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ABSTRACT

White adipose tissue (WAT) is now recognized asatigest endocrine organ of the body. WAT secrateamber of bioactive
peptides and proteins, collectively termed “adip@s”. Adipokines have different biological effedtsluding blood pressure
control. Dysregulated production and release afdsfic adipokines, namely renin angiotensin systRiS) peptides &apelin,
from WAT in the setting of obesity may contribotbytpertension. Based on previous concepts, theeptestudy aimed to clarify
role of RAS and Apelin/APJ system in obesity-induggertension through modulation of Angiotenspety receptor (AT1R),
Angiotensin 1-7/Mas receptor and Apelin/ APJ reoemxpression and to elucidate the possible intéoacbetween the two
systems. 48rats were used in this study dividedargroups, group 1(control group) given standaati chow, group 2(control +
captopril group):given standard rat chow + captdp#Omg/kg, group 3(Control + L-NAME group): givetaisdard rat chow +
L-NAME 20mg/kg, group 4(control hypertensive grofgg) high fat high sucrose diet (HF-HS) for 10 weeléroup 5:
(hypertensive + captopril group): Fed HF-HS dietr&ceived captopril (40mg/kg) for 10weeks, Grougtgpertensive + L-
NAME group): Fed HF-HS diet & received L-NAME (20kgp for 10 weeks. At the end of experiment, boelght, fat weight
and systolic blood pressure were measured. Vis@aglose tissue (epididymal fat) was collectedgiene expression of AT1R,
Angl-7 R and apelin/APJ. Results of this study detnated activation of the adipose (RAS) and Ap&Rd system in rats with
diet-induced hypertension, consistent with a striimigbetween visceral obesity and hypertensiore<i induced hypertension
was associated with marked upregulation in AT1glia /APJ R expression and down regulation of ghg)/Mas R in
adipose tissue. Captopril treatment showed sigaificlecrease in body weight, fat weight and systitiod pressure associated
with significant increase in adipose tissue gengression of Apelin/APJ receptor and Ang 1-7/Maeptor. Whereas L-NAME
significantly increased blood pressure and decrdabedy weight, fat weight with significant incredsAT1R expression.
Obesity induced hypertension was associated withreased AT1R & apelin receptor expression and demé Ang-(1-7) R
expression which provides evidence that apelin/Alfregulation by HFHS diet could not antagonize drygnsive effect of
Angll/AT1R. This may be explained by apelin rasis¢ or high expression of Ang Il. ACE inhibitioecteased blood pressure
significantly in obese hypertensive rats througtréased Ang-(1-7) R & apelin/APJ receptor exprassioNAME raised blood
pressure significantly in obese rats through ina®é AT1R expression and possible inhibition ofmitxide (NO)- mediated

vasodilator action of Ang-(1-7) &apelin. These sw$suggest an interaction between Apelin and Ré&iges to regulate ABP
in obese subjects.

Key words: RAS, Apelin, Obesity induced hypertension.
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INTRODUCTION

Hypertension is a major risk factor of high prevale worldwide for cardiovascular diseases (CYL]) Clinical
and experimental studies have confirmed a strosgcietion between obesity and hypertension. Howeklierexact
mechanism whereby obesity causes hypertension msrmaknowr2].

Currently, one of the main mechanisms that coulplaén the development of high arterial pressureliesity
includes activation of the renin—angiotensin syst@®AS). Adipose tissue possesses a local RAS, with more
significant local paracrine as well as systemice&f than the subcutaneous fat; this contributeshto
cardiometabolic derangements including sodium tEtenand volume expansion, progressive renal deseasl
elevated blood pressuj&].

Angiotensin 1l (Ang Il), the physiologically-activeroduct of the RAS, has recently been found tabe of the
adipokines secreted by adipocytes. Ang Il is knaavexert its effects via Ang Il receptor type 1 (BR) &Ang Il
receptor type 2 (AT2R). AT1Rs are more abundantpressed than AT2R, and most of the functions oSRA
adipose tissue appear to be mediated through Hotivaf AT1R[4].

The renin-angiotensin system (RAS) plays a key imldood pressure regulation. The effects areombf achieved
through the vasoconstrictor Ang Il via AT1R, busa@lthrough its metabolite angiotensin-(1-7).Angfjlexerts
actions opposite to those of Ang Il, which are magetl by its receptor (Mas I].

Apelinis an adipokine isolated as a selective erdogs ligand of orphan receptor, APJ, geneticalgniified to
have closest identity to the AT1R. In spite of tigh homology between APJ receptor and AT1R, theliApAPJ
system has been found to exert opposing actio(srig 11)-AT1R in regulation of cardiovascular fuiah.

Moreover, apelin peptides have been shown to beifgpsubstrates of Angiotensin converting enzym@E®, a
carboxypeptidase enzyme cleaving the C-terminahylaénine residue of either Ang-1 or Ang-litofortmg-(1-7),
a functional antagonist of Ang -1l that acts prediwantly as a vasodilatg6].

Initial experiments in animal models indicate ttiat apelin-APJ pathway has opposing actions t&rRh® pathway
in a number of physiologic and pathophysiologidisgs. While Ang Il increases vascular tone andesiblood
pressure, apelin is a vasodilator and lowers bjmedsurg7].

