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Abstract  

Background:  Cardiovascular diseases considered as major  
cause of morbidity and mortality in patients with chronic  
renal failure. CYP2C23 epoxygenases is one of CYP2C  
subfamily enzymes that expressed in the kidney. They convert  

arachidonic acid (AA) to Epoxyeicosatrienoic acids (EETs)  
which have an important role in regulation of cardiovascular  
function.  

Aim of Study:  Present study aimed to study the effect of  
indapamide on the expression of CYP2C23 and its impact on  

cardiovascular function in rat model of CRF.  

Methods:  Twenty four adult male albino rats were ran-
domly divided to a sham operated, CRF which underwent 5/6  
subtotal nephrectomy and CRF treated with indapamide  
1 mg/kg per day for 10 weeks.  

Results:  We demonstrated significant increase in systolic  
and diastolic blood pressure, deterioration in cardiac function  
(EF% and FS%) and impaired vascular reactivity in CRF  
group as compared to control group. Administration of inda-
pamide significantly reverse the cardiovascular deterioration  
with increase in renal CYP2C23 expression and decrease  
cardiac NF-κB as compared to untreated group.  

Conclusion:  We concluded that indapamide prevent pro-
gression of cardiovascular disease in rat model of chronic  
renal failure. We attributed this improvement to ability of  
indapamide to increase renal CYP2C23 expression which  
ameliorated oxidative stress and inflammation.  

Key Words:  Renal CYP2C23 – Vascular reactivity – Cardiac  
NF-κB – Indapamide – Chronic renal failure.  

Introduction  

CARDIOVASCULAR  complications in chronic  
kidney disease patients are common and have great  
impact on human suffering and health economics  
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[1] . The exact mechanisms of the cardiovascular  
pathophysiology in CKD/ESRD have not been  
completely elucidated. The kidney appears to act  
as a perceiver and modulator of cardiovascular  
disease [2] .  

The CYP2C subfamily enzymes are the major  
P450 epoxygenases in the kidney. CYP2C23 is the  
main enzyme expressed in the rat kidney that  
converts arachidonic acid to 8,9-,11,12- and 14,15- 
epoxyeicosatrienoic acids (EETs) in a ratio of 1:2:1  
[3]. These EETs are further metabolized to their  
corresponding less-active dihydroxyeicosatrienoic  
acids (DHETs) by soluble epoxide hydrolase (sEH)  

[4].The P450 w-hydroxylases produce 20-hydroxy-
eicosatetraenoic acid (20-HETE). Both EETs and  
20-HETE are involved in the regulation of vascular  
function [5] .  

These EETs are involved in the maintenance  
of cardiovascular homeostasis [6] . They are con-
sidered vasodilatory regulators of vascular tone [7]  
and regulate renal sodium and water excretion [8] .  
Also, they have an anti-inflammatory properties  
[9]  and thrombolytic activity [10]  and can protect  
blood vessels from remodeling by inhibiting vas-
cular smooth muscle cell proliferation [11] . Accu-
mulating evidence suggested that EETs have pro-
tective effects on cardiovascular system and  
pharmacological up regulation of EETs signalling  
pathway may be useful for endothelial function  
[12] .  

The valuable functions of EETs raised them as  
a target for management of end organ disease  
accompanied CVD.  
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Indapamide is known as a diuretic that has a  
significant hypotensive effect with a lower inci-
dence of severe hypokalemia and hyperglycemia  
[14] , and retains value in patients with chronic  

kidney disease [15] . It has been reported that it  
reduces left ventricular hypertrophy [16,17]  and  
reduces microalbuminuria in patients with diabetes  

and hypertension [18] . Ma et al., 2013, found that  
indapamide could affect the expression of  
CYP2C23 in kidney causing increase in the con-
centration of EETs [19] .  

We hypothesized that indapamide could increase  

kidney tissue concentrations of epoxyeicosatrienoic  
acids (EETs) by increasing renal CYP2C23 expres-
sion. The main idea of our work is to examine the  
effect of the increase in renal CYP2C23 expression  

on the progression of cardiovascular disease in rat  

model of chronic renal failure (CRF).  

Material and Methods  

Experimental animals:  

Our study was done in the Department of Phys-
iology, Faculty of Medicine, Cairo University. The  

total duration of the study was 10 weeks (from  
September, 2017 to December, 2017). Twenty four  
male albino rats, approximately 12 weeks of age,  

and of nearly similar weights ranging from 160 to  

200 grams, were included in the study. The animals  
were placed under ordinary living conditions in  
the animal house and kept at room temperature in  

wire mesh cages, fed on standard rat diet (standard  

rat chow) and subjected to 12h light/dark cycle.  

