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Abstract
AIM: To examine renal expression of organic anion 
transporter 5 (Oat5) and sodium-dicarboxylate co-
transporter 1 (NaDC1), and excretion of citrate in rats 
with acute extrahepatic cholestasis.

METHODS: Obstructive jaundice was induced in 
rats by double ligation and division of the common 
bile duct (BDL group). Controls underwent sham 
operation that consisted of exposure, but not ligation, 
of the common bile duct (Sham group). Studies were 
performed 21 h after surgery. During this period, 
animals were maintained in metabolic cages in order 
to collect urine. The urinary volume was determined 
by gravimetry. The day of the experiment, blood 
samples were withdrawn and used to measure total 
and direct bilirubin as indicative parameters of hepatic 
function. Serum and urine samples were used for 
biochemical determinations. Immunoblotting for Oat5 
and NaDC1 were performed in renal homogenates 
and brush border membranes from Sham and BDL 
rats. Immunohistochemistry studies were performed 
in kidneys from both experimental groups. Total RNA 
was extracted from rat renal tissue in order to perform 
reverse transcription polymerase chain reaction. 
Another set of experimental animals were used to 
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evaluate medullar renal blood flow (mRBF) using 
fluorescent microspheres.

RESULTS: Total and direct bilirubin levels were sig-
nificantly higher in BDL animals, attesting to the 
adequacy of biliary obstruction. An important increase 
in mRBF was determined in BDL group (Sham: 0.53 ± 
0.12 mL/min per 100 g body weight vs BDL: 1.58 ± 0.24 
mL/min per 100 g body weight, P  < 0.05). An increase 
in the urinary volume was observed in BDL animals. An 
important decrease in urinary levels of citrate was seen 
in BDL group. Besides, a decrease in urinary citrate 
excretion (Sham: 0.53 ± 0.11 g/g creatinine vs  BDL: 
0.07 ± 0.02 g/g creatinine, P  < 0.05) and an increase 
in urinary excretion of H+ (Sham: 0.082 ± 0.03 μmol/g 
creatinine vs  BDL: 0.21 ± 0.04 μmol/g creatinine, 
P  < 0.05) were observed in BDL animals. We found 
upregulations of both proteins Oat5 and NaDC1 in 
brush border membranes where they are functional. 
Immunohistochemistry technique corroborated these 
results for both proteins. No modifications were 
observed in Oat5 mRNA and in NaDC1 mRNA levels in 
kidney from BDL group as compared with Sham ones.

CONCLUSION: Citrate excretion is decreased in BDL 
rats, at least in part, because of the higher NaDC1 
expression. Using the outward gradient of citrate 
generated by NaDC1, Oat5 can reabsorb/eliminate 
different organic anions of pathophysiological importance.

Key words: Cholestasis; Kidney; Transporters; Organic 
anions
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Core tip: Organic anion transporter 5 (Oat5) is 
an organic anion/dicarboxylate exchanger which 
has impact on renal excretion of hormones, drugs 
and xenobiotics. The primary function of sodium-
dicarboxylate cotransporter 1 (NaDC1) is to reabsorb 
filtered Krebs cycle intermediates, such as citrate. 
We found upregulations of both transporters and 
a decrease in urinary citrate excretion in bile duct-
ligated rats. Citrate excretion is decreased at least in 
part, because of the higher NaDC1 expression. Using 
the outward gradient of citrate generated by NaDC1, 
Oat5 can reabsorb/eliminate different organic anions 
of pathophysiological importance. Attention might 
be paid for those drugs transported by this protein 
because their pharmacokinetics may be altered during 
cholestasis.
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INTRODUCTION
Kidneys perform an essential function in the removal 
and reabsorption of organic anions from circulation[1]. 
Several transport proteins are implicated in the renal 
tubular secretion and reabsorption of endogenous and 
exogenous compounds[2].

