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Unilateral ureteral obstruction impairs renal antioxidant
enzyme activation during sodium depletion
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ELiZzABETH A. NEWTON, MICHAEL L. McCorMICK, and ROBERT L. CHEVALIER
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Unilateral ureteral obstruction impairs renal antioxidant en-
zyme activation during sodium depletion.

Background. Obstructive nephropathy leads to progressive
renal tubular atrophy and interstitial fibrosis and is associated
with sodium wasting and sodium depletion. Renal damage re-
sulting from unilateral ureteral obstruction (UUO) may be
aggravated by reactive oxygen species (ROS), which are pro-
duced by a variety of processes. Ideally, deleterious effects of
ROS are attenuated by antioxidant enzymes, including the
superoxide dismutases, glutathione peroxidases, catalase, and
glutathione-S-transferases. The general paradigm is that tissue
damage occurs when ROS production is greater than the pro-
tective capacity of the antioxidant enzymes.

Methods. This study was designed to investigate the re-
sponse of renal antioxidant enzymes to UUO and sodium
depletion. Adult, male Sprague-Dawley rats received normal-
sodium or sodium-depleted diets and were subjected to UUO
or sham operation. Obstructed (UUO), intact opposite, or
sham-operated kidneys were harvested after 14 days, and anti-
oxidant enzyme activities were measured in kidney homoge-
nates. Thiobarbituric acid reactive substances were measured
in these homogenates at 3 and 14 days after UUO or sham
operation as an index of ROS production.

Results. Renal interstitial area, a measure of fibrosis, was
increased by UUO and was doubled in sodium-depleted ani-
mals. Sodium depletion increased manganese superoxide dis-
mutase, glutathione peroxidases, and glutathione-S-transferase
activities in sham-operated kidneys but not in UUO kidneys.
Relative to intact opposite kidneys, UUO kidneys had reduced
activities of catalase, manganese superoxide dismutase, and
glutathione-S-transferase in normal-sodium animals and all an-
tioxidant enzymes tested in sodium-depleted animals. Renal
thiobarbituric acid reactive substances were increased by three
days of UUO and were increased further by 14 days of sodium
depletion.

Conclusion. In summary, sodium depletion increased several
renal antioxidant enzymes, consistent with a stress response to
increased ROS production. Further, UUO not only reduced

Key words: progressive renal failure, tubular atrophy, obstructive urop-
athy, reactive oxygen species, superoxide dismutase, renal injury.
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antioxidant enzyme activities but also inhibited increases seen
with sodium depletion. We conclude that suppression of renal
antioxidant enzyme activities by UUO contributes to the pro-
gression of renal injury in obstructive nephropathy, a process
exacerbated by sodium depletion.

Chronic unilateral ureteral obstruction (UUQO) leads
to progressive renal tubular atrophy and interstitial fi-
brosis [1]. This process involves activation of the renin-
angiotensin system, expression of transforming growth
factor-g1 (TGF-B1), clusterin (a glycoprotein), and the
induction of tubular cell apoptosis [2]. As a consequence
of tubular injury, obstructive nephropathy may lead to
renal sodium wasting and sodium depletion [3].

Recent reports indicate that the release of ureteral ob-
struction (unilateral or bilateral) leads to enhanced renal
production of reactive oxygen species (ROS) [4, 5]. More-
over, treatment with the antioxidant probucol improves
renal function following the release of bilateral ureteral
obstruction [4]. ROS has been implicated as a contribut-
ing factor in a variety of tissue injuries, including lung
injury [6], liver injury [7], and neurological injuries [8],
as well as other renal disorders, such as ischemic acute
renal failure [9]. Also, ROS has been implicated as an
initiator of apoptosis [10, 11].

The general paradigm for oxidant-induced tissue in-
jury is that injury occurs when the production of ROS
is greater than the antioxidant capacity of that tissue.
This antioxidant capacity is determined in a large part
by the activities of the antioxidant enzymes, primarily
the superoxide dismutases, manganese superoxide dis-
mutase (MnSOD) and copper-zinc superoxide dismutase
(CuZnSOD), the glutathione peroxidases (GPx), and
catalase, but also includes glutathione reductase and the
glutathione-S-transferases (GTSs). These enzymes, along
with cofactors such as glutathione, oxidized forms of
nicotinamide adenine dinucleotide (NAD™) and nicotin-
amide adenine dinucleotide phosphate (NADP™"), and
the reduced forms of nicotinamide adenine dinucleotide
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(NADH) and nicotinamide adenine dinucleotide phos-
phate (NADPH), form an antioxidant enzyme system
that can interact with a variety of ROS, detoxify those
species, and prevent injury. Imbalances between the pro-
duction of ROS and the activities of antioxidant enzymes
leading to tissue injury can occur by either increased
production of ROS, decreased antioxidant enzyme activ-
ities, or both.

