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Abstract: Problem statement: We aim to evaluate the effects of acute and chramtibition of
Neutral EndoPeptidase (NEP), by ONO-9902, on plasamna renal NEP gene expression,
hemodynamic and renal parameters in rats with Gtideart Failure (CHF) following left Coronary
Artery Ligation (CAL). Approach: Forty eight male Sprague-Dawley rats (220-240 gjendivided

into sham and CAL groups. Myocardial infarction waduced by left CAL. All rats were further
subdivided into untreated and orally treated witi@9902 (300 mg kg day™) from the 1st to 6th
weeks after the operation. At the 1st and 6th wedles the operation, gene expression of plasma and
renal NEP, plasma ANP, cGMP and aldosterone coraténts, urine volume, Na and ANP excretion,
creatinine clearance and renal cGMP generation werasuredResults: CAL leads to sodium and
water retention, increased renal NEP gene expmespiasma ANP and aldosterone and decreased
renal cGMP generation and plasma NEP gene expregstute treatment of CAL rats by ONO-9902,
at the 1st week after the operation, inhibited pi@snd renal NEP gene expression with increased
plasma ANP, which caused diuresis, natriuresis ianteased renal cGMP generation. Moreover,
chronic treatment of those rats by ONO-9902 deeckgdasma and renal NEP gene expression,
plasma aldosterone, increased plasma ANP but gmifisantly, and caused diuresis, natriuresis with
increased renal cGMP generation. GFR was not $ignifly changed before or after treatment.
Conclusion: Chronic treatment with NEP inhibitor decreasesaNd water retention in rats with CHF
by enhancing ANP action and suppressing aldostesegection. So, ONO-9902 may offer a new
therapeutic approach in patients with CHF.

Key words: Chronic Heart Failure (CHF), atrial natriuretic pdp, neutral endopeptidase (NEP),
Renin-Angiotensin-Aldosterone System (RAAS), Corgndrtery Ligation (CAL),
Glomerular Filtration Rate (GFR), Atrial NatriuretPeptide (ANP), Brain Natriuretic
Peptide (BNP), Mean Arterial Pressure (MAP)

INTRODUCTION Brain Natriuretic Peptide (BNP) and C-type Natrtice
Peptide (CNP) (Lainscaket al., 2009). Under
Chronic Heart Failure (CHF) is a physiological conditions, ANP is synthesized in the

pathophysiological condition characterized by avidagr'gio\';’r?eorgasef?gigt%Odggg(?j_%_%rt':: azn(;jl\é‘)m.lt_l;e
sodium retention with increased cardiac volume an ain agtiorﬁ of ANP afnd BNP incluéle natr.iuresis
pressure overload, peripheral edema, activatiothef '

. . . diuresis and inhibition of the renin-angiotensin-
Renin-Angiotensin-Aldosterone ~ System (RAAS)’_ aldosterone system (Clerico and Emdin, 2004). arthe

adrenergic system and reduced renal function @espikyjj e plasma concentration of ANP and BNP is
elevation of endogenous natriuretic peptides (el gleyated (Wekt al., 1993). Moreover, previous studies
brain natriuretic peptides: ANP and BNP) (Palazzuol yemonstrated that cardiac ANP and BNP mRNA was
and Nuti, 2010). Indeed, increased sodium retentiofnduced in heart failure. Both peptides become
with edema formation is a hallmark of CHF important to counteract the water and sodium rient
underscoring a key role of the kidney in this disr and to decrease the peripheral vasoconstrictionghwh
(Sica, 2006). are induced in heart failure by an activated renin-