Organic anion transporter 5 [(Oat5), Slc22a19] has 
been characterized as an organic anion/dicarboxylate 
exchanger[2-5]. This protein is localized in the brush 
border membrane of proximal tubule straight segment 
(S3)[4,5]. Oat5 has been reported to interact with 
many anionic drugs, such as bumetanide, furosemide, 
penicillin G and non-steroidal anti-inflammatory 
drugs[3-5]. The function of the organic anion exchanger 
Oat5 in renal cells under pathological conditions has 
not been fully elucidated yet.

The sodium-dicarboxylate cotransporter 1 [NaDC1), 
Slc13a2] is located in the apical membrane of the S1, 
S2, and S3 segments of proximal renal tubule[6,7]. 
The primary function of this transporter is to reabsorb 
filtered Krebs cycle intermediates[7,8]. These compounds, 
such as succinate, citrate and α-ketoglutarate are 
important substrates for renal metabolism because 
they account for 10%-15% of oxidative metabolism in 
the kidney[8,9]. Furthermore, Krebs cycle intermediates 
are involved in the maintenance of the outward 
dicarboxylate gradient that is crucial for the normal 
function of Oat exchanger proteins at both membrane 
domains, apical (such as Oat5) and basolateral (such as 
Oat1 and Oat3)[1,2].

Jaundice in chronic bile duct-ligated rats has been 
associated with functional and metabolic disturbances 
of the kidney[10]. Altered absorption, distribution 
and elimination of drugs have been described in this 
pathology[11,12].

The purpose of the current study was to examine 
the effects of acute extrahepatic cholestasis on 
the expression of Oat5 and NaDC1 in rats, and the 
contribution of these effects on renal excretion of 
citrate.

MATERIALS AND METHODS
Experimental animals
Male Wistar rats (110-130 d) were used throughout 
the study. The animal protocol was designed to 
minimize pain or discomfort to the animals. Animals 
were cared for in accordance with the principles and 
guidelines for the care and use of laboratory animals, 
recommended by the National Academy of Sciences 
and published by the National Institute of Health (NIH 
publication 7th edition revised 1996) and recommended 
by regulations of the local ethics committee. All 
experimental procedures were approved by the 
Faculty of Biochemical and Pharmaceutical Sciences 
Institutional Animal Care and Use Committee (Res. No. 
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637/2012).
Surgical procedure of bile duct ligation (BDL group) 

was performed as previously described[13-15]. A parallel 
group of Sham rats was processed. Studies were 
performed 21 h after surgery. During this period, 
animals were maintained in metabolic cages in order 
to collect urine. The urinary volume was determined 
by gravimetry.

Biochemical determinations
Animals were anaesthetized with sodium thiopental 
(70 mg/kg body weight, ip). Blood was withdrawn 
by cardiac puncture from Sham and bile duct (BDL) 
animals. These samples were used to measure total 
and direct bilirubin, and creatinine serum levels.

The urine samples were used to determine the 
urinary levels of citrate, creatinine, glucose and 
proteins, alkaline phosphatase activity and pH.

Creatinine clearance was calculated employing 
the following formula: [Creatinine]urine × Urine flow/
[Creatinine]plasma

Biochemical analyses were performed with optimized 
spectrophotometric techniques, employing commercial 
kits (Wiener Laboratory, Rosario, Argentina) except for 
citrate measurements that were performed using a citric 
acid enzymatic kit (Boehringer Mannheim/R-Biopharm, 
Darmstadt, Germany).

Preparation of brush border membrane (BBM) from 
kidney:
BBM from Sham (n = 4) and BDL (n = 4) rats were 
isolated from kidneys by Mg/EGTA precipitation 
as previously described[13]. For each experimental 
group, four different preparations were made. Protein 
quantification of samples was performed using the 
method of Sedmak and Grossberg[16].

