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ABSTRACT

Background: Hypertension is a common and complex human disease that causes significant morbidity and
mortality worldwide. The role of endothelial dysfunction as an early event of pathophysiologic importance has
been recently delineated. Nitric oxide (NO) is an important vasodilator and a potent regulator of inflammation,
and mitogenesis. Therefore, inhibition of NO synthesis provided an interesting model of hypertension with specific
cardiovascular alterations in which different events of the disease process could be traced.

Aim: The aim of this work was to study the cardiovascular abnormalities in a rat model of hypertension induced
by administration of the NO synthase inhibitor, N“-nitro-L-arginine methyl ester (L-NAME). In addition, the
effects of short and long term administration of an angiotensin converting enzyme inhibitor (Lisinopril), a
peroxisome proliferators activated receptor (PPAR)-a agonist (Fenofibrate), a PPAR-y agonist (Pioglitazone) and
a statin (Atorvastatin) were studied.

Methods: The study was conducted on 128 rats divided into groups and received the studied drugs. Arterial blood
pressure and TGF-$1 were recorded. The animals were then sacrificed and the heart weight/body weight
(HW/BW) ratio was calculated. Routinely processed hearts and aortae were examined to assess degree of
inflammation or fibrosis. This was followed by immunohistochemical detection of CD68 and PCNA and
histochemical staining using Masson trichrome stain. Evaluation was done by computerized image analysis.
Results: Short term administration of L-NAME was associated with a significant increase in blood pressure
associated with marked myocardial inflammatory response (mostly CD68 positives macrophages) and increased
proliferative activity. Long term administration of L-NAME resulted in a significant aggravation of hypertension
accompanied by myocardial hypertrophy and significant increase in HW/BW ratio. Extensive fibrosis and a
significant increase in plasma TGF-41 level were noted.

Short term administration of the studied drugs showed that only Lisinopril showed a significant decrease in blood
pressure. The inflammatory and proliferative changes were attenuated by short term administration of the studied
drugs, yet with different degrees. Long term administration of all drugs except Fenofibrate led to a significant
reduction of blood pressure, HW/BW ratio, fibrosis and plasma TGF-S1.

Conclusions: Disturbances of NO production are likely to be major determinants of endothelial dysfunction,
hypertension and their pathological consequences; hence, directing therapy towards conserving endothelial NO
bioavailability seems to be of paramount importance. The tested drugs were capable of modulating the different
aspects of the disease whether the early or late changes, though their profiles were different. Among the studied
classes of drugs, Lisinopril was superior in modulating alterations associated with hypertension.

Key words: Rat Model of Hypertension, Angiotensin Converting Enzyme Inhibitors, PPAR-a
and y Agonists, Satins.

INTRODUCTION cardiovascular inflammation and late cardiovascular

Hypertension is a common and complex humaﬁtrqctural . abnormalities, has been recently
disease that causes significant morbidity andelineated?
mortality worldwide™ A major challenge is to According to the traditional view, hypertension
identify the key determinants of hypertension amd tacts as a major determinant of endothelial
evaluate how these critical pathways can best Istysfunction and vascular damage, promoting
modified to reduce blood pressure and disease rigkctivation of endothelial cells, recruitment of
® Decades of work in diverse areas have identifiediaflammatory cells in the arterial wall and actieat
large number of interrelated factors that are atter of vascular resident elements. On the other hamed, t
in the setting of hypertensiéi. The role of recent epidemiological observation, that a systemic
endothelial dysfunction as an early evesft low inflammatory status precedes the onset of
pathophysiologic importance linking hypertension, essential hypertension, suggests a link between
endothelial dysfunction, vascular inflammation and
high blood pressuré®
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vasodilation,a pro-inflammatory state, and pro-randomly divided into eight groups, each of 16.rats
thrombic properties. This shift is attributed toThen, each group was further subdivided into two
imbalance between vasodilatand vasoconstrictor subgroups (A & B), eight animals each, according to
substances produced by the endotheliunthe duration of the study.

Mechanisms thatparticipate in the reduced The first group (group 1) consisted of untreated
vasodilatory responses in endothelisfunction normal control rats, the second group (group I3 wa
include reduced nitric oxide (NO) generation. NO igehicle treated (A and B subgroups received 2%
not only one of the most important vasodilatogum acacia, 1 ml/day orally for 7 and 32 days,
substances released thg endothelium but also is arespectively.), and the other six groups (group I
potent regulator of inflammation, mitogenesisy|) were subjected to L-NAME induced
angiogenesis, vascular permeabilitgnd  fluid  hypertension by administration of L-NAME (Sigma
balance!” Chemical Co.) at a dose of 40 mg/kg/day orgfy.
Therefore, inhibition of NO synthesis by Group Il was only L-NAME treated and served as
administration of the NO synthase inhibitdd’- control for the next five drug treated groups.

nitro-L-arginine methyl ester (L-NAME) provided Drug administration in groups IV-VIII started 4
an interesting model of hypertension with specifi¢lays before further subdivision into A and B
cardiovasculanlterations in which different eventSSubgroups, which continued drug treatment with
of the disease process could be trat®d. concomitant administration of L-NAME for 3 and
The concept that vascular inflammation and®8 days, respectively?

