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Abstract
High salt diet induces renal medullary COX2 expression. Selective blockade of renal medullary
COX2 activity in rats causes salt sensitive hypertension, suggesting a role for renal medullary
COX2 in maintaining systemic sodium balance. The present study characterized the cellular
location of COX2 induction in the kidney of mice following high salt diet and examined the role
of NFκB in mediating this COX2 induction in response to increased dietary salt. High salt diet
(8% NaCl) for 3 days markedly increased renal medullary COX2 expression in C57Bl/6J mice.
Co-immunofluorescence using a COX2 antibody and antibodies against AQP2, ClC-K, AQP1 and
CD31 showed that high salt diet-induced COX2 was selectively expressed in renal medullary
interstitial cells. By using NFκB reporter transgenic mice, we observed a 7 fold increase of
luciferase activity in the renal medulla of the NFκB-luciferase reporter mice following high salt
diet, and a robust induction of EGFP expression mainly in renal medullary interstitial cells of the
NFκB-EGFP reporter mice following high salt diet. Treating high salt diet fed C57Bl/6J mice with
selective IκB kinase inhibitor IMD-0354 (8mg/kg bw) substantially suppressed COX2 induction
in renal medulla, and also significantly reduced urinary PGE2. These data therefore suggest that
renal medullary interstitial cell NFκB plays an important role in mediating renal medullary COX2
expression and promoting renal PGE2 synthesis in response to increased dietary sodium.
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Introduction
The renal medulla is essential for renal regulation of body electrolyte/water balance and
maintenance of blood pressure[8,13,9,1]. Bromoethylamine (BEA) that causes renal
papillary-medullary lesion induces salt sensitive hypertension in rats[17], supporting a
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critical role of renal medulla in mediating sodium balance. The renal medulla is also known
as a major site of cyclooxygenase (COX) derived prostanoid biosynthesis[15,12,2,14].
Inhibition of endogenous prostaglandin biosynthesis by COX inhibitors (including COX2
selective inhibitors) results in systemic hypertension or compromise the control of blood
pressure in patients with preexisting salt-sensitive hypertension [11,23,40,41], implying a
critical role of COX derived prostanoids in the maintenance of body sodium balance and
blood pressure in humans. High salt diet is shown to induce abundant COX2 expression in
the renal medulla of rodents together with significantly increased renal PGE2
synthesis[42,44,43]. In contrast, COX1 is constitutively expressed in renal medullary
collecting duct cells as well as interstitial cells, and not altered following high salt diet [43].
Importantly, intramedullary infusion of COX2 selective inhibitor or blockage of COX2
expression in renal medulla leads to hypertension in high salt diet fed rats[44,43], consistent
with a potential role for renal medullary COX2 in mediating sodium balance.

The molecular mechanisms by which renal medullary COX2 expression is increased
following high salt diet are incompletely defined. COX2 is known as an important mediator
in cellular response to diverse stressors[38,20]. The 5′ flanking region of the COX2 gene
possesses consensus sequences for several transcriptional factors, including CRE, NFκB and
NF-IL6[21]. Regulation of COX2 gene expression by these transcription factors is cell type
and stressor specific [20,16,6]. Activation of NFκB has been shown to be required for
COX2 induction in renal medullary interstitial cells following hypertonic stress in culture
and in water deprived animals [16], suggesting a critical role for NFκB signaling in
mediating renal medullary interstitial cell COX2 expression following hypertonic challenge.

The present study carefully examined the cellular location of COX2 expression in high salt
die fed mice and revealed an essential role of NFκB in mediating renal medullary interstitial
cell COX2 induction following high salt diet.

Methods
Experimental Animals

Male C57Bl/6J mice were purchased from Jackson Laboratory (Bar Harbour, ME). The
mice were maintained on standard rodent chow and allowed free access to water prior to
experiments. To examine the effect of high salt diet on renal medullary COX expression,
mice were fed with either high salt diet (8% NaCl, Research Diet) or kept on normal salt diet
(0.4% NaCl) for 1 to 7 days. At the end of experiments, mice were sacrificed under
anesthesia and the kidneys were harvested for immunoblot, in situ hybridization and
immunohistochemistry.