Electrophoresis and immunoblotting
Immunoblotting for Oat5 and NaDC1 were performed 
in renal homogenates (20 μg of protein) and BBM 
(10 μg of protein) as previously described[13-15]. The 
membranes were incubated overnight at 4 ℃ with a 
non-commercial rabbit polyclonal antibodies against 
rat Oat5 (at a dilution of 1:800) or against rat NaDC1 
(at a dilution of 1:800) or a commercial mouse 
monoclonal antibody against human β-actin (at a 
dilution of 1:800). Specificity of Oat5 and NaDC1 
antibodies has been described elsewhere[4,6]. Blots 
were processed for detection using a commercial 
kit (ECL enhanced chemiluminescence system, 
Amersham, Buckinghamshire, United Kingdom). To 
verify equal protein loading and transfer between 
lanes, Ponceau Red and antibody against human 
β-actin were used as previously reported[13-15,17]. The 
abundance of Oat5 and NaDC1 were normalized to 
β actin. The relative protein expression for Oat5 or 
NaDC1 was expressed as percentage, considering the 
mean Sham value as the 100%.

Immunohistochemistry studies
The immunohistochemistry studies were performed 
as previously described[13,15,18,19]. Kidneys from the 
different experimental groups were briefly perfused 
with saline, followed by perfusion with periodate-
lysine-paraformaldehyde solution (0.0375 M phosphate 
buffer (pH 6.2) containing 0.01 M NaIO4, 0.075 M 
lysine, 2% paraformaldehyde), through a cannula 
inserted in the abdominal aorta. The kidney slices 
were immersed in periodate-lysine-paraformaldehyde 
solution at 4 ℃ overnight. After that, the tissue was 
embedded in paraffin and paraffin sections were cut.

After deparaffining, some sections were used for 
routine haematoxylin-eosin staining, while others 
were incubated with 3% H2O2 for 15 min (in order to 
eliminate endogenous peroxidase activity) to perform 
Oat5 and NaDC1 renal immunohistochemistry. Then, 
the sections were incubated with blocking serum for 
30 min and after that with non-commercial rabbit 
polyclonal antibody against rat Oat5 (diluted 1:100[19]) 
or against rat NaDC1 (diluted 1:500[19]) overnight 
at 4 ℃. The sections were rinsed with Tris-Buffered 
Saline containing 1% Tween (TBST). Right after, the 
sections were incubated with horseradish peroxidase 
(HPR) conjugated secondary antibody against rabbit 
immunoglobulin for 1 h. So as to detect HPR labelling, 
a peroxidase substrate solution with diaminobenzidine 
(0.05% diaminobenzidine in TBST with 0.05% 
H2O2) was used. The sections were counterstained 
with hematoxylin before being examined under a 
light microscope. Controls using preimmune serum, 
antiserum absorbed with excess synthetic peptide, or 
omission of primary or secondary antibody revealed no 
labelling.

RNA isolation and reverse transcription polymerase 
chain reaction
As previously described by Bulacio et al[20], total RNA 
was extracted from rat renal tissue using Trizol reagent 
(Invitrogen, Carlsbad, CA, United States) following the 
manufacturer’s instructions. Samples were stored at 
-80 ℃ until used.

The cDNA was synthesized using SuperScript™ 
First-Strand Synthesis System for reverse-transcriptase 
polymerase chain reaction (RT-PCR) (Invitrogen, Car-
lsbad, CA, United States) according to manufacturer’s 
instructions. cDNA samples were kept at -20 ℃ until 
assayed.

RT-PCR for Oat5, NaDC1 and 18S rRNA as 
housekeeping gene was performed on cDNA samples 
using the BOECO TC-SQ Thermal Cycler (Boeckel 
Co., GmbH Co., KG, Hamburg, Germany). Reaction 
conditions used for the PCR were: initial denaturation 
for 2 min at 94 ℃, denaturation for 15 s at 94 ℃, 
annealing for 30 s at 55 ℃ and elongation for 60 s 
at 72 ℃. The final elongation step was 72 ℃ for 10 
min. The specific PCR primers used were: for Oat5: 
5’-GGAGGCAGCAGAGACAAAAC-3’ (forward) and 
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Table 2  Urine flow, creatinine clearance, urinary levels of 
glucose and protein, alkaline phosphatase urinary activity, 
urinary citrate concentration, urinary citrate excretion and 
urinary proton excretion of Sham and BDL rats

