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Abstract 

Background：Previous studies have found that obestatin significantly inhibited water drinking 

and reduced the arginine vasopressin (AVP) levels in the brain to decrease renal water 

reabsorption. However, obestatin is unable to cross the blood–brain barrier. Its effect on the 
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body's kidney water metabolism in peripheral, remains unknown.  

 

Methods: Expression and subcellular distribution of aquaporin 2 (AQP2) were detected by 

immunoblotting and immunofluorescence in mouse inner medullary collecting duct (mIMCD)-3 

cells and congestive heart failure (CHF) model rats. Moreover, expression of the 

phosphorylation of AQP2(P-AQP2, Ser 256) in mIMCD-3 cells was evaluated by immunoblotting. 

 

Results：After a 30-min treatment with obestatin in mIMCD-3 cells and CHF model rats, the 

AQP2 plasma membrane distribution decreased while corresponding protein level P-AQP2 

(Ser256) level and phosphorylation ratio of AQP2 showed no significant change.  

 

Conclusions：These findings suggest that obestatin has a short-term regulatory effect on the 

AQP2 plasma membrane distribution. In addition, obestatin decreases the APQ2 plasma 

membrane distribution probably by promoting the endocytosis of AQP2. 

 

Key words: Obestatin; Aquaporin 2; Short-term regulation; Trafficking. 

Introduction 

Obestatin, a 23-amino acid peptide derived from the same 117-residue prepropeptide as 

ghrelin, is mainly generated in the gastrointestinal tract tissue and is involved in body appetite 

and weight regulation.1 Samson et al2, 3 have reported that intraventricular administration of 
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obestatin significantly inhibits water drinking in rats and reduces the arginine vasopressin (AVP) 

levels in a dose-dependent manner to decrease renal water reabsorption. In addition, it has 

been demonstrated that obestatin is unable to cross the blood–brain barrier via a saturable 

transport system.4-6 Our previous study found that the concentration of plasma obestatin was 

significantly higher in patients with congestive heart failure (CHF), especially in those with 

cardiorenal syndrome, and was positively correlated with the AVP levels.7 Therefore, we 

speculate that obestatin may regulate the body’s water and electrolyte balance through AVP 

antagonization. 

Aquaporin 2 (AQP2) is distributed in the plasma membrane and intracellular vesicles of 

principal cells in the kidney’s collecting duct and connecting tubules.8 It is a key protein that 

regulates the water permeability of the collecting duct, mainly participating in water 

reabsorption and urine enrichment to adjust electrolyte and fluid balance.9 The distribution of 

AQP2 in the plasma membranes determines the ability of collecting duct principal cells to 

reabsorb water and then adjust the body’s water balance. Any alteration of its distribution in 

the plasma membranes would induce both the body’s water imbalance and corresponding 

disorders, including diabetes insipidus, the syndrome of inappropriate antidiuretic hormone 

secretion, hepatic cirrhosis, nephrotic syndrome, and chronic heart failure.10 

The aim of this study was to investigate the short-term effect of obestatin on the 

localization of AQP2 and its possible mechanism. 
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Methods 

Materials 

Murine inner medullary collecting duct (mIMCD)-3 cells were purchased from JENNIO 

Biological Technology (Guangdong, China). Dulbecco's Modified Eagle Medium: Nutrient 

Mixture F-12 (DMEM/F-12), fetal calf serum (FBS), 0.25% trypsin-ethylenediaminetetraacetic 

acid (EDTA), and goat anti-rabbit immunoglobulin (Ig) G (H&L)-FITC were purchased from 

Thermo Fisher Corp. (Waltham, MA, USA). Desmopressin (dDavp) was purchased from Phoenix 

Biotech Co. Ltd. (San Antonio, TX, USA). Obestatin (OB) and nonamidated obestain (NA-OB) 

were synthetized by GL Biochem Ltd. (Shanghai, China). Mozavaptan (OPC-31260; OPC) was 

purchased from Selleckchem Corp. (Houston, TX, USA). PhosSTOP phosphatase inhibitor cocktail 

was purchased from Roche Corp. (Basel, Switzland). Anti-AQP2 antibody and anti-p-AQP2 

(Ser256) antibody were purchased from Abcam Corp. (Cambridge, UK). Anti-GAPDH antibody 

and goat anti-rabbit IgG-HRP were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 

USA). 