The effect of high salt diet on renal medullary NFκB activity was examined in transgenic
mice carrying a luciferase reporter driven by an NFκB response promoter, HIV long-
terminal-repeat (LTR) (HLL mice) [16]. HLL mice were fed with either normal salt diet or
high salt diet for 3 days, after which renal medullary luciferase activity was determined
using a commercial luciferase assay kit, according to the manufacture’s protocol (Promega
Corp, Madison, WI). Luciferase activity was quantified with a luminometer (Monolight
3010, PharMingen, San Diego, CA) and adjusted for the total amount of proteins [16].

The cellular location of NFκB activation was examined using transgenic mice that carry an
enhanced green fluorescent protein (EGFP) fusion protein under the control of an NFκB
response promoter LTR [7]. EGFP was detected by immunofluorescent staining using an
anti-EGFP antibody (Invitrogen, Carlsbad, CA) as previously described [7].
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To test if NFκB is responsible for mediating high salt diet induced COX2 expression in the
renal medulla, mice on normal salt diet were pretreated with an NFκB inhibitor, IMD-0354
(Sigma, St. Louis, MO) or vehicle for 2 days, followed by high salt diet for 3 days.
IMD-0354, dissolved in 0.5% carboxymethylcellulose (CMC; Sigma), was administered by
gavage once daily at the dosage of 8mg/kg bw, which is reported to effectively block NFκB
activation [10,22,31,35,36].

A tenascin-C promoter driven Cre-ER-IRES-EGFP mouse line (TNC-CreER, unpublished)
was used to examine site of COX2 induction following a high salt diet. The site of COX2
expression was assessed by co-labeling COX2 and TNC reporter EGFP.

A metabolic cage experiment was performed to examine the effect of NFkB inhibition on
sodium excretion. The mice were provided with the same amount of gel food (8g containing
3.2g chow food with 0.4% NaCl) every day. After 7 days of accommodation, mice were
treated with IMD-0354 or vehicle for 2 days. Then the mice were switched to high salt diet
(8% NaCl) for 3 days. Daily water intake, urine volume and urinary sodium excretion was
determined.

All animal experiments were approved by the Institutional Animal Care and Use Committee
of Vanderbilt University.

Immunoblot
Renal medullary COX2 and COX1 expression was examined in mice fed with normal or
high salt diet for 1, 2, 3 and 7 days. After mice were sacrificed, the renal medulla was
isolated, and proteins were extracted. Protein concentration was determined using the
bicinchoninic acid protein assay (Sigma, St. Louis, Missouri, USA). 30 micrograms of
protein extract was loaded in each lane of a 10% SDS-PAGE mini-gel and run at 120 V.
Proteins were transferred to a PVDF membrane at 100 V for 1 hour on ice. The membrane
was washed 3 times with TBST (50 mM Tris, pH 7.5, 150 mM NaCl, 0.05% Tween-20),
incubated in blocking buffer (150 mM NaCl, 50 mM Tris, 0.05% Tween-20, and 5%
Carnation nonfat dry milk, pH 7.5) for 1 hour at room temperature, and then incubated with
primary antibody in blocking buffer overnight at 4°C. The primary antibodies used for
immunoblot studies were: anti-COX2 antibody (1:1000), anti-COX1 antibody (1:1000) from
Cayman Chemical Corp. (Ann Arbor, MI); anti-β-actin antibody (Jackson ImmunoResearch
Laboratories mouse monoclonal, 1:5000); anti-α-tubulin antibody (Sigma mouse
monoclonal, 1:2000). After washing for 3 times, the membrane was incubated with
horseradish peroxidase–conjugated secondary antibody (1:2,000-1:20,000, Jackson
ImmunoResearch Laboratories, West Grove, PA) for 1 hour at room temperature, followed
by 3 washes. Antibody labeling was visualized by the addition of chemiluminescence
reagent (Renaissance, PerkinElmer Life Sciences) and the membrane was exposed to Kodak
XAR-5 film.