Table 1  Plasma total and direct bilirubin levels of Sham and 
BDL rats
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5’-TTGCTCCTCCTAATGATGCC-3’ (reverse), for NaDC1: 
5’-GAACGATAAGATGCCCTGGA-3’ (forward) and 
5’-TGAAGACAGATGGCTTGTGC-3’ (reverse), and for 
18S rRNA: 5’-CGCGGTTCTATTTTGTTGGT-3’ (forward) 
and 5’-AGTCGGCATCGTTTATGGTC-3’ (reverse).

RT-PCR products were then resolved by elect-
rophoresis in a 1.2% agarose gel stained with SYBR 
Safe™ and visualized using the Safe Imager™ blue light 
transilluminator. For semiquantitative measurement, 
images of the gels were acquired and quantification of 
the optical density (OD) of the bands was performed. 
The Oat5/18S rRNA or NaDC1/18S rRNA product ratio 
was calculated and used as an index of Oat5 or NaDC1 
mRNA expression, respectively. The relative mRNA 
expression for Oat5 or NaDC1 was expressed as 
percentage, considering the mean Sham value as the 
100%.

Medullar renal blood flow determination
Another set of experimental animals (Sham, n = 4; 
BDL, n = 4) were used to evaluate Medullar renal 
blood flow (mRBF) using fluorescent microspheres as 
previously described[14,21-23]. The mRBF were calculated 
by the formula: renal flow (mL/min) = fl/flref × R (mL/
min), where fl is the fluorescence of renal tissue, flref 
is the fluorescence of reference blood flow sample, 
and R is the withdrawal rate of reference blood flow 
sample.

Materials
Chemicals were purchased from Sigma (St. Louis, 
Missouri, United States) and were analytical grade 

pure.

Statistical analysis
Results are expressed as mean ± SE. Statistical 
analysis was performed using an unpaired t-test. 
When variances were not homogeneous a Welch’s 
correction was employed. P values less to 0.05 were 
considered significant. For these analyses GraphPad 
software was used. The statistical review of the study 
was performed by a biomedical statistician.

RESULTS
Total and direct bilirubin levels were significantly higher 
in BDL animals, attesting to the adequacy of biliary 
obstruction (Table 1).

An important increase in mRBF was determined in 
BDL group (mL/min per 100 g body weight; Sham, n 
= 4: 0.53 ± 0.12; BDL, n = 4: 1.58 ± 0.24, P < 0.05).

Table 2 shows an increase in the urinary flow of 
BDL animals. There were no significant differences 
between groups in creatinine clearance, glucose and 
protein urinary excretion, and the activity of alkaline 
phosphatase. An important decrease in urinary levels 
of citrate was seen in BDL group. Besides, a decrease 
in urinary citrate excretion and an increase in urinary 
excretion of H+ were observed in BDL animals.

Figure 1 shows a significant increase in Oat5 
protein expression in homogenates as well as in BBM 
in BDL group. Oat5 renal expression was also assessed 
by immunohistochemistry technique. As it is shown 
in Figure 2, strong Oat5 labelling was associated with 
the apical membrane domains in proximal tubule cells. 
Oat5 staining of proximal tubule cells was increased 
in BDL group, consistent with the density observed by 
Western blotting studies in each experimental group.

Figure 3 shows a higher abundance of NaDC1 in 
BBM from BDL rats while no difference was obser-
ved in NaDC1 protein expression in homogenates. 
Immunohistochemistry showed labelling of NaDC1 
associated with apical plasma membranes of proximal 
tubule of Sham and BDL rat kidneys (Figure 4). BDL 
rats showed an increased apical NaDC1 expression, 
corroborating the data obtained by Western blotting.

