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Summary The contribution of atrial natriuretic pep- 
tide (ANP) to the development of glomerular hyper- 
filtration in diabetes was investigated by examining 
the effects of HS-142-1, a non-peptide antagonist of 
biological receptors for ANR on glomerular filtra- 
tion rate (GFR) and renal plasma flow (RPF) in rats 
with streptozotocin-induced diabetes. Three to four 
weeks after streptozotocin injection, the plasma con- 
centration of ANR urinary cyclic GMP excretion 
rate, GFR, and RPF were significantly higher in dia- 
betic rats than in control rats. The increase in GFR 
and RPF in diabetic rats was significantly reduced, in 
a dose-dependent manner, by a single intravenous in- 
jection of HS-142-1; the maximal effect was apparent 
at a dose of 10 mg per kg of body weight. Continuous 

subcutaneous administration of HS-142-1 with an os- 
motic minipump for 3 to 4 weeks, beginning 2 days 
after streptozotocin injection, prevented the increas- 
es in urinary cyclic GMP excretion rate, GFR, and 
RPF observed in untreated diabetic rats. These re- 
sults highlight the importance of ANP in the develop- 
ment of diabetic glomerular hyperfiltration and indi- 
cate that this condition can be prevented by continu- 
ous inhibition of the action of ANR [Diabetologia 
(1995) 38: 536-542] 
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Glomerular hyperfiltration is observed in early 
stages of both human [1, 2] and experimental dia- 
betes [3, 4] and has been postulated to be associat- 
ed with subsequent development of diabetic ne- 
phropathy [5, 6]. Thus, it is important to clarify 
the pathogenetic mechanism of glomerular hyperfil- 
tration. Among possible mechanisms, atrial natri- 
uretic peptide (ANP) has been suggested to media- 
te glomerular hyperfiltration in diabetes, because 
plasma ANP concentration was shown to be in- 
creased in diabetic rats with glomerular hyperfiltra- 
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tion [7, 8]. Furthermore, Ortola et al. [7] demon- 
strated that glomerular hyperfiltration in diabetic 
rats was ameliorated by infusion of specific anti- 
bodies to ANR 

Recently, Morishita et al. [9] isolated a non-pep- 
tide ANP antagonist, HS-142-1, by screening a cul- 
ture of Aureobasidium for ANP receptor ligands. 
HS-142-1 has been shown to selectively and competi- 
tively inhibit both the binding of ANP to its biologi- 
cal receptors and ANP-induced cyclic GMP accumu- 
lation [10-12]. Thus, HS-142-1 represents an impor- 
tant tool for evaluating the physiological and patho- 
physiological roles of ANE We have previously 
shown that glomerular hyperfiltration in diabetic 
rats was ameliorated by a single intravenous injec- 
tion of HS-142-1 (10mg/kg body mass) [13]. We 
have now further examined the effects of various dos- 
es of HS-142-1 on glomerular filtration rate (GFR) 
and renal plasma flow (RPF) in diabetic rats. Further- 
more, we investigated whether continuous subcuta- 
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neous  adminis t ra t ion of HS-142-1 could prevent  the 
deve lopmen t  of g lomerular  hyperf i l t ra t ion in diabet-  
ic rats. 

Materials and methods 

Study protocol Diabetes was induced in male Sprague-Dawley 
rats (body weight, 220-260 g) by a single intravenous injection, 
under ether anaesthesia, of streptozotoein (55 mg/kg body 
weight) dissolved in 0.1 mol/1 citrate buffer (pH 4.2). Control 
rats received an injection of citrate buffer alone. Rats with 
blood glucose concentrations exceeding 16.7 retool/1 2 days 
after streptozotocin injection were studied as diabetic rats. 
Blood glucose concentrations were measured three times a 
week and maintained between 16.7 and 22.2 mmol/1 by daily 
subcutaneous injection of insulin (Ultralente; Novo Industry, 
Copenhagen, Denmark). All rats were allowed free access to 
standard rat chow (24.8 % protein by weight) and water. 
Three sets of experiments were performed between 3 and 
4 weeks after streptozotocin injection. 