Immunofluorescent Staining
Kidney tissues were fixed in 4% paraformaldehyde and incubated in 30% sucrose overnight.
Cryostat sections (5 μm) were blocked with 10% normal donkey serum for 20 min. The
blocking buffer from the M.O.M. kit (Vector Laboratories, Burlingame, CA) was used with
mouse monoclonal primary. Sections were then incubated with primary antibody for 60
minutes at room temperature. After washing in PBS, the sections were incubated in Cy2 or
Cy3 conjugated anti-IgG secondary antibody (Jackson Immunoresearch Laboratories) for 30
minutes. Sections were viewed and imaged with a Zeiss Axioskop and spot-cam digital
camera (Diagnostic Instruments) or co-focal microscopy (Zeiss LSM510). The primary
antibodies used for immunofluorescent studies were: anti-COX2 antibody (1:1000) from
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Cayman Chemical Corp. (Ann Arbor, MI); anti-CD31 antibody (1:100, clone MEC13.3)
from Pharmingen (Sanprego, CA); anti-aquaporin-2 (AQP2) antibody (1:1000) from Alpha
Diagnostic International (San Antonio, TX); anti-aquaporin-1 (AQP1) antibody (1:100),
anti-ClC-K antibody (1:100) from Santa Cruz Bio (Santa Cruz, CA); anti-Tamm Horsfall
protein (THP) antibody (1:1000) from MP Biomedical goat polyclonal.

In Situ Hybridization
In situ hybridization was performed as described previously [16,27]. A 597-bp COX2
fragment and a 450-bp COX1 fragment were generated from the 3′ untranslated region of
mouse COX2 and COX1 cDNAs respectively, using PCR [28]. The COX2 and COX1
fragments were used to synthesize 35S-UTP-labeled sense and antisense riboprobes.

Mouse kidneys were fixed in 4% paraformaldehyde and then embedded in paraffin. Sections
(7 μm) were cut and hybridized at 50–55°C for approximately 18 hours. After hybridization,
sections were washed at 50°C in 50% formamide, 2′ SSC, and 100mM b-mercaptoethanol
for 60 minutes, treated with RNase A (10 mg/ml) at 37°C for 30 minutes, followed by wash
es in 19 mM Tris, 5 mM EDTA, 500 mM NaCl (37°C), 2′ SSC (50°C), and 0.1′ S SC
(50°C). Slides were dehydrated with ethanol containing 300 mM ammonium acetate.
Photomicrographs were taken from slides dipped in K5 emulsion (Ilford Ltd., Knutsford,
Cheshire, United Kingdom) diluted 1:1 with 2% glycerol/water and exposed for 7 days at
4°C. After development in Kod ak XAR-5 film, slides were counterstained with
hematoxylin. Photomicrographs were taken with a Zeiss Axioskop microscope.

Quantitative RT-PCR
Total RNA was extracted from renal medullary tissues using TRIZOL reagent (Invitrogen).
Reverse transcription was performed using a high capacity cDNA reverse transcription kit
(Applied Biosystems). Quantitative real time PCR was performed using Taqman gene
expression assay system (Applied biosystems). The probes used were: Mm00478374_m1
(mouse COX2), Mm00477214_m1 (mouse COX1). Probes for eukaryotic 18S rRNA
(4319413E) were used as endogenous control. Gene expression values were calculated
based on the comparative threshold cycle (Ct) method detailed in Applied Biosystems User
Bulletin Number 2. COX2 and COX1 expression values were normalized to the expression
values of 18S rRNA. Data are displayed as fold induction relative to control (vehicle treated
mice on normal salt diet).

Prostaglandin E2 measurement
Twenty four hour urine samples of mice on normal salt diet or high salt diet for days were
centrifuged for 5 min at 10,000 rpm and diluted 1:1 with enzyme immunoassay buffer.
Urinary PGE2 was determined using Cayman Prostaglandin E2 ELISA Kit-Monoclonal
(Cat# 514010). Data are presented as fold induction relative to control (vehicle treated mice
on normal salt diet).