The apparent involvement of apelin peptides ingheymatic cascades of the RAS suggests the possibtaction
between ACE/Ang II/AT1R, ACE2/Ang-(1-7)/Mas R artetapelin/APJ receptor which makes it an intemgsti
area for research into the mechanisms of obesggcéted hypertension as well as opening up negetsirfor
treatment.

The aim of thisstudy isto investigate:

1.The role of renin-angiotensin system in obesityicetl hypertension through modulation of Angiotenkin
receptors (Mas receptors) and AT1 receptors exipregs adipose tissue.

2.The role of Apelin/APJ system in obesity-inducedodryension through modulation of Apelin APJ recepto
expression.

3.The possible interaction between (RAS) system aetidAPJ system.

4.The role of NO as a possible mechanism of actiomésh Apelin and Ang 1-7.

MATERIALSAND METHODS

Experimental Animals:

A total of 48 male albino rats (150-180 gm, 10-12eks old) were used in this study. The experimgmtatiocol
and procedures were approved by the animal houdteséarch Institute of Ophthalmology, Ministry afalth,
Cairo, Egypt according to guidelines for the camd ase of laboratory animals published by the Nwtidnstitutes
of Health (NIH Publication No. 85-23, revised 1996)

Animals were housed in wire mesh cages at room ¢eatgre with normal light-dark cycle and had freeess to
water and their respective diets for the whole erpental period (10 weeks).
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Rats were randomly divided into the following greyeach containing 8 rats):

Group 1: (control group): Fed the commercial rat chew diet (12% caloriefagsand received daily vehicle of 1
ml distilled water by oral gavage for the whole d¢if the experiment (10 weeks).

Group 2 :( control+ captopril group): Fed the commercial rat chow diet received capt¢p@mg/kg) given daily
by oral gavage for 10 weeks.

Group 3 :( control+ L-NAME group): Fed the commercial rat chow &received L-NAME (29kg) given daily
by oral gavage for 10 weeks.

Group4: (control hypertensive group): Fed high fat-high sucrose (HF-HS) diet &receidaly vehicle of 1ml
distilled water by oral gavage forlOweeks.

Group5: (hypertensive + captopril group): Fed HF-HS diet & received captopril (40mg/kg) gjivdaily by oral
gavage for 10weeks.

Group6: (hypertensive + L-NAME group): Fed HF-HS diet & received L-NAME (20mg/kg) giveaily by oral
gavage for 10 weeks.

Experimental protocol:

Induction of hypertension:

To induce a rat model of hypertension in our studys were fed high fat high sucrose (HF-HS) diet#0 weeks
according tdDobrian et al. and Angelaet al. [8- 9].

Composition of HF-HS diet:

Its composition was 31.2% fat, 49.1% carbohydr8®% 1% sucrose plus 15% corn starch), 17.3% proted¥o
fiber, 3.5% minerals, 0.4% CaCO3, 1% vitamin mixJa% antioxidants, and 0.2% cholesterol. Fatsigea/42%
of the calories, and the diet yielded (450 kcal &0 g) 1O - 11].

M easur ement of systolic blood pressure

Systolic blood pressure (SBP) was assessed usiwgrR@b Data Acquisition and Analysis Systems: ineasive
blood pressure monitor (ML 125 NIBP, AD Instrumerasistralia). SBP was measured from the tail ofsooous
rats by the tail-cuff technique for which all anilavere pre-trained until blood pressure was stgaelcorded with
minimal stress and restraint [12]. In the tail-ctéchnique, animals were warmed for 30 min at 281G
thermostatically controlled heating cabinet (UgaBasltaly) for better detection of tail artery Ise; the tail was
passed through a miniaturized cuff and a tail-cdffisor that was connected to an amplifier. The ifisgblpulse
was recorded during automatic inflation and dedlatbf the cuff. Systolic BP (cuff deflation press)was defined
as the point at which the cuff pressure correspoodise restoration of the first caudal artery pulBhe average of
at least three measurements was taken at eachHarcd@steria for inclusion of measurements frordiindual mice
were 5 out of 10 successful measurements withrelatd deviation <5(13]

At the end of experiment:

* Body weight was measured.

* Rats were sacrificed under anesthesia by i.pectipn of sodium thiopental (10 mg/100 g body wéigh
epididymal & perirenal fat (visceral fat) was renedy weighed, and stored a0 -C in lysis buffer (composed of
0.2 N Sodium hydroxide (NaOH) 1% (wt/vol) sodiumddayl sulfate)until gene expression by polymerdsarc
reaction (PCR) was done for assessment of:

1-Angiotensin 1-7 receptors (Mas receptors)
2-Angiotensin Il type 1 receptor (AT1 R)
3-Apelin APJ receptors

Semi-Quantitation of Angl-7receptor (Mas receptor)AT1R and Apelin/APJ receptorgene expression by
rever se transcriptasepolymer ase chain reaction (RT-PCR) (Pfaffl et al., 2001).