hypertension  share some  pathophysiological Animals in groups IV were treated with Lisinopril
mechanisms in both human essential hypertensiQrestril ®, Estra/ Sedico.) in a dose of 20 mg/lay/d

and in L-NAME induced hypertensioff;” makes orally. Animals in groups V were treated with
this experimental model a convenient one t@enofibrate (Lipanthyl ®, Minapharm.) in a dose of
investigate an important raised question of wheth@o mg/kg/day orally. Animals in groups VI were
the treatment of one of the two conditions couldreated with Pioglitazone (Glusten ®, Pfizer) in a
have some impact on the other. Another point i§ thajose of 10 mg/kg/day orally. Animals in groups VIl
since drugs are most efficient if they are effexiiv  \were treated with combined Fenofibrate [
preventing and reversing early as well as latpjoglitazone. Animals in groups VIII were treated

vascular alterations in hypertension, this modelith Atorvastatin (Ator ®, Epico) in a dose of 30
seems suitable to test the cardiovascular protctivhg/kg/day orally.

effects of drugs claimed to affect cardiovascu|ﬁr

homeostasis and remodelifig. . ) .
. For animals in all groups, arterial blood pressure
In this respect, the present study assessed SOM8s recorded by a mercury manometer, using a

of Fhe cardiovascu_lar effects of Lisinqpr?ll[anblood pressure transducer (Letica®-Panlab.s.l.)
angiotensin converting enzyme (ACE) inhibitor], onnected to catheterized femoral arf&hy®

Fenofibrate [a peroxisome proliferator activate - :
receptor (PPARj-agonist], Pioglitazone [a PPAR- ailc;?jsiss\?vwigffncm?jfd' collected forbiochemical

gﬁ?_ﬁgﬁ;&%lfggg’?;;ae“r?eaasiztﬁ“n] on arat miode, Plasma total cholesterol (Diagnostic International

) Company (Diasystems)-Germany) and plasma

Aim of the work: triglycerides  (Biosystem for reagents and
The aim of the present work was to study the instruments. Costa brava, Barcelona, Spain) for

cardiovascular abnormalities in a rat model of animals of all subgroug¥’

hypertension induced by inhibition of NO synthesise Plasma transforming growth factpt- (TGF{1)

In addition, the effects of short and long term level in animals of the B subgroups was assayed

administration of an ACE inhibitor (Lisinopril), a using the multispecies TGF: ELISA kit
PPAR« agonist (Fenofibrate), a PPARagonist  (BioSource International, Incy’

(Pioglitazone), combined _PPMRandy, and a sta_tin The animals were then sacrificed and the following
(Atorvastatin) on the cardiovascular abnormalities

Experimental Procedures:

the rat model of hypertensi tudied was done:
© rat modet of hypertension were studied. Hearts and aortae were excised and placed in
METHODS formalin. Heart weight/body weight (HW/BW) ratio
. Experimental animals: was calculated for animals in the B subgroups.

The present study was carried out on 128 maleathological Study:
albino rats weighing 200-250 grams. Animals were Formalin-fixed  specimens  were  routinely
kept in metal cages in the animal house with fregrocessed and embedded in paraffin. From paraffin-
access to food and water. embedded tissue blocks, 5 um-thick sections were
II.  Experimental design: cut and stained with the conventional Haematoxylin

After a period of acclimatization, animals wereand Eosin (H&E) stain. Each section was carefully
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examined by the light microscope to assess degreach section. The percentage of areas of fibrosss w
of inflammation in specimens of all (A) subgroupscalculated and the data were expressed as mean
and degree of fibrosis in specimens of all (Byalues™

subgroups. The preliminary histological examinatiovi. Statistical Methodology

was followed by immunohistochemical detection of Data were fed to Microsoft computer program
cD68 and PCNA® in all (A) subgroups and (SPSS/win), version 10. Descriptive statistics were
histochemical staining using Masson trichrome staidone using number, percent, arithmetic mean and
(Sigma Chemical Co.) in all (B) subgroup3. standard deviation (S.D.). Analysis of data was
Immunohistochemistry: conducted using the Kruskal-Wallis and Mann-
cD68 andWhitney tests. A 5% level of significance was
chosen in all statistical significance tests used.

Immunohistochemical staining for
was performed using an avidin-biotinylated
immunoperoxidase methodology. The staining RESULTS

conditions were adjusted by including positive angkgects of short term (3 days) oral administration

neg_ative controls in_ all runs. _A_s regard_s antiger L-NAME on blood pressure, plasma lipids and
retrieval, For PCNA immunostaining, Sections Wergaqioyascular inflammatory and proliferative
microwaved in 10mM citrate buffer (pH 6.0). Foractivity in male albino rats:

cDes Immunostaining, —antigen - retriev al WaS Ihe results of the present study revealed that
performed by enzymatic protein digestion USIN%hort term inhibition of NO synthesis by oral

Chymotrypsin ¢ chymotrypsin ®) (5 mg/150 ml gdministration of L-NAME was associated with

