: G-l,  normal control; G-2, anti-Thyl nephritis; 
G-3, anti-Thyl nephritis and treated with OPC15161 (50 mg/kg /day)  starting at day 0; and G-4, anti-Thyl nephritis and treated with 
OPC15161 starting 3 days before antibody injection. At weeks 2 and 8, rats were killed for morphological study and at week 8 for renal 
clearance. Results were compared among the 4 groups. OPC15161 suppressed urinary albumin/day. Total glomerular cells, mesangial 
cells, ED-l-positive cells/glomerulus and glomerular volume all increased and the increases were suppressed by OPC15161. Tubulointer- 
stitial index, assessed by point counting, was improved by OPC15161 (P  < 0.05 G-3, 4, vs. G-2, not significant vs. G-l). Glomerular 
filtration rate decreased in all nephritic animals, but the decrease in renal blood flow was less in the treated groups. These findings 
indicate a favorable effect of OPC15161 on the glomerular and interstitial lesions of anti-Thyl nephritis. 
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1. Introduction 

The therapeutic role of  superoxide scavengers has been 
advocated in nephrotoxic nephritis (Adachi  et al., 1986). 
The mechanism of  the effect was first considered to be 
based on the scavenging of  superoxide radicals released by 
neutrophils which appear in the initial phase of  disease 
induction. However,  it has become clear in this experimen- 
tal model that monocytes,  another potent generator of  
superoxide, also accumulate in glomeruli  immediately after 
neutrophils begin to decrease in number. Also in another 
model of neutrophil-independent experimental  glomerulo- 
nephritis, superoxide scavengers have been shown to ame- 
liorate the lesions (Diamond et al., 1986). Moreover,  iso- 
lated normal glomeruli  have been also shown to generate 
superoxide radicals when stimulated by agents relevant to 
inflammation (Shah, 1989). These findings suggest that, in 
ant i -Thyl  nephritis, although neutrophils are not involved, 
superoxide radicals are released in glomeruli  during the 
inflammatory process, and thus superoxide scavengers 
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would have a role to ameliorate the renal damage. In fact, 
in ant i -Thyl  nephritis, immediately after mesangiolysis,  
there is an influx of activated monocytes and marked 
proliferation of mesangial cells and then proliferation of 
mesangial cells. It is therefore quite likely that these cells 
generate superoxide radicals in response to inflammatory 
stimuli in glomeruli  of  rats with ant i-Thyl  nephritis. Based 
on the above working hypothesis, we administered 6-(1 H- 
indol-3-ylmethyl)-5-methoxy-3-(2-methylpropyl)-2(1 H) -  
pyrazinone,4-oxide (OPC 1516 l)  to anti-Thy 1 nephritis rats 
to evaluate the in vivo effect. OPC15161 is a newly 
developed superoxide scavenger, whose action has been 
confirmed by in vitro experiments (Nakano et al., 1991). 

2. Methods and materials 

2.1. Experimental design 

Wistar  male rats weighing 200 g were used and were 
kept in metabolic cages with free access to water and 
standard chow. Anti- ra t -Thyl  rabbit -/-globulin was pre- 
pared by a method described previously (Okuda et al., 
1990). 68 mg of the -/-globulin dissolved in 1 ml of  
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phosphate-buffered solution was injected through the tail 
vein twice with an interval of  1 week. The same amount of 
normal rabbit y-globulin was injected into control rats. 
OPC15161 was a gilt from Otsuka Pharmaceutical 
(Tokusima, Japan). A 20% suspension of OPC 15161 was 
prepared using 0.5% carboxymethyl cellulose dissolved in 
distilled water. OPC15161 was administered orally to the 
experimental groups at a dose of 50 m g / k g  per day. The 
animals were divided into 4 groups. In group 1 (control), 
normal rabbit y-globulin was injected. In group 2, anti- 
Thyl nephritis was elicited but no treatment was given. In 
group 3, dosing of  OPC15161 was started at the day of 
first antibody injection and in group 4 three days before. 
Animals were killed at weeks 2 and 8 after the first 
injection of  the antibody. 

2.2. Measurement of urinary albumin 

Urinary albumin was measured by an immunodiffusion 
method in 24-h urine samples. Urine was collected at days 
3, 7. 14 and thereafter biweekly until week 8 (day 56) after 
the first injection of antibody. 

