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Abstract
We seek to determine: 1) whether a long-term high salt diet induces hypertension and renal injury
in Sprague-Dawley (SD) rats and 2) whether the high salt diet-induced hypertension and renal injury
are associated with decreased renal VEGF expression. Twelve 10-wk-old male SD rats received a
high salt diet (HS, 8%) and twelve SD rats received a normal salt diet (NS, 0.5 %) for 8 weeks. Using
a tail cuff, weekly monitoring showed that blood pressure increased significantly after 6, 7, & 8 wks
in HS group, compared to NS group (P<0.01). At 4 wks and 8 wks of diet, mean arterial pressure
(MAP) was determined in conscious rats by continuous monitoring through a catheter placed in the
carotid artery. MAP was not significantly different between HS and NS group in 4 wks, but was
significantly higher in HS than NS group (140±5.3 vs.112±2.2 mmHg; P<0.01) in 8 wks. Increased
proteinuria and albuminuria were associated with marked renal histological abnormalities in HS
group, compared to those in NS group. Northern blot and ELISA demonstrated that 8 wks of HS diet
significantly decreased renal expression of VEGF mRNA and protein, compared to NS group
(P<0.01). In 8 wks, total urinary excretion of sFlt-1 was significantly higher in HS than NS group
(9.28±1.05 vs. 2.05±0.55 ng/day; P<0.01) whereas the plasma levels of sFlt-1 remained stable. These
results suggest that a long-term HS diet induces renal injury and hypertension, which are associated
with decreased renal VEGF expression in normotensive rodent animals.
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Introduction
Hypertension has been recognized as a multifactorial trait resulting from the effects of a
combination of both environmental and genetic factors. An excess of dietary salt is the most
common environmental factor that contributes to the pathogenesis of hypertension (1–5). The
kidneys play a central role in regulating blood pressure, which has been well characterized by
Guyton and colleagues on the pressure natriuresis and diuresis relationship (6–7). An increase
in blood pressure causes the kidneys to excrete more salt and water, thereby decreasing the
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extracellular and plasma volume. Therefore, over a long period, blood pressure is controlled
primarily by salt and water balance because of the infinite gain property of the kidneys to
rapidly eliminate excess fluid and salt. Neither sinoaortic denervation (8) nor renal nerve
denervation (9) prevents the generation of salt dependent forms of hypertension. Much
evidence from epidemiological, migration, intervention, and genetic studies suggest that a high
salt intake is almost uniformly associated with an increase in blood pressure in normotensive
and hypertensive humans (10–14). A long-term high salt intake also increased blood pressure
in normotensive pigs (15), baboons (16), African green monkeys (17), and chimpanzees (18).
Although many studies indicated that a short-term high salt diet caused hypertension and renal
injury in salt-sensitive rodent animals such as Dahl salt-sensitive rats (19–20) and DOCA-salt
sensitive rats(21), it is not clear whether a long-term high salt diet can cause hypertension and
renal injury in normotensive rodent animals such as Sprague-Dawley rats.

The mechanisms of dietary salt-induced hypertension and renal injury are still not clear, though
accumulating evidence has shown how a variety of genetic mutations and polymorphisms of
sodium channels and related proteins in the kidney result in the dysregulation of sodium
metabolism and/or salt-sensitive hypertension. These include mutations affecting synthesis and
circulating levels of mineralocorticoids (22), the role of renal inflammation, oxidative stress,
and intra-renal angiotension activity (20,23–24). Recent clinical evidence has indicated that
the inhibition of vascular endothelial growth factor (VEGF) is linked to hypertension. In
clinical trials with cancer patients, more than 20% of patients developed hypertension and
proteinuria under treatment with anti-VEGF antibody, or VEGF receptor inhibitors such as
ZD6474 and SU5416 (25–27). Significantly increased levels of circulating sFlt-1, an
endogenous VEGF inhibitor, contribute to hypertension in patients with preeclampsia (28).
Many animal studies also suggested that VEGF plays a very important role in maintaining
kidney function and structure (29–32). We previously reported that low dietary salt intake
stimulated the renal VEGF mRNA in WKY rats, compared to the normal salt group (33).
However, there is no study available for examining whether high salt diet-induced renal injury
and hypertension are associated with the down-regulation of the renal VEGF expression in an
animal model; and for testing whether a long-term high salt diet can cause renal injury and
hypertension in normotensive rodent animals such as Sprague-Dawley rats.