Cell culture and intervention 

Cells were cultured in complete medium (DMEM/F-12 supplemented with 10% FBS and 

100u/ml penicillin-streptomycin) in a 5% CO2 atmosphere at 37 °C. Cells were grown to 

confluence and cultured without FBS prior to stimulation. Then, the cells were treated with 

obestatin (100 nM and 1 μM), 100 nM NA-OB, 100 nM dDavp, and 100 nM OPC for 15 minutes, 

30 minutes, and 60 minutes, separately. An equal volume of phosphate-buffered saline (PBS) 
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was used as a blank control. 

 

Animal experiments 

Pathogen-free male Sprague–Dawley rats (body weight 180∼200 g) were provided by 

Shanghai SIPPR-BK Laboratory Animal Co. Ltd. [Animal license number: SCXK (Shanghai) 

2013-0016]. The rats were fed commercial rat chow, given free access to water, and housed 

under a 12-hour light/12-hour dark cycle at a temperature of 25 ± 2°C. All experimental 

protocols, which were in agreement with laboratory animal management and use regulations, 

had been approved by the Animal Care and Use Committee of Second Military Medical 

University before the performance of the study. All rats were acclimatized for 5 days before 

modeling. CHF was induced by myocardial infarction (MI) via ligation of the left anterior 

descending branch (LAD) of the coronary artery. Briefly, chloral hydrate 10% (350 mg/kg) was 

administered via intraperitoneal injection for anesthetization. Then, after sequential procedures 

of endotracheal incubation, ventilator-assisted breathing, depilation, operative skin region 

sterilization, thoracic opening, pericardium shearing, and exposure of the pulmonary cone, 

ligation of the bottom of the LAD about 2∼3 mm away from the left atrial appendage was 

performed. For the rats assigned to the sham group, the same procedure was performed 

without ligation of the LAD. MI model rats were fed normally for 6 weeks. Then according to 

transthoracic echocardiography, the surviving rats were screened by the criterion of an ejection 

fraction (EF) value ≤45%11, 12 as the successful CHF model. The selected CHF model rats were 
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randomly assigned to the following 3 groups (n = 6 rats per group) according to different 

treatmens：control group (physiological saline), obestatin group (100 μg /kg BW13) and 

OPC-31260 group (1 mg/rat14). All reagents were given via the femoral vein to animals for 30 

minutes, then kidneys were either immersion-fixed for immunofluorescence or removed for 

protein extraction. 

 

Immunofluorescence 

The mIMCD-3 cells were cultured on a 24-well plate containing coverslips and treated with 

different reagents, as described above. After the intervention, the cells on the coverslips were 

rinsed with phosphate-buffered saline (PBS) twice and then fixed with 4% paraformaldehyde at 

room temperature for 10 minutes. After washing with PBS 3 times for 5 minutes each, the cells 

were permeabilized with 0.1% Triton-X-100/PBS for 5 minutes, blocked with 5% goat serum for 

30 minutes, and washed with PBS once. For immunofluorescence labeling, the cells on the 

coverslips were incubated with the primary antibody (1μg/ml) at room temperature for 1 hour. 

Subsequently, the coverslips were rinsed with PBS 3 times for 5 minutes each and then reacted 

with goat anti-rabbit IgG (H&L)-FITC (2 μg/ml) at room temperature for another hour. Finally, 

after washing 3 times with PBS, the nuclei were stained with DAPI (300 nM) for 2 minutes. The 

results were observed and imaged with a laser fluorescence confocal microscope. 

Kidneys of rats were fixed in 4% neutral paraformaldehyde for 24 hours before 

dehydration with a gradient of ethanol concentrations. Dehydrated samples were embedded in 
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paraffin wax using a standard procedure, and then 5-μm paraffin sections were prepared for 

immunofluorescence examination. Briefly, endogenous peroxidase was blocked in 3% H2O2 for 

10 minutes at room temperature. For antigen retrieval, sections were heated in a microwave 

oven and then boiled in a mixed retrieval solution (1 mM Tris, pH 9.9 with 0.5 mM EDTA) for 10 

minutes. After cooling naturally, the sections were blocked in 5% goat serum for 30 minutes 

and washed with PBS once. Follow-up fluorescent labeling method was the same as mIMCD-3. 

The results were imaged with a fluorescence microscope. The fluorescence intensities of AQP2 

in rat kidneys were quantified using Image-Pro plus Version 6.0 software. 