The purpose of these experiments was to evaluate the
renal antioxidant enzyme activities and the response of
that system to UUO and sodium depletion, a common
sequela of obstructive nephropathy. The experiments
used a well-characterized animal model of UUO in com-
bination with sodium depletion via a low-sodium diet.
The study design produced three groups of kidneys—
obstructed (UUO), intact opposite (10), and sham oper-
ated—and two dietary regimens (normal sodium and
sodium deficient), for a total of six groups. Activities of
MnSOD, CuZnSOD, catalase, GPx, and glutathione-S-
transferase (GST) were measured, and Western blot
analyses were performed to evaluate the amounts of
immunoreactive enzyme. The results show that UUO is
accompanied by a significant decrease in the activities
of these antioxidant enzymes, which is accompanied by
a corresponding loss of the amount of enzyme. We have
also found that sodium depletion generates an increase
in several antioxidant enzyme activities and enzyme
amounts in sham-operated kidneys that suggest a stress
response to increased ROS production with sodium
depletion.

METHODS
Animals and diets

Twenty male, 200 to 250 g, Sprague-Dawley rats were
pair fed a salt-deficient diet (Bioserve, Frenchtown, NJ,
USA) with 0.06% sodium content or normal chow with
0.43% sodium content for 14 days. Diets were begun
three days prior to surgery to acclimate and normalize
the animals. An additional 10 rats receiving normal chow
were studied three days after being subjected to UUO
or sham surgery as described later in this article.

Surgical procedures

Rats underwent either left UUO or sham surgery.
Under halothane and oxygen anesthesia, a 2 cm midline
incision was made, and the left ureter was exposed and,
in the UUO animals, ligated with 4-0 silk suture. The
incision was closed in two layers with 4-0 silk and staples.
The animals were recovered in a heated environment
and returned to their cages. Three or 14 days following
surgery, the animals were sacrificed, and the kidneys
were harvested for study.
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Measurement of renal interstitial volume

Kidneys from rats subjected to 14 days of UUO were
fixed in Bouin’s solution, embedded in paraffin, sectioned
and stained with Masson trichrome stain (hematoxylin,
scarlet-acid fuchsin, and aniline blue dye). Sections were
examined under X40 objective, and 10 nonoverlapping
fields were scanned for each kidney of UUO and sham-
operated animals. The digital images were superimposed
on a grid, and the number of grid points overlapping the
interstitial blue-staining collagen was recorded for each
field as previously reported [12].

Thiobarbituric acid reactive substances assay

Thiobarbituric acid reactive substances (TBARS) were
measured in whole kidney homogenates of rats 3 or 14
days following surgery. One-hundred microliter aliquots
of the homogenates were mixed with 0.75 ml 1% phos-
phoric acid and 0.25 ml 0.6% thiobarbituric acid and
heated at 90°C for one hour. Absorbance was read at
532 nm, and TBARS was calculated as nmol malondial-
dehyde equivalents normalized on a per mg protein.

Measurement of antioxidant enzyme activities

Total protein, MnSOD, CuZnSOD, catalase, glutathi-
one peroxidase, and glutathione transferase activities
were measured in whole kidney homogenates of rats sub-
jected to 14 days of UUO or sham operation. To prepare
the homogenates, the kidney was harvested at the sacrifice
of the animal, cleaned of any adhering tissue, and quickly
washed and weighed. The kidney was coarsely divided,
washed, mixed with a five volumes of 50 mm phosphate,
pH 7.8, with 1 mm diethylenediamine pentaacetic acid,
and homogenized. The homogenates were stored at
—20°C until analysis. At analysis, the homogenates were
sonicated prior to using aliquots in the respective enzyme
assays. Total protein was determined by the method
of Lowry [13]. MnSOD and CuZnSOD activities were
measured by the method of Spitz and Oberley [14]. Glu-
tathione peroxidase activity was measured by the method
of Lawrence and Burk [15]. Hydrogen peroxide was used
as a substrate, so this measurement represents the Se-
dependent component of glutathione peroxidase activ-
ity. Glutathione transferase activity was measured by the
method of Simons and Vander Jagt using 1-chloro-2,4-
dinitrobenzene as the substrate [16]. Catalase activity
was measure spectrophotometrically by the method of
Beers and Sizer [17]. All enzyme activities were calcu-
lated on a per mg protein basis. In Figures 3B and 4B,
specific activities were also normalized to the respective
activity in normal-sodium animals. The purpose of this
normalization was to evaluate the magnitude of any in-
crease or decrease in activity.