Based on all findings mentioned above, we hypothesize that a long-term high salt diet can cause
renal injury and hypertension, which are associated with decreased renal VEGF expression in
normotensive rodent animals such as Sprague-Dawley rats. In the present study, we seek to
determine: 1) whether a long-term high salt diet (8 weeks) induces hypertension and renal
injury in Sprague-Dawley (SD) rats and 2) whether the high salt diet-induced hypertension and
renal injury are associated with decreased renal VEGF expression.

Methods
Animal Protocol

The protocols were carried out according to the guidelines for the care and use of laboratory
animals implemented by the National Institutes of Health and the Guidelines of the Animal
Welfare Act, and were also approved by the University of Mississippi Medical Center's
Institutional Animal Care and Use Committee. Male Sprague-Dawley (SD) rats were received
at 9 weeks of age and were allowed to acclimate for 1 week with standard rat diet (Teklad,
Harlan Sprague Dawley; Indianapolis, IN) and tap water before beginning the experiment. Rats
were placed in a temperature-controlled room with a 12:12 light-dark cycle. During the 8-week
experimental period, the NS group (n = 12) received a normal salt (0.5%) diet (Teklad, Harlan
Sprague Dawley; Indianapolis, IN) and the HS group (n = 12) received a high-salt (8%) diet
(Teklad, Harlan Sprague Dawley; Indianapolis, IN). Systolic blood pressure was measured
weekly by a tail cuff method. During the last week of the experimental period, the rats were
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placed in metabolic cages, where water intake and urinary volume output were measured daily.
Twenty-four-hour urine samples were collected daily, and urine sodium concentration was
determined by flame photometry. The urine protein concentration was determined using a Bio-
Rad Protein Assay Kit (Bio-Rad Laboratories, Inc., Hercules, CA). Urine albumin
concentration was measured using a Nephrat ELISA Kit (Exocell Inc., Philadelphia, PA). Mean
arterial pressure (MAP) was determined in the conscious rats 4 hours/d for 2 days at 4 weeks
or 8 weeks of the experiment. At the end of experiment, the kidneys were removed for various
analyses.

Measurements of Blood Pressure
During the 8-week experimental period, the systolic blood pressure was measured weekly in
the NS and HS SD rats (n = 12 each group) by tail plethysmography (IITV, Inc). After 4 weeks
or 8 weeks of the experiment, both groups of SD rats (n = 6 each group) were anesthetized by
isoflurane inhalation using a gas vaporizer (Harvard Apparatus, Holliston, MA). With the use
of aseptic techniques, a micro-catheter was placed into the carotid artery and routed under the
skin to the back of the neck and secured. Two days after the rats recovered from the surgery,
the catheter was connected to a computerized monitoring system, called PowerLab (AD
Instruments, Castle Hill, Australia) to continuously record MAP and heart rate (HR) in the
conscious SD rats 4 hours/d for 2 days. The measurements of MAP and HR in each rat were
made simultaneously, and all of the values for each rat represented the average of the 4 hours/
d for 2 days measurements.

Northern Blot Analysis
Total RNA was prepared from the kidneys of SD rats (n = 6 each group) after 8 weeks of
normal salt or high salt diet using a modified guanidinium-based method (Total RNA isolation
kit, Ambion, Austin, TX), as previously described (34). The genomic DNA was removed by
treatment with RNase-free DNase I followed by phenol /chloroform extraction and ethanol
precipitation. RNA integrity was verified on a MOPS-formaldehyde agarose gel prior to cDNA
synthesis. Expression of VEGF mRNA in the kidneys was examined by Northern blotting, as
previously described (34). The VEGF cDNA probe was a 580-bp EcoR I-BamH I fragment of
the murine VEGF cDNA that was cloned into pBluescrip plasmid. The cDNA probe was
labeled with α-32P-dCTP (New England Nuclear, Boston, MA) using a Multiprime random-
primed DNA labeling kit (Amersham, UK). Quantization of VEGF mRNA expression was
performed on phosphor images of blots that were collected using a Phosphor-Imager
(Molecular Dynamics; software: ImageQuant 3.3, Molecular Dynamics). To verify the relative
amounts of total RNA, filters were hybridized with a 32P-labeled 28S rRNA antisense
oligonucleotide probe (Ambion). The VEGF mRNA expression was normalized against 28S
rRNA in each sample.

