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Abstract
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Pregnancy is characterized by cumulative plasma volume expansion as a result of renal sodium
retention, driven by activation of aldosterone. We previously reported that the abundance and
activity of the aldosterone-responsive epithelial Na+ channel is increased, whereas the sodium–
chloride cotransporter (NCC) is decreased in the kidney of the late-pregnant rat. The chloride–
bicarbonate exchanger pendrin is also aldosterone responsive and has been shown to support
activity of the aldosterone-responsive epithelial Na+ channel and compensate for the loss of NCC.
Additionally, pendrin coupled to the sodium-dependent chloride–bicarbonate exchanger (NDCBE)
mediates thiazide-sensitive sodium reabsorption in the cortical collecting duct. In this study, we
investigated pendrin and NDCBE transcript expression, pendrin protein abundance, pendrin
cellular localization and thiazide sensitivity in virgin, mid-pregnant and late-pregnant rats to test
the hypothesis that increased pendrin activity might occur in pregnancy. By RT-PCR, NDCBE and
pendrin mRNA expression was unchanged from virgins, whereas pendrin protein abundance
determined by Western blotting was increased in both mid- and late-pregnant rats. The apical
localization of pendrin was also increased in late-pregnant rats compared with virgins by
immunohistochemistry. Pregnant rats displayed an increased natriuretic response to
hydrochlorothiazide compared with virgins. Given that NCC expression is decreased in late
pregnancy, an increased thiazide sensitivity may be due to inhibition of upregulated pendrin–
NDCBE-coupled sodium reabsorption. Thus, increased pendrin in pregnant rats may compensate
for the decreased NCC and aid in the renal sodium chloride reabsorption of pregnancy.
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Introduction
A healthy pregnancy requires an increase in plasma volume of at least 40%, which is
necessary to support the growing uterus and fetus. Insufficient volume expansion is
associated with fetal growth restriction (Gibson, 1973; Salas et al. 2006), which increases
the risk for adult-onset hypertension, metabolic syndrome (Barker et al. 1989) and reduced
nephron numbers leading to renal disease (Brenner et al. 1988). The plasma volume
expansion of pregnancy is driven by avid renal sodium retention supported by activation of
the renin–angiotensin–aldosterone system.
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Previous studies conducted in pregnant rats have demonstrated that aldosterone is critical for
this mechanism. Pregnant rats that have undergone adrenalectomy and aldosynthase
knockout mice have reduced plasma volume expansion, decreased blood pressure and
restricted fetal growth (Barron et al. 1993; Todkar et al. 2012). It is likely that these effects
are due to the loss of sodium reabsorption mediated by the epithelial sodium channel
(ENaC), because in vivo ENaC activity is increased in pregnancy via a mineralocorticoid
receptor-mediated pathway (West et al. 2010), and chronic ENaC inhibition prevents the
pregnancy-mediated sodium retention, which results in growth-restricted pups (West et al.
2014).
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We have recently examined the regulation of the sodium–chloride cotransporter (NCC) in
pregnancy because it is also an aldosterone-responsive sodium transporter (Kim et al. 1998).
However, unlike ENaC, we found that NCC abundance, phosphorylation and apical
localization were all decreased in late-pregnant and unchanged in mid-pregnant rats
compared with virgin rats (West et al. 2015). This was surprising because late pregnancy is
the time when aldosterone concentrations and renal sodium reabsorption are highest
(Alexander et al. 1980; Atherton et al. 1982; Brochu et al. 1997; Garland et al. 1987).
Recent studies have demonstrated that NCC and the chloride–bicarbonate exchanger pendrin
may compensate for the loss of each other (Soleimani et al. 2012; Grimm et al. 2015).
Pendrin is localized to type B and non-A, non-B intercalated cells and is an aldosteroneresponsive protein that is coupled to sodium reabsorption via ENaC in principal cells
(Wagner et al. 2002; Verlander et al. 2003). Pendrin has also been indicated to work in
tandem with the sodium-driven chloride–bicarbonate exchanger (NDCBE) mediating
thiazide-sensitive electroneutral sodium reabsorption in the collecting duct (Leviel et al.
2010). Given that pendrin supports sodium reabsorption in the collecting duct and
compensates for loss of NCC, we have undertaken the present study to examine whether
pendrin is increased in the pregnant rat and aids in the sodium reabsorption of pregnancy.
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Methods
Animals
Animal experiments were carried out using a total of 50 female Sprague–Dawley rats