Statistical Analysis
Data are shown as mean±SEM. Statistical analysis was performed using Microsoft Excel
2007. An unpaired two-tailed student t test was used to determine the significant differences.
P<0.05 was considered to be significant.
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Results
High salt diet induced COX2 expression is exclusively localized to renal medullary
interstitial cells

High salt diet (8% NaCl) dramatically induced COX2 expression in the renal medulla of
mice (Figure 1a, P<0.05). COX2 expression was increased as early as day 2 following high
salt diet, and remained elevated throughout the study (from day 2 to day 7 following high
salt diet) (Figure 1). In contrast, COX1 immunoreactive protein level was constitutively
high, and not altered following high salt diet (Figure 1b).

To examine the cellular location of COX2 expression in the renal medulla of mice following
high salt diet, in situ hybridization was performed. COX2 mRNA expression was
dramatically increased in the renal medulla of mice on high salt diet (Figure 1c, E) when
compared to mice on normal salt diet (Figure 1c, D). High power picture further showed
COX2 mRNA expression was primarily located in the renal medullary interstitium between
renal tubules (Figure 1c, F). In contrast to COX2, high levels of COX1 mRNA expression
were detected in the renal medulla of mice on both normal salt diet (Figure 1c, A) and high
salt diet (Figure 1c, B), and it was mainly located in the collecting ducts (Figure 1c, C,
Figure 2D,G,K).

Immunofluorescent study shows high salt diet-induced COX2 expression is restricted in the
inner medulla (Figure 2). Co-immunofluorescent staining was performed using antibodies
against COX2 and renal medullary segment markers: AQP2 for collecting duct, ClC-K
channel for thin ascending limb of Henle’s loop, AQP1 for thin descending limb of Henle’s
loop, CD31 for vasa recta, and Tamm-Horsfall protein for thick ascending limb in outer
medulla. COX2 expression (red) was observed in subpopulation of renal medullary cells that
are arranged in rows (Figure 3). COX2 immunofluorescence did not co-localize with any of
the renal segmental markers used (green), consistent with COX2 expression exclusively
located in renal medullary interstitial cells. COX2 expression was co-localized with
tenascin-C reporter EGFP in the TNC reporter transgenic mice, further supporting COX2
expression in the stromal cells (Figure 4). In addition, COX2 immunofluorescence was not
detected in the region where Tamm-Horsfall protein was detected, suggesting that COX2 is
induced in the inner medullary interstitial cells but not in the outer medulla.

NFκB is activated in the renal medullary interstitial cells following high salt diet
Transgenic mice carrying an NFκB response promoter driven luciferase reporter were fed
with normal salt diet or high salt diet for 3 days. High salt diet significantly increased
luciferase reporter activity in the renal medullary tissues by 7 fold when compared to normal
salt diet (Figure 4a, 3626±1045 vs 513±248 unit/mg protein, P<0.05), suggesting that NFκB
was activated in renal medulla following high salt diet.

To determine the cellular location of NFκB activation, cryostat sections of the kidneys from
transgenic mice carrying an NFκB response promoter driven EGFP reporter either on
normal salt diet or high salt diet were examined by immunofluorescent staining using an
anti-EGFP antibody. EGFP immunofluorescence was only detected in mice fed with high
salt diet, but not in mice on normal salt diet (Figure 4b). In addition, the EGFP expression
was mainly located in the renal medullary interstitial cells that are arranged in rows (Figure
4b, right panel). Interstitial cell NFκB activation is supported by immunohistochemistry of
activated p65 (Figure 5D).
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NFκB activation mediates the increase of renal medullary COX2 expression and renal
PGE2 synthesis following high salt diet