 

Western blot analysis 

Protein was extracted from approximately 50 mg renal inner medullary tissue or 4×105 

mIMCD-3 cells using RIPA lysis buffer with protease inhibitor（PMSF）and phosphatase inhibitor 

cocktail (AP, SP, PP1, PP2A, PP2B, PTP). The protein concentration was measured using the 

bicinchoninic acid protein assay method. Sample aliquots were mixed with sodium dodecyl 

sulfate (SDS) sample buffer, denatured in boiled water for 5 minutes, loaded on a 12% 

SDS-polyacrylamide gel, separated by electrophoresis, and transferred to polyvinylidene 

difluoride membranes. After blocking with 5% bovine serum albumin, the membranes were 

probed with the following primary antibodies: rabbit anti-AQP2 (1μg/ml), rabbit anti-p-AQP2 

(Ser256, 1μg/ml), and rabbit anti-GAPDH (1μg/ml) at 4 °C overnight. After washing with 

tris-buffered saline–Tween 20 (TBST, pH 7.4) 3 times, the membranes were incubated with goat 
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anti-rabbit IgG-HRP (1ug/ml) for 2 hours at room temperature. Finally, the probed protein bands 

on the membranes were visualized using enhanced chemiluminescence after washing with TBST 

3 times, and the ImageQuant LAS 4000 Gel Imaging System was used to capture the luminous 

protein bands. The target band intensities were quantified by Image J software, and the 

expression level was estimated by the ratio of the target band density/GAPDH band density. 

 

Statistical analysis 

All results were presented as means ± standard error of the mean (mean ± SD). SPSS 21.0 

statistical software was used for the data analysis. The variance homogeneity test was 

performed by the Levene test. One-way analysis of variance was performed on the data, and 

the least significant difference t test was used to analyze the difference between the 2 groups. 

P values <0.05 were accepted as statistically significant. 

Results 

Obestatin altered the subcellular distribution of AQP2 in mIMCD-3 cells 

The plasma membrane distribution of AQP2 reflects the water balance-regulating ability of 

principle cells in the renal tubules.9 To explore the effect of obestatin on AQP2, we treated 

mIMCD-3 cells with amidated obestatin (obestatin), which has been verified as an active form 

of obestatin,1 or NA-OB at different time points, respectively. The subcellular distribution of 

AQP2 was then observed by immunofluorescence staining. No significant alteration of the AQP2 

subcellular distribution was found after treatment with 100 nM obestatin for 15 minutes, 
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compared with pre-intervention. However, after a 30- or 60-minute treatment with 100 nM 

obestatin, the plasma membrane distribution of AQP2 was significantly decreased (Figure 1C). 

The pattern of AQP2 distribution on the plasma membrane after treatment with 1 μM obestatin 

for the same time points was similar to those treated with 100 nM obestatin (Figure 1D). 

Interestingly, treatment with 100 nM NA-OB did not show any significant changes of AQP2 

plasma membrane distribution at 15 minutes, 30 minutes, and 60 minutes, compared with 

pre-intervention (Figure 1B) which was completely similar to PBS (Figure 1A). AVP has been 

reported to be able to increase the AQP2 plasma membrane distribution, and low-dose OPC 

(such as 100 nM) is a selective antagonist of the AVP V2 receptor that downregulates the 

distribution of AQP2 in the plasma membrane.14, 15 Thus, mIMCD-3 cells were treated with 

dDavp, an analog of AVP, and OPC as upregulated positive control group and downregulated 

positive control, separately. Clearly, after treatment with dDavp for 15 minutes, AQP2 slightly 

gathered in the plasma membrane compared with pre-intervention, and this plasma membrane 

distribution was obviously getting stronger after a 30-minute treatment. However, the increased 

plasma membrane distribution of AQP2 had disappeared after a 60-minute treatment, which 

did not show significant changes compared with pre-intervention (Figure 1E). There was no 

significant change of the distribution of AQP2 after treatment with OPC for 15 minutes 

compared with pre-intervention. However, after treatment with OPC for 30 or 60 minutes, the 

plasma membrane distribution of AQP2 was significantly decreased. (Figure 1F).  
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AQP2 protein expression in mIMCD-3 cells after obestatin treatment 

Continuously, the expression of AQP2 was detected by immunoblotting after the treatment 

described above. There was no significant difference in the AQP2 protein expression between 

each intervention group and the control group after a 15-minute treatment (Figure 2A). 

