
YM099 is an ATP-sensitive potassium (KATP) channel
opener.1,2) Several reports have shown that KATP channel
openers exhibited beneficial effect on renal hemodynamics
and function.3,4) To our knowledge, the effects of the KATP

channel openers on the progression of renal disease have not
been determined. The renal adaptive response to surgical re-
duction in nephron number in rats appears close enough to
the pathophysiological characteristics of human progressive
renal disease.5) In this modesl, an initial adaptive increase in
single-nephron glomerular filtration rate and plasma flow as-
sociated with glomerular hypertension is followed by pro-
gressive renal function deterioration with severe proteinuria
and renal histological changes.6—9) The angiotensin-convert-
ing enzyme (ACE) inhibitor, captopril, is one of the few
drugs to demonstrate renoprotection and an antiproteinuric
effect in patients with renal disease.10) Moreover, several ex-
perimental studies showed that captopril (38 to 42 mg/kg/d)
was effective in the 5/6 nephrectomy rat model of progressive
renal disease.11,12)

Proteinuria is a hallmark of glomerular injury, and evi-
dence has recently emerged that proteinuria is not simply a
result of glomerular lesions, but in turn induces tubulointer-
stitial injury leading to further renal damage.13) Recently, we
have indicated that severity of proteinuria positively corre-
lated with plasma creatinine (Pcr), renal hypertrophy, renal
histological damage, and systolic blood pressure in rats with
renal mass reduction (RMR)-induced progressive renal dis-
ease.14) Therefore, prevention of proteinuria might exert a
more potent therapeutic effect on the progression of the renal
disease than previously believed. It has been already demon-
strated that YM099 (0.1, 0.3 mg/kg p.o.) exerts a dose-depen-
dent and sustained blood pressure lowering effect in sponta-
neously hypertensive rats.15) Based on these findings, in the
present experiment, the effects of YM099 (0.3 mg/kg/d) and
captopril (50 mg/kg/d) on proteinuria were evaluated for up
to 8 weeks after RMR. In addition, the effects of YM099 and

captopril on renal function as assessed by plasma creatinine
(Pcr) and blood urea nitrogen (BUN) were determined at the
end of the experiment.

MATERIALS AND METHODS

Male Sprague–Dawley rats (8 weeks old) were obtained
from Japan SLC (Shizuoka, Japan). All animals were housed
in communal cages and maintained on a 12 h light/dark cycle
with food and water available ad libitum. All experimental
procedures involving animals conformed to the regulations
of the Animal Ethical Committee of Yamanouchi Pharma-
ceutical Co., Ltd. and “The Guide for the Care and Use of
Laboratory Animals” (U.S. Department of Health and
Human Services, 1985 NIH Publication No. 85-23).

YM099, 2-(7,8-dihydro-6,6-dimethyl-6H-oxozino(2,3-e)-
(2,1,3)benzoxadiazol-8-yl)pyridine N-oxide, was synthesized
by Yamanouchi Pharmaceutical Co., Ltd. (Tokyo, Japan).
Captopril was purchased from the Sigma Chemical Company
(MO, U.S.A.). YM099 and captopril were suspended in 0.5%
methylcellulose in water and administered in a volume of
5 ml/kg by once daily gastric gavage.

RMR was performed by the surgical excision method, as
previously described.14) All surgical procedures were carried
out under anesthesia with ether. The left kidney was exposed
through a left retroperitoneal incision and decapsulated, leav-
ing the adrenal gland intact. The upper and lower poles (two
thirds of the left kiney) were resected, and the remnant kid-
ney was allowed to recover for 1 week. Then the remaining
right kidney was removed through a right retroperitoneal in-
cision after ligation of the right renal artery, vein, and ureter.
Sham-operated rats underwent the same anesthesia and la-
parotomy without destruction of renal tissue.

Twenty seven rats with RMR and 9 sham-operated rats
were used. Two, 4, 6 and 8 weeks after surgery, rats were
housed individually in metabolic cage for 24 h. At 2 weeks
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after RMR, the animals were randomly divided into the fol-
lowing three groups: no treatment (n�9); YM099 at a dose
of 0.3 mg/kg by daily oral administration (n�9); or captopril
at a dose of 50 mg/kg by daily oral administration (n�9).
Sham-operated rats were used as normal animals (n�9).

For urine parameters measurements, each rat was sepa-
rately housed in a metabolic cage (Natsume Manufacturing,
Tokyo, Japan). Protein concentration in urine samples was
determined by the sulphosalicyclic method.16) At the end of
the experiment, animals were anesthetized with ether, and
blood was taken from the abdominal aorta for measurement
of plasma creatinine (Pcr) and blood urea nitrogen (BUN).
The plasma was separated by centrifugation. Pcr and BUN
were measured with an automatic analyzer (Model 7250, HI-
TACHI, Japan).

Data are expressed as mean�S.E.M. of nine experiments.
Data were analyzed by one-way analysis of variance followed
by Tukey’s multiple comparison test. p�0.05 was considered
statistically significant.

RESULTS

There were no differences in increases in body weight
among the three experimental groups for 8 weeks following
RMR (Fig. 1). Changes in urinary protein excretion during
the experiment period are shown in Fig. 1. At 2 weeks after
RMR, there were no differences in urinary protein excretion
among the three experimental groups. Following RMR, rats
with no treatment manifested progressively increasing pro-
teinuria. Urinary protein excretion increased from 28.6�
3.9 mg/d (2 weeks) to 190.6�26.3 mg/d (8 weeks). Treat-
ment with YM099 for 6 weeks did not lead to blunting of the
increases in proteinuria. On the other hand, treatment with
captopril for 6 weeks blunted the proteinuria throughout the
experiment. Urinary protein excretion in RMR rats with cap-
topril was significantly less than that in RMR rat with no
treatment and YM099 at all time points except for 6 weeks.
Urinary protein excretion in RMR rats was significantly
higher than that in sham-operated rats during the entire ex-
periments.