Measurements of Protein Levels of VEGF and sFlt-1 by ELISA
Protein levels of VEGF and sFlt-1 in the plasma, urine, and whole kidney tissue of SD rats
were determined using mouse VEGF and mouse sFlt-1 ELISA kits (R&D Systems,
Minneapolis, MN), according to the manufacturer’s instructions. Tissue samples of whole
kidneys were homogenized in ice-cold PBS buffer containing protease inhibitor cocktail and
the total proteins were extracted using NE-PER Cytoplasmic Extraction Reagents (Pierce,
Rockford, IL), according to the manufacturer’s protocol. These extraction reagents did not
affect the measurements of tissue proteins of those cytokines compared with other regular
protein extraction methods. The total protein concentration of tissue supernatant was
determined using a Bio-Rad Protein Assay (Bio-Rad Laboratories, Hercules, CA). The protein
levels of VEGF in the whole kidney tissues were normalized and expressed as picograms per
milligram total tissue protein.
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Histological Analysis by Light Microscopy
Mid-coronal sections of the left kidneys collected from both normal salt-fed and high salt-fed
groups were fixed in buffered formalin and embedded in paraffin for histological studies as
previously described (20,35). Samples were cut into 3-µm sections and stained with periodic
acid-Schiff reagent (PAS) followed by hematoxylin counterstaining. All sections were
analyzed by semiquantitative histological grading (0 = absent, 1+ = mild, 2+ = moderate, and
3+ = severe) for the severity of tubulointerstitial infiltration with inflammatory cells, focal
segmental glomerulosclerosis, tubulointerstitial injury, and extracellular matrix expansion.
The average glomerular area in the PAS-stained sections was determined from 30 to 40
glomeruli in each kidney on the computer screen using Image-Pro Plus Software (Media
Cybernetics, Inc., Silver Spring, MD).

Statistical Analyses
All determinations were performed in duplicated sets. Where indicated, data is presented as
mean ± SE. Statistically significant differences in mean values between two groups were tested
by an unpaired Student’s t-test. ANOVA was used to analyze the differences between two
groups with multiple comparisons. A value of P < 0.05 was considered statistically significant.
All statistical calculations were performed using SPSS software (SPSS Inc., Chicago, IL).

Results
Increased systolic blood pressure and MAP due to a long-term HS diet

Figure 1 A. demonstrates that by weekly monitoring blood pressure using a tail cuff, there is
no significant difference in systolic blood pressure during 1 to 5 weeks between NS and HS
groups of SD rats, but systolic blood pressure significantly increases after 6, 7, and 8 weeks in
HS group, compared to NS group (P < 0.01, respectively). Figure 1B indicates that 4 weeks of
a high salt diet (8%) does not significantly change MAP in SD rats in comparison with SD rats
having a normal salt diet (123±6.1 vs. 118±2.7 mmHg; n = 6; P >0.05); however, after 8 weeks
of the dietary program, MAP is significantly higher in HS than NS group (140±5.3 vs. 112±2.2
mmHg; n = 6; P < 0.01). In addition, there were no significant changes in heart rate between
HS and NS groups after 8 weeks of dietary program in SD rats (443±39 vs. 415±53 beats/min;
n = 6; P > 0.05). There was no significant difference in the body weight between HS and HS
groups (370.0±8.9 vs. 359.3±8.0 g; n = 6; P = 0.41).

Increased proteinuria and albuminuria in response to a long-term HS diet
The renal damage was monitored by measuring the urinary protein and albumin secretion in
SD rats with HS and NS diet. Figure 2A shows that the urinary protein secretion does not
significantly change between HS and NS groups in SD rats after 4 weeks of dietary program
(27.3±3.9 vs. 25.2±6.9 mg/day; n = 6; P>0.05). However, the urinary protein secretion was
significantly higher in HS than NS group in SD rats after 8 weeks of dietary program (55.6
±4.8 vs. 33.1±4.7 mg/day; n = 6; P < 0.01). Figure 2B demonstrates that there is a significant
increase in albuminuria in HS group, compared with NS group in both 4 weeks (24.1±2.2 vs.
17.3±2.6 mg/day; n = 6; P < 0.05) and 8 weeks (41.4±3.2 vs. 20.1±4.5 mg/day; n = 6; P < 0.01)
of the dietary program, respectively.