Extraction of RNA from the adipose tissue:

Total RNA was extracted from adipose tissue usihgT®tal RNA Isolation systenfPromega, Madison, WI,
USA).
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Homogenization of adipose tissue:

1.About 30mg of adipose tissues were homogenizednul previous mentioned lyses buffer for 10 minl &men
tissue centrifuged for 20 min at 15,000 rpm.

2.350ul of SV RNA Dilution Buffer was added to 1B of tissue homogenate; it was mixed by invertihg tube
3-4 times. The mixture was placed in a water baf#f0aC for 3 minutes.

3.The mixture was centrifuged at 12,000-14,000 rpmifbminutes at 20-25°C.

RNA purification:

1.The cleared lysate solution was transferred te@shfmicrocentrifuge tube by pipetting.

2.200ul of 95% ethanol were added to the cleared lysatd,were mixed by pipetting 3-4 times. This mixtuas
transferred to the Spin Column Assembly and wasriéeged at 12,000-14-000 rpm for one minute.

3.The Spin Basket was taken from the Spin Column de and the liquid was discarded in the collectiobe.
The spin basket was put back into the collectidrett600ul of SV RNA wash solution were added to the spin
column assembly. Centrifugation at 12,000-14,000 fgr one minute was done.

4.The DNase incubation mix was prepared by combidifg yellow core buffer, 51l 0,09M MnCI2 and 5ul of
DNase | enzyme per sample in a sterile tube.

5.50 ul of the freshly prepared DNase incubation mix wegpelied directly to the membrane inside the spiskiet.
6.The mixture was incubated for 15 minutes at 20-286f€h 20Ql of DNase stop solution were added to the spin
basket, and were centrifuged at 12,000-14,000 mprore minute.

7.600 ul Of SV RNA wash solution with ethanol added (100mfil95% ethanol to a bottle containing 58, 8ml
concentrated SV RNA wash solution) were added e centrifuged at 12,000-14,000 rpm for one ngnut

8.The collection tube was emptied and 260f SV RNA wash solution with ethanol were added aentrifuged at
14000 rpm for two minutes.

9.The spin basket was transferred from the collectidre to the elution tube, and 1QDof nuclease-free water
were added to the membrane.

10.Centrifugation at 12,000-14,000 rpm for one minwees done .The spin basket was discarded and tkierelu
tube containing the purified RNA was stored at &.0°

Determination of RNA yield and quality:
The yield of total RNA obtained was determined spgxhoto-metrically at 260 nm.

Rever se transcription into cDNA:
The extracted RNA was reverse transcribed into ci¥iig RT-PCR kit(Stratagene, USA).

Procedure:
Threepl of random primers were added to the [l0of RNA which was denatured for 5 minutes at 65AChe
thermal cycler.

a) The RNA primer mixture was cooled to 4°C.
b) The cDNA master mix was prepared according tdihas follows and was added (for each sample):

Component Volume
First strand buffer 5]
10 mMdNTPs 2l
RNase inhibitor (40 U#) 1l
MMLV-RT enzyme (50 Ual) 1y
DEPC-treated water 10

c) Total volume of the master mix was fiBfor each sample. This was added to theulBNA-primer mixture
resulting in 32ul of cDNA.

d) The last mixture was incubated in the programmedntial cycler one hour at 37°C followed by inactivatof
enzymes at 95°C for 10 minutes, and finally co@ed°C. Then RNA was changed into ¢ DNA.

QPCR (quantitativereal time PCR):

1. The gene-specific forward and reverse primer paas wormalized. Each primer (forward and reverse)
concentration in the mixture was 5 pmol/ ul.
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Sequence of the primers used for real-time PG
ANG 1-7receptor| 5-GGAACAGGACGGAGGTTACA-3 (sense)
5-AGTCAGGAGGTGGAGAGCAA-3(anti-sense)
Apelin receptor APJ Sens: GCCCTTGCTTTCTGAAAATCA,
Reverse: GGACAGTTAAAGGATGTGCATAGGA
AT1 receptor 5'-caagtcgcactcaagcctgte-3
5'-tcactccacctcagaacaag-3'

2. The experiment and the following PCR program wasipe

- 50°C 2 min., 1 cycle.

- 95°C 10 min., 1 cycle.

- 95°C 15sec. —» 60°C 30sec.— 72°C 30 sec., 40 cycles.
- 72°C 10 min., 1 cycle.

3. Areal time- PCR reaction mixture was 50ul.

The following mixture was prepared in each opttodle:

o 25 ul SYBR Green Mix (2x).

* 0.5 pl kidney cDNA.

e 2 pl primer pair mix (5 pmol/ pl each primer).

o 22.5ul HO.

4. After PCR is finished, the tubes from the machirgenemoved.

5. The real time- PCR result was analyzed with thp stee applied biosystem software.

Statistical analysis of data:

The collected data was organized, tabulated artibtatally analyzed using SPSS software statist@ahputer
package version 16 (SPSS Inc, USA). For quantéatiata, the mean and standard deviation were |lagdcl
ANOVA (Analysis of variance) was used to test thiedence about mean values of measured paramateosg
groups, multiple comparison between pairs of groupe performed using LSD. To determine the retalietween
variables, Pearson Correlation was done.