2.3. Morphological study 

Rats were killed by anesthetizing them with 5 m g / 1 0 0  
g of pentobarbital sodium given by subcutaneous injection. 
After death, kidneys were perfused with cooled 
phosphate-buffered saline. Immediately after removal of 
the kidney, the cortex was incised and fixed in cooled 4% 
paraformaldehyde. Then, the tissue was processed for 
paraffin embedding. Sections were cut at 3 txm. Sections 
stained with periodic acid-silver methenamine or periodic 
acid Schiff were subjected to morphological studies. 

Morphometry: Glomerular volume (VG) was estimated 

by the method described by Weibel (1979), according to 
the following formula: 

/3 x : r e  VG= ~- 

where AG stands for mean glomerular cross-sectional area, 
while [3 ( -  1.38) pertains to coefficient to spheres and K 
( =  1. I) to a size distribution coefficient. 

To estimate the mesangial expansion and tubulointersti- 
tial lesion, the matrix index (MI) and the tubulointerstitial 
index (TI1) were calculated according to the following 
formulas, as described by Tapp et al. (1989), using the 
point counting method: 

MI - (points on periodic acid-silver methenamine-positive 

mesangial area) / (points on glomerular tuft) 

Tll - { points on intersti t ium)/(points on interstitium 

+ points on tubular epithelial cells) 

Cell counts per glomerulus and per mesangial area were 
estimated. 

For  e s t ima t ion  o f  the matr ix  index,  cell 
number/glomerulus,  cell number/mesangial  area and VG, 
50 glomeruli were randomly selected and examined at 
400-fold magnification. For the tubulointerstitial index, 24 
visual fields at 400-fold magnification were likewise cho- 
sen for estimation. 

Fields were chosen in a systematic and unbiased man- 
ner so as to be representative of the entire renal cortex. 

2.4. lmmunohistochemical staining 

Renal tissue obtained from each rat was snap frozen in 
liquid nitrogen and stored at 80°C until use. The avidin- 
biotin complex method was used for staining macrophages, 
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Fig. 1. 24-h urinary albumin excretion chronologically measured from the day of antibody injection. ( O )  Group I (normal control); ( O )  group 2 
(anti-Thyl nephritis without treatment): ( A )  group 3 (anti-Thyl nephrilis starting OPC15161 at day 0k ( • )  group 4 (anti-Thyl nephritis starting 
OPCI5161 3 days prior to day 0). '~ P < 0.05 vs. group I, b p < 0.05 vs. group 2. 
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Table I 

Numbers  of  cells in the g lomerulus  

125 

Weeks  after Group  1 (control)  Group  2 (ATN)  Group  3 (OPC) Group  4 (PreOPC)  

disease induction 

Total cell number  2 52.0 + 3.3 79.4 + 2.5 ~ 82.6 + 11.6 ~' 91.7 + 13.3 ~ 
8 59.4 ± 3.4 83.7 ± 7.5 a 64.8 ± 4.2 b 61.7 ± 5.2 b 

Cell number  in mesangial  area 2 15.7 ± 2.2 57.3 ± 6.9 ~ 34.8 ± 1.8 '~' b 40.5 ± 6.8 ,,.b 

8 17.8 ± 1.7 41.4 + 4.0 ~' 26.6 ± 3.0 a.h 20.7 + 2.8 ~,.b 

ED- l -pos i t ive  cell 2 1.7 ± 0.5 5.1 ± 1.5 ~' 4.7 ± 0.8 ~ 4.2 ± 0.7 ~' 
8 1.2 ± 0.4 2.7 ± 1.0 ~' 1.2 ± 0.7 b 1.4 + 0.3 b 

ATN: an t i -Thyl  nephritis without  treatment;  OPC:  O P C l 5 1 6 1 :  PreOPC: OPC15161 started 3 days  before first injection of  the ant ibody,  a p < 0.05 vs. 

g roup  I. b p < 0.05 vs. g roup 2. 

using monoclonal antibody to ED-1 (Chemicon, San Fran- 
cisco, CA, USA). The positive cells were counted and 
expressed as number of positive cells/glomerulus. 