Decreased renal expression of VEGF mRNA and protein due to a long-term HS diet
Northern blot (Figure 3A) demonstrated that 8 weeks of a high salt diet significantly reduced
renal expression of VEGF mRNA by 45%, compared to NS group (0.55±0.12 vs. 1.0±0.16; n
= 6; P < 0.01). Consistent with the reduction of renal VEGF mRNA expression, ELISA (Figure
3B) indicated that 8 weeks of a high salt diet significantly decreased renal VEGF protein levels,
compared to NS group in SD rats (68.1±3.4 vs. 84.3±4.2 pg/mg total protein; n = 6; P < 0.01).
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Effects of a HS diet on plasma levels and total urinary excretion of VEGF and sFlt-1
ELISA demonstrated that there were no significant changes in plasma levels of VEGF and
sFlt-1 (an endogenous VEGF inhibitor) between HS and NS groups. Figure 4A demonstrates
that plasma levels of VEGF in NS and HS groups of SD rats are 40.8±8.3 and 45.9±8.3 pg/ml,
respectively (n = 6; P >0.05), and that plasma levels of sFlt-1 in NS and HS groups of SD rats
are 701±47 and 738±29 pg/ml, respectively (P > 0.05), after 8 weeks of dietary program. There
was no significant difference in total urinary excretion of VEGF in NS and HS groups of SD
rats after 8 weeks of dietary program (1.45±0.28 vs. 1.42±0.27 ng/day; P > 0.05). Interestingly,
as indicated in Figure 4B, total urinary excretion of sFlt-1 was significantly higher in HS than
NS group of SD rats after 8 weeks of dietary program (9.28±1.05 vs. 2.05±0.55 ng/day; n = 6;
P<0.01).

Renal Histological Changes due to a High Salt Diet
Histological analysis by light microscopy of PAS-stained sections of the kidneys showed that
there were no marked renal abnormalities in SD rats with a normal salt diet (Figures 5A). In
contrast (5B), SD rats with a long-term high salt diet developed moderate glomerulosclerosis,
extracellular matrix expansion, tubulointerstitial injury, and tubulointerstitial infiltration with
inflammatory cells. The average glomerular area in the PAS-stained sections was increased by
34% in HS group, compared to NS group (22,085±4222 vs. 16,432±3689 µm2; n = 6; P < 0.01).
The increased glomerular area in HS group indicated that glomerular hypertrophy and
hyperfiltration. These renal pathological changes may explain what the mechanisms contribute
to proteinuria or albuminuria after a long-term sodium load in SD rats.

Discussion
The major new findings in this study include: 1) a long-term high salt intake induces
hypertension and renal damage such as albuminuria and histological renal injury in
normotensive rodent animals such as Sprague-Dawley rats, and 2) high salt intake decreases
renal VEGF expression; and increases renal sFlt-1 secretion suggested by increased urinary
excretion of sFlt-1 whereas plasma sFlt-1 remained stable. These findings first suggest that a
long-term high salt diet can induce hypertension and renal injury in normotensive rodent
animals, in which dietary salt-induced hypertension and renal injury are associated with the
down-regulation of the renal VEGF expression.

Many clinical studies suggest that a long-term high salt intake can increase blood pressure in
both normotensive and hypertensive humans (10–14). However, it is not clear whether a long-
term high salt diet can cause hypertension and renal injury in normotensive rodent animals
such as Sprague-Dawley rats. The previous reports had been focused on the short-term effect
of a high salt diet on blood pressure in Sprague-Dawley rats. These studies indicated that there
were no significant changes in blood pressure in male Sprague-Dawley rats with a high salt
diet (4% or 8% sodium) for 10 days (36), 3 weeks (37), and 5 weeks (38), compared to low or
normal salt group, respectively. In the present study, male Sprague-Dawley rats received a high
salt (8%) or a normal salt (0.5%) diet for 8 weeks. The systolic blood pressure was monitored
weekly using a tail cuff method, and MAP was determined in conscious rats using the
PowerLab system after 4 weeks and 8 weeks of the dietary program. Systolic blood pressure
was not significantly changed in SD rats with a high salt diet, compared to normal salt group,
after 1 to 5 weeks of the dietary program. Also, a high salt diet did not significantly increase
MAP in SD rats in 4 weeks of the dietary program, compared to normal salt SD rats. These
results are consistent with the previous findings that a short term high salt intake did not cause
hypertension in SD rats. However, we have demonstrated that systolic blood pressure in SD
rats after 6, 7, and 8 weeks of a high salt diet, as well as MAP in SD rats after 8 weeks of high
salt diet, are both significantly increased, compared to the normal salt group. These findings
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suggest that a long-term high salt diet can induce hypertension in normotensive rodent animals.
SD rats are a good rodent animal model for studying the effect of long-term high salt intake
on hypertension because this model mimics the conditions of high salt-induced hypertension
in normotensive humans.