Oat5 and NaDC1 mRNA levels were determined by 
RT-PCR. As shown in Figure 5, no modifications were 
observed in Oat5 mRNA and in NaDC1 mRNA levels in 
kidney from BDL group as compared with Sham ones.

DISCUSSION
Cholestasis has been demonstrated to alter the 
transport of compounds such as bile salts and of other 
organic anions in liver and kidneys[11,12]. Renal function 
is also impaired during cholestasis as previously 
reported[10,13,15,18]. In this study we observed an 
increase in mRBF in BDL rats. This increase might 
lead to an important wash out of the cortico-medullar 

Sham BDL

(n  = 4) (n  = 4)
Total bilirubin (mg/L) 5.1 ± 0.4 43.6 ± 2.8a

Direct bilirubin (mg/L) 2.2 ± 0.3 34.4 ± 3.3a

Results are expressed as means ± SE. aP < 0.05 vs Sham.

Sham BDL

(n  = 4) (n  = 4)
Urine flow (μL/min per 100 g bw)   2.10 ± 0.24     3.87 ± 0.57a

Creatinine clearance (mL/min per 100 g bw)   0.65 ± 0.03    0.53 ± 0.06
Glucose (g/g creatinine)   0.17 ± 0.10    0.17 ± 0.07
Protein (g/g creatinine)   1.15 ± 0.08    1.15 ± 0.10
Alkaline phosphatase (U/g creatinine) 266 ± 14  253 ± 20
Citrate concentration (g/L)   0.71 ± 0.16     0.07 ± 0.03a

Citrate excretion (g/g creatinine)   0.53 ± 0.11     0.07 ± 0.02a

Proton excretion (μmol/g creatinine) 0.082 ± 0.03     0.21 ± 0.04a

Results are expressed as means ± SE. aP < 0.05 vs Sham. bw: Body weight. 
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gradient. Moreover, we found an increased urinary 
volume that might be explained by the wash out of the 
cortico-medullar gradient and by the presence in the 
urine of a greater amount of osmotically active solutes 
such as bile acids[24,25] that could not be eliminated 
by the liver. This finding suggests intrarenal blood 
flow distribution with increased medullary blood flow 
following acute bile duct ligation as other authors have 
described after chronic bile duct ligation in rats[10].

In this study we observed no differences in the 
biochemical parameters evaluated in urine, glucose and 
protein urinary excretion and the activity of alkaline 
phosphatase. At this point it is important to emphasize 
that there was no difference in the glomerular filtration 
rate, evaluated in this study by creatinine clearance, 
between Sham and BDL rats as it was previously 
described by us using inulin clearance[15].

We have previously demonstrated alterations on 
the expression of different transporters in rats suffering 
extrahepatic cholestasis[12-15,18].

The organic anion/dicarboxylate exchanger Oat5 
is important for the transport of several organic 
anions, including steroids sulphates[26]. Little is known 
about renal expression of Oat5 under pathological 
conditions, particularly under obstructive jaundice. In 
this experimental model of extrahepatic cholestasis, 
we found an increase in Oat5 protein expression 
both in BBM and in homogenates in BDL group. In 
addition to immunoblotting, the immunohistochemical 
technique corroborated the increase in apical mem-
brane expression of Oat5. No modifications were 
observed in mRNA levels for Oat5. These results 
suggest a decrease in Oat5 protein degradation. The 
Oat5 upregulation might lead to a higher elimination/
reabsorption of its transported compounds. This is 
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Figure 1  Oat5 protein expression in homogenates. Renal homogenates 
(20 μg proteins) (A) and brush border membranes (10 μg proteins) (C) from 
kidneys of Sham and BDL rats were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (8.5%) and blotted onto nitrocellulose 
membranes. Oat5 was identified using a non-commercial polyclonal antibody 
as described in Materials and Methods. Densitometric quantification of Oat5 (B 
and D). Sham levels were set at 100%. Each column represents mean ± SE 
from experiments carried out in triplicate on four different homogenates and 
brush border membranes preparations for each experimental group, aP < 0.05 
vs Sham.
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Figure 2  Immunohistochemistry for Oat5 in kidneys from Sham (A) and 
BDL (B) rats. Serial sections from each rat kidney were stained using a non-
commercial anti-Oat5 antibody. Oat5 labeling was associated with the apical 
plasma membrane domains in proximal tubule cells (arrow heads). In kidneys 
from BDL group there was a marked increase in Oat5 staining (arrows). 
These figures are representative of typical samples from four rats for each 
experimental group. Magnification × 200.
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especially important for those drugs transported by 
this protein because their pharmacokinetics may be 
altered during cholestasis.