2.5. Renal function 

The renal clearance of  inulin and para-aminohippuric 
acid was measured to estimate glomerular filtration rate, 

renal blood f low and renal plasma flow. At week 8, rats 
were anesthetized with 140 m g / 1 0 0  g carbamic acid ethyl 
ester and placed on a heated table. After tracheostomy, a 
catheter was inserted into a tail vein and another catheter 
was placed into the bladder ibr the collection of urine. A 
catheter was inserted also into left or right internal carotid 
artery for measurement of blood pressure with a pressure 
transducer (Model TP-400 T, Nihon Koden, Tokyo, Japan) 

~2  

Fig. 2. Representat ive morphologica l  f inding in ant i -Thy I nephritis.  (A) A g lomerulus  f rom a rat in group 2 killed at week 8. Diffuse and global  expansion 

o f  mesang ium with deposi t ion o f  periodic acid silver methenamine-pos i t ive  material  × 400 periodic acid silver methenamine  staining. (B) A glomerulus  

f rom a rat in g roup  2 killed at week 8. Focal and segmenta l  expansion o f  mesangium.  X 4 0 0  periodic acid silver methenamine  staining. (C) 
Tubulointerst i t ial  lesion of  a rat in g roup  2 killed at week 8. × 4 0 0  periodic acid silver melhenamine  staining, (D) ED- l -pos i t ive  cell in g lomerulus  and 

interstit ium. From a rat in g roup  2 killed at week 2. X 4 0 0  A B C  staining. 
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Table 2 
Matrix index and tubulointerstitial index evaluated at weeks 2 and 8 

Weeks after Group I (control) Group 2 (ATN) Group 3 (OPC) Group 4 (PreOPC) 
disease induction 

Matrix index 2 16.9 + 2.1 43.3 + 4.5 '' 35.7 + I.I ~ 34.3 + 7.7 ~' 
8 14.4+2.8 26.1 +2.6 :' 23.3 + 2.1 ~ 20.8_+2.5 ~,.h 

Tubulointerstitial index 2 15.3 + 0.6 23.7 _+ 2.5 ~' 18.3 _+ 4.4 h 18.2 _+ 1.3 h 
8 16.0 + 3.3 20.7 + 1.8 ~' 16.6 _+ 2.8 b 15.4 _+ 1.7 b 

ATN: anti Thyl nephritis without treatment; OPC: OPCI5161: PreOPC: OPC15161 started 3 days before first injection of the antibody. ~ P < 0.05 vs. 
group 1. b p < 0.05 vs. group 2. 

connected  to a pressure ampli f ier  (Model  AP-641G;  Nihon 

Koden,  Tokyo,  Japan). For  compensa t ion  of  surgical b lood 

loss and spec imens  drawn, isooncot ic  p lasma (10 m l / k g  

body weight)  was infused, fo l lowed  by cont inuous infusion 

of  p lasma (0.5 m l / h ) .  

All rats rece ived  a mixture  of  5% inulin and 5% of  

para-aminohippuric acid in 0.9% saline (each 0.5 ml), 

fo l lowed  by 1% of  the agents at the rate of  2 m l / h .  Al te r  

30 min of  stabilization, two urine samples  were col lec ted  
with a 15-min interval.  

2.6. Statistics 

Data are presented as means  ± S.D. Analys is  of  vari- 

ance was used for compar i son  of  the different  exper imen-  

tal groups.  In addition, the P L S D  (protected least signifi- 

cant d i f ference)  test and Sche f fe ' s  test were  appl ied when 

appropriate to compare  the results. A P value  less than 

0.05 was considered statistically significant.  

3. Results  

3.1. Urinary albumin (Fig. 1) 

Urinary a lbumin appeared to peak at day 3 in non- 

OPC 15161-treated animals.  Marked  suppression of  albu- 

minuria  in the OPC 15161-treated animals  (groups 3 and 4) 

was noted until 2 weeks.  F rom that day onward low-grade  

a lbuminuria  cont inued only in non-OPC15161- t rea ted  

groups.  