Western blot analysis

Aliquots of the kidney homogenates were used for
Western blot analysis to determine amounts of immuno-
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reactive protein for the respective antioxidant enzymes.
The Western blots were performed using the method of
Towbin, Staehelin and Gordon [18]. Samples of the kidney
homogenates (0.5 wg) and commercially available stan-
dards (0.1 pg) were heat denatured in sodium dodecyl
sulfate buffer containing 3-mercaptoethanol, run in 12.5%
polyacrylamide gels, and the proteins were transferred
to nitrocellulose. The nitrocellulose was blocked for four
hours with 4% bovine serum albumin (BSA) in 10 mm
Tris-buffered saline (TBS), pH 8.0, at room temperature.
The nitrocellulose blot was incubated for four hours at
room temperature in the appropriate primary rabbit
polyclonal antibody diluted in TBS containing 2% BSA.
Rabbit polyclonal antibodies against the antioxidant en-
zymes were prepared as previously described and kindly
provided by Dr. Larry Oberley (University of Towa, IA,
USA) [19]. The nitrocellulose was rinsed and incubated
for two hours at room temperature in a 1:10 000 dilution
of goat antirabbit IgG alkaline phosphatase-conjugated
secondary antibody (Sigma, St. Louis, MO, USA). The
bands were visualized with an alkaline phosphatase-stain-
ing system containing nitroblue tetrazolium and 5-bromo-
4-chloro-3-indolyl phosphate.

Statistical analyses

Five animals were included in each study group. Statis-
tically significant differences were determined by a one-
way or two-way analysis of variance using a Tukey-
Kramer multiple comparisons test or an unpaired f-test
using a commercially available statistics program (InStat;
GraphPad, San Diego, CA, USA).

RESULTS

Sodium depletion increased unilateral ureteral
obstruction injury

Renal injury caused by UUO was measured by quanti-
tating renal interstitial collagen 14 days after obstruction.
Figure 1 shows the renal interstitial area in UUO and 1O
kidneys of normal and sodium-depleted animals. UUO
injury is reflected by an increase in interstitial area in
both the normal-sodium and sodium-depleted groups.
As shown in this figure, sodium depletion doubled inter-
stitial area in UUO kidneys relative to normal-sodium
UUO kidneys. There was, however, no effect of sodium
depletion on interstitial area in the IO kidneys. As shown
in Figure 2A, renal TBARS were increased three days
after UUO. Although renal TBARS 14 days after UUO
were lower than that of sham-operated kidneys, sodium
depletion significantly increased renal TBARS regard-
less of surgical treatment (Fig. 2 B, C).
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Fig. 1. Renal interstitial collagen in obstructed (UUO; [J) or intact
opposite (10; &) kidneys of normal sodium or sodium depleted animals.
Data are means * sem. *P < 0.05, IO vs. UUO groups; #P < 0.05,
between UUO groups.

Sodium depletion increased renal glutathione
peroxidases, manganese superoxide dismutase,
and glutathione-S-transferase activities in
sham-operated kidneys

Figure 3A shows the activities of the antioxidant en-
zymes in sham-operated kidneys of normal-sodium and
sodium-depleted animals. Statistically significant increases
were observed in the activities of GPx, MnSOD, and
GST. The magnitude of these increases, seen in Figure
3B, were 30% for GPx activity, 130% for MnSOD activity,
and 140% for GST activity. There were no differences
in catalase and CuZnSOD activities between sham-oper-
ated normal-sodium and sham-operated sodium-depleted
kidneys.