Sodium-coupled transporters, such as NaDC1, 
are responsible for the active transport of Krebs cycle 
intermediates, including succinate, α-ketoglutarate 
and citrate[7]. In this study, we observed that BDL 
rats have a higher renal expression of NaDC1 protein 
at apical membranes while no difference is observed 

in homogenates which might suggest an increased 
recruitment of preformed transporters into the 
membranes or an inhibition in the internalization of 
membrane transporters. Immunohistochemical technique 
corroborated these results, showing an increase in the 
staining for NaDC1 in apical membranes of proximal 
tubule cells from BDL animals. No modifications were 
observed in mRNA levels for NaDC1.

It has been proposed that NaDC1 and Oat5 have 
an important role in the late (S2 to S3) segments 
of proximal tubules. Using the outward gradient of 
succinate, citrate and α-ketoglutarate generated by 
NaDC1, Oat5 can reabsorb some organic anions, such 
as steroid sulphates that are glomerular filtrated or 
tubular secreted by multidrug resistance proteins such 
as Mrp2 and Mrp4[4]. NaDC1 cotransporter might also 
help to maintain the outward dicarboxylate gradient 
necessary for the correct function of Oat proteins both 
at apical (Oat5) and basolateral membranes (Oat1 
and Oat3)[27]. Thus, Oat1 and Oat3 may contribute to 
the elimination of toxic metabolites such as bile acids 
and other potential toxins existing in extrahepatic 
cholestasis that could not be excreted into bile in this 
cholestatic model. Then, Oat5 may contribute to the 
elimination of these compounds as well as anionic 
drugs that are uptaken by Oat1 and Oat3.
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Figure 3  NaDC1 protein expression in homogenates. Renal homogenates 
(20 μg proteins) (A) and brush border membranes (10 μg proteins) (C) from 
kidneys of Sham and BDL rats were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (8.5%) and blotted onto nitrocellulose 
membranes. NaDC1 was identified using a non-commercial polyclonal antibody 
as described in Materials and Methods. Densitometric quantification of NaDC1 
(B and D). Sham levels were set at 100%. Each column represents mean ± 
SE from experiments carried out in triplicate on four different homogenates and 
brush border membranes preparations for each experimental group, aP < 0.05 
vs Sham.

A

B

Figure 4  Immunohistochemistry for NaDC1 in kidneys from Sham (A) 
and BDL (B) rats. Serial sections from each rat kidney were stained using a 
non-commercial anti-NaDC1 antibody. NaDC1 labelling was associated with 
the apical plasma membrane domains in proximal tubule cells (arrow heads). 
In kidneys from BDL group there was a marked increase in NaDC1 staining 
(arrows). These figures are representative of typical samples from four rats for 
each experimental group, magnification × 200.
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Besides the upregulations of both apical proteins 
NaDC1 and Oat5, we have found an important de-
crease in citrate urine levels in BDL rats, at least in 
part, because of higher tubular citrate reabsorption.