3.2. Cells in glomeruli (Table 1) 

Total  g lomeru la r  cells  and mesangial  cells were in- 

creased in all nephrit ic animals  (groups 2, 3 and 4) at week 

2. However ,  in both o f  the O P C l 5 1 6 1 - t r e a t e d  groups,  the 

number  of  mesangial  cells  was s ignif icant ly lower  in com-  
parison with that of  group 2 both at week 2 and week 8, 

whereas  the total number  of  g lomeru la r  cells  was signifi- 

cantly lower  at week  8 only. 
At week  2, rats with ant i -Thyl  nephritis showed an 

increase of  E D - l - p o s i t i v e  cells in glomerul i  of  all groups 

(Fig. 2D). At week 8, OPC15161 administrat ion induced a 

reduct ion in the number  of  E D - I -  posi t ive cells, showing 

no difference f rom the normal control (group 1), whereas  

in the nephritic rats without  t reatment  (group 2) the num- 

ber of  cells  remained  increased as compared  to the control. 

3.3. Qualitatice estimation qi" renal morphology 

At weeks  2 and 8, his tological  observat ion showed an 

increase in the number  of  g lomeru la r  cells particularly in 

the mesangial  area, together with mesangial  expansion 

accompanied  by periodic acid S c h i f f / p e r i o d i c  acid-s i lver  

methenamine-pos i t ive  material.  The mesangial  expansion 

was general ly  diffuse (Fig. 2A), but in some glomerul i  

there was focal segmental  accentuat ion (Fig. 2B). 

In some glomerul i  of  nephritic rats at week  8, adhesion 

of  the g lomerular  tuff to B o w m a n ' s  capsule was seen as an 

additional finding. There  was interstitial mononuclear  cell 

infil tration in the intersti t ium of  nephritic animals  at weeks 

2 and 8 with occasional  tubular atrophy. The cell infiltra- 

tion was rather conspicuous  around the glomerul i  and 

extended to the peri tubular region (Fig. 2C). 
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Fig. 3. Glolnerular volume measured at weeks 2 and 8. Open bars: group 
I (control): black bars: group 2 (anti-Thyl nephritis without treatment): 
hatched bars: group 3 (anti-Thyl nephritis starting OPC1516l at day 0); 
grey bars: group 4 (anti Thyl nephritis starting OPC15161 3 days prior to 
day 0). :' P < 0.05 vs. group 1: h I' < 0.05 vs. group 2. 
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Table 3 
Renal clearance studies 

GFR (ml/min) RBF (ml/min) RPF (ml/min) FF 

Group I (control) 1.78 + 0.29 13.50 + 1.43 6.70 + 0.88 0.25 + 0.33 
Group 2 (ATN) 1.32 ± 0.09 ~ 6.47 + 0.98 ~ 3.37 + 0.52 ~ 0.40 ± 0.04 a 
Group 3 (OPC) 1.25 4- 0.20 ~ 8.99 4- 2.21 ~.h 4.65 4- 1.11 ~.b 0.28 4- 0.05 
Group 4 (PreOPC) 1.29 + 0.29 ~ 9.31 4- 1.46 ,~,b 4.59 4- 0.73 ~.b 0.28 4- 0.05 

GFR: glomerular filtration rate: RBF: renal blood flow: RPF: renal plasma flow: FF%: filtration fraction (GFR/RPF); ATN: anti-Thyl nephritis: OPC: 
OPC15161: PreOPC: OPCI5161 started 3 days before first injection of the antibody. '~ P < 0.05 vs. group 1. b p < 0.05 vs. group 2. 

3.4. Matrix index and tubulointerstitial index (Table 2) 

The matrix index was higher in all nephritic animals 
(groups 2, 3 and 4) at weeks 2 and 8 as compared to the 
normal control. This increase was suppressed at week 8 
only in animals to which OPC15161 treatment was given 
prior to the injection of ant i-Thyl  (group 4). 

At week 2, the tubulointerstitial index was increased in 
nephritic rats, as compared to the normal control (group 1), 
but the increase was suppressed in the OPC15161-treated 
groups (group 3 and 4). At week 8, the tubulointerstitial 
index of the treated groups showed no difference in com- 
parison to the normal control, whereas that in the non- 
treated group still remained increased. 

3.5. Glomerular colume (Fig. 3) 

At week 2, the glomerular  volume had increased only in 
group 2 as compared to the control (group 1). At week 8, 
the increase was so suppressed in group 4 as to show no 
difference from the normal control. 

