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Abstract

The effect of hypercholesterolemia on hypertension-induced renal injury was investigated in rats. Hypertension was induced by L-N(G)-nitroarginine methyl ester 
(L-NAME) and Hypercholesterolemia was induced by feeding rats with a diet containing 1% cholesterol. In these animals L-NAME produced a progressive increase in 
the systolic, diastolic and mean arterial Blood Pressure (BP). Similarly, L-NAME with hypercholesterolemia produced, in addition to compromised serum lipid profi le, 
a progressive increase in the systolic, diastolic and mean arterial BP. Hypercholesterolemia enhanced the hypertensive effect of L-NAME. Also, hypercholesterolemia 
enhanced hypertension-induced renal injury as assessed by measurement of serum renal function markers and by histopathological examination. Concomitantly, 
hypertension-induced elevation of renal tissue Malondialdehyde (MDA) and nitrite levels and reduction of intracellular reduced Glutathione (GSH) level were enhanced 
by hypercholesterolemia. In addition, hypertension -induced increases in tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), interleukin-1β (IL-1β) and Intercellular 
Adhesion Molecule-1 (ICAM-1) levels in renal tissues were increased by hypercholesterolemia. These results indicate that hypercholesterolemia has the ability to enhance 
hypertension-induced renal injury. The ability of hypercholesterolemia to provide this effect may positively correlate to its ability to increase renal oxidative stress, 
nitrosative stress and infl ammation. 
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Introduction

Hypertension and hypercholesterolemia share common 
pathophysiological mechanisms and are interrelated. 
Hypertension can lead to severe complications and target 
organ damage, thus it is an important worldwide public-health 
challenge [1]. Oxidative stress is an important contributing factor 
in hypertension and plays a critical role in hypertensive renal 
damage [2,3]. Also, data has been accumulated to indicate that 
oxidative stress is involved in the development of renal damage 
induced by hypercholesterolemia [4,5].

It has been found that Nitric Oxide (NO) overproduction by 
activation of inducible NO Synthase (iNOS) plays an important 
role in the pathogenesis of hypertension [6]. Also, inhibition of 
endothelial Nitric Oxide Synthase (eNOS) activity and decreased 
bioavailability of NO is associated with the pathogenesis 
of hypertension [7]. NO derived from eNOS usually plays a 

renoprotective effect [8], while overproduction of NO due to 
activation of iNOS may induce harmful effects. 

There is renal damage and an increase in the expression of 
kidney iNOS in hypertensive rats [3]. Similarly, in cholesterol 
fed animal models, renal NO levels are decreased [9,10]. 
Moreover, in the renal artery of hypercholesterolemic rats, it 
has been found marked down-regulation and up-regulation 
ofeNOS and iNOS mRNA expression, respectively [4].

There is an increase in the activity of tissue and/
or circulating levels of infl ammatory cytokines such as 
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-) 
and interleukin-1 (IL-1) and adhesion molecules as 
Intercellular Adhesion Molecule-1 (ICAM-1) in hypertensive 
patients and animals [11-13]. It has been reported that 
both arterial and tubulointerstitial infl ammation should be 
considered as the hallmark of essential hypertension [14]. 
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In the hypertensive rat’s kidney, Infl ammatory cytokines 
expression was upregulated [15]. These induce membranous 
glomerulonephritis in rats [16]. Also, an infl ammatory 
infi ltration by macrophages and lymphocytes occurs in the 
kidney of hypertensive animals [17]. In addition, Prakash [18], 
reported that infl ammatory cytokines play a pivotal role in the 
pathogenesis of hypercholesterolemia-induced renal injury 
and can lead to glomerulosclerosis, tubulointerstitial fi brosis 
by promoting the glomerular infi ltration of monocytes and 
macrophages 

In light of these considerations, the present study was 
designed to investigate the effect of hypercholesterolemia on 
hypertension-induced renal injury in rats. The role of oxidative 
stress, NO, NO synthase isoforms, infl ammatory mediators and 
infi ltration of infl ammatory cells in mediating these effects 
was also monitored in this study [19-24].

