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Altered Renal Expression of Acid-base Transporters in Rats with
Glycerol-induced Tubular Injury

Seong Kwon Ma, Eun Hui Bae, JongUn Lee' and Soo Wan Kim

Departments of Internal Medicine and 'Physiology, Chonnam National University Medical School, Gwangju, Korea

The present study aimed to investigate the altered regulation of renal tubular acid-base transporters in
rats with glycerol-induced tubular injury. Male Sprague-Dawley rats were used. Rats were injected with 50%
glycerol in normal saline (7 mLj/kg, i.m.) after water deprivation for 12 hours and were then sacrificed at
24 hours after the glycerol injection. The expression of Na,K-ATPase «1-subunit, type 3 Na'/H"
exchanger (NHE3), type 1 Na":HCO; (NBC1), and B1-subunit of apical H"-ATPase was determined in
the kidney by semiquantitative immunoblotting and immunohistochemistry. In the experimental rats,
creatinine clearance was decreased, whereas fractional sodium excretion was not changed. Urine pH and
bicarbonate concentrations were decreased, although plasma pH and bicarbonate concentrations were not
changed. In the experimental group, the protein expression of Na,K-ATPase « 1-subunit was decreased
in the cortex and outer stripe of outer medulla (cortex/fOSOM) and inner stripe of outer medulla (ISOM)
but increased in the inner medulla. The expression of NHE3 was decreased in the cortexOSOM and
ISOM, and that of NBC1 was decreased in the cortexYOSOM. By contrast, the expression of H'-ATPase
was increased in the cortexOSOM and inner medulla but was unchanged in the ISOM. Immunohisto-
chemical analyses confirmed the immunoblotting data. In glycerol-induced tubular injury, the down-
regulation of Na,K-ATPase « 1-subunit, NHE3, and NBC1 may contribute to impaired tubular reabsorption
of sodium and bicarbonate. The upregulation of H -ATPase may play a preventive role against the
development of metabolic acidosis.
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3. Immunoblotting

A %218 cortex and outer stripe of outer medulla
(cortex/OSOM), inner stripe of outer medulla (ISOM)
9 Ao A FREo s drf BeEstt o]F 250 mmol/L
sucrose, 1 mmol/L EDTA, 0.1 mM phenylmethyl-
sulfonyl fluoride®} 10 mM Tris-HCI buffer7} s pH
7.6 gHo] Y11 3,000 rpmoE FAFEIHATE & X3 %
ztz} 34 oS 1,000 g, 15% A4 3dog AAsIT

ol FEO 12.5% polyacrylamide resolving geld} 5%
polyacrylamide stacking gel 2 FAJE EALA A A7]|9F
shol 27100 2} Belaiick e e 40 VE 347
59 A7) 9FHOZ nitrocellulose B2 oA Y. T
0.1% Tween-20& &3} Tris-based saline buffer [TBST
(Amresco, Solon, OH, USA), pH 74|12 A|&3} Z H]E0]3
Z2%s WAsE] ffel 5% EAREF(NFM) & 2945 TBST
(NEM/TBST) oA 1A)7F ZoF vke-A1F ) Nitrocellulose 2F
S T}A] 0.2% NFM/TBST £olo] Qa1 13} &%][NaK-
ATPase @ 1-subunit (Upstate Biotechnology, Lake Placid,
NY, USA), NHE3 (Alpha Diagnostic, San Antonio, TX,
USA), NBC1 (Alpha Diagnostic) and Bl-subunit of H'-
ATPase (Santa Cruz Biotechnology, Delaware, CA, USA)]
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A& oA Na,K-ATPase «@ 1-subunit &% 20| cor-
tex/OSOM B! ISOMellA frofstA] ZHasiflar, eraolA
£ Z7)ektH(Table 2 2 Fig. lA) HAZZ) 518} Ao A,
Na,K-ATPase @1 subunit®] HIWR3-A-E H=te] 7)A€

Table 1, Parameters of renal function and acid-base status

Control (n=8) Exp (n=8)
Body weight (g) 2433+33 224 0+6.8*
Plasma Cr (mg/dL) 052+0.02 198+0.28"
Cer (mL/min) 0.87+0.08 019+0.04*
FEna (%) 124+0,08 180+0.48
Plasma pH 7.39+0.02 7.38+0.02
Plasma HCO3; (mEg/L) 242+09 230+14
Urine pH 8.02+0.11 6.63+026*
Urine HCO3  (mEq/L) 815+49 178+57*

Values are mean+SEM, *p <0.05 compared with control rats, Exp,
experimental; Cr, creatinine; Ccr, creatinine clearance; FEna,
fractional excretion of sodium into urine,

