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Abstract

Coronary heart disease has been reported to become a leading cause of death by the end of this
decade. I soprenaline-induced myocardial infarction is a well-known model to study myocardial
infarction which is characterized by inflammation and oxidative stress. M eanwhile, vitamin D
has been reported to have anti-inflammatory and antioxidant effects. The present study has
been designed to investigate the effect of vitamin D receptor stimulation by a vitamin D receptor
agonist, paricalcitol, on the outcome of isoprenaline (1 SO) induced myocardial infarction in rats.
Forty rats were divided into four equal groups (n= 10) for a 4-week experimental period. The
first group (C) consisted of normal rats, the second group: normal ratsinjected with paricalcitol
(C+P) at a dose of 200ng/kg 3 times a week for four weeks, these rats were used as a positive
control. The third group consisted of rats injected with isoprenaline at a dose of 100mg/kg for
the last 2 successive days of the study period, and the fourth group, isoprenaline-injected rats
pretreated with paricalcitol. The sameinjection protocolsfor PC and isoprenaline wer e followed
in the 4™ group. The results showed that the 1 SO group exhibited significant ECG changes, car-
diac enzymes and a histopathological picture of myocardial infarction. Pretreatment with PC
before SO injection resulted in minimal changes in the heart evidenced by near normal ECG,
cardiac enzymes and histopathology. The serum tumour necrosis factor-a, Interlukin-6, as well
as cardiac malondialdehyde and nitrites were significantly higher in | SO-treated rats compared
to normal rats. Similarly, the cardiac content of inducible nitric oxide synthase messenger RNA
was significantly elevated in 1SO-injected animals. However, these parametersin rats subjected
to 1 SO injection pretreated with PC were not significantly different from their counterpart con-
trols. In conclusion, VDR stimulation with paricalcitol appears to have a protective action
against isoprenaline-induced myocardial infarction via exerting anti-inflammatory and anti-
oxidant effects, together with the down-regulation of cardiac inducible nitric oxide synthase
gene expression.
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| ntroduction in large doses. It has been shown to exhibit maetalnolic

and morphological aberrations in the heart tisfuexperi-
Cardiovascular diseases are the principal threaetdth ~ mental animals similar to those seen in humans muith-
in countries in Africa and the Middle East, as wisere.  cardial infarction [3]. Injected isoprenaline urgtees auto-
According to the WHO, cardiovascular diseases sgpre  oxidation, and generates highly cytotoxic free caldi
42% of the causes of death in Egypt and 35% in iSauinown to stimulate the peroxidation of membranesphol-
Arabia. According to the WHO reports, coronary hearipids causing severe damage [3, 4]. Inflammatioa ley
disease (CHD) is going to be the major cause ofhdiga Process involved in mediating myocardial tissue atgen
the world by 2020 [1, 2]. Neutrophils infiltrate the infracted area whereytean pro-

mote myocardial cell damage through the releagaraié-
Isoprenaline (ISO), # adrenergic agonist, has been re-olytic enzymes and the production of reactive orygpe-
ported to produce a reliable, reproducible, andl-wel cies (ROS) [5], which aggravate the inflammatorspomse
characterized model of myocardial infarction whéveg ~ and apoptosis of cardiomyocytes [6].
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cium and phosphorus metabolism, has emerged as varsity.

promising cardio protective agent. Compelling datthe
last decade about the cardio protective effectgtamin
D have been reported [7, 8]. The pivotal role ¢dwiin D

Experimental work
Rats were randomly allocated into four groups (9)=1

was more evidenced when reports about its defigiencGroup I, normal rats (C), Group Il, PC treated rasl

were linked to cardiovascular deleterious effetigw
levels of calcidiol, as well as calcitriol, weresasiated
with endothelial dysfunction [9]. Moreover, vitamD
deficiency was associated with major adverse ceagio
cular outcomes immediately following an acute myeca
dial infarction (MI) [10].

Furthermore, it was reported that PC (a known VI@B-a
nist) treatment resulted in both prevention of pesgion
of pre-existing cardiac hypertrophy and development
heart failure [11]. More recently, Yao and colleag{12]
identified a role for VDR stimulation in the ametdion
of myocardial ischemic reperfusion injury. Two et of
vitamin D have attracted attention in this areaesearch,
its anti-inflammatory and anti-oxidant actions [13).