For interpretation of results of tests of significa; significance was adoptedrat 0.05.
RESULTS

Effect of induction of hypertension by HF-HS diet .0 weeks on the studied parameters:

Table (1): Effect of HF-HSdiet for 10 weeks (control hypertensive group 4) on body weight (BW), fat weight and systolic blood pressure
(BP) compared to control group (group 1)

Parameters group 1 group 4
Body weight (gm)| 232.71+15.98 385.43+ 29.4p*
Fat weight (gm) 1.57+.28 4.00+.13*
BP (mmHg) 93.14+ 3.67 135.43+ 4.54f

Values are presented as mean+SD *: statisticsilijnificant compared to corresponding value inugrd. (P<0.05)
Table (1) shows a significant increase in fat weigim), body weight (gm) and systolic blood press{mmHg) in
hypertensive group 4 compared to control group 1.

Table (2): Effect of HF-HS diet for 10 weeks on adipose tissue gene expression of Apelin APJ receptor, AT1R and Ang-(1-7) R compared
to control group (group 1).

Parameters | group 1 group 4
Apelin R 12+.03 1.81+59*
ATIR 1.40:.35 | 12.14%1.29]
Ang<(1-7) R | 10.80%1.3' | 1.82+61

Values are presented as mean+SD *: statisticafipificant compared to corresponding value in grdufP<0.05)
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Table (2) shows a significant increase in adipésgué gene expression of Apelin receptor and ATH®wvever,
there is significant decrease in adipose tissuee gexpression of Ang 1-7 receptor in  hypertengjxeup 4

compared to control group 1.
Effect of ACE inhibition by Captopril treatment on different parameters among studied groups:

Table (3): Effect of captopril (40mg/kg) on body weight, fat weight and arterial blood pressurein control group 1 and captopril treated
control group 2

Parameters group 1 group 2
Body weight (gm|232.71+15.94229.29+15.9p
Fat weight (gm 1.57+.2¢ 1.46+.2¢
BP(mmHg 93.14+3.6 | 93.71+4.8.

Values are presented as meantSD
*: statistically significant compared to correspang value in group 1 (P<0.05)

<~

As shown in table (3), no significant change appeéan body weight, fat weight (gm) or systolic bilopressure
between control group 1 and captopril treated cbgtroup 2.

Table (4): Effect of Captopril (40mg/kg) on adipose tissue gene expression of Apelin receptor, AT1R, and Ang 1-7 receptor in control
group 1 and captopril treated control group 2

Parameters| group 1 | group 2
Apelin R .12+.03 | .23t.09
AT1R 1.40t.35 | 2.7Gt.55
Ang-(1-7) R10.80:1.358.76+1.49

Values are presented as meanSD
*: statistically significant compared to correspand value in group 1 (P<0.05)

As shown in table (4), there was no significanfediénce in adipose tissue gene expression of Apelieptor,
AT1R or Ang 1-7 receptor between captopril treatedtrol group 2 compared to control group 1.

Table (5): Effect of captopril (40mg/kg) on body weight, body fat weight and arterial blood pressurein captopril treated hypertensive
group 5 compared to hypertensive control group 4.

Parameters group 4 group 5
Body weight (gm|385.4% 29.4€(320.2% 13.7(*
Fat weight (g 4.0 .1z 2.84+ 15
BP(mmHg 135.4+4.54] 116.4% 9.7€*

Values are presented as meanSD
*: statistically significant compared to correspand value in group 4 (P<0.05)

As shown in Table (5), captopril treated hyperteasiats (group 5) showed a significant decreadmiy weight
(gm), fat weight (gm) and systolic blood pressumenHg) when compared to hypertensive control ratsufg 4).

Table (6): Effect of captopril (40mg/kg) on adipose tissue gene expression of Apelin receptor, AT1R and Ang-(1-7) R in captopril treated
hypertensive group 5 compared to hypertensive control group 4.

Parameters| group 4 group 5
Apelin R | 1.81+ .59 | 3.97+.92*
AT1R ]12.14+1.2413.79+ 1.24
Ang-(1-7) j 1.82+ .61 | 3.93+ .84*

Values are presented as meanSD
*: statistically significant compared to correspang value in group 4 (P<0.05)
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Table (6) shows a significant increase in adipassué gene expression of Apelin recep8d®7+.92 AT1R
13.79+1.24and Ang 1-7 receptoB.93+.84 in captopril treated hypertensive group 5 compatedcontrol
hypertensive group 4.