Sodium depletion had no effect on antioxidant
enzyme activities in the unilateral ureteral
obstruction kidney

The antioxidant enzyme activities in UUO kidneys
were compared between normal-sodium and sodium-
depleted animals to determine if induction of GPx,
MnSOD, and GST seen with sodium depletion in sham-
operated kidney was preserved with UUO. Asillustrated
in Figure 4, no statistically significant differences were
seen in any antioxidant enzyme activities between UUO
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Fig. 2. Renal thiobarbituric acid reactive substances (TBARS). (A)
Renal TBARS three days following sham operation or unilateral ure-
teral obstruction (UUO) in rats receiving normal sodium intake. (B)
Renal TBARS 14 days following sham operation or UUO in rats receiv-
ing a normal sodium intake. (C) Renal TBARS 14 days following sham
operation or UUO in sodium-depleted rats. Mean = sem. *P < 0.05
vs. sham; #P < 0.05 vs. intact opposite (I0) kidney. As determined by
two-way analysis of variance, there was a significant overall increase in
TBARS in sodium-depleted (C) compared with normal-sodium groups
(B; P < 0.02).

normal sodium and UUO sodium-depleted kidneys.
These results are in contrast to the increased activities
shown in Figure 3 for sham-operated kidneys from so-
dium-depleted animals.

Ureteral obstruction decreased renal antioxidant en-
zyme activities and increased ROS. The activities of the
antioxidant enzymes in UUO kidneys were compared
with 1O and sham-operated kidneys to determine the
effects of UUO on the renal antioxidant enzyme system.
In normal-sodium animals, ureteral obstruction produced
significant decreases in catalase and GPx activities
in UUO kidneys relative to sham-operated kidneys,
whereas the activities of CuZnSOD, MnSOD, and GST
remained unchanged (Fig. 5). In sodium-depleted ani-
mals (Fig. 6), ureteral obstruction decreased catalase,
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GPx, and MnSOD activities in UUO kidneys relative
to sham-operated kidneys, with CuZnSOD and GST
activities unchanged.

Antioxidant enzyme activities in UUO kidneys in both
normal-sodium and sodium-depleted animals were also
less than the IO kidneys. Relative to 10 kidneys, UUO
kidneys in normal-sodium animals have significantly
reduced activities of catalase, MnSOD, and GST. In so-
dium-depleted animals, UUO kidneys relative to 10 kid-
neys have significantly reduced activities of all antioxi-
dant enzymes tested.

Figures 5 and 6 also show that in the IO kidneys,
MnSOD and GST were significantly increased relative
to sham-operated kidneys in the normal-sodium animals
with catalase, GPx, and CuZnSOD activities unchanged.
In sham-operated, depleted rats, GST was greater in 10
than sham-operated kidneys, with no difference in the
remaining enzymes.

Amounts of immunoreactive protein correlated with
antioxidant enzyme activities

Figure 7 shows immunoblot analyses of catalase, GST,
MnSOD, and CuZnSOD in kidney homogenates. No
appropriate antibody was available for GPx. The relative
amounts of immunoreactive protein detected in these
analyses correlate to the relative activities measured in
the different treatment groups. Specifically, increases are
seen in the amounts of GST and MnSOD protein, but
not catalase or CuZnSOD protein, in sham-operated
kidneys in sodium-depleted animals relative to normal-
sodium animals by comparisons of lanes 4 versus 7 in
each blot. Also, reduced amounts of all four enzymes in
UUO kidneys relative to 10O kidneys can be seen in com-
parisons of lanes 2 versus 3 and 5 versus 6 in each blot.

DISCUSSION

The major findings in this study are that UUO reduces
renal antioxidant enzyme activity and also prevents an
induction of these enzyme activities by sodium depletion.
Sodium depletion increased renal TBARS and increased
the activities of GPx, MnSOD, and GST in sham-operated
kidneys. The increased enzymatic activities were reflected
in increased amounts of immunodetectable protein. The
magnitude of the increased antioxidant activities is com-
parable to increases found in fibroblast cell lines made
resistant to oxidant injury by treatment with hydrogen
peroxide or 80% oxygen [20-23]. For example, an oxy-
gen-resistant fibroblast cell line (designated O2R95) de-
veloped by growth of a parent fibroblast cell line (desig-
nated HA1) in 80% oxygen showed GPx, MnSOD, and
GST activities that were increased 190%, 26%, and
100%, respectively, over the HA1 cells [20, 21]. A similar
fibroblast cell line developed by sequential passage of
the HA1 cells in concentrations of hydrogen peroxide
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Fig. 3. Antioxidant enzyme activities in sham-operated kidneys of nor-
mal-sodium (E) and sodium-depleted (HJ) rats as either (A) specific
activity or (B) normalized activity with normalization to the respective
normal-sodium activity. Data are means = sp. *P < 0.05, relative to
normal sodium. The units for the specific activities are mU/mg protein
for glutathione peroxidase (GPx) and glutathione-S-transferase (GST),
U/mg protein for MnSOD and CuZnSOD, and mK/mg protein for
catalase.