However, the AQP2 expression in the OPC-treated group was significantly decreased compared 

with the control group (P < 0.01), after a 30-minute treatment. Meanwhile, the other groups 

did not show any significant difference (P  0.05) (Figure 2B). After a 60-minute treatment, the 

AQP2 expression in the groups treated with 100 nM obestatin (OB-L group), 1 μM obestatin 

(OB-H group), 100 nM dDavp, or 100 nM OPC was significantly decreased, compared with the 

control group (all P < 0.01). The NA-OB-treated group did not show any changes compared with 

the control group (Figure 2C).  

 

Phosphorylation of AQP2 (Ser256) in mIMCD-3 cells after obestatin stimulation 

Next, we analyzed the phosphorylation of AQP2 in mIMCD-3 cells after obestatin 

stimulation because phosphorylation of AQP2 at serine 256 triggers AQP2 translocation from 

vesicles to the apical plasma membrane, which in turn increases water permeability of renal 

principal cells.16 The P-AQP2 level clearly increased after dDavp stimulation for 15 minutes (P < 

0.01), whereas the P-AQP2 level did not show any difference in the other groups, compared 

with the control group (Figure 3A). Compared with the control group after a 30-minute 

stimulation, the P-AQP2 level in the OPC group was significantly decreased (P < 0.01); however, 
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no significant changes were observed in the other groups (Figure 3B). Notably, the P-AQP2 level 

in the OB-L group, OB-H group, and OPC group was significantly reduced after a 60-minute 

stimulation, compared with that in the control group (all P < 0.01); meanwhile, no significant 

changes were found in either the NA-OB or dDavp group compared with the control (Figure 3C).  

To compare the phosphorylation levels of AQP2（Ser256）better, we calculated the ratio of 

P-AQP2 to total AQP2. Compared with the control group, the phosphorylation ratio of AQP2 in 

dDAVP group was significantly increased after a 15-minute treatment (P < 0.01) and there was 

no significant change shown in the other groups (Figure 4A). After a 30-minute treatment, the 

phosphorylation ratio of AQP2 in OPC group was significantly decreased compared to the 

control group (P < 0.05) and no significant change was observed in the other groups (Figure 4B). 

After a 60-minute treatment, the phosphorylation ratio of AQP2 in dDAVP group was 

significantly higher than that in the control group (P < 0.05) and no significant change was 

shown in the other groups (Figure 4C). 

 

Short-Term effects of obestatin on AQP2 subcellular distribution and protein expression in renal 

inner medullary tissue 

To confirm the short-term regulatory effect of obestatin on AQP2 traffic in vivo, the CHF rats 

were treated with obestatin for 30 minutes while the CHF model rats treated with OPC as 

positive control and physiological saline as control group. The immunofluorescent analysis of 

renal inner medullary collecting ducts showed that AQP2 accumulated at the plasma membrane 
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in the control group, while AQP2 was evenly distributed at the plasma membrane and 

intracellular vesicles in the obestatin group (Figure 5A). However, the AQP2 protein expression 

showed no significant change between the obestatin group and control (Figure 5B). Clearly, 

both the plasma membrane distribution of and the protein expression of AQP2 in OPC group 

was significantly decreased compared with the control group as expected (Figure 5). 

 

Discussion 

The change of subcellular distribution of AQP2 is known as the trafficking or short-term 

regulation of AQP2.15, 17 There exists a dynamic equilibrium between the exocytic insertion of 

AQP2 into the apical plasma membrane and the endocytic removal of AQP2 from the apical 

plasma membrane. In our observations, the distribution of AQP2 in plasma membrane of 

mIMCD-3 cells and renal inner medullary tissue was decreased after treatment with obestatin 

for 30 minutes by immunofluorescence staining (Figure 1C, Figure 1D and Figure 5A). 