PBS) for 30 minutes at room temperature. Th significant increase in the mean arterial blood
primary antibodies (CD68, clone ED1 monoclonaf. 'Y

antibody, HyCult biotechnology b.v., NetherlandsP¢ssure i anlmals_ of the L-NAME treated
and Anti-PCNA, Monoclonal mouse anti_rat‘subgroup in comparison to control subgroups

proliferating cell nuclear antigen [PCNA], Clone:(p: 0.0004). There was no significant difference

PC10, Ready-to-Use: DakoCytomation Denmarlgzetween animals of the L-NAME treated subgroup

were then applied in appropriate concentrationf 1: nd control subgroups_regarc_jmg the plasm_a lipids
for the CD68 and as provided; ready-to-use fo?total Sholesterol and triglycerides) levels (p=85/

PCNA. The reaction was visualized by using th nd_ P=0.409 re_specnvely). Table |
DakoCytomation EnVision®+ System-HRP [DAB] Histopathologically, L-NAME treated subgroup
kit (DakoCytomation). This system is based on gxhibited marked infiltration by mononuclear cells
horseradish peroxidase (HRP) labeled polymdPto the myocardial interstitial spaces. Mild

which is conjugated with secondary antibodi8s. infiltration into the perivascular areas around the
. . coronaries was also noted. No inflammatory
Computerized Image Analysis:

Evaluati £l Saining: infiltrate was detected in aortic sections.
v ua|(_)no_ mmuno glr_nng. . Immunohistochemical staining for CD68 showed
Following immunostaining, areas with the mosghat a considerable proportion of inflammatory ell

intense  CD68 or PCNA immunostaining wereyere CD68-positive macrophages with a mean value
chosen at low power magnification. The selecteds g2 075 + 9.821 cells/ field. Table II.

areas were subjected to further analysis using

; : . 4 Immunohistochemical staining for PCNA showed
computerized image analysis software (P'Xcavato%frked positive nuclear staining in the myocardium

Binary images for measurement were generated a8fd mild to moderate staining of smooth muscles of

pounting of positivel immynostained pells was donf‘he coronaries and aorta. A considerable number of
In 1.0 non-overlapping high power f|e_I(jS for eacqhe infiltrating inflammatory cells were shown te b
section. The total number of CD68-positive celld animmunopositive. The mean value of the percentage

the percentage of PCNA-positive cells WerSt PCNA immunopositive cells in the heart sections
calculated and the data were expressed as ME&ADS 62 14 + 6. 169. Table Il

valuest’®¥

. . . S Effects of short term (7 days) oral administration

Eyaluauon c.)f. fibrosis highlighted by Masson of Lisinopril, Fenofibrate, Pioglitazone, combined

tnchrom_estam. o ) . Fenofibrate/Pioglitazone, and Atorvastatin on
Following staining by Masson trichrome stain,piood pressure, plasma lipids and cardiovascular

areas of fibrosis were highlighted by a blue-greefflammatory and proliferative activity in L-

color. The areas with the most pronounced fibrosigamE treated male albino rats:

were chosen at low power magnification. The.Among the studied drugs, only Lisinopril showed

selected areas were subjected to further analysa'tssigniﬁcant decrease in the mean arterial blood

using computerized image analysis softwar ressure in comparison to the L-NAME treated
(ImageScope). Binary images were generated a bgroup (p=0.0001)

quantitative estimation of the areas of fibrosisswa h | admini . f th d
done in 10 non-overlapping high power fields for Short term oral administration of the use
drugs did not significantly alter the plasma
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total cholesterol level or plasma triglyceridesignificant increase in plasma TG@E- level
levels (p=0.7430, and P=0.3123 respectively) ifp= 0.0004). On the other hand, no statistically
comparison to the L-NAME treated subgroup or tignificant change in plasma lipids (total choleste
either the untreated or the vehicle treated contraind triglycerides) levels was observed by long term
subgroups L-NAME administration (p= 0.772 and p= 0.861

The effect of short term drug administration to Lrespectively).
NAME treated rats on cardiovascular abnormalitiegffects of long term (32 days) oral administration
are illustrated in tables Il and Il as well as inof Lisinopril, Fenofibrate, Pioglitazone, combined
figure (1). Fenofibrate/Pioglitazone, and Atorvastatin on

Lisinopril administration significantly decreasedblood pressure, plasma lipids, TGH1 and
the L-NAME induced mononuclear cellular cardiovascular remodeling in male albino rats:
recruitment into the wvascular and myocardial Long term administration of  Lisinopril,
interstitial spaces. The early proliferative adfivin  Pioglitazone, Fenofibrate/ Pioglitazone, Atorvastat
recruited and resident cells was also attenuated sy to significant decrease in mean arterial blood
Lisinopril. pressure (p= 0.0001) with decrease in cardiac

On the other hand, Fenofibrate and Pioglitazonkypertrophy and a significant reduction of HW/BW
were partially able to reduce the L-NAME inducedatio (p= 0.0001). On the other hand, the effeéts o
cardiovascular abnormalities. Fenofibrate were not significant.

The combined use of PPAR-agonists, FenofibrateA positive significant correlation between the
and Pioglitazone in the current study revealethean arterial blood pressure and the HW/BW
that they greatly aborted the early inflammatoryatio in animals of the B subgroups was found
and proliferative activity induced by concomitant(P = 0.000).