We randomly divided the animals into the following:  

- Group 1 : Sham operated (Sh) group (n= 8) :  

Eight rats were included in this group and  
underwent sham operation. Animals belonging to  

this group were kept under the same experimental  

conditions as the rest of the groups for 10 weeks.  

- Group 2: Chronic renal failure model (CRF)  
group (n=8):  

Eight rats were assigned in this group and  
underwent 5/6 subtotal nephrectomy and then  
housed for 10 weeks after operation.  

- Group 3: Chronic renal failure model treated  

with indapamide (CRF+ IDP) group (n=8):  

Eight rats were assigned and underwent the  

same operation as group 2 and were also housed  
for 10 weeks. This group received indapamide at  
dose 1mg/kg per day in drinking water [20]  through-
out the study till the 10 week.  

Experimental protocol:  

Nephrectomy procedure:  

We induce CRF in rats surgically through one-
step 5/6 th  nephrectomy [20] . Briefly, Rats were  
anesthetized with 0. 15ml/100gm body weight of  
prepared solution formed of ketamine 100mg/kg  

and xylazine 10mg/kg cocktail injected intraperi-
toneal [21] . A left kidney was exposed via midline  
abdominal incision and decapsulated. We burnt  
Two-thirds of the kidney using electro-cautery and  

replaced the remnant kidney. Afterthat, the right  

kidney was located and decapsulated. The renal  

vessels were ligated and the whole kidney removed.  
Antibiotics were given after surgery to avoid post-
operative infection.  

A sham procedure was done in control animals  

where we decapsulated both kidneys solely and  
replaced them intact.  

Data collection:  

1- Biochemical measurements:  
Ten  weeks later, we were with drawn blood  

samples via retro orbital route by using capillary  

tubes and then we collected them in Eppendorf  

tubes.  

We were separated Plasma by centrifugation  

and then stored at  ≤  –20ºc for biochemical estima-
tion of the following parameters:  

• Serum urea was measured using Quanti- 
ChromTM Urea Assay kit (DIUR-500) [22] .  

• Serum creatinine was estimated by Quanti  
ChromTM creatinine Assay Kit [23] .  

• TNF-α  in serum was measured using quanti-
tative sandwich enzyme immunoassay tech-
nique [24] .  

• Malondialdehyde (MDA) was estimated  
through thiobarbituric acid (TBA) diluted in  

2 Mol. sodium sulfate, 1ml of 0.67% TBA  

and 2.5ml of 20% trichloroacetic acid.  

2- In vivo studies:  
Ten  weeks later, at the end of the experiment,  

blood pressure and echocardiography were done  
to all groups:  

• Blood pressure measurements:  

After warming rats till 32C, the arterial blood  

pressure was measured using the noninvasive tail-
cuff method (ML 125NIBP, AD Instruments, Aus-
tralia).  
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• Echocardiography:  
Echocardiography was done with a system that  

is equipped with a 12-MHz phased-array transducer  

(SONOS 5500; Philips Medical System, Best). We  

assessed LV systolic function through measuring  
of ejection fraction (EF) and LV fractional short-
ening (FS) which calculated from LV M mode by  
the following equations:  

FS% = [( LVEDD–LVESD) / LVEDD] x 100  
EF% = [( LVEDV–LVESV) / LVEDV] x  100  

3- In vitro studies:  
At the end of the study, rats were sacrificed  

using high dose of phenobarpitone, and then the  

thoracic aorta, renal tissue and heart tissue were  

excised and prepared as follows:  

A- Isolated aorta preparation:  

The chest cavity was exposed and the thoracic  

aorta excised. Then, it was divided into rings of  
3mm length and kept in organ chambers that are  
filled with 10ml of Krebs-Heinseleit solution (mM:  
NaCl 118, CaCl 2  2.5, NaHCO 3  25, KCl 4.7,  
MgSO4  1.2, KH2PO4  1.2, glucose 10) maintained  
at 37ºC, pH 7.4 and gassed with 95% O 2  and 5%  
CO2 . After that, ring was carried between 2 hooks  
and attached to an isometric force transducer which  
is then connected to a data acquisition system  
(Power lab 8SP, AD Instruments) to allow contin-
uous monitoring of tension of 1 gram for one hour.  
Concentration-response curves were generated to  

phenylephrine (264µg) and were compared only  
at 2, 4, 8 and 16 µg concentrations. After contrac-
tion with phenylephrine reached a plateau, acetyl-
choline was added at cumulative concentrations  
(2–16µg) without wash. The value of phenylephrine  
precontraction was measured, and then the rates  

of relaxation were expressed as percentages to this  

phenylephrine contraction [26] .  