(Harlan Laboratories, Indianapolis, IN, USA). Animals were maintained in the University of
Florida animal facility in compliance with institutional guidelines and the National Institute
of Health (NIH) Guide for Animal Use. All animal protocols were approved by the
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University of Florida Institutional Animal Care and Use Committee, and experiments were
carried out according to institutional guidelines. Rats were maintained on a normal 12 h–12
h light–dark cycle and were given ad libitum access to water and Harlan Teklad LM-485
Mouse/Rat Sterilizable Diet (0.3% sodium, 0.8% potassium). Rats destined to become
pregnant were placed with a fertile male, and day 1 of pregnancy was designated as the day
that sperm was present in vaginal smears. Rat gestation is ~22 days. Group 1 rats [virgin (n
= 6), mid-pregnant (day 14; n = 7) and late-pregnant animals (day 21; n = 7)] were used for
determination of mRNA by qPCR and protein abundance by Western blotting; group 2 rats
[virgin (n = 3), mid-pregnant (day 11–13; n = 4) and late-pregnant animals (day 18–20; n =
4)] were used for immunolocalization by immunohistochemistry; and group 3 rats [virgin (n
= 6), mid-pregnant (day 12–14; n = 7) and late-pregnant animals (day 19–21; n = 6)] were
used for baseline physical data and natriuretic response tests. Animals were killed by
exsanguination under inhalation anaesthesia with 4% isoflurane (Baxter Healthcare Corp.,
Deerfield, IL, USA). Blood was taken from the abdominal aorta at harvest from group 3 rats
for measurement of haematocrit. All animals were killed and tissue harvested between 14.00
and 18.00 h.
RNA isolation and qPCR
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RNA was isolated using the Direct-zol RNA MiniPrep kit with on-column DNA digestion
(Zymo Research Corp., Irvine, CA, USA) according to the manufacturer’s instructions.
Samples of RNA (2 μg) were used as the template for reverse transcription with the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems). The resulting cDNAs (20
ng) were then used as the template in real-time quantitative polymerase chain reactions
(qPCRs; Applied Biosystems) to evaluate changes in pendrin (Rn01469208_m1) and
NDCBE (Rn01532883_m1). Cycle threshold (CT) values were normalized against
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and relative quantification was
performed using the ΔΔCT method (Livak & Schmittgen, 2001). Fold-change values were
calculated as the change in mRNA expression levels relative to the control. Relative gene
expression levels were then compared between groups using ANOVA (Gumz et al. 2009).
TaqMan primer–probe sets were purchased from Applied Biosystems.
Homogenate preparation
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Kidney cortex was dissected, snap frozen in liquid nitrogen and stored at −80°C until
homogenization. Tissues were homogenized in ice-cold homogenization buffer [5% sorbitol
containing 25 mM histidine-imidazole (pH 7.5), 100 mM Na2EDTA, 20 mg ml−1 aprotinin,
167 mM PMSF and a phosphatase inhibitor cocktail (Sigma P0044)]. After homogenization,
samples were centrifuged at 2000g for removal of debris. The protein concentration of the
homogenates was determined by BCA assay (Pierce Thermo, Rockford, IL, USA). All
samples were solubilized at 60°C for 15 min in a Laemmli sample buffer and stored at
−80°C.
Quantitative immunoblotting and reagents
Protein abundances were detected by Western blotting using 50 μg of kidney cortex for
pendrin and 60 μg for NCC. Samples were loaded on 7.5% polyacrylamide gels and
separated by gel electrophoresis at constant voltage, 100 V for 15 min followed by 140 V for
Exp Physiol. Author manuscript; available in PMC 2020 October 10.
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90 min. Membranes were incubated for 36 h with anti-pendrin primary antibody (1:1000
dilution; Knauf et al. 2001) or anti-NCC (1:1000 dilution; West et al. 2015). Blots were then
incubated with a goat anti-rabbit IgG–HRP secondary antibody (1:15,000 dilution; sc-2004;
Santa Cruz Biotechnology; this antibody does not give any IgG bands in rat kidney cortex
when used alone). Bands of interest were visualized using enhanced chemiluminescence
reagent (Supersignal West Pico; Thermo Scientific) and quantified by densitometry
(VersaDoc imaging system and Quantity One Analysis software; Bio-Rad). Densitometry
was normalized to Ponceau staining (Sigma) and virgin controls, with the mean for the
virgin control group being set as 100%.
Tissue preparation for immunohistochemistry
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Group 2 rats [virgins, 11–13 day mid-pregnant and 18–20 day late-pregnant rats (all n = 3)]
were anaesthetized with inhalant isoflurane. Kidneys were perfused via an abdominal aortic
cannula, first blood free with PBS (pH 7.4) followed by periodate–lysine–2%
paraformaldehyde for 6 min, at a controlled pressure of 140 mmHg. The perfused kidneys
