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Renal Expression of an Ammonia Transporter in Rats with
a Unilateral Ureteral Obstruction

Seung Jung Kim', Hye-Young Kim', Jae Hyun Choi', Dong Hwa Lee', Kyung Min Kim', Sun Moon Kim',
Soon Kil Kwon', Kyung Sub Shin’, and Kyung Sook Kim’

Departments of 'Internal Medicine, Medical Research Institute and ZLaboratory Medicine, Chungbuk National University College of
Medicine; *Clinical Pharmacy, Chungbuk National University College of Pharmacy, Cheongju, Korea

Background/Aims: Urinary tract obstruction induces a form of renal tubular acidosis with a urinary acidification defect caused by
decreasing net acid excretion, which is predominantly due to a decrease in urinary ammonia excretion. The present study examined
whether this decrease is associated with changes in the renal expression of an ammonia transporter family member, Rh C
glycoprotein (Rhcg), in rats with a unilateral ureteral obstruction.

Methods: Male Sprague-Dawley rats underwent a 24-h unilateral ureteral obstruction. Rhcg expression was then evaluated by
immunoblotting and immunohistochemistry. Cell height, total cellular expression, expression in the apical 25% of the cell, and % of
total expression in the apical region were quantified by immunohistochemistry with quantitative morphometric analysis.

Results: After 24 h of unilateral ureteral obstruction, the serum bicarbonate level and total urinary ammonia excretion were
decreased. Both light microscopy and immunohistochemistry with quantitative morphometric analysis demonstrated that the total
intensity of Rhcg expression was decreased in the obstructed kidneys, whereas Rhcg expression did not change in the cortical
collecting duct (CCD) and outer medullary collecting duct (OMCD) of nonobstructed kidneys in rats with a 24-h unilateral ureteral
obstruction.

Conclusions: The rats with a unilateral ureteral obstruction showed decreased urinary ammonia excretion associated with
decreased Rheg expression in the CCD and OMCD. These changes suggest that the ammonia transporter Rhcg mediates a urinary
acidification defect associated with unilateral ureteral obstruction. (Korean J Med 2014;86:444-452)
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Table 1. Serum chemistries and electrolytes in rats with unilat-
eral ureteral obstruction

Control (n = 6) UUO (n=16)
Na' (mmol/L) 1452+ 6.5 1474+42
K’ (mmol/L) 3.80+0.57 3.72+0.71
CI" (mmol/L) 99.4+4.1 98.7+4.5
tCO, (mEq/L) 275+28 252+ 1.0°
Cr (mg/dL) 0.41+0.04 0.53+0.15

Values are mean = SD. n = number of rats.

UUO, unilateral ureteral obstruction; tCO,, total CO,; Cr,
creatinine.

p <0.05, p <0.05: UUO vs. Control.

Table 2. Urine parameters in rats with unilateral ureteral ob-
struction

Control (n=6) UUO (n=6)
Ammonia (mmol/24 h) 0.38 +0.08 0.19+0.03"
Urine PH 7.83 £0.65 8.51+0.34
Body weight (g) 291.5+43.7 279.7+47.1
Cler (mL - min™ - 100 g 0.76 £ 0.14 0.51 +0.20°
Ammonia/Cler (pmol/min) 122 +£3.57 15.0+10.4
Uy (uL - min™ - kg™ 13.6 +0.64 16.7 +0.42
Una - Uy (umol/min) 153.6+27.8 118.8+17.2
Uk * Uy (umol/min) 294.0+40.4 259.0£56.1
Ugq - Uy (umol/min) 241.1+47.9 196.5+32.1

Values are mean = SD. n = number of rats.

UUO, unilateral ureteral obstruction; Clcr, creatinine clearance;
Uy, urinary volume; Un,, urinary sodium; Uk, urinary potassium;
Ugy, urinary chloride.

°p <0.05: UUO vs. Control.
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Figure 1. Rhcg protein expression in response to unilateral ure-
teral obstruction (UUO). (A) and (B) immunoblotting for Rheg
from the renal cortex and outer medulla of control, obstructed
(UUO/OBS), and nonobstructed (UUO/NonOBS) kidneys with a
unilateral ureteral obstruction. Each lane was loaded with a sam-

UUO/OBS UUO/MNonOBS

Outer medulla

ple from a different animal. Mean densitometries from the cortex
and outer medulla are shown; the band density is relative to the
mean (100%) expression in control kidneys. There were no sig-
nificant differences between the UUO and controls in Rhcg pro-
tein expression.

The data are presented as the mean + SD; n = 6 per group. NS, not
significant.
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Figure 2. Rhcg immunoreactivity in the cortical collecting duct (CCD) and outer medullary collecting duct (OMCD) of control, ob-

structed, and nonobstructed kidneys with a unilateral ureteral obstruction (UUO). The intercalated cells exhibited a broad apical band of

intense Rhcg immunoreactivity (black arrow); basolateral immunoreactivity (black arrowhead) was noted as a weaker, thinner band

compared with the apical Rhcg immunoreactivity. Rhcg expression was reduced in those regions of the obstructed kidneys with a UUO
compared with the controls. (A) CCD of a control kidney. (B) CCD of an obstructed kidney with a UUO. (C) CCD of a nonobstructed
kidney with a UUO. (D) OMCD of a control kidney. (E) OMCD of an obstructed kidney with a UUO. (F) OMCD of a nonobstructed kid-
ney with a UUQO. All panels are representative of the findings from six control and six UUO kidneys. All panels were photographed and

reproduced at the same magnification.
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B

(C)

Figure 3. H -ATPase immunoreactivity in the cortical collecting duct (CCD) and outer medullary collecting duct (OMCD) of control,
obstructed, and nonobstructed kidneys with a unilateral ureteral obstruction (UUO). Predominant immunoreactivity for H'-ATPase was
detected in the apical plasma membrane of intercalated cells from an OMCD and CCD (black arrow). H'-ATPase expression was re-
duced in those regions of the obstructed kidneys with a UUO compared with the controls.

(A) CCD of a control kidney. (B) CCD of an obstructed kidney with a UUQ. (C) CCD of a nonobstructed kidney with a UUO. (D)
OMCD of'a control kidney. (E) OMCD of an obstructed kidney with a UUO. (F) OMCD of a nonobstructed kidney with a UUO. All pan-
els are representative of the findings from six control and six UUO kidneys. All panels were photographed and reproduced at the same

magnification.

Table 3. Quantitative immunohistochemistry analysis for Rhcg expression in response to unilateral ureteral obstruction

CCD OMCD
OBS NonOBS OBS NonOBS
Cell height 95.1+17.6 94,8+ 18.4 92.7+17.4 93.1+15.7
Total Rheg expression 69.5 + 18.6° 106.1 £23.3° 61.9+17.3" 105.8 +19.6°
Rheg expression in the apical region 64.8 £28.8" 95.7+36.4° 65.7+27.1° 99.8 +23.3
Relative proportion of apical Rhcg 91.8+33.5 89.5+29.0 105.2+35.4 95.7+18.7

Values are mean + SD. n=Number of rats. All results are normalized to control kidney = 100.
Rheg, Rh C glycoprotein; CCD, cortical collecting duct; OMCD, outer medullary collecting duct; OBS, obstructed kidney; NonOBS,

nonobstructed kidney.

*p <0.05, vs. Controls, "p <0.05, OBS vs. NonOBS.
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