To test whether NFκB mediates COX2 induction in the renal medullary interstitial cells
following high salt diet, a selective IκB kinase inhibitor IMD-0354 was used to block NFκB
activation in mice. Immunoblot showed treatment with the NFκB inhibitor IMD-0354
dramatically suppressed high salt diet induced renal medullary COX2 expression (Figure 5a,
P<0.0001). qRT-PCR further showed markedly attenuated COX2 mRNA induction in renal
medullary tissues of IMD-0354 treated mice on high salt diet (Figure 5b, P<0.01),
suggesting a critical role for NFκB activation in mediating COX2 induction. In contrast,
neither high salt diet nor IMD-0354 altered COX1 expression (Figure 7). Furthermore,
urinary PGE2 dramatically increased following high salt diet (Figure 5c, P<0.001),
suggesting increased renal PGE2 biosynthesis. The increase of urinary PGE2 following high
salt diet was partially but significantly attenuated in mice treated with the NFκB inhibitor
(Figure 5c, P<0.05), consistent with blocked renal medullary COX2 induction.

To examine the role NFκB in sodium excretion after high salt diet, we performed metabolic
cage studies to measure sodium balance. As the mice were provided with the same amount
of gel food (8g containing 3.2g chow food with 0.4% NaCl) every day, we assume these
mice consume the same amount of sodium each day. Thus daily urinary sodium excretion
was compared. As shown in Figure 8, following high salt diet, mice treated with NFκB
inhibitor IMD-0354 show a tendency to excrete less sodium when compared to vehicle.
However, statistical analysis using two-tailed unpaired student t test failed to demonstrate a
significant difference in sodium excretion on either day 1, day 2 or day 3 following high salt
diet.

Discussion
The present study has shown that renal medullary interstitial cells are the major sites of
COX2 induction in mice following a high salt diet. The mechanism of this COX2 induction
appears to require activation of NFκB in renal medullary interstitial cells. The present
finding therefore implicates a role for NFκB-COX2 pathway in renal response to increased
dietary sodium.

Our studies demonstrated in mice that COX2 expression significantly increased in the renal
medulla from day 2 to day 7 following high salt diet. Previous studies show elevated COX2
expression in the renal medulla on day 14 following high salt diet [44,43]. Thus these
observations together suggest a continuous COX2 induction in the renal medulla in response
to salt loading. High salt diet induced COX2 expression in rats is found to be predominantly
located in renal medullary interstitial cells [43]. The present study carefully examined the
cellular location of COX2 induction in high salt diet fed mice and demonstrated that renal
medullary interstitial cells are the major sites of COX2 induction in mice. Induced COX2
expression was not detected in the region where Tamm-Horsfall protein was detected,
consistent with COX2 induction in the inner medullary interstitial cells. Whether COX2
gene expression in human renal medullary interstitial cells also responds to systemic sodium
loading remains to be investigated [26,25,37].

Synthesis of prostanoids requires co-localization of COX with prostanoid synthases within
the same cell[14,3]. Previous studies show PGE2 synthase mPGES1 expression in mouse
renal medullary interstitial cells, and high salt diet significantly increased renal medullary
mPGES1 expression[5], suggesting that mPGES1 also responds to sodium loading.
Therefore renal medullary interstitial cell COX2 is very likely to couple with mPGES1 to
promote the production of PGE2 following dietary sodium loading. The mechanism by
which renal medullary COX derived prostanoids modulate sodium excretion and maintains
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blood pressure, however, is not fully understood. Inhibition of COX2 has been reported to
reduce renal medullary blood flow[34], and the reduction of renal medullary blood flow is
associated with sodium retention and hypertension though incompletely defined mechanisms
[1]. Previous studies have also demonstrated a critical role of renal medullary PGE2-EP2
receptor signaling in maintaining normotension in the setting of high salt intake[5]. Since
EP2 receptor is reported to locate at vasa recta [37], PGE2 derived from renal medullary
interstitial cell COX2 may modulate renal medullary blood flow through EP2 receptor on
adjacent vasa recta and promote renal sodium excretion following high salt diet.