Percentage of acetylcholine relaxation = (Value  

of phenyepherine precontraction-value of phenye-
pherine after relaxation) / value of phenyepherine  

precontraction x100).  

B- Detection of relative gene expression by real  
time PCR:  

Renal and heart tissue were extracted and pre-
pared for Biochemical detection of relative gene  
expression levels of CYP2C23 and Nuclear factor-
κB (NF-κB) respectively according to the following  
steps.  

Total RNA extraction:  

Total RNA were isolated by Trizol reagent  
(Invitrogen, Carlsbad, CA) and then purified by  

using an RNeasy system (Qiagen, Valencia, CA).  

The yield of the extracted RNA was assessed spec-
trophotometrically via measuring the optical density  
at 260nm.  

Complementary DNA (cDNA) synthesis:  

Complementary DNA was synthesized from  

1 mg RNA by using SuperScript III First-Strand  

Synthesis System as described in the manufacturer's  
protocol (#K 1621, Fermentas, Waltham, MA,  

USA). In brief, 1microgram of total RNA mixed  

with 50micro M oligo (dT) 20, 50ng/microLitre  
random primers, and 10mM dNTP mixed in a  
volume of 10mL. The mixture will be incubated  

at 56ºC for 5min, and then placed on ice for another  

3min. The reverse transcriptase master mix con-
taining 2µL of 10µ  RT buffer, 4µL of 25mM  
MgCl2, 2µL of 0.1 M DTT, and 1µL of Super-
Script® III RT (200 U/µL) was added to the mixture  
and was incubated at 25ºC for 10min followed by  
50min at 50ºC.  

Real-time quantitative PCR:  
Real-time PCR amplification and analysis were  

performed using an Applied Biosystem with soft-
ware version 3.1 (StepOneTM, USA). The reaction  
contained SYBR Green Master Mix (Applied Bi-
osystems), gene-specific primer pairs were designed  

with Gene Runner Software (Hasting Software,  

Inc., Hasting, NY) from RNA sequences from the  

gene bank. All primer sets had a calculated anneal-
ing temperature of 60 ° . Quantitative RT-PCR was  
performed in a 25-µl reaction volume consisting  
of 2X SYBR Green PCR Master Mix (Applied  
Biosystems), 900 nM of each primer and 2µl of  
cDNA.  

Conditions of amplification were as follows:  
• 2min at temperature of 50º.  
• 10min at temperature of 95º.  
• 40 denaturation cycles for 15s.  
• Annealing/extension at temperature of 60º for  

10min.  

We calculated data from real-time assays by  

using the v1·7 sequence detection software from  

PE Biosystems (Foster City, CA). Messenger RNA  
Relative expression was measured by using com-
parative Ct method. All values were then normal-
ized to the control housekeeping gene, beta actin,  

which was reported as fold change over background  

levels detected in the diseased groups.  

• The primer sequence for CYP2C23 gene:  

Forward Primer:  5'- GATGCTGTCTTCCGT-
CATGC-3'.  
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Reverse primer:  5'- GCTCTGGCCACAGG-
TACCAT-3'.  

• The primer sequence for NF-κB gene  
Forward primer: 5'-CATTGAGGTGTATTTCA  

CGG-3.  
Reverse primer: 5'-GGCAAGTGGCCATTGTG  

TTC-3.  

Statistical methods:  
Data were collected and evauated using the  

statistical package SPSS version 24. Then, it was  
summarized by using mean and standard deviation.  
Comparison between groups was done using anal-
ysis of variance (ANOVA) with multiple compar-
isons post hoc test [27] . It considered as statistically  
significant when p-values is less than 0.05.  

Results  
• Specific primer sequence for b-actin (used as  

housekeeping gene):  
Forward primer:  5'-GGTCGGTGTGAACGG  

ATTTGG -3  
Reverse primer:  5'-ATGTAGGCCATGAGGT  

CCACC-3  

As shown in Table (1), there was a significant  
change in mean values of serum urea, serum cre-
atinine, TNFalpha, and MDA in CRF group as  
compared to control group and administration of  
indapamide in group 3 causes significant improve-
ment in these values when compared to CRF group.  

Table (1): Comparison of the mean values of serum urea (mg/dl), serum creatinine (mg/dl), TNFalpha  
(ng/ml) and MDA (nmol/l) in all groups.  