were then cut transversely into several 2- to 4-mm-thick slices and immersed for ~24 h at
4°C in the same fixative, then placed in PBS at 4°C. Kidney samples from each animal were
embedded in polyester wax [polyethylene glycol 400 distearate (Polysciences, Warrington,
PA, USA) and 10% 1-hexadecanol], and 3-μm-thick sections were cut and mounted on triple
chrome–alum–gelatin-coated glass slides (Verlander et al. 2013).
Immunohistochemistry
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Immunolocalization was accomplished using immunoperoxidase, as follows. Sections were
dewaxed in ethanol, rehydrated, heated in Trilogy (Cell Marque, Rocklin, CA, USA) to 88°C
for 30 min and then to 96°C for 30 min, cooled for 30 min and rinsed in PBS. Endogenous
peroxidase activity was inhibited by incubating the sections in 3% H2O2 in distilled water
for 45 min. Sections were blocked for 15 min with Serum-Free Protein Block
(DakoCytomation, Carpinteria, CA, USA) and then incubated at 4°C overnight with antipendrin primary antibody (1:20,000 dilution; Royaux et al. 2001). Sections were washed in
PBS, incubated for 30 min with polymer-linked, peroxidase-conjugated goat anti-rabbit IgG
(ImmPRESS; Vector Laboratories, Burlingame, CA, USA), washed again with PBS and then
exposed to diaminobenzidine (DAB; Vector Elite) for 5 min. Sections were washed in
distilled water, dehydrated with graded ethanols and xylene, mounted, and observed by light
microscopy. Comparisons of labelling were made only between sections from the same
immunohistochemistry experiment. Sections were examined on a Leica DM2000
microscope and photographed using a Leica DFC425 digital camera and Leica DFC Twain
Software and LAS application suite (Leica Microsystems, Buffalo Grove, IL, USA). Colour
adjustment was performed using Adobe Photoshop CS3 software (Adobe Systems, San Jose,
CA, USA).
Quantitative analysis of immunohistochemisty
Quantification was performed as previously described (Kim HY et al. 2007; West et al.
2015). All tissues were prepared and stained using identical procedures and were viewed at
the same time using identical microscope settings. Briefly, high-resolution digital
micrographs were taken of all identifiable renal cortical collecting duct (CCD) segments in a
Exp Physiol. Author manuscript; available in PMC 2020 October 10.
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single session using identical manual camera settings and a Leica DM2000 microscope
equipped with a DFC425 digital camera and DFC Twain Software and LAS application
suite. One to two cell profiles per CCD were selected for analysis using systematic random
criteria. Raw images were analysed using freely available software (NIH ImageJ, version
1.48v) to quantify pixel intensity across a line drawn from the tubule lumen through the
centre of an individual cell profile or adjacent to the nucleus in cell profiles with a visible
nucleus. These data were then analysed using custom software. The pixel intensity at each
point of the line was displayed graphically. The apical and basolateral edges were
determined by the user. Total cellular expression was determined by integrating net pixel
intensity measured along the line through the entire cell profile. Cell profile height was
determined as the distance in pixels between the apical and basolateral edges of the cell
profiles. The intensity of immunoreactivity in the apical 20% of the cell profile was
determined by integrating the pixel intensity in this region of the cell profile. The individual
performing the microscopy, photography and quantitative analysis was blinded to the
treatment status of the animal.
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Natriuretic response test
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Sodium and potassium excreted in response to single subcutaneous (S.C.) injection of
hydrochlorothiazide (HCTZ; 7.5 mg kg−1) was measured in virgin (n = 6), day 14 midpregnant (n = 7) and day 21 late-pregnant rats (n = 6), respectively. The collection time was
selected based on a pilot test to determine the time course of the maximal diuretic effect.
Urine was collected in metabolic cages for 0–4 h following HCTZ between 11.00 and 17.00
h. The day before the thiazide test, a baseline natriuretic response test to vehicle (water) S.C.
was performed on each rat. Vehicle and thiazide response tests were conducted at the same
time of day on consecutive days for each rat. Urine volume was determined gravimetrically,
electrolyte concentrations by flame photometry, and pH was measured using a model UB-5
pH meter (Denver Instrument Company, Arvada, CO, USA) fitted with a semi-micro gelfilled Orion model 911600 electrode (Thermo Fisher Scientific, Beverly, MA, USA).
Statistics
Results are presented as means ± SEM. Statistical analyses were performed using Student’s
unpaired t test or one-way ANOVA followed by Tukey’s post hoc test, and P < 0.05 was
considered statistically significant.