L - NAME administration. The effect on both Histopathological examination of cross sections
inflammation ~and  proliferation was moreobtained from animals in the Lisinopril treated
pronounced than what was detected by either dregibgroup revealed no evidence of myocardial
alone. hypertrophy. Treatment with Lisinopril greatly

Atorvastatin significantly reduced mononucleaprevented the L-NAME induced cardiac and
cellular recruitment into cardiac and vascularuiss vascular wall fibrosis as observed on examination
together with decreasing the percentage of PCNwith the Masson's trichrome stain. Computerized
immunopositive cells in cardiac, vascular andmage analysis revealed significant reduction ia th
infiltrating inflammatory cells. percentage of fibrotic areas in comparison to the L

Effects of long term (28 days) oral administration NAME treated subgroup.

of L-NAME on blood pressure, p|asma ||p|dsy On the other hand, oral administration of
TGF-I}]_ and cardiovascular remode"ng in male Fenofibrate did not affect the L-NAME induced

albino rats: myocardial hypertrophy, although it partially
Persistent inhibiton of NO synthesis byprevented myocardial fibrotic changes as evident

continuous administration of L-NAME for 28 daysTom modest blue-green reaction seen upon staining
resulted in a significant aggravation of hypertensi With the Masson's trichrome stain and the significa

in comparison to control subgroups (p= 0.0004) reduction in the percentage of fibrotic areas detec
. . .b& software imaging in comparison to the L-NAME
This persistent pressure overload was accompanigd . o oo
by cardiac and vascular remodeling changes group.
manifested by myocardial hypertrophy (evidenced Results of the present study revealed that
by increase in myocardial thickness with narrowing i09litazone ~administration to L-NAME treated
of the lumen) with significant increase in HW/BW animals prevented pressure overload induced cardiac

ratio in comparison to control subgroups (pSYPertrophy as shown from normal cardiac and
0.0004). vascular wall thickness in the H&E examined

The wide areas of earlv inflammator infiltratesec:tions. It was also associated with significant
y y decrease in percentage of areas of fibrosis in

seen on short term L-NAME administration were .
replaced by areas of extensive fibrosis highlighteaomp"’lrlson to L-NAME treated subgroup.

by Masson's trichrome staining with a blue-green ' "€ combined administration of Fenofibrate
color. Wide areas of fibrosis were noted within thé"d Pioglitazone abrogated the L-NAME induced

myocardium together with fibrous thickening of thecardiac hypertrophy and coronary thickening. Tissue
coronaries and perivascular fibrosis. ComputerizegfCtions stained with the Masson's Trichrome stain
image analysis showed that fibrotic areasShowed significant reduction in areas of fibrosis i
represented about 33.06%:3.04 of the scanned heGmParison to .What seen W't.h either drug alor.1e.. .
sections. Treatment with Atorvastatin was found to inhibit

In comparison to control subgroups, there was %€ L-"NAME induced hypertrophic changes in the
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myocardium as well as coronary vascular waltholesterol level or plasma triglyceride levels

thickening. Minimal blue-green staining with the(p=0.6244, and P=0.9422respectively) in

Masson trichrome stain was observed consistenbmparison to the L-NAME treated subgroup or to

with the significant decrease in the percentage @ither the untreated or the vehicle treated control

fibrotic areas in comparison to the L-NAME treatedsubgroups.

subgroups. On the other hand, the study revealed that long
The effects of long term oral administration of theerm oral administration of the studied drugs to L-

studied drugs on the cardiovascular abnormaliti@SAME treated rats was associated with significant

are summarized in table IV and figure 2. reduction in the plasma TG in comparison to
Long term oral administration of the used drugéhe L-NAME treated subgroup (p= 0.0001).

did not significantly alter the plasma total

FH . e T W T ™
Fig 1: The effect of short term drug administration on cardiovascular inflammatory and proliferative activity
(a) Heart section of L-NAME treated rat (Ill-A), shavg marked infiltration by mononuclear inflammatacglls
expanding the myocardial interstitial spaces apiaceng some of the myocardial fibers. (H&E x20@). Heart section
of L-NAME treated rat (lll-A) stained with anti-CD6&8ntibody, showing positive staining of most of théltrating
inflammatory cells with anti-CD68 antibody. The pgo& macrophageshow intense granular cytoplasmic reaction.
(x400). (c) Heart section of L-NAME treated rat (IlI-A) stamhevith anti-PCNA antibody. Most of the inflammatory
infiltrate shows intense positive nuclear reacti®ome of the myocardial cells are also positivebinged. (x200).
(d) Lisinopril treated subgroup; shows scarce inflananainfiltrate. (H&E x200).(e) Lisinopril treated subgroup;
shows rare positive cells among a small clusteinfémmatory cells. (CD68, x200Jf) Lisinopril treated subgroup;
shows rare positive cells among a mild inflammatoejl infiltrate. A single myocardial cell shows gitive nuclear
staining. (PCNA, x200)
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Fig 2: The effect of long term drug administration on cardiovascular fibrosis.
(a) H&E stained section of the heart of L-NAME treatad (I11-B), showing marked fibrosis replacing theyocardial

cells. (H&E, x200).(b) Binary image selecting areas of fibrosis in bluéococ) L-NAME treated subgroup; shows
marked fibrosis replacing the myocardial cells. §8tan's trichrome stain, x20@}) Lisinopril treated subgroup; shows
mild fibrous tissue formation. (Masson's trichrostain, x200)