up to 400 um (designated OC14 cells) had GPx, MnSOD,
and GST activities that were increased 150%, 70%, and
290%, respectively, over the HA1 cells [20, 22, 23].
Therefore, not only are the increases in renal antioxidant
enzyme activities consistent with sodium depletion being
an oxidative stress that generates an oxidative stress re-
sponse, but the magnitude of these increases are compa-
rable to those seen in cell lines exposed to either 80%
oxygen or high concentrations of hydrogen peroxide.
The nature of the enzyme activities that are increased
is also noteworthy. Of particular interest are the increase
in MnSOD activity, but not CuZnSOD, and the increase
in GPx activity, but not catalase activity. These contrasts
are significant because the two sets of enzymes catalyze
similar reactions. Although MnSOD and CuZnSOD
both catalyze the dismutation of superoxide, MnSOD is
localized primarily in the mitochondria and is considered
inducible, whereas CuZnSOD is localized primarily in
the cytosol. As a result, one could speculate that in-
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Fig. 4. Antioxidant enzyme activities in UUO kidneys of normal-
sodium (&) and sodium-depleted rats (E) as either (A) specific activity
or (B) normalized activity with normalization to the respective normal-
sodium activity. Data are means * sp. The units for the specific activities
are mU/mg protein for GPx and GST, U/mg protein for MnSOD and
CuZnSOD, and mK/mg protein for catalase.

creases in MnSOD activity, but not CuZnSOD activity,
indicate the oxidative stress presented by sodium deple-
tion is some action involving the mitochondria. Similar
logic may be applied to the distinction between GPx and
catalase because both enzymes catalyze the breakdown
of hydroperoxides. A significant difference, however, be-
tween these two enzymes is that although both enzymes
can catalyze the breakdown hydrogen peroxide, isoforms
of GPx metabolize lipid hydroperoxides, whereas cata-
lase cannot. Therefore, the increase in GPx activity, with-
out an increase in catalase activity, may indicate a role
for lipid hydroperoxides in the oxidative stress generat-
ing this response. This observation is supported by the
increase in GST activity that is also seen. GST catalyzes
conjugation of a variety of toxic species, including lipid
hydroperoxides and aldehydes formed by oxidative deg-
radation of lipid hydroperoxides, to glutathione.

Renal TBARS were also increased in the early period
following UUO and increased markedly following 14
days of sodium depletion. Catalase and GPx activities
were reduced in UUO kidneys from normal-sodium ani-
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Fig. 5. Antioxidant enzyme activities in UUO (OJ), 10 (EY), and sham-
operated () kidneys of normal-sodium rats. Data are means * sp.
*P < 0.05 relative to sham-operated kidneys; #P < 0.05 relative to IO
kidneys. The units for the specific activities are mU/mg protein for
GPx and GST, U/mg protein for MnSOD and CuZnSOD, and mK/mg
protein for catalase.