Effect of NO blockade by L-NAME on different parameters among studied groups:

Table (7): Effect of L-NAM E (20mg/kg) on body weight, fat weight and arterial blood pressurein control group 1 and L-NAME treated
control group 3

Parameters Group 1 Group 3
Bodyweight (gm)| 232.7+15.9 267.8+6.3*
Fat weight (g 1.5+.2% 1.4+.2¢
BP(mmHg) 92.242.2 125.4+7.9¢

Values are presented as meantSD
*: Significant difference from groupl (P<0.05)

Table (8): Effect of L-NAME (20mg/kg) on adipose tissue gene expression of Apelin receptor, AT1R and Ang-(1-7) R in control group 1
and L-NAME treated control group 3

Parameter Group 1 Group 3

Apelin R 0.116+.021 | 0.360+.16°

AT1R 1.401+.34 | 4.27+1.65}

Ang—(1-7) R| 10.80+1.34 14.4+3.03*
Values are presented as meanSD

*: Significant difference from groupl (P<0.05)

As observed in table (7), L-NAME given to contrabgp significantly(p<0.05) increased body weidht, weight

& blood pressure in group(3) with mean values 266.3, 1.47+28 & 125.4+7.9 respectively compared to
group(1), this was associated with significant @ased ATlreceptor expression in adipose tisswggadnp(3) as
observed in table (8).

Table (9): Effect of L-NAME (20mg/kg) on body weight, fat weight and arterial blood pressurein L-NAME treated hypertensive group 6
compar ed to hypertensive control group 4

Parameters Group 4 Group 6
Body weight (gm)| 385.4+29.4 346.71+13.
Fat weight (gm) 4.00+.13 3.84+.09
BP(mmHg) 135.4+4.5| 144.29+9.2%

Values are presented as mean 1SD
* Significant difference from group4 (P<0.05)

*

Table (10): Effect of L-NAM E (20mg/kg) on adipose tissue gene expression of Apelin R, AT1R and Ang-(1-7) R in L-NAME treated
hypertensive group 6 compared to hypertensive control group 4

Parameter Group 4 Group 6
Apelin R 1.8+.58 2.02+.34
AT1R 12.1+£1.29| 15.44+.26}
Ang-(1-7)R | 1.8+.61 2.28+.1¢
Values are presented as mean 1SD
* Significant difference from group4 (P<0.05)

As observed in table (9), L-NAME given to hypertiesgroup for 10 weeks significantly (p<0.05) inased blood
pressure & decreased body weight, fat weight, ougr(6) with mean values144.29+9.2, 346.71+13.384310
respectively compared to group (4), this was assedi with significant increased AT1R expressioradipose
tissue in group (6) compared to group (4) as oleskinv table (10).
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DISCUSSION

Visceral adipose tissue hypertrophy is a stimulusificreased production of adipocytokines that tamught to
mediate and/or control obesity-induced hypertengictuding components of renin angiotensin syst&ASg) and

Apelin/APJ systenfil4].

One of the key emerging features of the aped/Aystem is its interaction with the respecteaeptors of RAS
which may have implications for understanding tpathophysiology of several major cardiovagcudaseases

including hypertension.

The present work was designed to clarify the pdssitteraction between RAS and Apelin/APJ systenthia
development of obesity associated hypertensionydredher this interaction may be the answer todhisstion:
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Why does hypertension develop in obese individuals?
To accomplish this, the present work attemptedtddysgene expression of AT1R, Ang-(1-7) Mas receptnd
Apelin/APJ receptors in visceral adipose tissuelEse hypertensive rats.

The diet-induced obesity model used in the cursgndy closely mimics the neurohumoral and hemodynam
changes observed in obese humans. The diet chasen WF-HS diet composed of 31.2% fat, 49.1% caydiraite
and 17.3% protein, for 10 weeks to induce hypertenl 1, 15]

As expected, after 10 weeks of HF-HS consumptioin,results showed a significant rise in body weigfgceral
fat weight and systolic arterial blood pressure pared to control group which confirms developmehbloesity
induced hypertension. Moreover, a positive cotimawas observed between body weight, visceralvigight&
systolic blood pressure, which further confirm limé between obesity& hypertension.

The above results are in agreement with who fotwadl feeding animals a HF-HS diet for 7 weeks tesuin a
significantly increased body weight, which was anpanied by heavier adipose tissues in all anatdriacations
analyzed. Moreover, [16] that, rat models of dinetticed obesity (32% kcal as fat) develops hypsiten having
advantages over other similar animal models inrtise similarity to human obesity hypertensioamely
activation of RAS, dyslipidemia, increased oxidatistress, and associated vascular and renal pgyhdespite
this well established association, mechanismstigpkibesity to hypertension are not fully understood

Constantly emerging experimental and clinical enmecontinues to support a key role of the locgv@sk tissue
RAS in the pathogenesis of hypertension. In thedasade our understanding of the convoluted RASexpanded
onto the existence of novel angiotensins which tenact the hypertensive, growth-promoting, and ifeative
effects of Ang II/AT1R. Indeed, Ang-(1-7) and isrming enzyme ACE2, and receptor Mas have beeipia tf
interest in hypertension research.

Indeed, results of the present study demonstrdtadingestion of HF-HS for 10 weeks resulted inignificant

increase in expression of AT1R, with significantiase in expression of Angl-7/Mas receptor inerecfat
compared to control group. In addition, our resulesnonstrated a strong positive correlation betwa&aR

expression &blood pressure and a strong negatirreletion between expression of Angl-7/Mas recefitbiood

pressure. This supports evidence that the proedaivn of RAS (ACE2/ANG1-7) is downregulated whileet
harmful arm of RAS (ACE1/ANGII) is upregulated iisweral adipose tissue of obese hypertensive rats.