Previous studies (39–40) demonstrated that excessive salt intake for longer periods caused
renal injury and abnormal kidney function in both doca-salt hypertensive rats and spontaneous
hypertensive rats. In the present study, we found that a long-term high salt diet induced renal
injury manifested by albuminuria and renal histological abnormalities in normotensive SD rats.
The renal histological abnormalities included increased glomerular area, moderate
glomerulosclerosis, extracellular matrix expansion, tubulointerstitial injury, and
tubulointerstitial infiltration with inflammatory cells. These pathological changes may explain
why a long-term high salt diet causes albuminuria or proteinuria in SD rats. We also found that
albuminuria significantly increased in HS group, compared with NS group, but no significant
changes in blood pressure at 4 weeks. The blood pressure significantly increased after 6 weeks
of high salt diet. It seems that the renal effects may occur before hypertension. It is also
conceivable that proteinuria further contributes to renal damage and inflammatory response
due to the induction of proinflammatory substances by filtered proteins (41). We believe that
a long-term high salt diet-induced renal damage contributes to hypertension that can further
enhance renal injury. Further studies are needed to understand the mechanisms of salt sensitive
hypertension and the relationship between high salt intake, hypertension, renal injury, and
kidney function.

A question that arises from the current study is what causes the attenuation of renal VEGF
expression in relation to a high salt diet? Previous studies have shown the major role of hypoxia
inducible factor-1α (HIF-1α) in regulating VEGF expression in most tissues (42). In the kidney
however, recent in vitro (43) and in vivo (44–45) studies demonstrated that angiotensin II
increased renal VEGF expression. Angiotensin II is a powerful sodium-retaining hormone and
vasoconstrictor that is increased by low dietary sodium intake and decreased by high dietary
sodium intake. We previously reported that low dietary salt intake enhanced renal VEGF
mRNA expression in WKY rats, compared to renal VEGF mRNA in rats on the normal diet
(33). In the present study, we have demonstrated that a long-term high salt diet decreases renal
expression of VEGF mRNA and protein in Sprague-Dawley rats. When these findings are
considered together, they suggest that low angiotensin II levels may contribute to the down-
regulation of renal VEGF expression in Sprague-Dawley rats with high salt intake. It will be
interesting to determine whether an angiogension II infusion could prevent the down-regulation
of renal VEGF expression in this model of salt-sensitive hypertension.

What role does VEGF play in maintaining renal function and structure as well as blood
pressure? Clinical evidence links the inhibition of vascular endothelial growth factor (VEGF)
to hypertension (25–28). Cancer patients treated with anti-VEGF therapy develop hypertension
and renal damage such as proteinuria, which dissipates after the treatment is stopped. In
addition, there is mounting evidence suggesting that VEGF exerts a very important and unique
role in maintaining renal structure and functions (29–32). For example, the two receptors to
which VEGF binds, Flt-1 and KDR/Flk-1 (46–47), are expressed in glomerular and peritubular
endothelial cells (47). VEGF is critical for maintaining the functions and structure of
endothelial cells, but it also exerts autocrine and paracrine actions which regulate the functions
and structure of renal cells such as podocytes, mesangial cells, and renal tubular epithelial cells
(48). While these findings suggest that VEGF may play a very important role in regulating
kidney function and structure and blood pressure, its role in the renal mechanisms related to
hypertension is unclear. To our knowledge, this study is the first to demonstrate that a long-
term high salt diet decreases renal expression of VEGF, which is associated with the
development of hypertension and renal damage in SD rats. We will use this model to further
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test the hypothesis that attenuated renal VEGF expression contributes to renal damage, which
contributes to the development of hypertension. In the future studies, we will use this animal
model to test: 1) whether the administration of VEGF receptor inhibitor causes hypertension
and renal injury; and 2) whether the administration of VEGF reduces blood pressure and renal
damage in salt sensitive hypertension.

The soluble VEGF receptor-1 (sFlt-1) is considered an endogenous VEGF inhibitor because
secreted sFlt-1 can directly inhibit VEGF activity by binding to VEGF. In a different setting,
pre-eclampsia is associated with elevated sFlt-1, endothelial cell dysfunction and proteinuria.
More recently, some studies demonstrated that the administration of sFlt1 induced proteinuria
in rats (49–50). In this study, we have demonstrated that a long-term high salt diet increases
renal secretion of sFlt-1 related to renal damage in SD rats. We believe that increased renal
secretion of sFlt-1 will further suppress renal VEGF activity. Hornig, et al showed that sFlt-1
was up-regulated by hypoxia in cultured human placental villous cells (51). Thus, it is likely
that the increased renal secretion of sFlt-1 in SD rats on HS diet could be due to the renal injury
as evident in the histological analysis.