The natriuretic peptides are a family of threeangiotensin-aldosterone system and by vasopressin
peptide hormones; Atrial Natriuretic Peptide (ANP), (Arnoldaet al., 1991).
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It has been reported that infusion of ANP or BNPexperimental procedures of this study were apprdwed
decreased both preload and afterload and increasdékde Medical Research Ethics Committee of Mansoura
cardiac output in patients with congestive heaitufa  University, Egypt.
whose plasma concentrations of ANP and BNP had
already been high as compared with those of normdteart failure following left coronary artery ligation:
subjects (Coluccit al., 2000). These findings imply Myocardial infarction was produced by Coronary Arte
that only a high level of endogenous ANP and BNPLigation (CAL) according to the method described by
would not improve the pathophysiology of heartdsel Sanbe et al. (1993). Briefly, the animals were
and that an additional increase in these peptidesbra  anaesthetized with pentobarbital sodium (45 mg', kg
necessary to elicit the improvement. However, thd.p.), intubated and artificially ventilated withraThe
therapeutic potential of ANP and BNP themselves iskin was incised along the left sternal border #rel
limited because these peptides are inactive inrah o fourth rib was cut proximal to the sternum. The
administration and are short-acting after intraweno pericardial sac was perforated and the heart was
administration. Thus, an orally active analoguelrafgs  exteriorized through the intercostal space. The lef
that can inhibit ANP degradation would be expedted coronary artery was ligated approximately 2 mm from
be useful for the therapy of CHF (Matdtial., 2001). its origin with a suture of 5-0 silk string. Thearewas

ANP is inactivated rapidly in vivo. One important repositioned in the chest and the wound was then
metabolic pathway of its inactivation involves sutured with strings. Among the 36 animals that had
enzymatic degradation by neutral endopeptidase JNEPundergone the operation, 8 died within 24 h and 4
also called enkephalinase, (EC3.4.24.11) (Ma#aladl.,  within 1 week of the operation. The remaining 2t ra
2000). NEP is a zinc-containing membrane-boundwvere used for the subsequent studies. A sham oqperat
enzyme that is widely distributed in organs,was also performed without CAL in 24 rats. At 1st
particularly in the kidney and lun¢Sansoest al., week after the operation, both CAL rats and sham-
2006) Since NEP plays a major role in the operated (Sham) rats were divided into NEP inhibito
clearance of ANP under pathological conditions wher (ONO-9902) -treated and untreated groups.
there is a higher plasma concentration as in CHF
(Hashimotoet al., 1994), NEP inhibition is regarded as Experimental protocols. In the first series of
a process of maintaining the biological activity of experiments, acute effects of oral ONO-9902 treatme
endogenous ANP by preventing its degradationon sham rats or rats with CAL at the 1st week dfier
Therefore, inhibition of the ANP degradation by operation were examined. Group I: (12 rats): Inetlid
treatment with NEP inhibitor would be expected tosham operated rats at the 1st week after the dperat
exert beneficial effects on CHF because ofThose rats were further classified into: la (6 )rats
amplification of the ANP action. Included sham operated rats without treatmenteatl #t

The aim of the current work was to investigate theweek after the operation, Ib (6 rats): Includednsha
effect of acute and long term (chronic) inhibitiofi  operated rats in which acute effects of ONO-990®y(s
NEP with the orally administered ONO-9902, oral dose of 300 mg Kkj body weight) (Makiet al.,
enkephalinase inhibitor  anti-nociceptive  agent2001), at the 1st week after the operation, were
(Yamamoriet al., 1996), on plasma and renal NEP geneexamined. Group II: (12 rats): Included rats witALC
expression, haemodynamic and renal parameterdsin raat the 1st week after the operation. Those rate wer

with CHF following left CAL. further classified into: Ila (6 rats): Included sawith
CAL without treatment at the 1st week after the
MATERIALSAND METHODS operation, Ilb (6 rats): Included rats with CALwhich

acute effects of ONO-9902 (single oral dose of B@D
Substances. ONO-9902, (&)-4-[(29)-benzyl-3-[(1RS)- kg™ body weight) at the 1st week after the operation

1,3-dihydro-3-isobenzofuranyl -1-thio] were examined.
propionylamino]-4-N-phenylcarbamoyl)-butyric  acid In the second series of experiments, chronic tffec
(Sigma, St. Louis, MO, USA). of ONO-9902 treatment on rats with CAL or Sham rats

Animals Sixty male Sprague dawley rats weighing at the 6th week after the operation were examined.