3.6. Renal.hmctions 

The glomerular  filtration rate was decreased in all 
nephritic animals (Table 3), there being no difference 
between the OPC 15161-treated and non-treated groups. 
Renal plasma flow as well as renal blood flow were 
decreased  in nephrit ic animals;  however ,  in the 
OPCl5161- t rea ted  rats (group 3 and 4), renal plasma flow 
and renal blood flow were significantly higher than those 
in the non-OPCl5161- t rea ted  rats (group 2). Thus, the 
filtration fraction was increased only in animals with no 
treatment as compared to the normal control. 

4. Discussion 

OPC15161 is a product that was isolated from the 
fungus Thielacia minor during a screening program to 
search t~r a superoxide inhibitor (Ozawa and Nakano, 
1996; Nakano et al., 1991). Its property as superoxide 
inhibitor has been confirmed by in vitro study (Nakano et 
al., 1991). Some lines of evidence have shown that the 
administration of superoxide scavenger induces ameliora- 
tion of experimental glomerulonephrit is  (Adachi  et al., 

1986; Diamond et al., 1986; Ricardo et al., 1995). There is 
only one earlier report describing the in vivo effect of 
OPC15161 in nephrotoxic nephritis (Sanaka et al., 1993). 
A significant decrease of proteinuria was observed in 
OPCl5161-t reated rats as well as in prednisolone-treated 
rats as compared to control untreated rats. However,  in the 
experimental model used, animals recover within a short 
time even without any treatment. 

Thus, we chose ant i-Thyl  nephritis as an experimental 
model in which rats develop a sustained renal lesion. This 
model also has a characteristic feature that mesangial cells 
play a central role, as they do in human glomerulonephrit is  
(Floege et al., 1991). Even in this model, a single injection 
of antibody usually induces recovery (Bagchus et al., 
1990; Floege et al., 1991). However,  repeated injections 
produce prolonged or sustained injury in the kidney (Fujita 
et al., 1992; Yamamato et al., 1994). 

In our experimental model, the matrix index, the 
glomerular  and the mesangial cell number remained in- 
creased at week 8, as did the number of  ED-l -pos i t ive  
cells in glomeruli.  Previous studies have shown that imme- 
diately after the injection of antibody, mesangiolysis oc- 
curs followed by influx of  platelets and monocytes (Floege 
et al., 1991). The sequence of events lasts for a few days 
and mesangial hypercellularity ensues, due to an increase 
in mesangial cells and to recruited monocytes, both of  
which generate superoxide radicals (Boyce et al., 1989; 
Shah, 1989). Although platelets per se do not generate 
superoxide radicals, adenine nucleotide stored in the cyto- 
plasma is likely to enhance the superoxide radical response 
of activated leukocytes (Ward et al., 1988). Moreover,  
superoxide radicals at concentrations not sufficient for a 
cytolytic effect become a potent stimulus to inflammatory 
cells (Lewis et al., 1988). 

Besides the glomerular  injury, tubulointerstitial lesions 
were also observed in our experimental model. The lesions 
were also sustained during the experiments. OPCI5161 
administration improved the tubulointerstitial lesions so 
markedly as to show no difference from the normal control 
at week 8. 

Recently, the importance of tubulointerstitial lesions in 
the outcome of  glomerulonephrit is  has been suggested. It 
has been shown that a major factor determining the out- 
come of glomerulonephrit is  is the presence and the sever- 
ity of tubulointerstitial lesions (Cameron, 1991). In fact, in 
the course of  glomerulonephritis,  many immune-competent  
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cel ls  inf i l t ra te  the in te rs t i t ium,  inc lud ing  m o n o c y t e s / m a c -  

rophages  wh ich  genera te  supe rox ide  radicals .  Moreove r ,  

interst i t ia l  cell inf i l t ra t ion  a n d / o r  f ibros is  cause  obl i tera-  

t ion of  pe r i tubu la r  cap i l la ry  ne tworks ,  r e su l t ing  in post-  

g l o m e r u l a r  va scu l a r  r e s i s t ance  w h i c h  l inks  t h r o u g h  

g l o m e r u l a r  h y p e r t e n s i o n  a n d / o r  h y p e r t r o p h y  to cause  fur- 

ther  p rogress ion  o f  renal  d a m a g e  (Ong  and  Fine,  1994). In 

addi t ion ,  ob l i t e ra t ion  of  pe r i tubu la r  capi l la ry  ne tworks  in- 

duces  i schemia ,  wh ich  m ay  also cause  tubu la r  in jury  medi -  

ated by gene ra t ion  of  superox ide  radicals  (Eddy,  1994). 