In conclusion, our results indicate that a long-term high salt diet causes hypertension and renal
damage in normotensive rodent animals such as SD rats. During the 8 weeks of the high salt
dietary program, systolic blood pressure, MAP, proteinuria or albuminuria, and renal
histological changes were monitored. By weekly monitoring blood pressure using a tail cuff,
there was no significant difference in systolic blood pressure during 1 to 5 weeks between NS
and HS groups of SD rats, but systolic blood pressure significantly increased after 6, 7, and 8
weeks in HS group, compared to NS group. Albuminuria significantly increased in HS group,
compared with NS group at 4 weeks, but no significant changes in blood pressure. However,
after 8 weeks of the dietary program, MAP was significantly higher in HS than NS group. The
renal PAS-stained sections showed increased glomerular area, moderate glomerulosclerosis,
extracellular matrix expansion, tubulointerstitial injury, and tubulointerstitial infiltration with
inflammatory cells. In addition, we found that a long-term high salt intake attenuated renal
VEGF expression and increased renal secretion of sFlt-1. These findings support the hypothesis
that a long-term high salt diet can induce hypertension and renal damage in rodent animals,
and that high salt-induced hypertension and renal injury are associated with an impaired renal
VEGF signaling system. These findings can lead to new insights into the mechanisms of dietary
salt-induced hypertension and renal injury.
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Figure 1. A long-term HS diet significantly increases systolic blood pressure (A) and MAP (B) in
SD rats
Using a tail cuff, weekly monitoring blood pressure showed that systolic blood pressure
increased significantly after 6, 7, and 8 weeks in HS group, compared to NS group of SD rats,
respectively (n = 6; P < 0.01). PowerLab measurement indicated that 4 weeks of a high salt
diet (8%) did not significantly change MAP in SD rats in comparison with SD rats having a
normal salt diet (n = 6; P >0.05); however, after 8 weeks of the dietary program, MAP was
significantly higher in HS than NS group of SD rats (n = 6; P < 0.01).

Gu et al. Page 11

J Am Soc Hypertens. Author manuscript; available in PMC 2009 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Increased proteinuria and albuminuria in response to a long-term HS diet
Figure 2A shows that the urinary protein secretion does not significantly change between HS
and NS groups in SD rats after 4 weeks of dietary program (n = 6; P>0.05), but it is significantly
higher in HS than NS group of SD rats after 8 weeks of dietary program (n = 6; P < 0.01).
Figure 2B demonstrates that there is a significant increase in albuminuria in HS group,
compared with NS group in both 4 weeks (n = 6; P < 0.05) and 8 weeks (n = 6; P < 0.01) of
dietary program, respectively.
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Figure 3. Decreased renal expression of VEGF mRNA and protein in HS group, compared to NS
group of SD rats
Northern blot (Figure 3A) demonstrated that 8 weeks of a high salt diet significantly reduced
renal expression of VEGF mRNA by 45%, compared to NS group (n = 6; P < 0.01). ELISA
(Figure 3B) indicated that renal VEGF protein levels significantly decreased in HS group,
compared to NS group (n = 6; P<0.01).
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Figure 4. Effects of a HS diet on plasma levels and total urinary excretion of VEGF and sFlt-1 in
SD rats
ELISA demonstrated that there were no significant changes in plasma levels of VEGF and
sFlt-1 and total urinary excretion of VEGF between HS and NS groups in SD rats after 8 weeks
of dietary program, respectively (n = 6; P<0.01). However, total urinary excretion of sFlt-1
was significantly higher in HS than NS group of SD rats after 8 weeks of dietary program (n
= 6; P<0.01).
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Figure 5.
Representative pathological changes in the kidneys of SD rats with a long-term (8 weeks) high-
salt diet and normal-salt diet. Kidneys were removed after 8 weeks of the dietary program.
PAS stain was used. A: normal salt diet. Normal glomeruli, arterioles, and tubules. B: high salt
diet. Glomerulosclerosis, tubulointerstitial injury, inflammatory cells infiltration, extracellular
matrix expansion, and increased glomerular area. Magnification × 100.
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