Group 1 sham  
operated (Sh)  

Group 2 chronic  
renal failure (CRF)  

Group 3 chronic renal  
failure+Indapamide (CRF+IDP)  

Serum urea mg/dl  46.25±4.11  96.22±5.24*  64.72±4.35 *#  

Serum creatinine mg/dl  0.3 8±0.05  1.18±0.11*  0.65±0.04*#  

TNFalpha ng/ml  33.23±3.06  128.36±4.86*  85.57±3.46*#  

MDA nmol/l  1.22±0.06  20.1 ±3.06*  10.04± 1.79*#  

Values are presented as mean ±  SD.  
*: Significant change as compared to corresponding value in group 1 ( p<0.05).  
#: Significant change as compared to corresponding value in group 2 ( p<0.05).  

Present work reported significant increase in  
relative gene expression of renal CYP2C23 in  
group 3 compared to CRF groups (Fig. 1). There  
was also significant deterioration in systolic and  
diastolic blood pressure and ecchcardiographic  
parameters (EF% and FS%) in group 2 (CRF)  
compared to control group and these values  
improved significantly in the group subjected to  
indapamide (Figs. 2,3). Significant changes re-
corded also in relative gene expression of NF-
κB in heart tissue among studied groups (Fig.  
4).  

Assessment of vascular function in studied  
groups revealed significant changes in aortic  
contraction response to the phenylepherine and  
aortic relaxation response to acetylcholine (Figs.  
5,6).  

Fig. (1): Comparison of the mean values of relative gene  
expression of CYP2C23 in all groups.  

*: Significant change as compared to corresponding value in group  
1 (p<0.05).  

#: Significant change as compared to corresponding value in group  
2 (p<0.05).  
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Fig. (2): Comparison of the mean values of systolic and  

diastolic blood pressure in all groups.  

*: Significant change as compared to corresponding value in group  

1 (p<0.05).  
#: Significant change as compared to corresponding value in group  

2 (p<0.05).  

Fig. (3):  Comparison of the mean values of ecchcardiographic  
parameters (Ejection fraction EF and Fractional  
shortening FS) in all groups.  

*: Significant change as compared to corresponding value in group 1  
(p<0.05).  

#: Significant change as compared to corresponding value in group 2  
(p<0.05).  

NF-κB relative expression  

Fig. (4): Comparison of the mean values of relative gene  

expression of NF-κB in all groups.  

*: Significant change as compared to corresponding value in group 1  
(p<0.05).  

#: Significant change as compared to corresponding value in group 2  
(p<0.05).  
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Fig. (5): The aortic ring response to phenylephrine among  
studied groups.  
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Discussion  

CKD (chronic kidney disease) is a highly prev-
alent Condition and is considered as severe disease,  
mostly due to the high prevalence of CV (cardio-
vascular) complications [28] . Renal Epoxyeicosa-
trienoic acids (EETs), cytochrome P450 (P450)  
epoxygenase metabolites of arachidonic acid, are  

involved in cardiovasclar homeostasis. The inability  
of the kidney to increase epoxyeicosatrienoic acid  
levels considered a hallmark of renal and cardio-
vascular diseases [29] . So, we studied the impact  
of increasing the levels of these (EET) by indapa-
mide on progression of cardiovascular diseases in  
rat model of chronic renal failure.  

We have observed that chronic renal failure  
induced by 5/6 surgical nephrectomy caused dete-
rioration in systolic and diastolic blood pressure  
and cardiac function (EF% and FS%) compared  
to control group. Impaired vascular reactivity was  
also noticed in this study as we reported increase  
in aortic contraction response to the phenylepherine  
and decrease in aortic relaxation response to ace-
tylcholine in CRF group compared to the control  
group.  

Standing with our data, J. Sˇ  
leagues in 2010 showed that CRF that induced by  
5/6 surgical nephrectomy has caused worsening  
of contraction force and prolongation of contraction  
and relaxation time in the left ventricle papillary  
muscle 10 weeks after subtotal nephrectomy  [30] .  
They also reported increase in blood pressure, left  
ventricular hypertrophy and resting tachycardia.  

Impairment of endothelial function and defec-
tive endothelium-dependent vasodilatation have  
been reported also in CKD  [31] . Study done by  
Kujal et al., on Ren-2 transgenic rats (TGR) after  
5/6 renal mass reduction (5/6 NX) elicited increase  
in blood pressure with the decrease in the EETs:  
DHETEs ratio in the early and late phase after 5/6  
NX [32] . They suggested that increased conversion  
of EETs to DHETEs, as indicated by the increased  
renal expression of sEH protein in 5/6 nephrectomy  
model is likely the cause of reduced intrarenal  
availability of biologically active epoxygenase  
metabolites with no change in protein expression  
of the CYP2C23 enzyme. In accordance with our  
study as we didn't report change in the CYP2C23  
expression in our model of CRF.  