Materials and methods

Animals

Male adult Wistar rats weighing 120-160g, obtained from 
animal house of Faculty of Medicine, Assiut University were 
used in all experiments. The animals were housed in stainless 
steal cages under a 12hours light/dark cycle at 25°C. Rats were 
allowed water and food (laboratory chow) ad libitum. The 
research was conducted in accordance with the internationally 
accepted principles for Guide for the Care and Use of Laboratory 
Animals. The experiments reported here were approved by our 
institutional ethics committee. 

Induction of hypertension and hypercholesterolemia

To induce hypertension, animals were treated daily with 
L-N(G)-nitroarginine methyl ester (L-NAME) at a dose level 
of 10mg/kg (1% solution in saline) Intraperitoneally (ip) for 12 
weeks [25,26]. 

Hypercholesterolemia was induced by feeding rats with 
a diet containing 1% cholesterol for 12weeks. This diet was 
prepared by dissolving 100g of cholesterol powder in one 
liter diethylether and then mixed with 10kg of the rat chow. 
Diethylether was then left to evaporate overnight. The diet 
for one week was prepared and kept in refrigerator until use. 
Animals were fed with this diet for 12 weeks [26,27]. 

Experimental protocol

The animals were divided into 2 groups, 8 rats each. Rats 
of group-I were treated daily with 10 mg/kg L-NAME ip for 
12weeks. Rats of group-II were treated daily with 10mg/kg 
L-NAME ip and fed with a diet containing 1% cholesterol for 
12weeks. Control animals were treated likewise with the pure 
vehicle and fed with the normal diet.

Non-invasive blood pressure measurement

Blood Pressure (BP) was measured by the tail-cuff method 
in all groups of rats using LE5001 Non Invasive Blood Pressure 
Meter (Panlab Harvard Apparatus, Barcelona, Spain). The rat 
was placed in a restrainerof appropriate size and its tail was 

placed inside a tail cuff at room temperature and allowed to 
equilibrate for few minutes. When the monitor gives a ready to 
measure, the start button was pressed to infl ate cuff for systolic, 
diastolic and mean arterial BP measurement. Each animal 
was adapted for the strainer and blood BP measurements for 
3days before taking BP readings. The systolic, diastolic and 
mean arterial BP of each rat was measured before and weekly 
after starting of the treatment. The average of 3 consecutive 
measurements was taken for presentation.

Biochemical measurements

Blood samples were collected for biochemical measurements 
from the orbital sinus of the overnight fasted rats before the 
experiment. At the end of experimental duration and after 
recording the BP changes, the overnight fasted rats were 
sacrifi ced by decapitation. Blood and kidney tissues were 
obtained from each animal for biochemical measurements. 
After centrifugation of blood samples for 10minutes using 
Eppendorff centrifuge (Hettich EBA12, ZENTRIFUGEN, 
Tuttlingen, Germany), the serum was collected for estimation 
the levels of urea, creatinine, total cholesterol (TC), triglycerides 
(TGs), low density lipoprotein cholesterol (LDL-C) and high 
density lipoprotein cholesterol (HDL-C). The samples could be 
used directly or stored at-20oC until assay.