In study A, ten control rats and eleven diabetic rats were 
killed by decapitation and trunk blood was collected in ice- 
chilled tubes containing EDTA (1 mg/ml) and aprotinin (1000 
kallikrein inactivator units/ml). Plasma was separated and 
stored at - 20 ~ for measurement of ANR 

In study B, renal clearance studies (described below) were 
performed in 19 control rats and 27 diabetic rats. After three 
baseline clearance periods, HS-142-1 (kindly supplied by Ky- 
owa Hakko Kogyo, Tokyo, Japan) in NaC1 154 mmol/1 solu- 
tion was injected intravenously at a dose of 5 mg/kg (diabetic 
rats, n = 5), 10 mg/kg (control rats, n = 8; diabetic rats, n = 7), 
or 20 mg/kg (control rats, n = 4; diabetic rats, n = 5). Seven 
control rats and 10 diabetic rats were injected with NaC1 
154 retool/1 solution alone. Three more clearance studies were 
then performed. The means of the two sets of three clearance 
periods were taken as the baseline and experimental values, re- 
spectively. 

In study C, 2 days after streptozotocin injection, an osmotic 
minipump (model 2ML4; Alza, Palo Alto, Calif., USA) con- 
taining 1.5 g of HS-142-1 in 2 ml of NaC1 154 mmol/1 solution 
was implanted beneath the skin of the back of six diabetic 
rats; HS-142-1 was infused continuously at a rate of 100 to 
150 mg/kg per day. An osmotic minipump containing NaC1 
154 mmol/1 solution was implanted in the back of six diabetic 
rats and five control rats. Ten and 20 days after streptozotocin 
injection, blood pressure was measured by the tail-cuff meth- 
od and 24-h urine samples were collected for the determina- 
tion of volume, sodium, cyclic GMP. Renal clearance studies 
with three clearance periods were performed between 3 and 
4 weeks after streptozotocin injection. 

Assay of plasrna ANP concentration. Plasma ANP concentra- 
tion was determined by radioimmunoassay as described previ- 
ously [7, 14]. Briefly, plasma was diluted with 4 % acetic acid 
(1 : 3, vol/vol), applied to a C18 Sep Pak cartridge (Waters, Mil- 
ford, Mass., USA) that had been washed with 10 ml of metha- 
nol, 5 ml of water, and 5 ml of 3 % acetic acid. After sample ap- 
plication, the cartridge was washed with 5 ml of 3 % acetic acid 
and elution was performed with 86 % ethanol in 4 % acetic 
acid. The solvent was evaporated and the dried eluate was re- 
constituted with ANP assay buffer. Concentrations of ANP 
were then measured with an ANP radioimmunoassay kit 
(Amersham International, Amersham, UK). The recovery of 
ANP, as determined by the addition of labelled ANP to plas- 
ma, was 86.4 + 2.1% (mean • SD, n = 3). The lowest ANP con- 
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centration that could be measured within the 95 % confidence 
interval was i fmol/tube. 

Renal clearance studies. Renal clearance studies were per- 
formed as previously described [7, 13]. Rats were anaesthe- 
tized by an intraperitoneal injection of thiopental sodium 
(50 mg/kg) and placed on a temperature-regulated table. A ca- 
theter was inserted in the left carotid artery for blood sampling 
and continuous arterial blood pressure monitoring with a pres- 
sure transducer. A catheter was also inserted in the left jugular 
vein for infusion of inulin and para-aminohippurate (PAH) so- 
lution. The urinary bladder was catheterized for urine sam- 
pling and urine was collected into tubes of known weight. Inu- 
lin (1%) and PAH (2.5 %) in NaC1 154 retool/1 solution were 
infused at a rate of 3.6 ml/h for 20 rain as a priming load and 
then infused continuously with a syringe pump at a rate of 
1.2 ml/h. After a 60-min equilibration period, a 30-min clear- 
ance study was performed. Blood samples (0.25 ml) were col- 
lected at the midpoint of each clearance period for measure- 
ment of plasma inulin and PAH concentration, and the blood 
loss was immediately replaced by the same volume of NaC1 
154 retool/1 solution. Inulin and PAH in plasma and urine 
were measured with a cysteine-tryptophan reaction [15] and a 
slightly modified version of the method of Brun [16], respec- 
tively. Urine samples were treated with concentrated HC1 for 
10 min at 70~ to hydrolyse glycated PAH [16]. Concentra- 
tions of cyclic GMP in urine were determined with a cyclic 
GMP RIA kit (Yamasa, Chiba, Japan). GFR was obtained 
from inulin clearance and RPF from PAH clearance. 