Additionally, AQP2 protein expression showed no change after obestatin treatment for 30 

minutes (Figure 2B and Figure 5B). These findings indicate that obestatin has a regulatory effect 

on AQP2 trafficking, which is known as the short-term regulation of AQP2.10 In other words, 

obestatin can downregulate the plasma membrane distribution of AQP2 through short-term 

regulation. On the other hand, NA-OB, the nonamidated form of obestatin, did not show any of 

this modulating ability, which verified again that the active form of obestatin is amidated 

obestatin; this finding is consistent with the view that NA-OB has low activity as described by 
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Zhang et al.1 

The short-term regulation of AQP2 is controlled through the sustained processes of 

exocytosis and endocytosis.18 Downregulation of AQP2 in the plasma membrane can be 

achieved by prohibiting the exocytosis of AQP2 or promoting the endocytosis of AQP2. S256 

phosphorylation of AQP2 is the essential and critical process for its accumulation in the apical 

membrane of collecting duct principal cells by exocytosis.19 The P-AQP2 (Ser256) level in 

mIMCD-3 cells was detected to explore whether Ser256 phosphorylation/dephosphorylation 

was involved in the mechanism by which obestatin regulates the AQP2 subcellular distribution. 

Our findings indicated that both AQP2 protein expression and the P-AQP2 (S256) level did 

not change after a 15- or 30-minute treatment with obestatin (Figures 2 and 3), while the 

distribution of AQP2 in the mIMCD-3 cellular plasma membrane was decreased at the 

30-minute time point (Figures 1C and D). And the phosphorylation ratio of AQP2（Ser256）

showed no change after treatment with obestatin (Figure 4). It indicates that Ser256 

phosphorylation/dephosphorylation is not involved in the regulatory effect of obestatin on 

AQP2 distribution, which means that obestain downregulates AQP2 plasma membrane 

distribution probably by promoting the endocytosis of AQP2. Furthermore, increased 

endocytosis may further lead to the degradation of AQP2,20 leading to a decrease of AQP2 

protein expression levels (Figure 2C). The decrease of P-AQP2 (S256) level at the 60-minute time 

point may be due to the decrease of AQP2 protein expression levels (Figure 3C). However, the 

details and specific mechanisms need to be further studied. 
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Our results showed that the P-AQP2 (Ser256) level increased after a 15-minute 

treatment with dDavp (Figure 3A), while the plasma membrane distribution of AQP2 was not 

changed in mIMCD-3 cells (Figure 1E). However, after a 30-minute treatment with dDavp, the 

plasma membrane distribution of AQP2 increased (Figure 1E) and the P-APQ2 level reduced to 

normal. These results indicate that regulation of the AQP2 plasma membrane distribution 

through AVP is a quick process, which is consistent with the above-mentioned AVP-regulated 

mechanism. However, there was a flaw in this part of the results that the ruffling effect of AVP 

may affect the graph captured. The AQP2 expression decreased after a 60-minute treatment 

with dDavp (Figure 2C), contradicting the upregulatory effect of AVP on AQP2 expression. The 

reason may be that dDavp stimulates AQP2 decomposition in a short time,21 which also 

explained the reason that the phosphorylation ratio of AQP2(Ser256) increased after treatment 

with dDavp for 60 minutes (Figure 4C). 

AQP2 plays an important role in maintaining the body’s water balance. An increased 

distribution of AQP2 in the apical plasma membrane of the kidney’s collecting duct cells triggers 

water intake to cause water retention, which is believed to be one of the vital 

pathophysiological mechanisms for congestive heart failure.22 The development of new 

diuretics focusing on the AQP2 regulatory pathway is the major direction for current heart 

failure treatment; for example, tolvaptan, a V2 receptor antagonist, has been successfully 

applied clinically.23 Our results that obestatin downregulates the AQP2 distribution in the 

plasma membrane, combined with our previous finding that obestatin increases the circulation 
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in patients with heart failure, confirmed that obestatin can antagonize AVP through 

downregulation of the AQP2 apical membrane distribution to reduce water reabsorption, 

increase urine volume, and then decrease water retention. This mechanism may reflect the 

body’s internal control of the water balance in congestive heart failure. However, we have to 

note that the experiments were conducted in cell cultures not fully confluent and using a hypo 

osmotic fixative solution. These two conditions could have affected the results of our 

experiments. Also, further experiments will be needed to determine the role of obestatin in 

other areas of the kidney (e.g, cortex). This mechanism needs to be supported by further 

experiments, which may create a method to develop new diuretics for heart failure treatment. 
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Figure 1. Obestatin decreased the plasma membrane distribution of AQP2 in mIMCD-3 cells. 

mIMCD-3 cells were pretreated with PBS (A), 100 nM NA-obestatin (B), 100 nM obestatin (C), 1 