Table 2, The protein expression of Na,K-ATPase and acid-base
transporters

Control (n=8) Exp (n=8)
Cortex/OSOM
Na,K-ATPase a1 subunit 1.00+0.21 0.67+0.02*
NHE3 1.00+£0.06 0.28+0.03"
NBC1 1.00+0.14 0.25+0.02*
H*-ATPase (B1-subunit) 1.00+0.09 1.41+0.09*
ISOM
Na,K-ATPase a1 subunit 1.00+0.12 0.31£0.05*
NHE3 1.00+0.06 0.49+0.04*
H*-ATPase (B1-subunit) 1.00+£0.,04 0.88+0.03
Inner medulla
Na,K-ATPase a1 subunit 1.00+0.10 165+0.11*
H*-ATPase (B1-subunit) 1.00+0.08 1.36+0.04*

Values are mean+SEM, Exp, experimental; OSOM, outer stripe of
outer medulla; ISOM, inner stripe of outer medulla; NHE3, type 3
Na®/H" exchanger; NBC1, type 1 Na*:HCOs cotransporter. *p
<0.05 compared with control rats,

Zatol| A ZshA HAE T AT A =T A Na,
K-ATPase @1 subunit®] immunolabelingo] t)Z-dl| ®]s}
o ZAaskdth(Fig. 1B).

3. NHE3 & NBC1 &

A9 cortex/OSOM OMoﬂ/ﬂ NHE3 ¢ &8
o] tixstel Hlgte] F-oJ5HA ] }slSitk(Table 2 3 Fig.
2A). NHE36] g §el2 4318t 2o 4, NHE3 <) o]
WeHe 2o 9 uFe] WA Je B
< Z7ol vlsle] Adto| A NHE3 labelling®]
frefshAl Askdth(Fig. 2B). NBC1 o) &g oA] A9
Fol A GolaiA] 72515t (Table 2 9 Fig. 3A). NBC19]
immunolabelling-& ZA=To] 7% &= A HA2E] Q]
on, AgtellA Tdo] 7raEUckFig. 3B).
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Fig. 1. (A) Semiquantitative immunoblotting of Na,K-ATPase « 1-subunit in the cortex and outer stripe of outer medulla (cortex/OSOM) of
the kidney, Exp, experimental, Each column represents mean+SEM of 8 rats, *p<0.05 compared with control kidney. (B) Immunoperoxidase

microscopy of Na K-ATPase « 1-subunit in the cortex of the kidney. PT, proximal tubule,
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Fig. 2. (A) Semiquantitative immunoblotting of type 3 Na™/H™ exchanger (NHE3) in the cortex/OSOM of the kidney. (B) Immunoperoxidase

microscopy of NHES3 in the cortex of the kidney, Legends as in Figure 1.
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Fig. 3. (A) Semiquantitative immunoblotting of type 1 Na™:HCOs~ cotransporter (NBC1) in the cortex/OSOM of the kidney. (B) Immuno-
peroxidase microscopy of NBC1 in the cortex of the kidney, Legends as in Figure 1.

A
H'-ATPase (cotrex/OSOM)

2.0

© 2 151
c
Control Exp o 8
D_ N
56 kD2 | ‘sl e S e ko 07 *
[
—— <5
8]
T 805+
=
0.0
Control
B
3 AN 3 = y~ %
.8 \ ‘\.—\ f . ~‘. s
5 1 ] - » X
. ¢ 3 . 7
p R £
7 ~ P Ve
. ey ’ fcco N W
- Le o W\l ; G = -
w \ X y; > - ' -
' s 8
N cco - \ g PP r ,’,
- = ey 7y \ / >
~ - J ) - - e 5 / §
X L o . h..—*‘ = \ ". L 7“ " !, ~
3 ‘.\.\ . - A y/ %
n ’ Fao &g 4 .
= - \ ow.ig ® .‘ 2 .‘ "’_) _M“. S . .
P - S i ’ ¢ o
"\ b X .,4 ¥ 2 c
Control

Exp

Exp

Fig. 4. (A) Semiquantitative immunoblotting of H™-ATPase (B1-subunit) in the cortex/OSOM of the kidney. (B) Immunoperoxidase microscopy
of H*-ATPase (Bi-subunit) in the kidney, CCD, cortical collecting duct, Legends as in Figure 1.
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4. H"-ATPase (B1-subunit) £t

H*-ATPase (Bl-subunit) TH ¥-&e )zl H|5l]
ST 1310 Z7HHIEN Table 2 3 Fig. 4A). H'-
ATPase (Bl-subunit) 9] HYUFSAL AZA =T 2 F3t
o] Abo]A|E (intercalated cell) oA B2E Y} AT
A Alo] A ¥ (intercalated cell) o] W3EE B8 ey} =

7} e (Fig. 4B).
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