220-240 g were purchased from Vaccine andGroup ll: (12 rats): Includgd sham operated rattha
Immunization Authority(Helwan, Cairo, Egypt) and 6th week after the operation. Those rats were darth

housed (Animal House, Medical Physiology classified into: Illa (6 rats): Included sham ogedarats

department, Faculty of Medicine, Mansoura Univgrsit Without treatment at the 6th week after the opemati

Egypt) under controlled conditions (temperature!!lb (6 rats): Included sham operated rats in which

23+1°C and a 12:12 light/dark cycle). The animagsev  chronic effects of ONO-9902 (300 Mdg body weight

allowed free access to food and tap water. Allday” from the 1st week, orally) (Malkt al., 2001), at the
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6th week after the operation, were examined. Gitdup  (product # R6614) provided from Omega Bio-Tek
(12 rats): Included rats with CAL at the 6th weétkrathe  USA., Inc. following the manufacturer’s instructson
operation. Those rats were further classified ih& (6 ~ Semiquantitative Reverse Transcription Polymerase
rats): Included rats with CAL without treatmentfa 6th  Chain Reaction (RT-PCR) was performed using Ready-
week after the operatiofiyb (6 rats): included rats with to-Go. RT-PCR beads for first cDNA synthesis and
CAL in which chronic effects of ONO-9902 (300 mgkg PCR reaction provided by Amersham Biosciences,
body weight day from the 1st week, orally), at the 6th England. Cat. No. 27-9266-01, according to the okth
week after the operation, were examined. of Berchtold (Seymouret al., 1990). Gene specific
primer for NEP (F-5- CAG CCT CAG CCG AAA
Sampling: Blood samples were obtained from rat tail CTA CA-3".R-5- TTT GTC TCA GCA TCC ATC
vein under anesthesia with diethylether and diviteal CAA-3") (Pintadoet al., 2003) and Internal control
two tubes: The first one containing,KDTA, mixed = GAPDH (house keeping gene) (F-5'-
well, centrifuged at 7000 rpm for 10 min to obtain GCCATCAACGACCCCTTCATTG-3'R-5-TGCCA
plasma which was stored at -30°C until assay dfrpla = GTGAGCTTCCCGTTC-3') (Sakagt al., 2000) were
ANP, cGMP and aldosterone. The second tube containsurchased from Biolegio. BV, PO Box 91, 5600 AB
heparin, centrifuged at 7000 rpm for 10 min. toait Nijmegen, Netherlands. Thermal cycling reaction was
heparinized plasma for measurement of plasma Na argkrformed using thermal cycler (Minicycler PTC-150)
h. to obtain urine samples which are centrifugedlf®  yee steps; denaturation at 95°C for 1 min, primer
min at 7000 rpm then refrigerated until analysis ofgnnealing at 55°C for 1 min, extension at 72°C Zor
urinary ANP, cGMP, Na and creatinine. min and an additional final extension at 72°C fér 1
min. The products was subjected to agarose gel
electrophoresis using 2% agarose stained with iethid
bromide and visualized via light UV Transilluminato

Biochemical investigations: Plasma and urinary ANP
(AssayMax ELISA Kit, Cat No. ER A7010-1) was

measured employing a quantitative sandwich enzym e
immune assay technique, according to the manufisrtctur‘EMOdeI TUV-20, QWI. Scientific, Inc. 800 242-5560)

instruction, using plate reader (Tecan, SunRis@nd photographed under fixed conditions (the destan

Absorbance reader). Plasma Aldosterone Concentratighe light and the zoom). The RT-PCR products size
(PAC) (an enzyme labeled immunometric assayWVeré as follow: 116 bp and 700 bp for NEP and
Immulite 2000 Kit, Diagnostic Products Corp.), saru GAPDH  (internal  control house-keeping — gene)
and urinary sodium (Trinder, 1951) and creatininefeSpectively. The results photos were analyzed with
(colorimetric kits, Spinreact, spain; Ref:10011wire  Scion image ® release Alpha 4.0.3.2. software for
measured. Glomerular Filtration Rate (GFR) waswindows ® which performs bands detection and
determined by Creatinine Clearance (CrCl). Also,conversion to peaks. Area under each peak was
plasma and urinary cGMP were determined by High-calculated in square pixels and used for quantiica
Performance Liquid Chromatography (HPLC) Gene expression levels were determined by caloglati
(Schweinsberg and Loo, 1980). Net regeheration the ratio between the square pixel value of thgetar
of cGMP was determined using the formula: Netgene in relation to the control gene (house keepang).
renalgeneration of cGMP = (urinary cGMP X urine

flow rate)-(plasma cGMP X creatininelearance) \ easurements of hemodynamic parameters: Heart
(Margulieset al., 1995). Rate (HR) and Mean Arterial Pressure (MAP) were
measured by non-invasive method of rat's tail cuff
plethysmography using LE 5001 pressure meter
(LETICA Scientific Instrument, Cornella, Barcelona,