Renal function as assessed by Pcr and BUN at the end of
the experiment (8 weeks) is shown in Fig. 2. Pcr and BUN in
RMR rats with no treatment significantly elevated as com-
pared with those in sham-operated rats. Pcr and BUN in
RMR rats with YM099 were not statistically different from
that observed in RMR rats with no treatment. Captopril
tended to inhibit the increases in Pcr and BUN; however, this
effect was not statistically significant.

DISCUSSION

This is the first study to assess the effect of long-term acti-
vation of KATP channel opening on proteinuria and renal
function in rats with progressive renal disease. In the present
study we have demonstrated that the KATP channel opener
YM099 exhibited no renoprotection with antiproteinuric ef-
fect. On the other hand, the ACE inhibitor captopril attenu-
ated proteinuria and the elevation of Pcr and BUN. These
data would be almost consistent with previous reports that
AEC inhibitors showed renoprotection with antiproteinuric
effect in rats with progressive renal disease.11,14) In this study,

the captopril effect on renal function was not statistically sig-
nificant probably for three reasons that 1) relatively small
number of cases (there is no statistical power), 2) the rela-
tively short follow up (8 weeks), 3) the initial apparent nega-
tive effect of ACEIs on renal function, with a longer time
being necessary to demonstrate a beneficial effect of the drug
on the rate of progression. Recent studies have demonstrated
that proteinuria per se plays an important role in renal failure
progression.17—19) Reduction of proteinuria as a means of
slowing loss of renal function is becoming recognized as im-
portant in patients with chronic renal disease.20) The present
study revealed that YM099 did not attenuate proteinuria and
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Fig. 1. Time Course of Urinary Protein Excretion (Upper Panel) and Body
Weight (Lower Panel) in Renal Mass Reduction Rats with No Treatment
(RMR), YM099 Treatment (YM) and Captopril Treatment (ACEI), or
Sham-Operated Rats (Sham)

Values are mean�S.E.M. of 9 animals per group. ∗ p�0.01 vs. Sham; # p�0.05 vs.
RMR; $ p�0.05 vs. YM.

Fig. 2. Plasma Creatinine (Pcr; Upper Panel) and Blood Urea Nitrogen
(BUN; Lower Panel) in Renal Mass Reduction Rats with No Treatment
(RMR), YM099 Treatment (YM) and Captopril Treatment (ACEI), or
Sham-Operated Rats at 8 Weeks after Surgery

Values are mean�S.E.M. of 9 animals per group. ∗ p�0.05, ∗∗ p�0.01 vs. Sham.



the increases in Pcr and BUN. These results are consistent
with a recent report that the severity of proteinuria positively
correlated with impaired renal function as assessed by Pcr in
rats with RMR-induced progressive renal disease.14)

Surgical renal mass reduction rats, which is the commonly
used experimental animal model of chronic renal failure ap-
pear close enough to the pathophysiological characteristics of
human progressive renal disease.6,8,9) We used this model to
directly compare the potential renoprotective effects of two
classes of agents: KATP channel openers and ACE inhibitors.
We administered the two classes of agents by gastric gavage
once daily, assuring accurate drug delivery when compared
with providing the drugs in food or drinking water. The ef-
fects of KATP channel opening on proteinuria were markedly
different from those observed with ACE inhibition. At 4, 6
and 8 weeks after RMR, rat receiving YM099 had a urinary
protein excretion equivalent to that observed in untreated
rats. This disparate effect on proteinuria of ACE inhibitor
and KATP channel opener may be explained by following rea-
sons. The renal hemodynamic profiles of these agents are
distinctly different. In particular, although it is clear that
ACE inhibitors reduce glomerular hypertension,5,7,21) KATP

channel opener may not lower glomerular hypertension, be-
cause of a concomitant reduction in preglomerular resis-
tances. This consideration is supported by previous reports
that increase in renal blood flow by KATP channel openers
was accompanied by increase in glomerular filtration rate.3,15)

In addition, it has been reported that KATP channel opener
stimulated renin release,3) leading to increase in post-
glomerular resistances. It is possible that these disparate ef-
fects on glomerular hypertension underlie the different ef-
fects on urinary protein excretion; however, without direct
measurements of glomerular hemodynamics these proposed
mechanisms must remain speculative.

Recent our study indicated that the severity of proteinuria
positively correlated with the severity of renal histological
injury (renal fibrosis) and renal hypertrophy, and ACE in-
hibitor limited renal hypertrophy and histological changes,
suggesting that the antiproteinuric efficacy of specific drugs
is crucial to their long-term renoprotecitive potential.14) In
clinical studies of parallel design, the treatment group with
more effective reduction of proteinuria invariably shows
more effective renoprotection.22) Based on these finding, al-
though we did not evaluate renal morphology in this study,
KATP channel opener may provide a lack of beneficial effect
on renal fibrosis.

In conclusion, KATP channel opener had no effect on pro-
teinuria and renal function in rats with RMR-induced pro-
gressive renal disease. However, ACE inhibitor reduced pro-

teinuria and the elevation of Pcr and BUN. The current study
dose not support a primary role for activation of KATP chan-
nel opening in the retardation of progressive renal disease.
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