One kidney from each animal was kept in 10% formalin for 
histopathological and immunohistochemical studies and the 
other kidney was rinsed in ice-cold saline, dissected and cleaned 
from fat and other tissues, then cut into small pieces, blotted 
carefully and weighed. A suitable weight of kidney tissue was 
homogenized in 10% w/v phosphate buffer (pH 7.4) or saline 
by using a motor-driven Tefl on pestle (Glas-Col, USA). The 
homogenate was divided into 2 portions. The fi rst portion was 
centrifuged for 10minutes at 10,000rpm and the supernatant 
was used for estimation of malondialdehyde (MDA), nitrite, 
tumor necrosis factor-alpha (TNF-), interleukin-6 (IL-6), 
interleukin-1 (IL-1) and intercellular adhesion molecule-1 
(ICAM-1) levels directly or stored at-20oC until assay. To the 
second part of homogenate, an equal volume of perchloric 
acid (1mol/l) was added and mixed by vortexing. The mixture 
was allowed to stand for 5minutes at room temperature. After 
centrifugation for 10minutes, the supernatant was collected 
carefully and used for estimation of intracellular reduced 
glutathione (GSH) directly or stored at-20oC until assay. 

Lipid peroxidation, a major indicator of oxidative stress, 
was determined by measuring of the MDA level in tissue 
homogenates. MDA is an end product of lipid peroxidation 
and its level was determined spectrophotometrically by use 
of thiobarbituric acid reactive substances method previously 
described by Ohkawa et al. [28]. A standard curve was run 
simultaneously with each set of samples by using 1, 1, 3, 
3-tetramethoxypropane as an external standard. 

The intracellular GSH content of the neutralized supernatant 
was assayed using Ellman’s reagent [5, 5-dithio-bis-2-
nitrobenzoic acid (DTNB solution)] according to the method of 
Ellman [29]. A standard reference curve was prepared for each 
assay. 
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Nitric Oxide (NO) formation was measured in the 
supernatant by assaying nitrite, one of the stable end-
products of NO oxidation. Serum nitrite concentration was 
assayed spectrophotometrically using Griess reagents [1% 
sulfanilamide in 5% phosphoric acid (sulfanilamide solution) 
and 0.1% N-1-naphthylethylenediamine dihydrochloride in 
bidistilled H2O (NED solution)] as described by Miranda et al. 
[30]. A standard curve was run simultaneously with each set 
of samples.

The kidney levels of TNF-, IL-6 and IL-1 were determined 
in tissue homogenate by enzyme-linked immunosorbent assay 
using the commercially available Rat TNF-, IL-6 and IL-1
ELISA kits, respectively (KOMA BIOTECH INC., Seoul, South 
Korea) according to the manufacturer’s instructions. 

The kidney level of intercellular adhesion molecule-1 
(ICAM-1) was determined in tissue homogenate by enzyme-
linked immunosorbent assay using a commercially available 
Rat Intercellular Adhesion Molecule 1 (ICAM-1) ELISA kit 
(WKEA MED SUPPLIES CORP. NEW YORK, USA) according to 
the manufacturer’s instructions.

The serum level of urea was measured by urease-
colometric method using a commercially available SPECTRUM 
Diagnostics Urea/BUN-Liquizyme Kit (Egyptian Company for 
Biotechnology, Cairo, Egypt) according the manufacturer’s 
instructions.

The serum level of creatinine was measured by buffered 
kinetic jaffe reaction without deproteinization method using 
a commercially available SPECTRUM Creatinine-Jaffe kit 
(Egyptian Company for Biotechnology, Cairo, Egypt) according 
the manufacturer’s instructions.

The serum Total Cholesterol (TC) and Triglycerides (TGs) 
levelswere measured by colorimetric methods using the 
commercially available SPECTRUM Cholesterol-Liquizyme 
CHOD-PAP kit SPECTRUM and Triglycerides-Liquizyme GPO-
PAP kit, respectively (Egyptian Company for Biotechnology, 
Cairo, Egypt) according to manufacturer’s instructions.
The serum level of High Density Lipoprotein (HDL-C) was 
measured by Precipitation method using a commercially 
available SPECTRUM HDL CHOLESTEROL-Precipitant kit 
(Egyptian Company for Biotechnology, Cairo, Egypt) according 
to manufacturer’s instructions.The serum level of Low Density 
Lipoprotein (LDL-C) was calculated using the formula of 
Friedewald et al. [31].