For  these  reasons ,  therefore ,  the the rapeu t ic  s ign i f i cance  of  

supe rox ide  s c a v e n g e r s  in g l o m e r u l o n e p h r i t i s  lies in the 

ame l io ra t ion  of  bo th  g l o m e r u l a r  and  tubulo in te rs t i t i a l  le- 

sions,  

In fact,  S a n a k a  et al. (1993)  have  a d m i n i s t e r e d  

OPC15161  to an ima l s  wi th  neph r o t ox i c  nephr i t i s  and, in 

addi t ion  to the suppress ive  ef fec t  on prote inur ia ,  no ted  a 

reduc t ion  of  p h o s p h a t i d y l c h o l i n e  h y d r o p e r o x i d e  concen t r a -  

t ion in the  renal  cor tex,  toge the r  wi th  inh ib i t ion  of  the  

dec rease  in SOD.  Because  tubu la r  cel ls  ra ther  than 

g lomeru l i  are the ma jo r  s t ructural  c o m p o n e n t s  of  the renal  

cortex,  the r educed  p h o s p h a t i d y l c h o l i n e  hyd rope rox ide  is 

l ikely to ref lect  the s c a v e n g i n g  of  superox ide  radica ls  

ma in ly  in the  tubu la r  cells,  Thus ,  this  may  p rov ide  theore t -  

ical suppor t  for  our  exp lana t ion  o f  the m e c h a n i s m  of  

i m p r o v e m e n t  of  tubulo in te rs t i t i a l  l es ions  in our  exper i -  

ments .  

The  i m p r o v e m e n t  of  inters t i t ia l  les ions  ob ta ined  in our  

e x p e r i m e n t s  was  a c c o m p a n i e d  by an increase  in renal  

b lood  flow, resu l t ing  in suppress ion  of  the f i l t ra t ion frac- 

t ion toge the r  wi th  inh ib i t ion  of  the inc rease  in the g lomeru -  

lar vo lume.  This  ma y  also suppor t  the a b o v e - m e n t i o n e d  

c o n c e p t  tha t  the  inters t i t ia l  les ions  are assoc ia ted  with the 

fu r ther  p rogress ion  of  g l o m e r u l a r  les ion by  h e m o d y n a m i -  

cal ly med ia t ed  m e c h a n i s m s .  In conc lus ion ,  O P C  15161 ad- 

min i s t r a t ion  induced  ame l io ra t ion  o f  bo th  g l o m e r u l a r  and  

inters t i t ia l  l es ions  e v o k e d  by repea ted  in jec t ion  of  an t i -Thy  1 

an t ibody .  No r e m a r k a b l e  d i f f e rences  were  no ted  be tween  

the g roups  wh ich  rece ived  O P C  15161 pr ior  to or i m m e d i -  

ately af ter  the in jec t ions  of  an t ibody .  

It r ema ins  unclar i f ied ,  howeve r ,  w h e t h e r  the drug is 

capab le  of  ame l io ra t i ng  a l ready e s t ab l i shed  renal  lesions.  

Th i s  ques t ion  is i m p o r t a n t  f rom the c l inical  po in t  of  v iew 

and  would  have  been  a n s w e r e d  if  we had  s tar ted the drug  

admin i s t r a t i on  s u b s e q u e n t  to d i sease  induct ion .  

References 

Adachi, T., M. Fukuta, Y. lto. K. Hirano, M. Suginra and K. Sugiura, 
1986, Effect of superoxide dismutase on glomerular nephritis, 
Biochem. Pharmacol. 35, 341. 

Bagchus, W.M., M.F. Jeunink and J.D. Elema. 1990, The mesangium in 
anti Thyl nephritis. Am. J. Pathol. 137, 215. 

Boyce. N.W.. P.G. Tipping and S. Holdsworth, 1989, Glomerular 
macrophages produce oxygen species in experimental glomerulo- 
nephritis, Kidney Int. 35, 778. 