Table I: Effect of short term (3 days) oral administratafrL.-NAME on mean arterial blood pressure (mm Hg),
plasma total cholesterol and triglycerides (mgifdinale albino rats

Parameters Mean arterial blood pressure Plasma total cholesterol Plasma triglycerides
Subgroups (I-A) (I-A) (I-A) (I-A) (1-A) (I-A) (I-A) (I-A) (I1I-A)
Untreated Vehicle L-NAME | Untreated Vehicle L-NAME | Untreated Vehicle L-NAME
control treated treated control treated treated control treated treated
n 8 8 8 8 8 8 8 8 8
\“/";{L';“s”m 97.33 97.33  140.67 63.00 62.00 63.0( 25.00 23.00 .0027
\'\/"a"’l‘;‘('a';‘”m 12067  117.33  161.33 89.00 98.00 94.0 45.00 40.00 44.00
Mean 105.63 104.79 149.83 78.63 75.38 78.0 36.25 32.38 35.38
S.D. 7.41 6.92 6.55 7.84 12.63 11.64 7.21 6.57 6.44
S.E. 2.62 2.45 2.32 2.77 4.47 412 2.55 2.32 2.28
P value 0.0004 0.736 0.409

* Significant increase in comparison to both cohstbgroups
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Table II: Effect of short term (7 days) oral administratidritee studied drugs on the number of L-NAME indug#dtration

of ED-1 immunopositive cells into the cardiac tisswf male albino rats

Parameter Number of ED-1 immunopositive cells
(I-A) (1-A) (11-A) (IV-A) (V-A) (VI-A) (VII-A) (VIII-A)
.. . : N Fenofibrate/ -
. Lisinopril &  Fenofibrate & Pioglitazone & . = . Atorvastatin &
Subgroups Untreated Vehicle L-NAME L-NAME L-NAME L-NAME Pioglitazone & L-NAME
control treated  treated L-NAME
treated treated treated treated
treated
n 8 8 8 8 8 8 8 8
Minimum values 0.00 0.00 96.8 5.5 69.4 57.8 10.3 18.9
Maximum values 0.00 0.00 70.8 2.2 49.9 39.8 7.8 12.7
Mean 0.00 0.00 82.075 3.650 18 58.013 T 49.738 T 8.%13 T 15.338 »
S.D. 0.00 0.00 9.821 1.262 5.973 5.657 0.868 2.233
S.E. 0.00 0.00 3.472 0.446 2.112 2.000 0.307 0.789
P value 0.000

T Significant decrease in comparison to the L-NAHated subgroup.
& Significant decrease in comparison to both Femafiband Pioglitazone treated subgroups.

Table lll: Effect of short term (7 days) oral administratidrite studied drugs on the percentage (%)
of PCNA immunopositive cells in heart sections dlAME treated male albino rats

§ Significant decréas®mparison to all other drug treated subgroups.

Parameter Percentage (%) of PCNA immunopositive cells
(I-A) (II-A) (11-A) (IV-A) (V-A) (VI-A) (VII-A) (VIII-A)
Subgroups Untreated Vehicle L-NAME Lisinopril & Fenofibrate &  Pioglitazone & Pli:oegr}i(iglz)(r)its/& Atorvastatin &
control treated treated A SR SR L-NAME A
treated treated treated treated
treated
n 8 8 8 8 8 8 8 8
Minimum values 0.00 0.00 70.45 6.90 45.10 43.85 27.41 30.90
Maximum values 0.00 0.00 55.00 3.32 26.90 29.99 18.95 15.70
Mean 0.00 0.00 62.14 491 18 38457 36.74 2344 1 23 ta
S.D. 0.00 0.00 6.169 1.400 5.845 4.543 3.376 3.376
S.E. 0.00 0.00 2.181 0.495 2.066 1.606 1.194 2.083
P value 0.000

T Significant decrease in comparison to the L-NAiated subgroup.
& Significant decrease in comparison to both Femafiband Pioglitazone treated subgroups.

§ Significant daseein comparison to all other drug treated subggou
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Table IV: Effect of long term (32 days) oral administratidrtite studied drugs on the percentage (%)
of areas of L-NAME induced fibrosis in heart seo®f male albino rats

Parameter Percentage (%) of areas of fibrosis
(I-B) (11-B) (111-B) (IV-B) (V-B) (VI-B) (VII-B) (VIII-B)

Subgroups Untreated Vehicle L-NAME Lisinopril & Fenofibrate & Pioglitazone& Pli:oeg?lﬁglz)(r)%teeg Atorvastatin &

control treated treated L{g’:t'\gg Lt-r'\é':t'\él 5 Lt-r':':l\t'\él 5 Lt-rl\é,:tl\él(ljz L{g’;‘x 5
n 8 8 8 8 8 8 8 8
Minimum values 0.061 0.057 38.114 4.938 24.430 23.58 13.57 4.135
Maximum values 0.014 0.028 29.570 2.830 18.476 15.47 7.01 1.050
Mean 0.0379 0.0420 33.0655 3.4538 20.8129t 19.7716t 10.8570ts 2.465618§
S.D. 0.0169 0.0107 3.0423 0.7456 2.0745 2.9430 2.0492 1295.
S.E. 0.0058 0.0038 1.0756 0.2636 0.7335 1.0405 0.7245 399G.
P value 0.000