Fraction excretion of Na® (FE n.) (Laiken and

Fanestil, 1990): FEy, = mass of Na excreted/mass of
Na filtered. Mass of Na excreted UV, where Y,= '
concentration of Nain urine (mg mCY) and V = SpPain).

volume of urine (mL mif) while Mass of Na filtered = o )
GFR. R, where R, = concentration of Naor K* in  Statistical analysis: The data were expressed as mean

plasma (mg mL). Therefore, FR, =V.Uy/PyaGFR= £ standard error of mean (MeantSEM). Data were
UnaPer/Uer-Pra processed and analyzed using the Statistical Paakiag
Social Science version 10.0 (SPSS, version 10.0).
RT-PCR of plasma and renal NEP: Total RNA ANOVA was done followed by Fisher's least
extraction was carried out from rat plasma and é&ygn significant difference test. A minimum level of
after homogenization, using E.Z.N.A ® Blood RNA kit significance is considered if P$6€.05.
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RESULTS with NEPI caused significant decrease in renal NEP
gene expression (Fig. 3), increase in urine volume,
Effects of acute treatment with NEPI on plasmasodium and ANP excretion and renal cGMP generation
and renal NEP gene expressions, plasma concengatiowhereas GFR was non significantly changed (Tahle 1)
of ANP, aldosterone and cGMP, haemodynamic and Effects of long term treatment with NEPI on
renal parameters (Table 1). plasma and renal NEP gene expressions, plasma
With the exception of significant reduction in concentrations of ANP, aldosterone and cGMP,
plasma and renal NEP gene expression (Fig. 1 aid 3) haemodynamic and renal parameters (Table 2).
sham rats received acute treatment with NEPI,thkro All measured parameters in sham rats received
measured parameters (plasma ANP, cGMP antbng term treatment with NEPI, (plasma ANP, cGMP
aldosterone levels, MAP, HR, urine volume, sodiumand aldosterone levels, MAP, HR, urine volume,
and ANP excretion, renal cGMP generation) were norsodium and ANP excretion, renal cGMP generation)
significantly changed (Table 1). Plasma NEP genevere non significantly changed except significant
expression decreased, plasma ANP, cGMP andecrease in plasma and renal NEP gene expression
aldosterone levels increased significantly in CAdtsr (Table 2, Fig. 2 and 4). While plasma ANP, cGMP and
without treatment after one week relative to thealdosterone in CAL rats were significantly incredise
corresponding sham rats. Acute treatment of CAk ratrelative to sham rats, plasma NEP gene expressisn w
with NEPI significantly decreased plasma NEP genelecreased (Fig. 2) and HR and MAP were non
expressions (Fig. 1) and increased plasma ANP levdignificantly changed. Long term treatment with NEP
and cGMP whereas it caused no significant change isignificantly increased cGMP and decreased PAC and
heart rate, MAP and PAC. Heart rate and MAP weregplasma NEP gene expression but no significant ahang
non significantly changed in CAL rats with or witito was reported in plasma ANP, HR and MAP (Table 2).
treatment (Table 1). Moreover, in CAL rats after 6 weeks, there was
Furthermore, in rats with CAL after one week, significant increase in renal NEP gene expression
despite the non significant decrease in GFR (arieeti (Fig. 4), decrease in urine volume, sodium excretio
clearance), urine volume and sodium excretionrand renal cGMP generation but no significant change
significantly decreased which confirmed avid sodiumGFR and urinary ANP excretion. Long term treatment
retention (Table 1). Also, in those rats, renal NjJelhe by NEPI significantly decreased renal NEP gene
expression increased (Fig. 3), urinary ANP nonexpression (Fig. 4), increased urine volume, sodinch
significantly changed whilst renal cGMP generationANP excretions and renal cGMP generation while GFR
decreased significantly. Acute treatment of thomes r was non significantly changed (Table 2).