Cameron, J.S.. 1991. Tubular and interstitial fuctors in progression of 
glomeruhmephritis. Pediatr. Nephrol. 6, 292. 

Diamond, J.R., J.V. Bonventre and M.J. Karnovsky. 1986, A role for 
oxygen free radicals in aminonucleoside nephrosis, Kidney Int. 29. 
478. 

Eddy, A.E., 1994, Experimental insights into the tubulointerstitial disease 
accompanying primary lesions. J. Am. Soc. Nephrol. 5, 1273. 

Floege, J., R.J. Johnson, K. Gordon, H. Iida. P. Pritzl. A. Yoshimura, C. 
Campbell. CE. Alpers and W.C. Couser, 1991, Increased synthesis of 
extracellular matrix in mesangial proliferative nephritis, Kidney Int. 
40, 477. 

Fujita, Y.. I. Takai, H. Kobayakawa, 1. lnoue, S. Sugiyama. J. Asai, 1. 
Nakashima and K. lsobe, 1992, Induction of irreversible glomeru- 
Iosclerosis in rat by repeated injections of a monoclonal anti thyl.l 
antibody, Nephron 60, 92. 

Lewis. M.S., R.E. Whatley, P. Gain, T.M. Relntyre, S.M. Prescott and 
G.A. Zimmerman, 1988, Hydrogen peroxide stimulates synthesis of 
platelet actiw~ting factor and induces endothelial cell dependent neu- 
trophile adhesion, J. Clin. Invest. 82, 2045. 

Nakano, Y., T. Kawaguchi. J. Sumitomo, T. Takizuwu, S. Uetsuki, M. 
Sugawara and M. Kido, 1991, Novel inhibitor of superoxide anion 
generation OPC- 1560 and OPC 15161, taxonomy, fermentation, isola- 
tion. physicochemical properties, biological characteristics and struc- 
ture determination, J. Antibiot. 44. 52. 

Okuda. S.. L.R. Languino, F. Ruoslahti and W.A. Border, 1990, Elevated 
expression of transforming growth factor-J3 and proteoglycan produc- 
tion m experimental glomerulonephritis. Possible role in expansion of 
Ihe mesangial extracellular matrix, J. Clin. Invest. 86. 453. 

Ong, A.C.M. and L.G. Fine. 1994. Loss of glomerular function and 
tubulointerstitial fibrosis. Cause or effect?. Kidney Int. 45. 345.3. 

Ozawa. T. and Y. Nakano, 1996, The radical scavenging abilities of a 
new anti-nephritic drug, OPCI5161, Biochem. Mol. Biol. Int. 38, 
231. 

Ricardo, S.D.. J.F.F. Bertram anti G.B. Ryan, 1995, Antioxidants protect 
podocyte foot process m puromycin-treated rats, J. Am. Soc. Nephrol. 
5. 1559. 

Sanaka. T., Y. Nakano, C. Higuchi, N. Sugino and H. Nihei, 1993. 
Therapeutic effect of a newly developed anti-oxidative agent 
(OPC 15161 ) on experimental immunecomplex nephritis, J. Am. Soc. 
Nephrol. 4, 631 (Abstract). 

Shah, S.V.. 1989, Role of reactive oxygen mctabolites m experimental 
glomerular disease, Kidney, Int. 35, 1093. 

Tapp, D.G., W.G. Wortham, J.F. Addison, D.N. Hammonds. J i .  Barnes 
and M.A. Vcnkatachalam, 1989, Food restriction retards body growth 
and prcvents end-stage renal pathology in remnant kidneys of rats 
regardless of protein intake. Lab. Invest. 60, 184. 

Ward. A.. T.W. Cunningham. K.K. McCullock. S.H. Phan. J. Powell and 
K.J. Johnson, 1988. Platelet enhancement of superoxide response in 
stimulated human ncutrophiles, Lab. Invest. 58, 3747. 

Weibel. E.R., 1979, Practical methods for biological morphomctry, in: 
Sterological Methods (Academic Press, London) p. 51. 

Yamamoto. T.. N.A. Noble. D.E. Miller and W.A. Border. 1994, Sus 
rained expression of TGF-[3 underlies development of progressive 
kidney fibrosis, Kidney Int. 45. 916. 