COX2 expression is regulated at multiple levels, including transcriptional and post-
transcriptional levels [20,32,24]. CRE, NFκB, and NF-IL6 are known important
transcriptional regulators of COX2 expression, and they display variable efficacy in a cell or
stimulus specific manner[39,30,4]. Among these transcription factors, activation of NFκB is
reported to be required for COX2 induction in renal medullary interstitial cells following
hypertonic stress in culture and also in water deprived animals [16]. This NFκB-COX2
pathway is further demonstrated to confer cytoprotection in renal medullary interstitial cells
against hypertonic stress in culture and in water deprived animals. In the present studies,
high salt diet dramatically increased renal medullary NFκB activity, and blockage of NFκB
activation by a selective IκB kinase inhibitor IMD-0354 substantially suppressed high salt
diet induced renal medullary COX2 expression, suggesting that the NFκB-COX2 pathway
in renal medullary interstitial cells also responds to systemic sodium loading. Interestingly,
known as a stress resistant molecule and a metabolic master switcher, a NAD+ dependent
histone/protein deacetylase Sirt1 is also shown to be preferentially expressed in the inner
medullary interstitial cells where it exerts cytoprotection against oxidative stress through
mediating COX2 induction[18]. However, the role of Sirt1 in mediating renal medullary
interstitial cell COX2 induction following sodium loading remains to be investigated.

The present study show that following NFκB inhibitor IMD-0354 treatment, high salt diet
induced COX2 expression was almost completely blocked, but renal PGE2 synthesis is only
partially reduced, implicating involvement of COX2 independent PGE2 synthesis following
a high salt diet. As aforementioned, COX1 is constitutively expressed in renal medullary
collecting duct cells as well as interstitial cells at high levels. mPGES1 is also expressed in
the collecting duct and induced by high salt diet (5). Ye et al. have shown that inhibition of
either COX2 or COX1 in renal medulla results in increased blood pressure in high salt diet
fed rats, and that high salt diet fed COX1 knockout mice exhibit a significant increase of
blood pressure which is associated with suppressed urinary PGE2 excretion [43].

Although our data show a tendency of reduced sodium excretion in IMD-0354 treated mice,
the difference did not reach statistical significance. Several possibilities may account for
this: Incomplete block of PGE2 synthesis as discussed above may attenuate the anti-diuretic
effect of COX2 blockade; The very scattered nature of the data, which is characteristic in
sodium balance study, particularly in small animals, may also be a possible reason.

The molecular basis of NFκB activation following salt loading, however, remains unclear.
Cell culture studies have shown that NFκB is activated in the renal medullary interstitial
cells by NaCl and mannitol but not by the membrane permeable osmole urea [16],
suggesting stimulation of NFκB activation by increased tonicity. Interestingly, high salt diet
is reported to increase renal medullary NaCl concentration [29,33,19]. Thus the mechanism
by which NFκB signaling responds to dietary sodium loading is probably in part through
sensing the increase of tonicity in renal medullary interstitium.

In conclusion, the present studies have demonstrated that high salt diet induces COX2
expression exclusively in renal medullary interstitial cells in mice. Nuclear factor NFκB
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plays a critical role in mediating this COX2 induction. Induced COX2 together with
constitutive COX1 further increases PGE2 biosynthesis in the renal medulla, thus promoting
renal sodium excretion and blood pressure is stabilized.
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Perspectives and Significance