Statistical analysis 

Results are expressed as means + SD. Comparisons between 
two groups were performed by the unpaired t-test. Compari- 
sons among three or more groups were performed by one- 
way analysis of variance (ANOVA) followed by Scheffe's test 
to evaluate statistical significance between any two groups. 
Statistical significance was defined as a p value of less than 
0.05. 

Results 

Study A. A t  the t ime of de te rmina t ion  of  p lasma A N P  
concentra t ion,  the b lood  glucose concen t ra t ion  in 
diabetic rats was significantly higher  than  that  in con- 
trol rats (Table 1). The body  mass of  diabetic rats was 
significantly smaller than  that  of  control  rats, whereas  
the kidneys were significantly heavier.  The a m o u n t  of  
insulin given to diabetic rats was 2.13 + 0.40 IU/day.  
P lasma A N P  concen t ra t ion  was significantly higher  
in diabetic rats than  in control  rats. 

Study B. The b lood  glucose concen t ra t ion  in diabetic 
rats (21.5 +_ 1.8 mmol/1) was significantly (p < 0.01) 
higher  than  that  in control  rats (5.3 _+ 0.5 mmol/1). 
Diabet ic  rats ( 2 9 6 . 1 + 1 3 . 3 g )  were  significantly 
(p < 0.01) smaller  than  control  rats (340.4 + 18.5 g), 
whereas  the kidneys were  significantly (p < 0.01) 
heavier  in diabetic rats (2.84 + 0.29 g) than in control  
rats (2.37 + 0.31 g). The amoun t  of  insulin given to 
diabetic rats was 2.25 _+ 0.55 IU/day.  G F R  in the base- 



538 K. Sakamoto et al.: Prevention of diabetic glomerular hyperfiltration 

Table 1. Blood glucose concentration, body mass, kidney mass, and plasma ANP concentration 3 weeks after induction of diabetes 

Animals n Blood glucose (mmol/1) Body mass (g) Kidney mass (g) Plasma ANP (pg/ml) 

Control 10 6.2 • 0.4 355.4 + 8.9 2.48 • 0.08 80.2 • 20.6 
Diabetic 11 19.0 + 1.7 ~ 297.1 • 14.1 a 2.99 • 0.23 a 161.2 + 33.7 ~ 

Values are means + SD. 
~p < 0.01 vs control 

Table 2. Effect of intravenous injection of HS-142-1 on urinary cyclic GMP excretion rate in moderately hyperglycaemic rats 3- 
4 weeks after induction of diabetes 

HS-142-1 (mg/kg) Urinary cyclic GMP excretion rate (pmol/min) 

Control Diabetic 

Baseline Experimental Baseline Experimental 

0 30.2• 29.5• 45.9• 45.4• 
5 43.5• 7.7 32.6• 

10 30.6• 19.3• a 49.l• 30.3• ~ 
20 24.6• 11.1• ~ 39.7• 8.5 24.4• a 

Values are means + SD. 
p < 0.01 vs baseline of the same group 

Table 3. Effect of continuous infusion of HS-142-1 on blood glucose concentration, body mass, and systolic blood pressure of dia- 
betic rats 

Animals n Blood glucose (mmol/1) Body mass (g) Blood pressure (mmHg) 

Day 10 
Control 5 5.7 + 0.8 286.8 + 8.8 112.4 + 8.6 
Diabetic 6 21.5 + 3.6 a 233.0_+ 13.4 a 115.1 _+ 9.9 
Diabetic + HS-142-1 6 21.2 + 3.3 a 232.8 + 13.9 ~ 122.0 + 4.3 

Day 20 
Control 5 5.7 + 0.8 341.8 + 18.2 116.8 + 4.8 
Diabetic 6 21.8 + 1.3 ~ 292.1 • 15.9" 120.0 _+ 11.3 
Diabetic + HS-142-1 6 20.5 + 2.2 a 296.7 + 16.7 ~ 127.0 + 3.9 