Table 1: Effect of single administration of ONO-296n neutral endopeptidase (NEP) gene expressimmdmal, hemodynamic and renal
parameters in rats with left Coronary Artery LigatiCAL) and in sham-operated rats (Sham) at thevéek after the operation

Sham CAL

Untreated Treated Untreated Treated
NEP gene expressions:
Plasma NEP /GAPDH mRNA 0.45+0.08 0.27+0.04 0.29+0.03 0.14+0.0F°
Renal NEP /GAPDH mRNA 1.4+0.09 0.8+0%06 2.7+0.1° 1.2+0.08"
Plasma ANP, PAC and cGMP:
Plasma ANP (pg mL) 43.7£3.1 47.2+¢4.3 110457 155.8+4.8°
Plasma cGMP (pmol mk) 4.6+0.6 4.9+0.6 10.2+0%9 15.9+0.7°
PAC (pg mLY) 150.4+ 5.1 156.4: 5.6 304.2+7.2 296.6+8.8
Hemodynamic parameters:
MAP (mmHg) 95+7 91+10 8745 82.0+8
HR (beats mift) 387+14 408+10 369+13 385.0+12
Renal parameters:
Urine flow @L min™) 25.5+4.2 30.243.9 8.4+1"%1 19.442.4°
CrCl (mL miri™) 1.25+0.2 1.240.2 0.940.2 0.95+0.2
UnaV pEQ min? 3.740.3 4.1+0.3 2,10 3.5+0.1°
FEn:0 0.021+0.002 0.02%0.003 0.009+0.001 0.018+0.002°
Uane.V (pg 24 hY) 88+5.2 95+6.1 80+8.7 156.0+9"1
Renal cGMP, pmol mif 25.7£3.5 29.6+3.9 9.7+0 32.8+3.3

Values were given as mean + SEM for groups of § each® p<0.05 relative to the corresponding untreatexligr® p<0.05 relative to the
corresponding sham group. ANP: Atrial NatriuretepBde, PAC: Plasma Aldosterone Concentration, MBan Arterial Pressure, HR: Heart
Rate, CrCl: Creatinine ClearanceylV: Na excretion, Fi%: Fraction Excretion of Na, Ale.V: ANP excretion
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Fig. 1: RT-PCR  product of plasma neutral
endopeptidase gene expression in relation to .
GAPDH (internal control house keeping gene) Fig. 3: RT-PCR product of renal neutral endopesida

in rats with acute ONO-9902 treatment: Lanel: gene expression in relation to GAPDH in rats
DNA marker, Lane 2: Sham without treatment, with acute ONO-9902 treatment: Lanel: DNA
Lane 3: Sham with treatment, Lane 4: CHF marker, Lane 2: Sham without treatment, Lane
without treatment, Lane 5: CHF with treatment, 3: Sham with treatment, Lane 4. CHF without
Lane 6: Negative control treatment, Lane 5: CHF with treatment, Lane 6:

Negative control

Fig. 2: RT-PCR  product of plasma neutral
endopeptidase gene expression in relation to
GAPDH in rats with chronic ONO-9902 Fig. 4: RT-PCR product of renal neutral endopeida

treatment: Lanel: DNA marker, Lane 2: Sham gene expression in relation to GAPDH in rats
without treatment, Lane 3: Sham with treatment, with chronic ONO-9902 treatment: Lanel: DNA
Lane 4: CHF without treatment, Lane 5: CHF marker, Lane 2: Sham without treatment, Lane
with treatment, Lane 6: Negative control 3: Sham with treatment, Lane 4: CHF without
treatment, Lane 5. CHF with treatment, Lane 6:
DISCUSSION Negative control

The present study showed that NEP gene This enhanced renal degradation of endogenous
expression, in rats with CHF induced by CAL, ANP in CHF may results in the attenuated renal
significantly decreased in the plasma (Tabland 2, natriuretic response to natriuretic peptides in CHF
Fig. 1, 2) and increased in kidney (Table 1, 2, Big).  supporting the concept of NEP inhibition in heart
Moreover, plasma ANP level significantly increased failure therapy. Our results were in agreement with
these rats (Table 1, 2), due to decreased plasnia NEKnechtet al. (2002). The responsible mechanism for
gene expression (Table 1, 2, Fig. 1, 2). In spitthe  elevated renal NEP expression is not entirely clear
elevation in plasma ANP level, urinary ANP excratio Knecht et al. (2002) observed increased renal NEP
is not significantly changed (Table 1, 2). Thisucb MRNA levels in rats with myocardial infarction,
be explained by the significant increase in tenasuggesting that transcriptional activation of th&m
NEP gene expression (Table 1, 2, Fig. 3, 4) in CHFRgene may contribute to the increased protein
which increases the degradation of endogenous. ANFEoncentration and activity of NEP.
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Table 2: Effects of long-term treatment with ONCB2%n neutral endopeptidase (NEP) gene expreds@monal, haemodynamic and renal
parameters, in rats with left Coronary Artery Ligat(CAL) and in sham-operated rats (Sham) at then@ek after the operation