Study done by Ma et al., reported that admin-
istration of indapamide for 8 weeks in spontaneous  
hypertensive rats (SHRs) could reduce arterial  
blood pressure, improve vascular function and  
attenuate myocardial hypertrophy [19] . They con-
cluded that indapamide caused increase in EET  
production through stimulation of CYP2C23 and  
the inhibition of sEH. They suggested that EET  
ameliorates the hypertension observed in SHRs by  
increasing cAMP and PKA expression in the renal  
microvessels and decreasing expression of the  
NADPH oxidase subunits, NF-кB, and TGF-b1 in  
the renal cortex.  

In this context, we found that administration  
of indapamide for 10 weeks in CRF rat model  
resulted in significant increase in relative gene  
expression of renal CYP2C23 and this improvement  
was associated with improvement in renal function  
(serum urea and creatinine). We also reported that  
indapamide has cardiovascular protective effect in  
CRF model as indicated by improvement in blood  
pressure, cardiac function and vascular function  
in group receiving indapamide.  

Accumulating evidence have revealed that  
11,1 2-EET analogs cause an increase in cAMP [33]  
and activate renal smooth muscle cell Ca21- 
activated K1 channels causing dilation of renal  
arteries [34] , which are dependent on PKA activation  
[35]  and these changes eventually lead to a decrease  
in blood pressure. Previous studies has shown also  
that CYP metabolites including renal EETs have  
major impact on renal blood flow regulation and  
long-term arterial blood pressure control [36,37] .  
In addittion, many reports have found that CYP2C  
has a significant role in long-term regulation of  
endothelial function and arterial blood pressure  
[38,39] .  

víglerová &  col- 
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Our findings support the notion that increase  

in the endogenous levels of EETs by inhibiting the  
enzyme sEH exerts a beneficial effect by preventing  

the development of cardiac hypertrophy which  

preserve the cardiac chamber, with no deterioration  

of cardiac contractility. It has previously been  

shown that EETs have an anti-inflammatory effect  
as they can inhibit NF- κB-mediated gene transcrip-
tion [40] . NF-kB is one of the transcription factors  

that has a role in regulation of the expression of  
genes which are involved in the stress response  
following different physiologic or pathologic stim-
uli [41] . NF-kB is inactive when bound to IkB, an  
inhibitory protein that is phosphorylated by IkB  
kinase (IKK). Phosphorylation of IkB triggers its  

degradation, which allows translocation of NF-kB  
to the nucleus, where it can activate the transcription  

of inflammatory and immune response target genes  

[42] . EETs inhibit IKK, so they can prevent degra-
dation of IkB and keep NF-kB in its inactive form  
[40] . Tumor necrosis factor (TNF α ) is a relevant  
mediator of cardiovascular diseases and NF- κB is  
known to be regulated by this cytokine. Patients  

with heart failure have presented with elevated  

levels of circulating TNF- α  and have shown myo-
cardial NF-kB activation [43] .  

In our study, we noticed significant elevation  

of TNF-α  together with increase NF- κB expression  
in heart in the CRF rat model and these levels  

decreased significantly in rats receiving indapa-
mide. We suggested that increase expression of  

CYP2C23 with use of indapamide improved cardiac  

function mainly through increase production of  

EETs that subsequently affect the levels of TNF-
α  and NF-κB expression in heart.  

One of nontraditional risk factors for developing  
cardiovascular disease in CKD is oxidative stress  

[44] . It is known to induce endothelial dysfunction  
and progression of atherosclerosis by reducing  

nitric oxide availability [45] .  

CYP2C23 causes increase in the EETs levels  

and also, it can upregulate the expression of en-
dogenous PPARa activators, HEETs, which have  
antioxidant and anti-inflammatory properties [46] .  
Ma et al., [19]  have examined the effect of indapa-
mide on oxidative stress in spontaneous hyperten-
sive rats (SHRs), they reported decreased levels  

of MDA and ameliorated oxidative stress in the  

renal cortex of SHRs, potentially by decreasing  
p47phox and p67phox expression and increasing  
SOD expression.  

In accordance, our study showed significant  
elevation in levels of MDA (oxidative stress mark- 

er) in CRF group, and these levels improved sig-
nificantly in group receiving indapamide.  

In conclusion, we found in this study that inda-
pamide increased expression of CYP2C23 and  
ameliorated cardiovascular function in model of  
chronic renal failure. We provided evidence that  

increased expression of CYP2C23 by use of inda-
pamide has antioxidant and anti inflammatory  

effect through which the progression of renal and  

cardiovascular disease in CRF could be attenuated.  