In accordance with our result$17] stated that with chronic high fat (HF) feeding fomonths, body weight and
adipose mass were markedly increased comparedawvitifat (LF) feeding. Moreover, they exhibited haghblood
pressure compared to LF-fed controls, expressioangiotensinogen increased in both adipose tisadeliger,
plasma concentrations of angiotensin peptides weakkedly elevated, plasma concentrations of Angtlg 1V,
and Ang | were greater in HF compared with LF mRssma ACE2 activity increased. Elevations in AGERNA
expression did not result in an increase in enzignaativity or protein abundance in adipose tiskoen 4-mo HF-
fed mice. These results demonstrate that adipoeyesess ACE2 and that ACE2 is nutritionally regetbby HF
feeding.

Hung et al stated that, during adipogenesis, the receptomgfilfand AT1R are up-regulated acting as a damgenin
feedback. Local accumulation of Angll stimulates #xpression of ACE2 and production of Ang-(1-7)AYE2
mediated by Mas receptor.[18]

Experimental studies have described apelin as aagi#pokine produced and secreted by human and mmoatee
adipocytes and plays an important role in obegtsted metabolic and cardiovascular alterationseliafAPJ

receptor shares a close identity to AT1R and naasedPJ (putative receptor protein related to ABL}, does not
bind Angll. Emerging data on a potential interactibetween the two pathways suggest thatACE2, hyres|
apelin with similar potency to angiotensin Il atfigrefore, is responsible for the degradation offi Ipeptides.

One of the most important issues in the presemtystuas measuring Apelin/APJ receptor expressionisneral

adipose tissue of obese hypertensive rats witheaialpfocus on its crosstalk with Ang 1-7/Mas rdoesignaling
and AT1R expression.
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Results of the current study showed that proloriggéstion of HF-HS for 10 weeks, resulted in sigaifit increase
in expression of apelin/APJ receptor in viscerélcfampared to control group and the positive catieh between
apelin/APJ & both body weight and systolic blogdgsure. These results suggest that apelin/APdnsysas been
implicated in obesity-related hypertension and psap the involvement of apelin in the pathophysiplad
hypertension.

Intriguingly, findings in our research showed thgbelin/APJ expression positively correlated withA Jand
negatively correlated with Ang 1-7 receptor expi@ssn obese hypertensive rats. Because the apélihsystem
exerts potent vasodilation, it has been proposat dret-induced obesity hypertension (OH) may be tuthe
impairment of systemic and adipose tissue apelid/fediated hypotensive action. [20]

Although apelin has been viewed as a beneficiabdi(stor adipokine up-regulated in obesity, it rémsato
establish whether the increased levels of apelisenied in obesity are an attempt to overcome eithsarlin
resistance or obesity-related cardiovascular déseas maybe another metabolic defect such as apdistance.
Moreover, upregulation of apelin/APJ receptor egpi@n in visceral adipose tissue observed in owrseb
hypertensive rats may be a compensatory reacttbeteasoconstrictor effects of elevated AT1R exgioes

In contrast to our results, apelin/APJ system slibeampletely different results in cases of esskhijpertension
which are not related to obesitghang et alreported that circulating apelin levels were daseal in patients with
essential hypertension. Plasma apelin levels wegatively correlated with body weight and SBP, aoditively
correlated with the apelin mRNA levels of perirefat tissug20] Moreover,Lower levels of plasma apelin or
levels of apelinf/APJ mRNAs and protein have beeseoled in cardiovascular tissues in spontaneousrteimsive
rats[21] and essential hypertensive patig2®] compared to normotensive controls.

Wu and coworkerggeported that that apelin/APJ system involves icrei@sing the blood pressure and have a close
relationship with hypertension, presumably, patlyspilogy of hypertension as well. Such as, apeltAystem
may be concerned in hyperfunction of the sympathe&rvous system, renin—angiotensin—aldosteronterays
endothelial injury, excessive endothelin, sodiuntemgon, vascular remodeling, insulin resistancécitel
hypertension, as well as in hypertension-inducgamidamaged. [23]

Also, they infer that apelin/APJ system would bepramising therapeutic target for hypertension arldeio
cardiovascular disease in the future, this is basethe variation of apelin level in hypertensiberapeutic process
and the recent researches on APJ agonist and aigago

The presence of RAS in adipose tissue as previalstymented suggests a paracrine and/or autoarimaidn.
The intake of RAS inhibitors causes reduction inoddl pressure and they are widely used as antitemsve
medication. Recently, AT1R antagonists and ACEhitbis were reported to increase ACE2 thereby &iffgcAng
1-7/ Mas receptors as well as Apelin/APJ recepgtooposing them as new players of the RAS.

Therefore, the current research studied the effe@&CE inhibitor captopril (40mg/kg) on the differe studied
parameters and find that whereas captopril had ffexteon any of the parametersin control groupcatused
significant changes on all parameters of the hgpsite group which confirms activation of RAS iripabe tissue
of obese hypertensive rats.

In addition to the significant decrease in body gij fat weight and blood pressure, captopril o adaused
significant increase in Angl-7/Mas receptor &ap@iPJ receptor gene expression in visceral fat theated
hypertensive rats (group 5) compared to their atédcontrols (group 4).