The present study has provided further insights into the roles of COX isoforms in
response to increased dietary sodium. Further studies may investigate the molecular
mechanism by which NFκB is activated in the renal medullary interstitial cells following
sodium loading. By identifying a role for NFκB in renal response to increased dietary
sodium intake through mediating renal medullary COX2 induction, the present study has
provided information in understanding the molecular basis of altered body electrolyte/
water balance in patients administered compounds that inhibit NFκB (such as
Bortezomib).
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Fig. 1. Effect of high sodium diet on renal medullary COX1 and COX2 expression
(a): Immunoblots of COX2. C57BL6/j mice were fed with a high salt (8% NaCl) or a normal
salt (0.4% NaCl) for 3 days; (b) Immunoblots of COX1 and COX2 expression for 0 to 7
days following a high sodium diet as indicated in the figure (n=5 in each time points). (c): In
situ hybridization of COX1 (A, B, C) and COX2 (D. E, F). C57BL6/j mice with fed with
normal (A, D) Dr high salt diet (B, C, E and F) for 5 days. COX1 and COX2 mRNA
expression in the renal medulla was determined by in situ hybridization. NS, normal salt
diet; HS, high salt diet.
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Figure 2. COXs expression in the kidney following a high salt diet
C57BL/6J mice were fed with normal salt diet (A, E, H) or high salt diet (B, F, I, D, G and
K) for three days. COX2 expression was examined by immunofluorescence (red). COX1
mRNA expression was examined by in situ hybridization (D, G, K).
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Figure 3. COX2 expression in renal medulla
C57BL/6J mice were fed with high salt diet for three days. COX2 expression was examined
by immunofluorescence (red). The structures in the renal medulla were co-labeled with their
distinct markers by immunofluorescence (green): AQP2 for collecting duct (A and B);
AQP1 for thin descending limb (E and F); CIC-K for thin ascending Iirnb(C and D) and
CD31 for vasa recta (G and H). VR, vasa recta; * endothelial cell body.
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Figure 4. Co-expression of COX2 with Tenastin-C in renal medulla
Tenasci n-C reporter mice were fed with high salt diet for three days. COX2 expression was
examined by immunofluorescence (red). Tenascin-C promoter driven reporter EGFP was
visualized in green.
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Figure 5. Effect of high salt diet on NFκB activity
NFκB promoter driven luciferase (A) or EGFP (B) reporter transgenic mice were treated
with high salt diet or normal salt diet for three days. Luciferase activity in renal medulla was
determined to assess endogenous NFκB activity CA, n= 10). The location of NFκB
activation was determined by imrnunofuorescence for NFκB reporter EGFP (B). NFκB
activity was also examined by activated p65 immunohistochemistry (D). White arrows and
red arrows indicate respectively the EGFP expressing cells and acti vated p65 positive cells
arranged in a laddering pattern. *p<0.05 vs normal salt.
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Figure 6. NFκB inhibitor suppresses renal medullary COX2 induction following high salt diet
C57Bl/6J mice were pretreated with NFκB inhibitor IMD-0354 or vehicle for 2 days. then
additionally fed with high salt diet or kept on normal salt diet for 3 days. (a) COX2
expression in the renal medullary tissues was determined by immunoblot. (n=3, *P<0.0001
versus vehicle treated mice on high salt) (b) COX2 mRNA expression in the renal medull
ary ti ssues was determined by qRT-PCR. (n=5, *p <0.01 versus vehicle treated mice on
normal salt, **P<0.01 versus vehicle treated mice on high salt) (c) Twenty four hour urinary
PGE2 was measured using Cayman PGE2 ELISA kit. (n=8, *P<0.001 versus vehicle treated
mice on normal salt, **P<0.001 versus TMD-0354 treated mice on normal salt, †P<0.05
versus vehicle treated mice on high salt)
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Figure 7. Effect of NFκB inhibitor on renal medullary COX1 expression
C57Bl/6J mice were pretreated with NFκB inhibitor IMD-03S4 or vehicle for 2 days, then
additionally fed with high salt diet or kept on normal salt diet for another 3 days. (a) COX1
expression in the renal medullary tissues was determined by immunoblot. (b) COX1 mRNA
expression in the renal medullary tissues was determined by qRT-PCR. Black bar: vehicle
treated mice, Grey bar: IMD-0354 treated mice.

He et al. Page 18

Pflugers Arch. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 8. The effect of NFκB inhibitor on body weight and sodium balance
10 C57Bl 6J male mice were housed in metabolic cages. Each mouse was fed with 8g gel
food containing 3.6 g normal chow food (0.4%NaCl) every day. Daily water intake (b),
urine volume (c) and body weight (d) was recorded. 24hour urinary sodium excretion
Twenty-four hour urine was collected for measuring urinary sodium output. Starting from
day7, mice were administered with NFκB inhibitor IMD-0354(8mg/kgbw) or vehicle daily
by gavage. Two days later, all the mice were switched to high salt diet (8%NaCl) for another
3 days. Black:vehicle treated mice, Red:IMD-0354 treated mice.
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