References  

1- YERRAM P., KARUPARTHI P.R., HESEMANN L., et  

al.: Chronic kidney disease and cardiovascular risk. J.  
Am. Soc. Hypertens., 1: 178-18418 (49): 6867-6874.709- 
714, 2007.  

2- SCHWARZ U., BUZELLO M., EBERHARD R., et al .:  
Morphology of coronary atherosclerotic lesions in patients  

with end-stage renal failure. Nephrol. Dial. Transplant.,  

15: 218-223, 2000.  

3- IMAOKA S., WEDLUND P.J., OGAWA H., KIMURA  
S., GONZALEZ F.J., and KIM H.Y.: Identification of  
CYP2C23 expressed in rat kidney as an arachidonic acid  

epoxygenase. J. Pharmacol. Exp. Ther., 267: 1012-1016,  

1993.  

4- FLEMING I.: Cytochrome p450 and vascular homeostasis.  

Circ. Res., 89: 753-762, 2001.  

5- ZHAO X. and IMIG J.D.: Kidney CYP450 enzymes:  

Biological actions beyond drug metabolism. Curr. Drug.  
Metab., 4: 73-84, 2003.  

6- SPECTOR A.A.: Arachidonic acid cytochrome P450  

epoxygenase pathway. J. Lipid. Res., 50: S52-S6, 2009.  

7- PARK Y., CAPOBIANCO S., GAO X., FALCK J.R.,  
DELLSPERGER K.C. and ZHANG C.: Role of EDHF  
in type 2 diabetes-induced endothelial dysfunction. Am.  

J. Physiol. Heart. Circ. Physiol., 295: H1982-H1988,  
2008.  

8- ZHAO X., POLLOCK D.M., INSCHO E.W., ZELDIN  
D.C. and IMIG J.D.: Decreased renal cytochrome P450  
2C enzymes and impaired vasodilation are associated  
with angiotensin salt-sensitive hypertension. In. Hyper -

tension, Vol. 41, pp. 709-714, 2003.  

9- NODE K., HUO Y., RUAN X., YANG B., SPIECKER  
M., LEY K., ZELDIN D.C. and LIAO J.K.: Anti-
inflammatory properties of cytochrome P450 epoxygenase-
derived eicosanoids. Science, 285: 1276-1279, 1999.  

10- NODE K., RUAN X.L., DAI J., YANG S.X., GRAHAM  
L., ZELDIN D.C. and LIAO J.K.: Activation of G-s  
mediates induction of tissue-type plasminogen activator  

gene transcription by poxyeicosatrienoic acids. J. Biol.  
Chem., 276: 15983-15989, 2001.  

11- SUN J., SUI X., BRADBURY J.A., ZELDIN D.C., CON-
TE M.S. and LIAO J.K.: Inhibition of vascular smooth  
muscle cell migration by cytochrome p450 epoxygenase-
derived eicosanoids. Circ. Res., 90: 1020-1027, 2002.  



2518 Increase Renal CYP2C23 Expression Using Thiazide Diuretics  

12- ALEXANDER S.P.H., MATHIE A. and PETERS J.A.:  
Guide to Receptors and Channels (GRAC), 5 th  ed. Br. J.  
Pharmacol., 164: S1-324, 2011.  

13- IMIG J.D. and HAMMOCK B.D.: Soluble epoxide hy-
drolase as a therapeutic target for cardiovascular diseases.  

Nat. Rev. Drug. Discov., 8: 794-805, 2009.  

14- AMBROSIONI E., SAFAR M., DEGAUTE J.P., MALIN  
P.L., MACMAHON M., PUJOL D.R., de CORDOÜE A.,  
and GUEZ D.: Low-dose antihypertensive therapy with  

1.5mg sustainedrelease indapamide: Results of randomised  
double-blind controlled studies. European study group.  

J. Hypertens., 16: 1677-1684, 1998.  

15- MADKOUR H., GADALLAH M., RIVELINE B., PLAN-
TE G.E. and MASSRY S.G.: Indapamide is superior to  

thiazide in the preservation of renal function in patients  
with renal insufficiency and systemic hypertension. Am.  
J. Cardiol., 77: 23B-25B, 1996.  

16- DE LUCA N., MALLION J.M., O'ROURKE M.F.,  
O'BRIEN E., RAHN K.H., TRIMARCO B., ROMERO  
R., DE LEEUW P.W., HITZENBERGER G., BATTEGAY  
E., et al.: Regression of left ventricular mass in hyperten-
sive patients treated with perindopril/indapamide as a  
first-line combination: The REASON echocardiography  
study. Am. J. Hypertens., 17: 660-667, 2004.  