Values are means + SD: 
a p < 0.01 vs control of the same day 

line pe r iod  was significantly (p < 0.01) h igher  in dia- 
bet ic  rats (4.28 + 0.30 ml/min)  than  in cont ro l  rats 
(3.19 + 0.49 ml/min),  as was the R P F  (11.37 + 1.62 vs 
9.63 + 1.47 ml/min,  respect ively;  p < 0.01). U r in a ry  
cyclic G M P  excre t ion  ra te  in the basel ine per iod  was 
significantly ( p < 0 . 0 1 )  h igher  in diabet ic  rats 
(45.1 + 11.9 pmol /min)  than  in cont ro l  rats 
(29.2 + 5.4 pmol /min) .  In jec t ion  of  HS-142-1 resul ted  
in a dec rease  in G F R  in diabet ic  rats (Fig. 1B)  bu t  
had  no  effect  of  on  G F R  in cont ro l  rats (Fig. 1A) .  
The  effect  of  HS-142-1 was dose -dependen t ;  the max-  
imal effect ,  r educ t ion  of  G F R  to cont ro l  values, was 
appa ren t  at a dose  of  10 mg/kg (Fig. 1 C). HS-142-1 
similarly suppressed  the increased  R P F  in diabet ic  
rats in a d o s e - d e p e n d e n t  fashion (Fig.2, B and C), 
wi thout  affect ing R P F  in cont ro l  rats (Fig. 2 A).  Urin-  
ary cyclic G M P  excre t ion  ra te  in bo th  cont ro l  and 
d iabet ic  rats dec reased  in a d o s e - d e p e n d e n t  m a n n e r  
af ter  in jec t ion of  HS-142-1 (Table 2). M e a n  arter ial  
pressure  in the  basel ine pe r iod  did not  differ  be- 
tween  diabet ic  and contro l  rats (122 .1+11 .9  vs 
125.4 + 4.9 m m H g ,  respect ively) ,  and it r ema in ed  un- 

changed  in diabet ic  rats af ter  inject ion of  HS-142-1 
(127.9 + 7.0, 124.0 + 9.5, and 123.2 + 19,2 m m H g  
af te r  in ject ion of  vehicle  or HS-142-1 at 10 or  20 mg/ 
kg, respect ively) .  

Study C. B lo o d  glucose concent ra t ions  in diabet ic  rats 
t r ea t ed  or not  t r ea t ed  with HS-142-1 were  within the 
range  of m o d e r a t e  hyperg lycaemia ,  and the body  
mass of  diabet ic  rats was significantly smaller  than  
tha t  of  cont ro l  rats (Table 3). Cont inuous  infusion of  
HS-142-1 did not  affect  body  mass. The  a m o u n t  of  in- 
sulin given was not  d i f ferent  b e tw een  HS-142-1-trea-  
ted and un t r ea t ed  diabet ic  rats (2 .30+0 .49  vs 
2.48 + 0.22 IU/day,  respect ively) .  Systolic b lood  pres- 
sure did not  differ  am o n g  contro l  rats, u n t r ea t ed  dia- 
bet ic  rats, or  diabet ic  rats t r ea t ed  with HS-142-1. Ur- 
inary  vo lume  (F ig .3A)  and sodium excre t ion  ra te  
(F ig .3B)  in 24-h ur ine samples on  day  10 and 20 
were  significantly h igher  for  diabet ic  rats than  for  
cont ro l  rats; HS-142-1 did not  affect  e i ther  pa rame-  
ter  in diabet ic  rats. U r in a ry  cyclic G M P  excre t ion  
rates in 24-h ur ine samples on  day 10 and 20 were  
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Fig.1. (A-C)Effect of intravenous injection of HS-142-1 on 
GFR. Control rats (A) and diabetic rats (B) were injected 
with vehicle (seven control rats, ten diabetic rats) or HS-142-1 
at 5 mg/kg (five diabetic rats), 10 mg/kg (eight control rats, sev- 
en diabetic rats), or 20 mg/kg (four control rats, five diabetic 
rats). GFR was measured in both baseline (R) and experimen- 
tal (k~) periods. (12) Percent changes in GFR in control rats 
( * ) and diabetic rats (n). Values are means + SD. * p < 0.05; 
�9 *p < 0.01 vs baseline; :~ p < 0.01 vs vehicle 