Results
Baseline physical data
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Body weight during pregnancy is directly correlated with plasma volume expansion (Rosso
et al. 1992; Salas et al. 1993). As shown in Table 1, the pregnant rats in this study
demonstrated the normal increase in body weight. Haematocrit decreased progressively in
the pregnant rats, demonstrating the expected cumulative plasma volume expansion of
normal pregnancy. The pregnant rats also had increases in kidney weight and uterine weight.
By late gestation, a large proportion of the increased body weight (~60%) was composed of
uterine weight and products of conception, and the majority of the increased uterine weight
was pup weight (~67%).
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The mRNA expression of NDCBE and pendrin was determined by real-time qPCR in renal
cortical tissue of pregnant and virgin rats. Pendrin transcript expression (virgin CT = 26.9 ±
0.3) in the kidney cortex was ~32-fold higher than NDCBE (virgin CT = 32.0 ± 0.3). As
shown in Table 2, there were no differences detected in the transcript expression of pendrin
or NDCBE in pregnant rats compared with virgin control animals.
Renal NCC and pendrin protein abundance
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The kidney cortex protein abundance of pendrin was determined by Western blotting in
virgin, mid- and late-pregnant rats. We also ran a confirmatory blot affirming the previously
characterized changes in NCC (West et al. 2015) that occur in late pregnancy (Fig. 1). As
summarized in Fig. 2, there was an increase in pendrin protein in mid-pregnant rats
compared with virgin control animals (virgin, 100 ± 13%; mid-pregnant, 136 ± 10%, P <
0.05 by Student’s unpaired t test). There was also an increase in pendrin protein abundance
in late-pregnant rats compared with virgins (virgin, 100 ± 11%; late-pregnant, 141 ± 14%, P
< 0.05 by Student’s unpaired t test).
Pendrin immunolocalization
As shown in Fig. 3, pendrin labelling was diffuse in virgin intercalated cells of renal CCD,
whereas in mid-pregnant and late-pregnant CCD, pendrin immunoreactivity appeared more
intense and more discretely apical in the majority of intercalated cells. Quantitative analyses
confirmed that the apical expression of pendrin was increased in late-pregnant rats compared
with virgin rats (pixel intensity in apical 20% of cell: virgin, 758 ± 107; mid-pregnant, 1155
± 126, n.s.; late-pregnant, 1179 ± 43, P < 0.05 by ANOVA with Tukey’s post hoc test).
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Natriuretic response test
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Given that NDCBE and pendrin mediate the thiazide-sensitive sodium transport of the CCD
(Leviel et al. 2010) and we have recently found NCC to be unchanged in the mid-pregnant
and decreased in the late-pregnant rat (West et al. 2015), we examined the natriuretic and
kaliuretic responses to acute administration of HCTZ (7.5 mg kg−1, S.C.). As shown in Fig.
4A, there were no differences in sodium excretion between the virgin and pregnant rats
following the administration of vehicle. Hydrochlorothiazide increased sodium excretion in
both virgin and pregnant rats; however, the response was markedly enhanced in mid- and
late-pregnant animals compared with virgins. Urinary K+ excretion increased during
gestation, and increased further with HCTZ administration. However, the increment in K+
excretion observed with thiazide administration was similar in virgin and pregnant rats (Fig.
4B). Urine output was similar in virgin and pregnant rats after vehicle, and HCTZ increased
urine output in all groups (Fig. 4C). There were no differences detected in the urine pH with
pregnancy or after HCTZ treatment (Fig. 4D).