The importance of extracellular or luminal pH in the 
alteration of citrate reabsorption is also emphasized[7,9]. 
We found an increase in urinary excretion of H+ in 
BDL rats that would favour the protonation of citrate3- 
to citrate2- making it a much stronger substrate for 
the dicarboxylate transporters[7]. Furthermore, this 
increase in urinary excretion of H+ in BDL rats might 
explain, at least in part, the increased renal expression 
of NaDC1 observed in BDL rats since it has been 

reported that this cotransporter is modulated by pH 
changes[7,9,28]. The accumulation of bilirubin, bile acids 
and other potential toxics existing in this experimental 
model of extrahepatic cholestasis may affect post-
transcriptional mechanisms[29,30].

In summary, we present evidence that cholestasis 
induced by common bile duct ligation in the rat 
induces upregulations of both apical proteins Oat5 
and NaDC1 in kidneys. The urinary excretion of citrate 
is decreased in BDL rats, probably because of higher 
NaDC1 expression. These modifications might be part 
of a likely adaptation leading to support normal renal 
tubular function by increasing important metabolites 
reabsorption, such as citrate, that have different 
important roles in proximal tubule cell metabolism. 
Besides, special attention might be paid for those drugs 
transported by Oat5 because their pharmacokinetics 
may be altered during cholestasis.
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elimination of drugs have been described in this pathology.

Research frontiers
Organic anion transporter 5 (Oat5) is a protein exclusively localized in 
the kidney. Oat5 has been reported to interact with many anionic drugs of 
pharmacological interest. The function of Oat5 in renal cells under pathological 
conditions has not been fully elucidated yet. The sodium-dicarboxylate 
cotransporter 1 (NaDC1) is also located in the kidney. The primary function 
of this transporter is to reabsorb filtered Krebs cycle intermediates. These 
compounds, such as succinate, citrate and α-ketoglutarate are important 
substrates for renal metabolism because they account for 10%-15% of oxidative 
metabolism in the kidney.

Innovations and breakthroughs
The effects of acute extrahepatic cholestasis on the expression of Oat5 and 
NaDC1 in rats, and the contribution of these effects on renal excretion of citrate 
were examined in this basic research study.

Applications
This study shows that cholestasis induces upregulations of both apical proteins 
Oat5 and NaDC1 in kidneys and decreases the urinary excretion of citrate. 
Thus, special attention might be paid for the renal handling of citrate and of 
those therapeutic drugs transported by Oat5 because their plasma levels may 
be altered during cholestasis.

Terminology
Cholestasis is a condition where bile cannot flow from the liver to the 
duodenum. The obstructive type of cholestasis is a mechanical blockage in 
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Figure 5  Expression of Oat5 (A, B) and NaDC1 (C, D) mRNA in the kidney 
from Sham and BDL rats. Data are presented as percentage considering the 
mean Sham value as 100%. Results are expressed as mean ± SE of four rats 
per group. The 18S mRNA was used as internal control.
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the duct system that can occur from a gallstone or malignancy. A membrane 
transport protein is a membrane protein involved in the movement of ions, 
small molecules or macromolecules across a biological membrane. Krebs 
cycle or citric acid cycle is a series of chemical reactions used by all aerobic 
organisms to generate energy through the oxidation of acetate derived from 
carbohydrates, fats and proteins into carbon dioxide and chemical energy in the 
form of adenosine triphosphate.

Peer-review
This is a good descriptive study with important findings. Oat5 and NaDC1 
are two carriers expressed in the apical membrane of renal proximal tubule 
cells. Oat5 is an organic anion/dicarboxylate exchanger which has impact on 
renal excretion of hormones, drugs and xenobiotics. The primary function of 
NaDC1 is to reabsorb filtered Krebs cycle intermediates, such as citrate. In the 
present work, they found upregulations of both transporters and a decrease in 
urinary citrate excretion in bile duct-ligated rats. Citrate excretion is decreased 
at least in part, because of the higher NaDC1 expression. Using the outward 
gradient of citrate generated by NaDC1, Oat5 can reabsorb/eliminate different 
organic anions of pathophysiological importance. Attention might be paid for 
those drugs transported by this protein because their pharmacokinetics may be 
altered during cholestasis.
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