17- DAHLÖF B., GOSSE P., GUÉRET P., DUBOURG O.,  
de SIMONE G., SCHMIEDER R., KARPOV Y., GAR-
CÍA-PUIG J., MATOS L., DE LEEUW P.W., et al.:  
PICXEL Investigators Perindopril/indapamide combina-
tion more effective than enalapril in reducing blood press-
ure and left ventricular mass: The PICXEL study. J.  
Hypertens., 23: 2063-2070, 2005.  

18- PUIG J.G., MARRE M., KOKOT F., FERNANDEZ M.,  
JERMENDY G., OPIE L., MOYSEEV V., SCHEEN A.,  
IONESCU-TIRGOVISTE C., SALDANHA M.H., et al.:  
Efficacy of indapamide SR compared with enalapril in  

elderly hypertensive patients with type 2 diabetes. Am.  

J. Hypertens., 20: 90-97, 2007.  

19- MA F., LIN F., CHEN C., CHENG J., ZELDIN D.C.,  
WANG Y., and WANG D.W.: Indapamide Lowers Blood  

Pressure by Increasing Production of Epoxyeicosatrienoic  

Acids in the Kidneys, (August), 286-295, 2013.  

20- KENNEDY D.J., ELKAREH J., SHIDYAK A., SHAPIRO  
A.P. SMAILI S., MUTGI K., GUPTA S., TIAN J., MOR-
GAN E., KHOURI S., COOPER C.J., PERIYASAMY S.  
M., XIE Z., MALHOTRA D., FEDOROVA O.V., BA-
GROV A.Y. and SHAPIRO J.I.: Partial nephrectomy as  
a model for uremic cardiomyopathy in the mouse. Am.  

J. Physiol. Renal. Physiol., 294: F450-4, 2008.  

21- FLECKNELL P.A.: Laboratory Animal Anesthesia (Third  
Edition), Academic Press, Harcourt Brace Jovanovich  

London, 2009.  

22- JUNG D., BIGGS H., ERIKSON J. and LEDYARD P.U.:  
New Colorimetric reaction for end-point, continuous-
flow, and kinetic measurement of urea. Clin. Chem., 21  
(8): 1136-40.K1 channels. Microcirculation, 15: 137-150,  
1975.  

23- BERGMAN A. and OHMAN G.: Effect of detergent on  
kinetic Jaffé-method assay of creatinine. Clin. Chem., 26  
(12): 1729-32, 1980.  

24- KINRA P. and DUTTA V.: Serum TNF alpha levels: A  
prognostic marker for assessment of severity of malaria.  

Trop Biomed., 30 (4): 645-53, 2013.  

25- NAGABABU E., RIFKIND J.M., SESIKERAN B., et al:  
Assessment of Antioxidant Activities of Eugenol by in  

vitro and in vivoMethods. Methods. Mol. Biol., 610: 165- 
180, 2010.  

26- B. LORKOWSKA, M. BARTUS, M. FRANCZYK, R.B.  
KOSTOGRYS, J. JAWIEN, P.M. PISULEWSKI and S.  

CHLOPICKI: Hypercholesterolemia Does Not Alter En-
dothelial Function in Spontaneously Hypertensive Rats.  
Journal of Pharmacology and Experimental Therapeutics,  
317 (3): 1019-1026, 2006.  

27- CHAN Y.H.: Biostatistics102: Quantitative Data-
Parametric & Non-parametric Tests. Singapore. Med. J.,  
44 (8): 391-396, 2003.  

28- BRIET M. and BURNS K.D.: Chronic kidney disease  
and vascular remodelling: Molecular mechanisms and  

clinical implications. Clinical Science (London, England:  
1979), 123 (7): 399-416, 2012.  

29- IMIG J.D.: Epoxide hydrolase and epoxygenase metabo-
lites as therapeutic targets for renal diseases. American  

Journal of Physiology. Renal. Physiology, 289 (3): F496- 
503, 2005.  

30- J. S
ˇ
VÍGLEROVÁ1, J. KUNCOVÁ1, L. NALOS1, Z. 

ˇ TONAR2, D. RAJDL3, M. S  
Parameters in Rat Model of Chronic Renal Failure Induced  

by Subtotal Nephrectomy Physiol. Res., 59 (Suppl. 1):  
S81-S88, 2010.  