T Significant decrease in comparison to the L-NAiviated subgroup.
§ Significant decrease in comparison to V-B, VI4RI&/1l-B subgroups.
& Significant decrease in comparison to both Femafi(band Pioglitazone treated subgroups
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DISCUSSION The findings noted following long term
Essential hypertension is the most commoadministration of L-NAME were in accordance to
cardiovascular disorder. It is associated wittthose obtained from previous repdfts®
functional and morphological alterations of theBell et af*® attributed the noted hypertrophic
vascular endothelium which is thought to be bothesponses to both the persistent pressure overload
target and mediator of arterial hypertensfSh. and to loss of the inhibitory effect of NO on

Since endothelial nitric oxide (NO) hascellular growth with upregulation of hypertrophic
vasodilating, anti-inflammatory, antithrombotic andgrowth factors as endothelin-1 and re-induction of
antiproliferative effects, decreased production ofypertrophic genes assmooth muscle actin.
bioavailability of NO not only increases the On the other hand, Bartunek et®3lreported
peripheral resistance, but also plays a fundamentahchanged heart weight/body weight ratio in L-
role in the development of cardiovascular strudturdNAME treated rats. However, it may be possible
changes in hypertensi&? that the administration of L-NAME for a longer

Modulation of endothelial function is therefore arduration and in higher dose in their study provoked
attractive therapeutic option in attempting tomuch more fibrotic changes that compensated for
minimize some of the important complications ofhe pressure overload induced increase in cardiac
hypertensior’ mass™® _ _ _

In this respect, the experimental model of The mechanism of L-NAME-induced hypertension

inhibition of NO production by L-NAME was and cardiovascular alterations involves more

chosen in this study to detect the cardiovasculdp@n removal of the vasodilator action of NGB,

alterations produced by this type of hypertensior;l,-he_re is evidence for contributions from the

which are similar to those found in humarfenin-angiotensin ~system (RAS), sympathetic
hypertensiof nervous systeff® prostaglandins, COX-8V

The use of this model helped to address Mg;lgfég?g)WhCOldé, and superoxide anions to this

questions: the first is whether L-NAME induced _ 4

inhibition of NO synthesis induces the infiltratiof __ KOShikawa et al””have recently suggested a novel
inflammatory cells and remodeling changes in botfi"k between NO inhibition and the L-NAME

the cardiac and vascular tissues, and the seco uced inflammatory and fibrotic abnormalities.

question is whether inhibition of the ear|yTheir findingiis)supported the early postulation of
cardiovascular inflammatory and proliferativeK""taOk"jl et al™ that the small GTPase Rho and the

changes can abort the development of late structufdN©® kinase pathway play a crucial role in early
alteration in the setting of L-NAME induced transcription of genes encoding for MCP-1 and later
hypertension. for TGF$1 leading to early vascular inflammation

- . and late cardiovascular remodeling.
The findings of the present study regarding the
effects of short term administration of L-NAME From the results of the present study as well as

were in accordance with previous repéis?2)  other studie§*?"*Yit can be suggested that, in case

The increase in mean arterial blood pressure rinted®f Prolonged NO deficiency, the early inflammatory
this study may be explained by loss of thénd proliferative changes observed after 3 days of
substantial and functionally significant NO-medéate VAME administration are replaced by late cardiac
vasodilator tone that may be the main determinént 8nd vascular structural abnormalities.

blood flow and on which local or systemic The currently observed lack of effect of
vasoconstrictor influences d¢?. either short or long term L-NAME administration

The inflammatory changes induced by inhibitiorP" Plasma usp)|ds is in line W';‘)h that shown by
of NO synthesis have been attributed to increasdtpvVarro et af*)and Nakaya et &

monocyte chemoattractant protein-1  (MCP-1) The next objective of the present study was to
expression in the heart and vessdlhis also €xamine the role of different therapies that may
explains the predominance of CD68 positivecontribute to control of elevated blood pressure

macrophages among the noted inflammato@nd/OF _prevention of the cardiovascular
infiltrate (2229 abnormalities.

Moreover, it was found that L-NAME The blood pressure lowering effect of ACE
administration results in  overexpression ofnhibitors was extensively studied and has been

factors involved in the recruitment of inflammatorydocumented in many previous studies using other

cells such as COX II, iNOS type II, ICAM-1 and models “” as well as this modéf? These data

VCAM-1.@0:31) together with the present data strongly support the
The observed proliferative effect of L-NAME assumed role of the RAS in the L-NAME induced

could be attributed to an imbalance betweeflyPertension and the earlier )findings that NO
proliferative and antiproliferative factof's) inhibition increases renin activity.
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The currently presented anti-inflammatory andardiac fibrosis and remodeling responses. The
anti-proliferative effects of ACE inhibitors are mechanism underneath these actions may be
consistent with those obtained by Peng &PAl. attributed to inhibition of expression of targehgs