LDL-C (mg/dl) = total cholesterol –(HDL-C + 
Triglycerides/5) 

Histopathological examination

One kidney was obtained from each animal after 
scarifi cation at the end of the experiment. It was immediately 
fi xed in 10% neutral buffered formalin. Specimens of kidney 
tissues were embedded in paraffi n and cut into sections of 4 to 
5 μm thickness and stained with heamatoxylin and eosin stain 
(H&E. stain). These sections were examined under the light 
microscope to assess glomerular sclerosis, cloudy swelling of 

the tubules, interstitial infl ammation, and interstitial fi brosis 
as previously described [32]. The features of histopathological 
changes were scored on a semiquantitative scale as follows: 
0: no change; +: less than 25% of tissues were affected; ++: 
25-50% of tissues were affected; +++: >50% of tissues were 
affected.

Chemicals

Malondialdehyde-bis (dimethylacetal) was obtained from 
Merck (Germany). Thiobarbituric acid was purchased from 
MP Biomedicals INC. (France). All other chemicals were of 
analytical grade.

Statistical analysis 

The results were expressed as the mean ± standard error 
of the mean (X ± SEM). Statistical analysis of the difference 
between groups was done using the one-way Analysis of 
Variance (ANOVA) and two-way ANOVA followed by Newman-
Keuls test as post hoc analysis for one-way method and 
Bonferroni’s test as post hoc analysis for two-way method. 
All statistics were carried out using GraphPad Prism software 
(GraphPad; San Diego CA, USA).

Results

Effect of hypercholesterolemia on L-NAME-Induced hy-
pertension in rats

Daily treatment of rats with 10 mg/kg L-NAME ip resulted 
in a progressive increase in the systolic, diastolic and mean 
arterial BP. The systolic and mean arterial BP increased 
signifi cantly after 3 weeks of treatment, while the diastolic BP 
of rats increased signifi cantly after 4weeks of daily treatment 
with 10 mg/kg L-NAME ip. After 12weeks of treatment, the 
systolic BP increased progressively from the control value of 
123.30±2.95 to 215.50±5.42mmHg (F(12,182)= 26.88, p < 0.01, 
Figure 1A), the diastolic BP increased from the control value 
of 80.88±4.04 to 158.10±4.87mmHg (F(12,182)= 27.69, p < 0.01, 
Figure 1B) and the mean arterial BP increased from the control 
value of 97.75±3.36 to 178.40 ± 5.79mmHg (F(12,182)= 29.28, p < 
0.01, Figure 1C).

Daily treatment of rats with 10 mg/kg L-NAME ip and 
feeding with a diet containing 1% cholesterol produced a 
progressive increase in the systolic, diastolic and mean 
arterial BP. The systolic, diastolic and mean arterial BP 
were increased signifi cantly after 3 weeks of treatment. The 
systolic BP increased from the control value of 123.30±2.95 
to 234.30±4.47mmHg a fter 12 weeks of treatment (F(12,182)= 
33.13, p<0.01, Figure 1A). Also, after 12 weeks of treatment the 
diastolic BP increased from the control value of 81.63±3.28 to 
176.10±4.18mmHg (F(12,182)= 33.51, p<0.01, Figure 1B) and the 
mean arterial BP increased from the control value of 97.75±3.36 
to 194.60±5.10mmHg (F(12,182)= 31.04, p<0.01, Figure. 1C). 

The systolic BP values of rats received L-NAME and fed 
with a cholesterol-enriched diet started to be signifi cantly 
different from the corresponding systolic BP values of rats 
received L-NAME alone after the 10th week of treatment 
and to the end of the experimental duration (F(12,182)= 115.36, 
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p<0.05, Figure 1A). It is noted that the diastolic BP values of 
rats received L-NAME and fed with a cholesterol-enriched diet 

were signifi cantly different from the corresponding diastolic 
BP values of rats received L-NAME alone after the 12th week of 
treatment (F(12,182)= 113.00, p<0.05, Figure 1B). The mean arterial 
BP values of rats received L-NAME and fed with a cholesterol-
enriched diet started to be signifi cantly different from the 
corresponding mean arterial BP values of rats received L-NAME 
alone at the end of the 12th week of treatment (F(12,182)= 101.63, 
p<0.05, Figure 1C).