31- YILMAZ M.I., SAGLAM M., CAGLAR K., CAKIR E.,  
SONMEZ A., OZGURTAS T. and ZOCCALI C.: The  
determinants of endothelial dysfunction in CKD: Oxidative  
stress and asymmetric dimethylarginine. American Journal  
of Kidney Diseases, 47 (1): 42-50, 2006.  

32- KUJAL P., ё ERTÍKOVÁ CHÁBOVÁ V., S 
ˇ
KAROUPK-

OVÁ P., HUSKOVÁ Z., VERNEROVÁ Z., KRAMER 
ˇ H.J. and C ERVENKA L.: Inhibition of soluble epoxide  

hydrolase is renoprotective in 5/6 nephrectomized Ren-
2 transgenic hypertensive rats. Clinical and Experimental  

Pharmacology and Physiology, 41 (3): 227-237, 2014.  

33- IMIG J.D., DIMITROPOULOU C., REDDY D.S., WHITE  
R.E. and FALCK J.R.: Afferent arteriolar dilation to 11,  

12-EET analogs involves PP2A activity and Ca2+- 
Activated K+ channels. Microcirculation, 15 (2): 137- 
150, 2008.  

34- ZOU A.P., FLEMING J.T., FALCK J.R., JACOBS E.R.,  
GEBREMEDHIN D., HARDER D.R. and ROMAN R.J.:  
Stereospecific effects of epoxyeicosatrienoic acids on  

renal vascular tone and K(+)-channel activity. The Amer -

ican Journal of Physiology, F822-32, 1996.  

35- BAEUERLE P.A., IMIG J.D., FALCK J.R., and INSCHO  
E.W.: Contribution of cytochrome P450 epoxygenase and  

hydroxylase pathways to afferent arteriolar autoregulatory  

responsiveness. Br. J. Pharmacol., 127: 1399-1405, 1996.  

36- MORENO C., MAIER K.G., HOAGLAND K.M., YU M.,  
and ROMAN R.J.: Abnormal pressure-natriuresis in  

hypertension: role of cytochrome P450 metabolites of  

arachidonic acid. Am. J. Hypertens., 14: 90S-97S, 2001.  

37- ROMAN R.J.: P-450 Metabolites of arachidonic acid in  

TENGL1: Cardiovascular  



Manal M. Mahmoud, et al. 2519  

the control of cardiovascular function. Physiol. Rev., 82:  

131-185, 2002.  

38- FORNAGE M., HINOJOS C.A., NUROWSKA B.W.,  
B OERWINKLE E., HMMOCK B .D. , MORIS SEAU  
C.H.P., and DORIS P.A.: Polymorphism in soluble epoxide  

hydrolase and blood pressure in spontaneously hyperten-
sive rats. Hypertension, 40: 485-490, 2002.  

39- IMIG J.D., ZHAO X., CAPDEVILA J.H., MORISSEAU  
C., and HAMMOCK B.D. : Soluble epoxide hydrolase  
inhibition lowers arterial blood pressure in angiotensin  

II hypertension. Hypertension, 39: 690-694, 2002.  

40- SPECTOR A.A. and NORRIS A.W.: Action of epoxyei-
cosatrienoic acids on cellular function. Am. J. Physiol.  

Cell. Physiol., 292 (3): C996-C1012, 2007.  

41- BALTIMORE D.: NF-kappa B: Ten years after. Cell., 87  
(1): 13-20, 1996.  

42- Karin M.: How NF-κB is activated: The role of the I κB  
kinase (IKK) complex. Oncogene, 18 (49): 6867-6874,  

1999.  

43- MATSUMORI A. and SASAYAMA S.: The role of  
inflammatory mediators in the failing heart: immunomod-
ulation of cytokines in experimental models of heart  

failure. Heart. Fail. Rev., 6 (2): 129-136, 2001.  

44- HIMMELFARB J.: Linking oxidative stress and inflam-
mation in kidney disease: Which is the chicken and which  

is the egg. Semin Dial., 17: 449-54, 2004.  

45- LOCATELLI F., CANAUD B., ECKARDT K.U., STEN-
VINKEL P., WANNER C., ZOCCALI C.: Oxidative  

stress in end-stage renal disease: An emerging threat to  

patient outcome. Nephrol. Dial. Transplant., 18: 1272- 
80, 2003.  

46- MULLER D.N., THEUER J., SHAGDARSUREN E.,  
KAERGEL E., HONECK H., PARK J.K., MARKOVIC  
M., BARBOSA-SICARD E., DECHEND R., WELLNER  
M., et al.: A peroxisome proliferator-activated receptor-
alpha activator induces renal CYP2C23 activity and  
protects from angiotensin II-induced renal injury. Am. J.  
Pathol., 164: 521- 532, 2004.  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