Sham CAL

Untreated Treated Untreated Treated
NEP gene expressions:
Plasma NEP /GAPDH mRNA 0.51+0.06 0.25+0.04 0.24+0.02 0.11+0.0%"
Renal NEP /GAPDH mRNA 1.5+0.08 0.7+0%06 2.9+0.1° 1.1+0.08"°
Plasma ANP, PAC and cGMP:
Plasma ANP (pg mt) 47.1+7.7 53.3+8.7 171.8+125 179.8+11.8
Plasma cGMP (pmol mk) 5.1+0.6 5.5+0.6 14.2+0%9 24.9+0.7°
PAC (pg mLY) 156.6+ 5.3 161.2:5.8 390.2+8.8 195.8+8.8
Hemodynamic parameters:
MAP (mmHg) 99+4 93+3 92+4 100+4
HR (beats miff) 3859 371+6 377+7 3867
Renal parameters:
Urine flow @L min™) 27.5+4.6 33.243.9 5.5+1%2 22.5+2.8°
CrCl (mL min™) 1.3+0.3 1.2+0.2 0.840.3 0.9+0.3
UnaV pEQ mint 3.8+0.3 4.3x0.4 1.0£0%1 2.9+0.7%°
FEn:%0 0.022+0.002 0.0260.003 0.004+0.001 0.02+0.002*
Uane.V (pg 24 hY) 93+5.4 101+6.1 105+8.7 233+8.3
Renal cGMP, pmol mid 28.8+2.1 32.2+2.4 8.5+007 34.8+2.3

Values were given as mean=SEM for groups of 6 eatsh.* p<0.05 relative to the corresponding untreatesligy™ p<0.05 relative to the
corresponding sham group. ANP: Atrial NatriuretepBde, PAC: Plasma Aldosterone Concentration, MBan Arterial Pressure, HR: Heart
Rate, CrCl: Creatinine ClearanceylV: Na excretion, Fi%: FractionExcretion of Na, Wye.V: ANP excretion