µM obestatin (D), 100 nM dDavp (E), and 100 nM OPC-31260 (F) for 0 (a), 15 (b), 30 (c), and 60 

(d) minutes, respectively. AQP2 (green) was stained with rabbit anti-AQP2 antibody. Nuclei were 

stained with DAPI (blue). Membrane was labeled with arrowheads. Representative confocal 

images of 3 independent experiments are shown. Scale bars, 10 μm.  Abbreviations: AQP2, 

aquaporin 2; mIMCD-3, mouse inner medullary collecting duct; PBS, phosphate-buffered saline. 
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Figure 2. AQP2 protein expression in mIMCD-3 cells after obestatin stimulation. mIMCD-3 cells 

were stimulated with PBS (CON), 100 nM NA-obestatin (NA-OB), 100 nM obestatin (OB-L), 1 μM 

obestatin (OB-H), 100 nM dDavp (dDavp), and 100 nM OPC-31260 (OPC) for 15 (A), 30 (B), and 

60 (C) minutes, respectively. The AQP2 protein expression was evaluated by western blot using 

the rabbit anti-AQP2 antibody. Representative blots of 3 independent experiments are shown. 

Error bars are mean values ± SD from 3 experiments. Abbreviations: AQP2, aquaporin 2; 

mIMCD-3, mouse inner medullary collecting duct cells; PBS, phosphate-buffered saline; SD, 

standard deviation. 

** P < 0.01, compared with the control. 
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Figure 3. Phosphorylation of AQP2 (Ser256) (P-AQP2) in mIMCD-3 cells after obestatin 

stimulation. mIMCD-3 cells were stimulated with PBS (CON), 100 nM NA-obestatin (NA-OB), 

100 nM obestatin (OB-L), 1 μM obestatin (OB-H), 100 nM dDavp (dDavp), and 100 nM 

OPC-31260 (OPC) for 15 (A), 30 (B), and 60 (C) minutes, respectively. Phosphorylation of AQP2 

(Ser256) (P-AQP2) was analyzed by western blot by rabbit anti-p-AQP2 antibody. 

Representative blots of 3 independent experiments are shown. Error bars are mean values ± SD 

from 3 experiments. Abbreviations: AQP2, aquaporin 2; mIMCD-3, mouse inner medullary 

collecting duct cells; PBS, phosphate-buffered saline; SD, standard deviation. 

** P < 0.01, compared with the control. 

 

 

  



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

 21 

 

 

Figure 4. Changes of phosphorylation ratio of AQP2（Ser256）by different interventions. The 

ratio of P-AQP2 (Ser256) to total AQP2 was calculated after the mIMCD-3 cells been stimulated 

with PBS (CON), 100 nM NA-obestatin (NA-OB), 100 nM obestatin (OB-L), 1 μM obestatin 

(OB-H), 100 nM dDavp (dDavp), and 100 nM OPC-31260 (OPC) for 15 (A), 30 (B), and 60 (C) 

minutes, respectively. Error bars are mean values ± SD from 3 experiments. Abbreviations: 

AQP2, aquaporin 2; mIMCD-3, mouse inner medullary collecting duct cells; PBS, 

phosphate-buffered saline; SD, standard deviation. 

* P < 0.05, compared with controls. 

** P < 0.01, compared with controls. 
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Figure 5. Short-term effects of obestatin on AQP2 subcellular distribution and protein 

expression in renal inner medullary tissue. CHF model rats were Intravenously injected with 

obestatin (100 μg /kg BW), OPC-31260(1 mg/rat) or physiological saline for 30 minutes. (A) 

Immunofluorescence staining of AQP2 in renal inner medullary tissue. AQP2 (green) was stained 
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with rabbit anti-AQP2 antibody. Nuclei were stained with DAPI (blue). Representative collecting 

duct cells are enlarged in the inset at top left. Representative immunofluorescence images of 6 

independent experiments are shown. Scale bars, 20 μm. The relative intensities of AQP2 

staining from outer to apical membrane (along the arrow) were shown. (B) Western blot 

analysis of AQP2 in rat renal inner medullary tissue. The AQP2 protein expression was evaluated 

by western blot using the rabbit anti-AQP2 antibody. Representative blots of 3 independent 

experiments are shown. Error bars are mean values ± SD from 3 experiments. Abbreviations: 

AQP2, aquaporin 2; CHF, congestive heart failure; SD, standard deviation. 

** P < 0.01, compared with the control. 

 