mals, whereas catalase, GPx, and MnSOD activities were
reduced in UUO kidneys from sodium-depleted animals.
The loss of these enzyme activities represents a defect
in the antioxidant enzyme system that would disrupt any
balance between increased production of ROS, evi-
denced by increased TBARS, and the subsequent metab-
olism. Western blot data show that these losses in activity
are accompanied by losses of immunoreactive enzyme.
These findings are consistent with those of Ricardo et
al [24], who reported significant reduction in catalase
and CuZnSOD in proximal tubule suspensions from rats
with four days of ipsilateral UUO. These investigators
also demonstrated a 14-fold increase in levels of hydro-
gen peroxide in hydronephrotic kidney [24], which is
consistent with our observation of increased ROS. The
increased GPx, MnSOD, and GST activities observed in
sham-operated kidneys from sodium-depleted animals
were lost with UUO kidneys. Because the increase in
antioxidant activities seen in sodium-depleted animals
appears as a response to increased ROS production with
sodium depletion, the loss of these activities would create
a situation in which increased ROS production is not
countered by appropriate increases in antioxidant en-
zyme activities. One could speculate, based on these
data, that the imbalance created with sodium depletion
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Fig. 6. Antioxidant enzyme activities in UUO (), 10 (&), and sham-
operated (I7) kidneys of sodium-depleted rats. Data are mean * sp.
*P < (.05 relative to sham-operated kidneys; #P < 0.05 relative to IO
kidneys. The units for specific activities are mU/mg protein for GPx and
GST, U/mg protein for MnSOD and CuZnSOD, and mK/mg protein for
catalase.

by increased ROS production and decreased antioxidant
enzyme activity with UUO contributes to the increased
injury with UUO in the sodium depleted animals seen
in Figure 1.

In IO kidneys relative to sham-operated kidneys,
MnSOD and GST activities were increased in normal-
sodium animals, and GST activity was increased in so-
dium-depleted animals. These findings are consistent
with the concept of “renal counterbalance,” in which the
kidney contralateral to UUO undergoes adaptive changes
[25]. These changes include compensatory growth, vaso-
dilation, and alterations in the activity of the renin-angio-
tensin system [25]. The increased metabolic demands
placed on the IO kidney presumably underlie the ob-
served increase enzyme activities.

These results have a number of important implications.
The hallmarks of chronic obstructive nephropathy are
tubular atrophy and interstitial fibrosis. Tubular atrophy
likely results from a progressive loss of renal tubular epi-
thelial cells by apoptosis [2, 26, 27]. Apoptosis, in turn,
may be stimulated by increased expression of TGF-B1,
which is up-regulated by activation of the renin-angio-
tensin system [28]. Oxidant injury is also a recognized
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Fig. 7. Western blots of total kidney protein
using polyclonal antibodies against catalase,
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stimulus to apoptosis [10, 11]. In addition, the administra-
tion of antioxidants to mice with experimental pyelone-
phritis significantly reversed the tubular lesions and
interstitial inflammation characterizing this disorder
[29]. As in obstructive nephropathy, pyelonephritis has
been shown recently to involve massive tubular cell
apoptosis [30].

The role of sodium depletion in the stimulation of
antioxidant enzymes is less clear. Volume depletion by
water deprivation in rats subjected to diatrizoate (con-
trast medium) injection reduces antioxidant enzyme ac-
tivities and renal function, an effect that can be abrogated
by catalase treatment [31]. This suggests that volume
depletion, rather that sodium depletion itself, may be a
key factor in promoting renal oxidant injury. However,
recent studies implicate oxidant injury in angiotensin-

only the band comigrating with the respective
standards is shown.

6 7

induced hypertension [32], and angiotensin-converting
enzyme inhibitors can enhance renal antioxidant defenses
[33]. Thus, the combined stimulation of the renin-angio-
tensin system by UUO and sodium depletion in this
study may account for the enhanced injury caused by
ROS. A similar mechanism has been implicated in exper-
imental cyclosporine nephropathy, in which sodium deple-
tion raises plasma renin activity, TGF-B1, matrix pro-
teins, and interstitial fibrosis [34].

In summary, these experiments have found that so-
dium depletion increased several renal antioxidant en-
zymes, consistent with a stress response to increased
ROS production. Sodium depletion also increased renal
injury due to UUO. Finally, UUO not only reduced
renal antioxidant enzyme activities but also inhibited
the increased activities seen with sodium depletion. It
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is likely that suppression of renal antioxidant enzyme
activities by UUO contributes to the progression of renal
injury in obstructive nephropathy.
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APPENDIX

Abbreviations used in this article are: CuZnSOD, copper-zinc super-
oxide dismutase; GPx, glutathione peroxidase; GST, glutathione-S-
transferase; 10, intact opposite; MnSOD, manganese superoxide dis-
mutase; ROS, reactive oxygen species; TBARS, thiobarbituric acid
reactive substances; TGF-B1, transforming growth factor-g1; UUO,
unilateral ureteral obstruction.
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