It is evident from fi gure 2 that the blood samples 
collected from rats after 12 weeks of daily administration of 
L-NAME showed insignifi cant changes in the l ipid profi le. 
The blood samples collected from rats after 12 weeks of daily 
administration of L-NAME and feeding with a cholesterol-
enriched diet showed signifi cant changes in the lipid profi le. 
The TC level increased from the control value of 53.75±4.65 
to 103.40±4.29mg/dl (F(2, 15)= 39.22, p <0.01). Also, the TGs 
level increased from the control value of 40.63±2.18 to 
95.88±6.07mg/dl (F(2,15)= 54.64, p <0.01) and LDL-C increased 
from the control value of 38.02±1.95 to 80.10±2.69mg/dl (F(2, 15) 
= 73.13, p <0.01). The HDL-C decreased from the control value 
of 38.00±1.86 to 20.61±1.32mg/dl (F(2, 15)= 22.26, p <0.01). 

Figure 1: Effect of hypercholesterolemia on hypertension-induced an increase in the 
(A) systolic (B) diastolic and (C) mean arterial blood pressure of rats. Hypertension 
was induced in rats by daily treatment with 10 mg/kg L-NAME ip and hypertension 
with hypercholesterolemia were induced in rats by daily treatment with 10 mg/kg 
L-NAME ip and feeding with a diet containing 1% CHO for 12 weeks. SBP, systolic 
blood pressure; DBP, diastolic blood pressure; MABP, mean arterial blood pressure; 
CHO, cholesterol. Each value represents the mean ± SEM of 8 observations.* P < 
0.05 vs. control values; ** P< 0.01 vs. control values; # P < 0.05 vs. L-NAME values.

Figure 2: The serum total cholesterol, triglycerides, low density lipoprotein and 
high density lipoprotein levels in hypertensive (L-NAME) and in hypertensive 
hypercholesterolemic (L-NAME+CHO) rats. Hypertension was induced in rats by daily 
treatment with 10 mg/kg L-NAME ip and hypertension with hypercholesterolemia 
were induced in rats by daily treatment with 10 mg/kg L-NAME ip and feeding with 
a diet containing 1% CHO for 12 weeks. TC, Total cholesterol; TGs, triglycerides; 
LDL-C, low density lipoprotein; HDL-C, high density lipoprotein; CHO, cholesterol. 
Each value represents the mean ± SEM of 8 observations. ** P < 0.01 vs. control 
values

Serum (A) urea and (B) creatinine levels in in hyperten-
sive (L-NAME) and in hypertensive hypercholesterole-
mic (L-NAME+CHO) rats

In preliminary experiments, daily administration of 10 
mg/kg L-NAME ip or 10 mg/kg L-NAME ip and feeding with 
a diet containing 1% cholesterol to rats for 8 weeks produced 
a signifi cant increase in the systolic, diastolic and mean 
arterial BP. These treatments produced insignifi cant changes 
in the serum urea and creatinine levels and insignifi cant 
histopathological changes as compared to the control animals. 
Also, daily feeding of rats with a diet containing 1% cholesterol 
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for 12weeks produced insignifi cant changes in kidney structure 
as compared to the control animals. Marked changes in these 
parameters were observed after 12weeks of induction of 
hypertension and hypertension with hypercholesterolemia.

Figure 3 shows that daily administration of 10mg/kg 
L-NAME for 12weeks ip to rats increased the serum urea (F(2,15) 
= 147.71, p < 0.01) and creatinine (F(2,15)= 94.71, p < 0.01) levels.