Discussion
The main findings of this study are as follows: (i) pendrin protein abundance and apical
localization are increased in the pregnant rat; and (ii) thiazide sensitivity is increased in midand late pregnancy, despite our earlier finding of reduced NCC.
Exp Physiol. Author manuscript; available in PMC 2020 October 10.
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Previous work has demonstrated that pendrin expression is critical to volume homeostasis
and maintenance of blood pressure. In baseline conditions, blood pressure is lower in
pendrin-null versus wild-type mice (Pech et al. 2010). When placed on a NaCl-deficient diet
(Wall et al. 2004), pendrin-null mice experienced a greater decrease in blood pressure
compared with wild-type mice, indicating the physiological importance of pendrin
expression in this model. Furthermore, pendrin-null mice in conditions of moderate dietary
NaCl restriction had increased urine volume, urinary Cl− excretion, haematocrit and urea
nitrogen values compared with wild-type, mice demonstrating the physiological importance
of pendrin-mediated transport in fluid and volume homeostasis.

Author Manuscript

Angiotensin II and aldosterone regulate pendrin expression primarily by increasing apical
plasma membrane protein abundance through subcellular redistribution (Verlander et al.
2003, 2011). Aldosterone analogues have also been shown to produce small increases in
pendrin total protein abundance (Verlander et al. 2003). Here, we have demonstrated
increases in both protein abundance and discrete apical localization of pendrin in CCD
intercalated cells in the pregnant rat. This pregnancy-mediated increase in pendrin protein
abundance is likely to occur by a post-transcriptional mechanism, because we did not detect
any differences in pendrin mRNA expression. The more discrete apical localization in
intercalated cells seen by light microscopy is likely to be correlated with increased apical
plasma membrane pendrin expression, as we have demonstrated previously in studies using
both light microscopic immunohistochemistry and immunogold cytochemistry to localize
pendrin (Verlander, et al. 2003).
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Although pendrin expression in renal homogenates of pregnant rats was only modestly
upregulated, the contribution of pendrin to fluid homeostasis in pregnancy may be
substantial. Recently, it was demonstrated that severe dietary NaCl restriction in mice causes
only a 33% increase in pendrin protein abundance in renal homogenates (Lazo-Fernandez et
al. 2015). With moderate dietary NaCl restriction (0.13 mequiv Na+ per day), apical plasma
membrane pendrin abundance in type B intercalated cells doubles, although total pendrin
protein abundance per cell is unchanged. This increment in apical plasma membrane pendrin
abundance is important because this modest dietary NaCl restriction leads to marked
apparent vascular volume contraction in the pendrin-null mouse (Wall et al. 2004). Mild
dietary NaCl restriction, which probably elicited the same or less of an increase in pendrin
protein in renal homogenates, caused a redistribution of pendrin immunogold label from the
cytoplasmic vesicle compartment to the apical plasma membrane, resulting in a doubling of
the density of pendrin immunolabel in the apical plasma membrane (Wall et al. 2004).
Furthermore, these NaCl-restricted mice have no change in haematocrit and have decreased
urine volume and urinary Cl− excretion compared with NaCl-replete mice, demonstrating
the physiological importance of the modest increase in pendrin abundance (Wall et al. 2004).
As such, it is likely that the modest increase in pendrin expression we observed in pregnant
rats has a similarly important role in fluid and volume homeostasis.
The increase in thiazide sensitivity in pregnant rats is not due to changes in NCC, because
NCC abundance, phosphorylation and apical localization are all decreased in late-pregnant
and unchanged in mid-pregnant rats compared with virgins (West et al. 2015). The
dissociation between thiazide sensitivity, which is widely used as an index of in vivo NCC
Exp Physiol. Author manuscript; available in PMC 2020 October 10.