also significantly h igher  for  diabet ic  rats than  for  con- 
t rol  rats (Fig. 3 C); cont inuous  infusion with HS-142-1 
p r e v e n t e d  the increase  in ur inary  cyclic G M P  excre- 
t ion ra te  in diabet ic  rats. K idney  mass was significant- 
ly ( p < 0 . 0 5 )  g rea te r  in un t r ea t ed  diabet ic  rats 
(2.65 + 0.07 g) t han  in cont ro l  rats (2.37 + 0.13 g); 
HS-142-1 did no t  affect  k idney  mass (2.82 _+ 0.20 g). 
The  G F R  was significantly h igher  in un t r ea t ed  dia- 
bet ic  rats than  in cont ro l  rats, bu t  HS-142-1 prevent -  
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Fig.2. (A-C) Effect of intravenous injection of HS-142-1 on 
RPE Control rats (A) and diabetic rats (B) were injected with 
vehicle or HS-142-1 as described in the legend to Fig. 1. RPF 
was measured in both baseline ( i )  and experimental (k~) peri- 
ods. (C) Percent changes in RPF in control rats ( � 9  and dia- 
betic rats (n). Values are means _+ SD. * p < 0.05; ** p < 0.01 
vs baseline; ~ p < 0.01 vs vehicle 

ed  the increase in G F R  in diabet ic  rats (F ig .4A) .  
Similarly, HS-142-1 p r ev en t ed  an increase in R P F  in 
diabet ic  rats (Fig .4B) .  U r in a ry  cyclic G M P  excre-  
t ion ra te  during renal  c learance  in un t r ea t ed  diabet ic  
rats was significantly h igher  than  that  in cont ro l  rats 
and in diabet ic  rats t r ea t ed  with HS-142-1 (Fig. 4 C). 
A t  the end  of  renal  c learance  study, the b lood  glu- 
cose concen t ra t ion  in HS-142-1- t rea ted  or un t r ea t ed  
diabet ic  rats (21.0 + 4.8, 19.9 _+ 2.7 mmol/1, respect ive-  
ly) were  significantly (p < 0.01) h igher  than  in cont ro l  
rats (8.2 + 1.9 mmol/1). 
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Discussion 

We have conf i rmed that  the plasma A N P  concentra-  
t ion is increased in diabetic rats with g lomerular  
hyperf i l t rat ion,  and we have shown that  g lomerular  
hyperf i l t ra t ion in diabetic rats can be normal ized  by 
an in t ravenous  inject ion of an A N P  receptor  antago- 
nist and prevented  by a cont inuous  inhibi t ion of 
A N P  action. 

Our  observations of an increase in plasma A N P  
and an increase in ur inary  cyclic G M P  excret ion rate 
which is a biological marke r  for the renal  activity of  
A N P  in vivo [17, 18] in diabetic rats with mode ra t e  

hyperglycaemia  are consistent with the results of pre- 
vious studies [7, 8, 19, 20]. Plasma A N P  concent ra t ion  
in diabetic rats has been shown to be increased 
2 weeks [7], 6 weeks [19], 8 weeks [8], or  12 weeks 
after  the onset  of diabetes [12]. These data  suggest 
that  A N P  action may  be enhanced  f rom the early 
stage of diabetes and for a substantial  period, and 
they  raise the possibility that  the increase in plasma 
A N P  affects renal  haemodynamics .  However ,  Ok- 
wueze et al. [21] repor ted  that  in spontaneous  dia- 
betes-prone (BB/DP) rats, no elevation of A N P  was 
found and t r ea tment  with A N P  receptor  antagonist  
had  no impact  on glomerular  hyperfi l trat ion.  The rea- 
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son for this difference is unclear; it might relate to dif- 
ferences in the rat strain, the duration of diabetes, 
glycaemic control, insulin dose and ANP receptor an- 
tagonist. In human diabetic patients, the relationship 
between plasma ANP concentration and glomerular 
hyperfiltration is controversial. Sawicki et al. [22] re- 
ported that plasma ANP concentrations in diabetic 
patients with hyperfiltration were higher than those 
in diabetic patients with normal GFR and in normal 
subjects. Bell et al. [23] reported that plasma ANP 
concentration was elevated in diabetic patients with 
poor glycaemic control compared with diabetic pa- 
tients with moderate glycaemic control and in nor- 
mal subjects. On the other hand, Predel et al. [24] 
and Smits et al. [25] reported that baseline levels of 
ANP were not different between diabetic patients 
and control subjects, though in the former report, 
baseline levels of GFR in diabetic patients were not 
higher than in control subjects and GFR values were 
not investigated in the latter report. 