Administration of 10mg/kg/day L-NAME ip and feeding 
with a cholesterol-enriched diet to rats for 12 weeks increased 
the serum urea (F(2, 15) = 147.71, p <0.01, Figure 3A) and creatinine 
(F(2, 15) = 94.71, p <0.01, Figure 3B) levels.

It is evident from the same fi gure that the serum urea 
and creatinine levels of rats received L-NAME and fed with a 
cholesterol-enriched diet are signifi cantly different from that 
of rats received L-NAME alone. .

Renal tissue (A) malondialdehyde (MDA), (B) intracel-
lular reduced glutathione (GSH) and (C) nitrite levels of 
hypertensive (L-NAME) and hypertensive hypercholes-
terolemic (L-NAME+CHO) rats

As shown in fi gure 4 administration of 10 mg/kg/day 
L-NAME ip for 12 weeks to rats resulted in a signifi cant increase 
in the renal tissue MDA (F(2, 21)= 77.47, p < 0.01, Figure 4A) level 
and a signifi cant decrease in the renal tissue intracellular GSH 
level. (F(2, 21) = 41.46, p < 0.01, Figure 4B).The renal tissue nitrite 
level was increased by this treatment (F(2,21) = 51.30, p < 0.01, 
Figure 4C).

Administration of L-NAME and feeding with a diet 
containing 1% cholesterol to rats for 12 weeks produced a 
signifi cant increase of renal tissue MDA level (F(2, 21)= 77.47, p< 
0.01, Figure 5A) and a decrease in the renal intracellular GSH 
level (F(2, 21) = 41.46, p <0.01, Figure 5B). The renal tissue nitrite 
level was increased (F(2, 21) = 51.30, p< 0.01, Figure 5C) by this 
treatment. There is a signifi cant difference in the renal tissue 
MDA, intracellular GSH and nitrite levels between hypertensive 
and hypertensive hypercholesterolemic rats .

Renal tissue (A) tumor necrosis factor-α (TNF-α), (B) in-
terleukin-6 (IL-6), (C) interleukin-1 beta (IL-1β) and (D) 
ICAM levels of hypertensive (L-NAME) and hypertensive 
hypercholesterolemic ( L-NAME+CHO) rats

Data presented in fi gure 5 show that administration of 
10 mg/kg/day L-NAME ip to rats for 12weeks resulted in a 
signifi cant increase in the renal tissue TNF- (F(2, 15) = 86.35, p 
< 0.01, Figure 5A), IL-6 (F(2,15)=41.40, p < 0.01, Figure 5B), IL-1 
(F(2,15) = 72.85, p < 0.01< Figure 5C) and ICAM (F(2, 15) = 90.74, p 
<0.01). 

Also fi gure 5 shows that daily administration of 10mg/kg 
L-NAME ip and feeding with a diet containing 1% cholesterol 
to rats for 12weeks increased the renal tissue TNF-, IL-6, IL-
1 and ICAM levels.

There is a signifi cant difference in the renal tissue TNF-, 
IL-6, IL-1 and ICAM levels between hypertensive and 
hypertensive hypercholesterolemic rats (Figure 5).

The histopathological examination of the kidney 
tissue

The histopathological examination of the kidney tissue 
obtained from rats treated daily with 10mg/kg L-NAME for 
12weeks showed glomerulosclerosis, arterial wall thickening, 
cloudy swelling of tubules, interstitial infl ammation and 
fi brosis (Figure 6B,C) compared to control rats (Figure 6A).

The histopathological examination of the kidney tissues 
obtained from rats treated daily with 10mg/kg L-NAME and 
fed with a cholesterol-enriched diet for 12weeks showed 
glomerulosclerosis, cloudy swelling of renal tubules, interstitial 
infl ammation and fi brotic changes (Figure 6D&E) compared to 
the control animals (Figure 6A).