West et al.

Page 8

Author Manuscript

activity, and NCC phosphorylation/localization in pregnant rats suggests that HCTZ is
inhibiting another renal sodium chloride transport mechanism during pregnancy.
Hydrochlorothiazide inhibits ~50% of renal sodium transport in the CCD (Terada &
Knepper, 1990). However, NCC mRNA and protein expression is restricted to the distal
convoluted tubule. Leviel et al. (2010) have shown that the thiazide sensitivity of the CCD is
due to electroneutral transport through NDCBE, which works in tandem with pendrin at the
apical plasma membrane of type B intercalated cells to mediate net reabsorption of sodium
and chloride. This mechanism may be a candidate for the increased thiazide sensitivity that
we have demonstrated in this study. Although we did not detect changes in the transcript
expression of NDCBE, transcript expression is not always correlated with protein
abundance, as is the case for pendrin in the present study. Unfortunately, there are no
antibodies currently available that have been successful in detecting NDCBE in the rat
kidney.
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Pendrin modulates ENaC abundance, localization and function. Epithelial sodium channelmediated sodium reabsorption is very low in CCD from pendrin-null mice compared with
wild-type mice (Kim et al. 2007; Pech et al. 2010, 2015). Thus, functional pendrin is
necessary to support ENaC activity. Given that ENaC activity is elevated in normal
pregnancy and is required for the progression of a healthy pregnancy (West et al. 2010,
2014), the increased pendrin abundance and apical distribution may support the high ENaC
activity.

Author Manuscript

A recent study indicated that pendrin and NCC may compensate for the loss of each other in
baseline conditions. In the basal state, neither the pendrinnor the NCC-single knockout mice
display any salt wasting or volume depletion (Soleimani et al. 2012). In the NCC knockout
mouse, pendrin is increased in the kidneys (Vallet et al. 2006). Additionally, treatment of the
pendrin knockout mice with HCTZ increased fluid loss in these mice relative to wild-types
(Amlal et al. 2010). Furthermore, pendrin–NCC double knockout mice display severe salt
wasting in basal conditions, resulting in volume depletion, hypotension, renal failure and
metabolic alkalosis (Soleimani et al. 2012). In addition, a child with Pendred syndrome
developed marked intravascular volume contraction, hypotension and metabolic alkalosis
during thiazide administration (Pela et al. 2008). This suggests that pendrin and NCC play
an important role in compensatory salt reabsorption in response to inactivation of each other.
As NCC abundance, phosphorylation and localization are all decreased in the late-pregnant
rat (West et al. 2015), we suggest that the increased pendrin may compensate for the
decreased NCC.
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Thiazides have been shown to inhibit carbonic anhydrases (Pickkers et al. 1999); however,
their primary diuretic effect does not rely on carbonic anhydrase inhibition (Friedman &
Berndt, 2004). Carbonic anhydrase inhibition results in sodium bicarbonate excretion
(Friedman & Berndt, 2004); therefore, we measured the pH of the urine after HCTZ
administration to determine whether the natriuretic effect was due to inhibition of carbonic
anhydrase. Given that we did not find an alkalization of the urine with HCTZ compared with
vehicle, we consider the effect of HCTZ on carbonic anhydrase to be minimal in this study.
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In conclusion, we have demonstrated that pendrin protein abundance, pendrin apical
localization and thiazide sensitivity are increased in the pregnant rat. This suggests that
pendrin may be important in supporting the renal sodium chloride reabsorption and plasma
volume expansion of pregnancy.
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New Findings
•

What is the central question of this study?