Two types of ANP receptors, biological receptors 
and clearance receptors [26], have been identified. 
HS-142-1 is an antagonist for ANP biological recep- 
tors and selectively inhibits ANP-induced cyclic 
GMP generation in vitro [11, 12]. HS-142-1 also in- 
hibits diuresis and urinary cyclic GMP excretion in- 
duced by acute volume expansion [27] or by an infu- 
sion of ANP [28] in rats in vivo. Thus, HS-142-1 repre- 
sents a tool with which to examine the role of ANP in 
glomerular hyperfiltration in diabetes. We have pre- 
viously shown that glomerular hyperfiltration in dia- 
betic rats is ameliorated by a single intravenous injec- 
tion of HS-142-1 (10 mg/kg body weight) [13]. 

In the present study, we examined the effects of 
various amounts of HS-142-1 on GFR and RPF in 
diabetic rats. The increased GFR and RPF in diabet- 
ic rats were reduced in a dose-dependent manner by 
HS-142-1, as was the urinary cyclic GMP excretion 
rate. The maximal effect of HS-142-1 was apparent 
at a dose of 10 mg/kg. These data are consistent with 
those of Ortola et al. [7] showing that glomerular 
hyperfiltration in diabetic rats was ameliorated by in- 
fusion of specific antibodies to ANP, and they indi- 
cate that the dilation of pre-glomerular arterioles by 
ANP induces renal hyperperfusion and glomerular 
hyperfiltration. GFR and RPF in control rats re- 
mained unchanged after an injection of HS-142-1, de- 
spite a decline in urinary cyclic GMP excretion. Anti- 
serum to ANP was shown to have no effect on GFR 
either in rats with congestive heart failure, a normal 
GFR, and a high ANP concentration, or in control 
rats [29]. Therefore, it is not surprising that GFR and 
RPF in control rats remained unchanged after an in- 
jection of HS-142-1. This finding may indicate that, 
in control rats, ANP does not contribute to the main- 
tenance of baseline renal haemodynamics, or that 
other hormonal or neuronal factors may compensate 
for the inhibition of ANP action. 
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To examine whether continuous inhibition of ANP 
action could prevent the development of glomerular 
hyperfiltration in diabetic rats, we continuously ad- 
ministered HS-142-1 with the use of an osmotic mini- 
pump. HS-142-1 was administered subcutaneously at 
a dose of 100-150 mg/kg per day, which was 10 to 15 
times higher than the maximally effective dose ad- 
ministered by intravenous injection. This dose was 
found to be effective because it prevented the in- 
crease in urinary cyclic GMP excretion rate apparent 
in untreated diabetic rats. The increases in both 
GFR and RPF in diabetic rats were also prevented 
by continuous administration of HS-142-1. Thus, con- 
tinuous inhibition of the action of ANP prevented re- 
nal hyperperfusion and glomerular hyperfiltration in 
diabetic rats. 

Urinary sodium excretion rate in 24~h urine sam- 
ples was significantly higher in diabetic rats than in 
control rats. This result is consistent with those of pre- 
vious studies [30, 31], in which increased urinary so- 
dium excretion in diabetic rats was thought to result 
from increased sodium intake (attributable to hyper- 
phagia), osmotic diuresis (attributable to hyperglyca- 
emia), and glomerular hyperfiltration. Although con- 
tinuous infusion of HS-142-1 prevented glomerular 
hyperfiltration, urinary sodium excretion rate was 
not affected, suggesting that other mechanisms are 
responsible for maintaining the increased urinary so- 
dium excretion in diabetic rats treated with HS-142- 
1. Further studies are needed to clarify the effect of 
ANP on sodium balance in diabetic rats. 

In conclusion, we have shown that glomerular 
hyperfiltration in diabetic rats can be normalized by 
intravenous injection of an ANP receptor antagonist 
and prevented by continuous inhibition on ANP ac- 
tion. Because glomerular hyperfiltration appears to 
be related to the development of diabetic nephropa- 
thy in both humans [5] and animals [6, 32] with dia- 
betes, HS-142-1 may prove a useful tool in determin- 
ing whether the long-term normalization of glomeru- 
lar hyperfiltration may be useful in preventing dia- 
betic nephropathy. 
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