The link between RAS and monocyte recruitmerifivolved in inflammation, proliferation and fibrasi
had been elucidated to a great extent. Ang Il ney Bt was observed that these effects were independent
involved in different steps in the onset andPf the well known Fenofibrate lipid lowering
progression of inflammatioft® The expression of activity. Chen et &” and Lebrasseur et &l
monocytes integrins is dependent on labile zinteported similar results.
activation of Protein Kinase C. Recently; it was In addition, the anti-inflammatory effect of
found that this activation is largely attenuated byrenofibrate observed in our study is in line witle t
ACE inhibitors®" results of the study of Maruyama et®#l who

Hara et df demonstrated that myocardialattributed this to increased expression of IL-10 by
remodeling in L-NAME-induced hypertensive ratsFenofibrate. However, in contrast to our resulg th
was Significanﬂy ameliorated even by aratio of ventricular Welght/body Weight was
subdepressor dose of the ACE inhibitor, Imidaprildecreased by Fenofibrate.

Brilla et al®® reported similar ameliorative effect on In another model of hypertension, the Dahl salt-
myocardial remodeling with the use of two differensensitive (DS) rats, Ichiharet al © confirmed the
ACE inhibitors. Moreover, Liang et &“ reported inhibitory effect of Fenofibrate on hypertension
that treatment with either Lisinopril or Trandolapr induced inflammatory response. A reduction in
for four weeks could completely prevent cardiadibrosis in this model was also not&d.

fibrosis, reduce plasma TGR- level and partially  \while the results of Diepet af®®? regarding the
prevent cardiac hypertrophy and hypertension.  effect of Fenofibrate on macrophage infiltratior ar
While the findings of Peng et ‘& regarding the consistent with the present study, they yielded
antifibrotic effect of ACE inhibitors on collagen different results in relation to blood pressure.
deposition and TGIBJ. level are consistent with this This discrepancy in the effect of Fenofibrate on
study, they vyielded different results concerninglood pressure may be attributed to the different
their effect on cardiac hypertrophy and HW/mechanisms of induction of hypertension in the
BW ratio. This controversy may be attributedgifferent models and the variable levels of blood
to the different model (angiotensin Il inducedpressure obtained in each model. The postulation
hypertension) they used as well as to the use oftgat the blood pressure lowering effect of
subdepressor dose of Captopril which did not alterenofibrate may be related to increase in eNOS
the angiotensin Il induced pressure overload anskpressior® may explain why Fenofibrate induced
hence the hypertrophic response. non significant decrease in blood pressure in this
Taken together, these findings of different studiestudy as the activity of the eNOS was inhibited by
conducted with different ACE inhibitors lead to thethe potent NOS inhibitor, L-NAME, while
conclusion that the cardiovascular protectiveemaining unopposed in other models of pressure
effects of Lisinopril observed in this study arasd overload.
effect rather than a single drug effect and the On comparing the results of various studies, it
mechanisms involved in their beneficial role inadud seems that the effect of Fenofibrate on cardiac
hemodynamic, anti—inﬂammatory, anti-pl'0|iferatiVEhypertrophy is controversial. While the present
and anti-fibrotic effects. study revealed insignificant decrease in HW/BW
A growing body of published data suggests theratio, Li et af*” and Lebrasseur et & reported
ability of fibrates to prevent atherosclerosis @ad anti-hypertrophic activity in two different models
exert cardiovascular protective effects which ist n of pressure overload. Conversely, other study
related to their lipid lowering effects but to othe reported increase in Fenofibrate-induced ventricula
'pleiotropic effects’, such as anti-inflammatoryhypertrophy®®

antioxidant and antithrombotic activity, as well as Taken together, these observations lead to the

the ability to improve endothelial functiéf®® conclusion that the favorable effects of Fenofierat

Therefore, the purpose of this study was to examing cardiovascular disease are due to their PRAR-

the effectof the PPARe agonist, Fenofibrate on the agonistic activity on target genes involved in

L-NAME model of endothelial dysfunction. inflammation, proliferation and remodeling rather
The present study shows that Fenofibrate did néhan a PPAR: dependent metabolic activifi)

significantly alter the L-NAME induced pressure The relationship among hypertension, diabetes
overload whether by short or longer termmellitus (DM), and endothelidlinction is complex,
administration, which may explain the absence &§nd many evidences point to the fact that the
late anti-hypertrophic effect. On the other hand iissociation of hypertension and Dbsults in more

exerted early anti-inflammatory and  anti-severe cardiomyopathy than would be anticipated
proliferative activity that was reflected on demed ith each condition alone. Since the changes
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observed with hypertensive-diabet@rdiomyopathy ~ Therefore, one of the aims of this study was to
mimics the alterations seen after inhibition of N assess the additive effect of dual PP#&R-
administration of L-NAMEin rats®” this study activation achieved by the combined use of
examined the possible effects of the anti-diabetiEenofibrate and Pioglitazone on the L-NAME
drug, Pioglitazone, on these L-NAME inducedinduced cardiovascular alterations.