Moreover, decreased renal generation of cGMP, th@, Fig. 1, 2) and renal NEP gene expression (Thbk
second messenger of ANP, with increased PAC, ANFFig. 3, 4) but the plasma ANP concentration was not
counter-regulatory hormone, in rats with untrea@ét- increased (Table 1, 2). It is considered that the
(Table 1, 2) lead to renal resistaricethe natriuretic inactivation of circulating ANP is attributed to
action of ANP in CHF. These results were in accordclearance receptor-mediated internalization and/or
with previous reports (Kneclat al., 2002; Bryaret al.,  enzymatic degradation of these peptides and th& NE
2007). Therefore, the current study also imporjantl plays a major role in the clearance of ANP when its
extends our understanding of the renalplasma concentration in the animals with hearufaiis
hyporesponsiveness to elevated concentrations dfigh (Charlouxet al., 2003; Kimuraet al., 2007).
endogenous ANP in CHF. Previous studies havé herefore, it is conceivable that NEP inhibitorsyma
suggested that the attenuated natriuretic resptmse enhance the biological activity of endogenous ANE a
elevated plasma ANP in CHF may be related to ANRhereby produce the favorable effect only when the
receptor down-regulation, enhanced degradation anglasma ANP level is high.
clearance of ANP, altered postreceptor signal A single administration of ONO-9902 in rats with
transduction and activation of counter-regulatoryCAL leads to inhibition of the plasma (Table 1, Flg
neurohumoral systems such as renal nerves and tlaad renal NEP gene expression (Table 1, Fig. 3igtwh
intrarenal  renin angiotensin system as well asvas accompanied by a significant elevation of the
decreased renal perfusion pressure (Charlewl., plasma ANP concentration (Table 1). This is copsist
2003; Korineket al., 2008). with the effects of the NEP inhibitor ecadotril
The present study showed a significant decreasgsinorphan), a NEP inhibitor that is an orally waeti
in urinary sodium excretion and urine volume insrat prodrug of (S)-thiorphan, on the plasma NEP agtivit
with CAL despite the non significant change in GFRand the ANP concentration in rats with heart falur
(Table 1, 2) which indicate sodium and waterproduced by aortovenocaval (AV) fistula as repotigd
retention. The marked increase in PAC and decreas&/egneret al. (1996). Also, our results demonstrate that
in fractional excretiomf sodium with preserved GFR chronic administration of ONO-9902 resulted in
in CHF (Table 1, 2) indicatethat increasing tubular inhibition of the plasma (Table 2, Fig. 2) and fex&P
sodium reabsorption was responsilite this avid gene expression (Table 2, Fig. 4). Furthermore, the
sodium retention in CHF. No significant changesewer elevation in plasma ANP concentration, in rats with
observed in MAP or heart rate. CHF induced by CAL, was further increased but non
In the sham rats, acute or long term treatmensignificantly by chronic treatment with NEPI, ONO-
with ONO-9902 also diminished the plasma (Table 19902 for 6 weeks (Table 2). Ma#tial. (2001)observed
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reduction in the plasma ANP and BNP concentrationgnedullary collecting duct cells which is also thie ©f
following chronic treatment of rats with CHF by NEP action of ANP. Kenny and Stephenson (1988) reported
Moreover, as the plasma concentrations of ANP andhat NEP-I inhibits the degradation of ANP in the
BNP are sensitive indices for the severity of hearfproximal tubule where NEP is abundant, therefore
failure (Tsutamotoet al., 1997), therefore, they allowing pharmacological rather than physiological
consider the reduction in the plasma ANP and BNRoncentrations of intact ANP to reach more distal
concentrations following chronic treatment with NEP segments of the nephron specifically the inner
to be as a result of the improvement of themedullary collecting duct (Charlowet al., 2003) where
pathophysiology of CHF. In the current study, theANP receptors are abundant, thus antagonizing the
significant reduction of plasma and renal NEP mRNAactions of aldosterone while also decreasing atdost
of sham or CAL rats on treatment with NEPI, ONO-release. Therefore, exaggerated decrease in distal
9902, indicated that ONO-9902 inhibited the NEPfractional reabsorption was predicted based on the
activity irrespective of the presence or absendgAif. known presence of ANP receptors at the level of the
The current study showed that acute treatment aferminal nephron (Sonnenbeepal., 1990) Indeed, our
CAL rats with NEPI caused diuresis and natriuresisstudies support such a conclusion.
increased plasma and urinary ANP and renal cGMP
generation while GFR was preserved (Table 1). CONCLUSION
Moreover, chronic treatment of rats with CAL by NEP In conclusion, there is an increase in the plasma

significantly increased urine volume, sodium exorgt ANP concentration in CHF. Long-term NEP-I
urinary ANP level, renal cGMP generation in spife 0 jecreases Na and water retention in rats with CHF
the non significant change in plasma ANP level andyrobably by decreasing the degradation effect dP B
GFR (Table 2). The mechanisms of these renal deuret ANP with the consequence of increased plasma ANP
and natriuretic actions of NEPI, despite prese@&®R, level and inhibiting aldosterone secretion. Accogdy,
most likely are linked to enhanced renal action ofNEP-I, in CHF, acts to decrease tubular reabsorpiio
fitered ANP at the level of the renal tubule asale sodium in this sodium-retaining state, inducingreiis
NEP gene expression significantly decreased (Fig),3 and natriuresis. This action appears independent of
which decreases ANP degradation and also renal cGM&hanges in systemic or renal hemodynamics. Therefor
generation increased in NEPI treated CHF rats aBlEP-l may serve as a new therapeutic approach to
compared to the untreated group in the absenceyf aenhance the renal natriuretic action of elevated
higher level of GFR (Table 1, 2). Therefore, inseh  €ndogenous ANP in patients with CHF.

urinary excretion of ANP, secondary to inhibitiohits

degradation by renal NEPI, with increased renal €GM REFERENCES

generation in CAL treated rats suggests that NEPI
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