Discussion

Results of the present study indicate that repeated treatment 
of rats with L-NAME ip produced a progressive elevation in the 
systolic, diastolic and mean arterial BP. Repeated treatment 
of rats with L-NAME ip and concurrent feeding with a 

Figure 3: The serum (A) urea and (B) creatinine levels of hypertensive (L-NAME) 
and hypertensive hypercholesterolemic (L-NAME+CHO) rats. Hypertension was 
induced in rats by daily treatment with 10 mg/kg L-NAME ip and hypertension 
with hypercholesterolemia were induced in rats by daily treatment with 10 mg/kg 
L-NAME ip and feeding with a diet containing 1% CHO for 12 weeks. Each value 
represents the mean ± SEM of 8 observations. ** P< 0.01 vs. control values; # P< 
0.05 vs. L-NAME values.
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cholesterol-enriched diet produced a progressive elevation in 
the systolic, diastolic and mean arterial BP. This treatment 
also increased serum TC, TGs, and LDL-C levels and decreased 
HDL-C. Hypercholesterolemia enhanced the hypertensive 
effect of L-NAME. 

It has been found that chronic inhibition of NOS by L-NAME 
produces an increase in the levels of renal function markers in 
the serum associated the concurrent increase in the arterial BP. 
Hypertension was found to be a leading cause of hypertensive 
nephropathy. Histopathological examination showed interstitial 
fi brosis, glomerulosclerosis and macrophage infi ltration in 
rats [19]. Also, it has been convincingly demonstrated that 
chronic hypercholesterolemia is the major risk factor for the 
progression of various renal diseases [20]. Results of our study 
coincided with these observations. The serum levels of urea and 
creatinine were increased in hypertensive and in hypertensive 

hypercholesterolemic rats. Hypercholesterolemia enhanced 
the effect of hypertension. Histopathological examination of 
the kidney tissue of these rats showed glomerulosclerosis, 
arterial wall thickening, cloudy swelling of tubules, interstitial 
infl ammation and fi brosis. 

It has been indicated by clinical studies [3] and by experimental 
evidences [21], that oxidative stress plays an important role 
in the pathogenesis of hypertension-related kidney damage. 
Also, it was proposed that hypercholesterolemia-induced renal 
injury might occur due to increased oxidative stress in the renal 
tissue [5]. In agreement with these observations, Our results 
indicate that renal injury induced by hypertension and by 
hypertension with hypercholesterolemia in rats was associated 
with oxidative stress in kidney tissue, as indicated by increasing 
the renal MDA level and reducing the intracellular GSH level. 

It has been foud that under normal physiological 
conditions, NO is released from eNOS, which is a protective 
NO-generating enzyme [8]. However, eNOS activity and NO 
bioavailability were decreased in hypertension [7]. On the 
other hand, iNOS activity and NO production were increased in 
hypertension [6], which might be implicated in renal injury [9]. 
Similarly, hypercholesterolemia has been found to increasethe 
peroxynitrite levels in the kidney of experimental animals 
[10]. Data of the present study indicate that in hypertensive 
and in hypertensive hypercholesterolemic rats, the renal injury 
was associated with a signifi cant elevation of the renal nitrite 
level. In support of this fi nding, it has been found that in 
the damaged kidney of hypertensive rats, the expression and 
activity of iNOS and tissue nitrite levels were increased [3,22]. 
Also, Kamesh and Sumathi4found marked down-regulation 
and up-regulation of mRNA expression of both eNOS and iNOS 
gene, respectively, in renal artery of hypercholesterolemic 
rats. However, on the contrary, it has been found that chronic 
L-NAME administration to rats resulted in a signifi cant 
depletion of serum NO and renal tubular damage [22]. Also, in 
hypercholesterolemic animals the renal NO levels are decreased 
[10].

In light of these observations, the most likely explanation 
of our results is that chronic inhibition of NOS isoforms 
by L-NAME especially in vascular endothelium results in 
hypertension and feeding with a cholesterol-enriched diet 
results in hypercholesterolemia. Chronic hypertension and 
hypercholesterolemia lead to inhibition of eNOS and activation 
of iNOS. Activation of iNOS induces NO overproduction in many 
organs such as the kidney resulting in tissue damage.