alterations. Giverthe wide spread use of PPAR- |n the current study, the combined use of PRAR-
agonists in diabetic patients who arenigh risk for and y agonists did not significantly affect blood
cardiovascular disease, investigating their effésts pressure with the short term administration, whbihe
not only of basic interest budlso may have the long run, they were associated with more blood
important clinical implications. pressure lowering effect. They also had significant
The results of the present study revealed thamnti-inflammatory and anti-proliferative effects rao
Pioglitazone had the potentiality to lower bloodpronounced than what was detected by either drug
pressure with its continuous administration ratheaslone. Similarly, Cardiac hypertrophy, fibrosis and
than with short term use. Also it could partiallyplasma TGH1 level were also significantly reduced
ameliorate all the studied cardiovasculaby this combination.
abnormalities induced by L-NAME administration Throughout the literature reviewed, limited

in both durations of the study. studies addressed the effect of dual PPAR

Nakamura et df® and Namikoshi et & reported  stimulation on cardiovascular abnormalities in the
results consistent with the present findings. Om thsetting of hypertension. Of these, supporting data
other hand, Ishibashi et ‘4l disproved the were provided by the study of De Ciuceis ef 3l
blood pressure lowering effect of Pioglitazone irthe present findings are also in accordance wih th
the same model of L-NAME induced pressureeported by Mamnoor et &

overload which might be explained by the The data provided in this study and those of the
higher dose of L-NAME (100 mg/kg) used inother limited publications availabf€) raise the
their study in comparison to 40 mg/kg in thisinterest in the use of PPARy co-agonism as a

study. However, they reported similar results imotential tool for therapeutic intervention in
relation to the metabolic, anti-inflammatory andcardiovascular high risk patients.

anti-proliferative  effects of Pioglitazone and gjnce hypercholesterolemia is an important risk
related the decrease in monocyte infiltration to ap,tor  for hypertension and cardiovascular

inhibitory effect of Pioglitazone on chemokineyisease and is commonly an initiating factor of
receptor 2 (CCR2) expression. Also, in contrast t@nqothelial dysfunction, lipid lowering therapies

thi )
our data, Majithiya et &P reported lack of blood paye peen included in treatment regimens to reduce

. . . 7 .
pressure lowering effect of Plogl|ta_zéﬁé_upon S atherosclerosis and cardiovascular evEfts.
administration to L-NAME treated diabetic rats. . ) . .
One of the earliest recognizable benefits of statin

Several postulations were suggested to explain thg. 5,y s the improvement in endothelial function,
mechanisms by which Pioglitazone exhibited itghich ‘in some instances occurs before significant
depressor, anti-inflammatory, anti-proliferativedan roqyction in serum cholesterol lev€i®.The present
anti-fibrotic activities. For example, a reduction  q,qy was therefore, designed to investigate these
insulin ~ resistance, modulation of release Ofpjesterol independent effects of statins in the L

vasodilator_ substances such @estaglandins or NAME model of endothelial dysfunction which
vasoconstrictors as endothelin-1, and a regulatogy pibits normal lipid profild®®

effect on vascular sodium-angiotensin Il relatiopsh .
in the kidney™ Maintenance of contractile The present study showed that Atorvastatin was

phenotype in vascular SMCs could also b(I"ound to exert pleiotropic cardiovascular proteetiv

considered, down regulation of pro-inflammatoryeﬁeCts including lowering mean arterial blood

and pro-fibrotic gene expression, prevention gpressure, early anti-inflammatory anq _anti-
growth factor-induceddegradation of the cyclin proliferative effects as well as late anti-fibrotic
dependent kinase inhibitor (cdkl), pg?. effect. .

The common association between dyinpidemiaThe results of the present study are in agreement

and insulin resistance in many patients and th ;r?]eth;?,%e{eg;e\ﬁd,\] AE\JXE Nln detcezg) #Slzgte:fon
fact that both are risk factors associated wit nau yb on,

h , . - Terata et A&® reported that Pitavastatin
ypertension and subsequent cardiovascular diseasé

. ) . artially inhibited hypertension. On the other hand
necessitates a combined approach to concomlt_ang%ao et al® showed an insignificant decrease in
increase insulin  sensitivity while decreasmgS .
dvslioi . . : ~systolic blood pressure.

yslipidemia and thus cardiovascular risk. In this” ™" & .
respect, compounds with dual PPARRPARy  Rajamannan et demonstrated  anti-

activity appear well-suited for the treatment ogfsu Nflammatory and anti-proliferative effects of smat
patients therapy in a model of hypercholesterolemic aortic
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valve stenosis. Dual PPARe/y activation by the combined use of

Different mechanisms were proposed to explaifienofibrate and Pioglitazone provided superior
the anti-inflammatory and anti-atheroscleroticeffects over that produced by activation of PPAR-
activity of statins. Their possible modulatory effe alone. Further support should be provided by dihic
on inflammatory cell signaling pathways seemstudies in this area.
to be critical in resolution of the atherosclerotic The pleiotropiaeffects of statins represent an area
microenvironment. Down regulation of MCP-1, NF-of great interest in preventioand therapy of
«B and other pro-inflammatory cytokines by statingardiovascular diseases. Early statin therapy gh hi
was also suggested. In addition, statins wenmgsk cardiovascular patients may help to normalize
reported to inhibit the expression of specific celendothelial function and prevent hypertensive
surface receptors on monocytes, adhesion moleculesluced changes, even in normolipidemic patients.
gnd also integrin-dependent leukocyte adhesfh. REFERENCES
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