Pregnancy requires a robust plasma volume expansion driven by renal sodium retention.
In the late-pregnant kidney, the aldosterone-responsive epithelial Na+ channel is
increased, whereas the sodium–chloride cotransporter is decreased. Pendrin has been
shown to support sodium reabsorption in the distal nephron and compensate for loss of
the sodium–chloride cotransporter. We investigated the expression and abundance of
pendrin in the pregnant kidney.
•

What is the main finding and its importance?
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Pendrin protein, apical localization and thiazide sensitivity are increased in pregnancy.
This implicates a possible role for pendrin in supporting the renal sodium chloride
reabsorption and plasma volume expansion of pregnancy.
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Figure 1. Confirmatory blot demonstrating previously characterized changes in the total protein
abundance of the sodium–chloride cotransporter (NCC) in virgin, mid-pregnant (day 14) and
late-pregnant rats (day 21); n = 2 per group
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Figure 2. Protein abundance of pendrin in renal cortical tissue of virgin (n = 6), mid-pregnant
(day 14; n = 7; A) and late-pregnant rats (day 21; n = 7; B)

Band densities were normalized to virgin control animals, with virgins set at 100%, and
summarized as bar graphs. One blot was run for mid-pregnant and one blot for late-pregnant
rats versus virgins. Student's unpaired t test was performed and data are presented as means
± SEM. *P < 0.05 versus virgin.

Author Manuscript
Author Manuscript
Exp Physiol. Author manuscript; available in PMC 2020 October 10.

West et al.

Page 15

Author Manuscript
Author Manuscript
Author Manuscript

Figure 3. Immunolocalization of pendrin in virgin (n 3), mid-pregnant (day 11–13; n = 4) and
late-pregnant rats (day 18–20; n = 4)

The expression of immunoreactivity as determined by pixel intensity was determined in the
apical 20% of the cell and summarized as bar graphs. All slides were processed as one
experiment. A one-way ANOVA with Tukey’s post hoc test was performed. Data are
presented as means ± SEM. *P < 0.05 versus virgin.
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Figure 4. Sodium excretion (UNaV; A), potassium excretion (UKV; B), urine output (C) and urine
pH (D) in response to hydrochlorothiazide (HCTZ) and vehicle (VEH) in virgin (n = 6), midpregnant (day 12–14; n = 7) and late-pregnant rats (day 19–21; n = 6)
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The thiazide-sensitive portion of the sodium excretion is the net UNaV, which is the
difference between thiazide-mediated UNaV and vehicle-mediated UNaV, i.e. Net = HCTZ –
VEH. A one-way ANOVA with Tukey’s post hoc test was performed. Data are presented as
means ± SEM. *P < 0.05 versus virgin. †P < 0.05 versus VEH.
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—
44 ± 0.5

Number of pups

Haematocrit (%)

P < 0.05 versus mid-pregnant, by ANOVA.

P < 0.05 versus virgin and

†

*

Data are presented as mean values ± SEM.

—

0.65 ± 0.12

Uterine weight (g)

Pup weight (g)

0.72 ± 0.02

242 ± 2

Right kidney weight (g)

Body weight (g)

Virgin rats (n = 6)

37 ± 0.4*

†

14 ± 1

41 ± 0.9*

45.52 ± 6.60

13 ± 2

—

67.60 ± 7.45*

†

0.81 ± 0.02*

0.83 ± 0.01*
7.90 ± 1.25

354 ± 8*

†

Late-pregnant rats (n = 6)

276 ± 4*

Mid-pregnant rats (n = 7)
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1.0 ± 0.12

1.0 ± 0.08

Pendrin

NDCBE

0.89 ± 0.06

1.09 ± 0.11

Mid-pregnant rats (n = 7)

1.11 ± 0.06

1.24 ± 0.15

Late-pregnant rats (n = 7)

Pendrin and GAPDH expression were run on a single qPCR plate for all rats; NDCBE and GAPDH were run on another qPCR plate for all rats.

Data are presented as mean values ± SEM. Each sample was normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Virgin rats (n = 6)
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