The above mentioned results suggest that, the ioexiedffects of captopril (decreasing systolic ddlopressure,
body weight and visceral fat weight) may be paettplained by up regulation of adipose tissue exgioesof Ang-
(1-7)/Mas R to &apelin/APJ.

The previous results are in accordance withung-Bin et alwho found that, treatment of rats with captopril fo
weeks caused weight loss by 15% and a decreaséidiypal fat mass. Plasma Ang-(1-7) level was insedaby
captopril treatment. In addition, the levels of Maseptor expression and HSL (Hormone-sensitivasi) were
increased in adipocytes of captopril-treated rats380% and 260%, respectively. These effects wenekealy
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attenuated by infusion with Mas receptor antago&ishilarly, the levels of Mas receptor expressaonl HSL were
increased in adipocytes with single treatment ofjAh-7). Taken together, an inhibition of ACE withptopril
may increase Ang-(1-7) level, resulting in bodygteiloss via Mas receptor expression and HSL.[24]

Iwanaga et al.demonstrated that, apelin/APJ pair is intrinsicailated to the Angll/AT1R pair in regulating the
pathophysiology of cardiovascular function. Knoak-anice for APJ receptor present increased vasspees
response to Ang Il. However, they present normabdblpressure levels. In a major study involving tdEs (with
reduced expression of apelin and APJ receptoratrirent with telmisartan — an antagonist of AT1R adm
apelin/APJ levels reverse back to normal, thus esiiigg that the efficacy of AT1 receptors inhihitim HF may
also result from restoring normal values of apdipowerful positive inotropic endogenous ageneréfore, direct
regulation of the apelin/APJ pair by Angll/AT1RI&dt as a suggestion. [25]

Jayasooriya et affound that mouse lacking the ACE gene presentag@sed energy expenditure with reduced fat
mass associated with increased Ang-(1-7) plasmeldelt was demonstrated that mice with the detetid the
Ang-(1-7) Mas receptor presented increased bodyitatmetabolic disturbance. These observationgesiga vital
role of the RAS in fat mass control. [26]

Young-Bin et alalso found that, Ang-(1-7) stimulates lipolysis atichulatory effect of Ang-(1-7) on lipolysis was
blocked by Mas receptor antagonist and Inhibitort3K (phosphoinositol 3-kinase)/Akt or eNOS. Captbintake
or Ang-(1-7)-infusion for 4 weeks decreased bodightegain and fat mass with increased Mas receptpression
in adipocytes. The effect of captopril was atteaddby pretreatment with Mas receptor antagonisesé&hresults
suggest that Ang-(1-7) stimulates lipolysis via Meseptor/ PI3K/eNOS signaling pathway thereby ilngp$ody
weight in captopril-intake rats. However, Ang-(1-+#luced lipolysis was not blocked by the Akt initdlb. This
observation indicates that Ang-(1-7) may reguligt@lysis via Akt-independent signaling pathway.[24]

Kim et al.found that Ang-(1-7) regulates lipolysis, treatmehprimary adipocytes with Ang- (1-7) significantl
increased lipolysis by 40%. It has been reported fadrenergic agonist is a powerful ligand to activigielysis
through a cAMP production in vitro and in vivo. Tlyeoup also found that Ang-(1-7)-induced lipolysigas
relatively weak as compared to isoproterenol-indutipolysis, there was an additive effect of Ang-(] with
isoproterenol. Therefore, these results suggestracgne and/or autocrine function of Ang-(1-7)ailipose tissue.
[27]

Young-Bin et al. and Park et dbund that increased circulating Ang-(1-7) stimegatdiponectin release from
adipocytes followed by an increased fatty acid in@liam through AMPK activation. In addition, incesal eNOS
activation by Ang-(1-7) may cause HSL to facilitéfgolysis. However, there are several factors nvg in
captopril-induced weight loss, such as a reduceg Wfevel and an increased Ang-(1-9). The reductd Ang Il
may stimulate lipolysis and inhibit preadipocytdfatientiation. The RAS including Mas receptor iesent in
adipose tissue. Mas receptor deficient mice areibem adipose tissue weight, whereas Ang-(1-&htgenic rats
are smaller in abdominal fat mass than in wild-tgpamals.[24,28]

Apelinf/APJ and Ang (1-7)/Mas upregulation by c@pilocounteract the hypertensive& harmful effects o
angiotensin I, which provide further evidence adss interaction between RAS and Apelin/APJ systenbesity-
associated hypertension and also suggest thainthigction might explain the strong associatiobween obesity
and hypertension.

An important finding in the current research alsaswhe negative correlation between AT1R& Angl-BMa
receptor expression which confirms that, they runpposite direction in obesity associated hypsiten

The previous results agreed wittongxian et al.who stated that Perindopril (ACE inhibitor) incredsapelin
expression in adipose tissue. The expression ofip®J system appears to be suppressed by AngTILRA
system through AT1R in adipocytes, by interferirig phosphorylation.