There is evidence that infl ammatory cytokines contribute 
to the development of renal injury [24]. Renal infl ammation 
has been identifi ed as a characteristic of hypertension. In 
spontaneously hypertensive rats, the renal injury was associated 
with an increase in the expression of renal infl ammatory 
cytokines including TNF-, IL-6, IL-1 and ICAM [15]. 
Moreover, hypertensive renal damage is predominantly caused 
by infi ltration of infl ammatory cells such as macrophages and 
lymphocytes into the organ [17]. It is increasingly recognized 
that infl ammatory cytokines and glomerular infi ltration of 
monocytes and macrophages are involved in the development of 

Figure 4: Renal tissue (A) malondialdehyde (MDA),(B) intracellular reduced 
glutathione (GSH) and(C) nitrite levels of Hypertensive (L-NAME) and hypertensive 
hypercholesterolemic (L-NAME+CHO) rats. Hypertension was induced in rats by daily 
treatment with 10 mg/kg L-NAME ip and hypertension with hypercholesterolemia 
were induced in rats by daily treatment with 10 mg/kg L-NAME ip and feeding with a 
diet containing 1% CHO for 12 weeks. Kidney tissues were collected for biochemical 
measurements at the end of treatment duration.Each value represents mean ± SEM 
of 8 observations. ** P< 0.01 vs. control values; #P< 0.05 vs. L-NAME values.
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Figure 5: The renal tissue (A) tumor necrosis factor (TNF-α),(B) interleukin-6 (IL-6), (C) inerleukin-1β (IL-1β) and (D) intercellular adhesion molecule (ICAM) levels of 
hypertensive (L-NAME) and hypertensive hypercholesterolemic (L-NAME+CHO) rats. Hypertension was induced in rats by daily treatment with 10 mg/kg L-NAME ip and 
hypertension with hypercholesterolemia were induced in rats by daily treatment with 10 mg/kg L-NAME ip and feeding with a diet containing 1% CHO for 12 weeks. Kidney 
tissues were collected for biochemical measurements at the end of treatment duration.Each value represents mean ± SEM of 8 observations. **P< 0.01 vs. control values; 
#P< 0.05 vs. L-NAME values; ##P< 0.01 vs. L-NAME values.
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Figure 6: Photomicrographs of representative kidney sections from: (A) control rats 
showing normal glomeruli and tubules, (B) hypertensive (L-NAME) rats showing 
glomerular sclerosis (thick arrow) and arterial wall thickening (thin arrow), (C) 
hypertensive (L-NAME) rats showing interstitial infl ammation with fi brosis (arrow), 
(D) hypertensive hypercholesterolemic (L-NAME+CHO) rats showing glomerular 
sclerosis (arrow), and (E) hypertensive hypercholesterolemic(L-NAME+CHO) rats 
showing interstitial infl ammation with fi brosis (arrow) (H&E stain x 400).

renal damage induced by hypercholesterolemia [18]. Our results 
confi rm this correlation between infl ammatory responses and 
renal damage in hypertensive hypercholesterolemic rats. In the 
kidney tissue of these animals, there was a signifi cant increase 
in the levels of TNF-, IL-6, IL-1 and ICAM. Histopathological 
examination of the kidney tissue showed an increase in 
infl ammatory cell infi ltration. 

Taken together, our results indicate that 
hypercholesterolemia has the ability to enhance hypertension-
induced renal injury. The ability of hypercholesterolemia 
to provide this effect may positively correlate to its ability 
to increase hypertension-induced renal oxidative stress, 
nitrosative stress and infl ammation. Thus, these fi ndings 
suggest that treatment of hypercholesterolemia in hypertensive 
hypercholesterolemic patients affords additional protection 
against hypertension-induced renal injury
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