Chun et al.demonstrated that ACEI, AT1R blocker, andAT2R k&rcnot only reduce the deleterious effects of

Ang Il on adipocytes but also increase the produactif Apelin through which they achieve their potiee effect.
[29]
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Hung et al. §tated that the mRNA expressions of angiotensind@eésT), renin, ACE1, and AT2R were up-
regulated while ATIR mRNA was down-regulated duriadipogenesis. Apelin expression increased during
adipogenesis, and this increase was further augdm blocking RAS using captopril, perindopril &shrtan.
RAS blockers also prevented excessive lipid accatitul and the generation of ROS (reactive oxygetigg) in
differentiating adipocytes. Their study suggestat tRAS blockers achieve their beneficial effects thgir
enhancement of adipocyte secretion of apelin.[18].

Hung et al.reported that blockade of the RAS ameliorates apetpression and secretion in 3T3-L1 adipocytes.
Thus, through increased apelin production, RAS K#ox could prevent excessive lipid accumulation #mel
generation of ROS in differentiating adipocyteshiliition of ROS production by apelin has also bebown in
adipocytes.[19]

Wu et al. investigatethe crosstalk between Ang Il, AT1R signaling apelin/APJ expression in Sprague-Dawley
rats fed a high-fat. First, the levels of plasnmeelen and apelin/APJ mRNAs of perirenal adipossutis were
reduced in obesity-related hypertensive rats fagyh-fat diet, and these changes were restoredngyl Anhibition
with ACE inhibitor treatment with perindopril. Seud, long-term treatment with Angll down-regulategefin and
APJ expressions through the inhibition of the pB8{Esignaling pathway in cultured 3T3-L1 cells, ahis effect
was also restored by AT1R antagonism with olmerd@3]

Accumulating evidence have proposed that both m@eld Ang-1-7 were shown to exert a potent vastdikffect
and lower blood pressure (BP) via a nitric oxid®©)jMlependent mechanisfi30,31]

To assess the role of NO in obesity-induced hypsite, L-NAME was used in the present study irow Hose
(20mg/kg) in an attempt to block apelin and Ang &€fion.

The effect of L-NAME on control group (group 3) sted significantly higher body weight & systolic bid
pressure compared to group (1). L-NAME was alsm@ated with significant increase in AT1R expressio

group (3).

Concerning the effect of L-NAME on hypertensive s, the results of current study demonstratedfgigntly
higher blood pressure in hypertensive group (g®ugompared to their control group but with sigraht decrease
in body weight and fat weight. This is associatethwgignificant increase in expression of AT1R tibge with
significant increase in the expression of Apelid &mg 1-7 receptors compared to their control gr@@rpu4).

The above results are in agreement viAtQueroa-Guillén et al.who found that Ang Il evoked blood pressure
increase in rats in a dose-related manner. In L-NEAfvéated rats a greater maximal effect was obdeiadicating
that L-NAME promotes Ang Il hypersensitivity. In NAME-treated rats, Ang Il response was blockeddsattan
(1 and 3 mg/kg), a selective AT1 receptor antagpriredicating that AT1R receptor influence L-NAME
hypertensive mechanism. These results suggestigall hypersensitivity in L-NAME-induced hyperteéna can
be due to increased AT1Rexpression or sensitivignges. [32]

Khandaker et alfound that apelin protects against cardiac fibresid vascular remodeling through the synergistic
inhibition of Ang Il signaling and increased protioa of NO by apelin. Mice receiving apelin plusNAME, or
apelin plus Ang Il plus L-NMAE exhibited significanardiovascular fibrosis. [33]

Tesanovic et alfound that long-term Ang (1-7) treatment causedoprotection, via improvement in endothelial
function, which appears to be mediated by theoratibn of nitric oxide bioavailability and involva complex
interaction of both Mas and AT2 receptors. [34]

Bogdan et alfound that AP13 (apelin 13) does not modify bylftsolated rat portal vein tone, but decreased the

Ang ll-induced contractions mainly by an NO mediatmechanism, AP13 could increase the activity ahbo
constitutive and inducible NOS on either endothelimtact or endothelium-denuded rat portal veirgsif35]
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CONCLUSION

Results of the current study demonstrated actimatiothe adipose tissue RAS and Apelin/APJ systemats with
diet-induced obesity and hypertension, consistétht avstrong link between visceral obesity and htgresion.

Obesity induced hypertension (after 10 weeks ofH8j-was associated with increased AT1R&apelin/Adeé&ptor
expression and decreased Ang 1-7/Mas receptor &sipre which provides evidence that apelin (vastatila
adipokine) could not antagonize hypertensive efeécAngll/AT1R. This may explained by apelin rdaisce or
high expression of Ang Il.

The current results also confirmed that, blockdrthe RAS are high-efficacy drugs in the treatmehbbesity-
induced hypertension as they provide benefits atj@ieveral aspects of the metabolic syndrome. @ap{ACEi)

prevented the development of obesity induced hgperbn as it caused significant decrease in blaedspre
probably through increased Ang 1-7/Mas R and Ap&RJ receptor expression.

Finally, L-NAME even in small dose, aggravated dtyemduced hypertension, through antagonizing iap&PJ
and Ang 1-7/Mas vasodilator action and increasiig.R expression.
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