Despite contradictory reports in the literature areling
the association between vitamin D levels and inflean
tory markers in patients with acute coronary synuo

[15], vitamin D was found to down-regulate pro-

inflammatory cytokines such as interleukin-1 (IL-1)-
terleukin-6 (IL-6) and tumor necrosis factor alpgfidNF-

a). It also upregulate the anti-inflammatory cytokine in-

terleukin-10 (IL-10)[13].Moreover, this anti-
inflammatory effect was demonstrated in tissuesemth
than the cardiovascular system [16]. Although thisre
accumulating data about the cardiovascular efféati-o
tamin D, a direct role of vitamin D in acute myadiat
infarction in a powered controlled study is notitalade in
the literature. Considering the anti-inflammatondaan-
tioxidant effects of vitamin D, we hypothesize thvith-

served as positive control group (C+PC). Grougdih-
sisted of isoprenaline-injected rats (1ISO), Group iso-
prenaline-injected rats pretreated with paricalcito
(ISO+PC). Groups | and Il received the vehicld>@f for

4 weeks and served as normal and control groupgece
tively. Groups Il and IV were given paricalcitol G
200ng/Kg 3 times a week for 4 weeks. Isoprenalipe h
drochloride and Vitamin D agonist paricalcitol (P&gre
purchased from Sigma—Aldrich (MO, USA)

Paricalcitol was prepared with 95% propylene gli&Ed
ethyl alcohol solution and injected intraperitomgéi.p.).
Administration of 200ng of PC three times per weels
chosen after extensively reviewing previous repatisre
doses of up to 250 ng i.p. three times per weekewer
safely administered without significant changedlood
pressure or serum calcium or phosphorus. Mored?¥@r,
(19-nor-1,25-(0OH) D,), is =10 times less potent than the
endogenous form of active vitamin D (calcitriolgeed-
ing the gastrointestinal absorption of calcium g@hos-
phorus [17]. For induction of Ml, rats in grougds dnd

IV received isoprenaline (100mg/kg; s.c.) on thst |1
days of the treatment period. Isoprenaline hydaraié
and Vitamin D agonist paricalcitol (PC) were pursdeh
from Sigma—Aldrich (MO, USA). Myocardial infarction
was induced in rats by subcutaneous injection Qirig)

kg isoprenaline hydrochloride dissolved in salinece
daily for two successive days. The selected rontedmse
were chosen from published literature (Kumaran and
Prince 2010) [18].

min D may play a role in protecting the myocardiumTwenty-four hours after the last treatment, oventig

against inflammatory and oxidative changes durioigtex
infarction. Hence, the present study was designeith-t
vestigate the effect of pre-supplementation wittamin
D receptor agonist (paricalcitol) on the outcomdSD-
induced myocardial infarction in rats, and to mdlia
molecular mechanism for this effect if found.

Materials and Methods

Animals

fasted rats were weighed, anaesthetized withrijpciion

of pentobarbitone (40mg/ kg) and underwent ECG re-
cording. Anesthetized rats were placed in the fuposi-
tion on a board and ECG was recorded continuougly w
standard artifact-free lead Il (right forelimb teftl hind
limb). Needle electrodes were inserted subcutamgous
into the paw pads of each rat, and connected toaB&o
ECG 101 (Shenzhen Biocare Electronics Co., Ltd.,
China). The ECG was measured to determine durafion
QRS complex, R-R interval, R voltage, Q-Tc intesval

Forty male Wistar albino rats weighing 150-200g ever and S-T segment elevations.

used. The animals were purchased from the Egy@ian A mid-line abdominal incision was then made and leho
ganization for Biological Products and Vaccinesi(@a blood specimen from the abdominal aorta was celtect
Egypt). Rats were housed in plastic cages in thmaln and centrifuged at 5000 rpm for 15 minutes. Sepdrat

house of the Department of Physiology, Faculty &dM
cine, Ain Shams University. They were allowed feee
cess to water and standard pellet diet, and kegerun
standard conditions with 12/12 h light/dark cyclése
study was carried out according to the guidelinethe
756

serum was stored at -20°C for later biochemicalyaisa

of alanine transaminase (ALT), aspartate transasmina

(AST), lactate dehydrogenase (LDH), cardiac tropdni

(cTn-1) and creatine kinase (CK-MB) activity , iddition

to the inflammatory markers TN&- and IL-6. Hearts
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were excised after blood collection and washed gith

tonic saline. Hearts were divided into 2 halves baHf  Histological Results

was frozen and stored in liquid nitrogen (N2) fao-b Sections of the left ventricular wall of normal @uails
chemical assays, the other half was preserved # 10showed the normal architecture of the myocardiurtin wi

formalin for histopathologic examination. branching and anastomosing cardiac muscle fibens ru
_ _ ning in different directions (Fig. 1a) with cardigatytes
Biochemical assays showing normal vesicular nuclei. Nuclei of conneeti

The activity of ALT, AST, LDH, and CK-MB were de- tissue cells could be noticed in the interstitiabiie be-
termined using Stanbio CK-MB diagnostic kit (USA). tween the cardiac muscle fibers (Fig. 1b).

Serum cTn-I levels were measured by enzyme linked i
munoassay (ELISA) technigue using a standard Rar{G
Science Co., Ltd, USA). Lipid peroxidation in caxdi -
tissue was evaluated by measuring malondialdehyc
(MDA) in heart homogenate using a standard kit purf== -
chased from Biodiagnostic (Egypt).

Cardiac nitrite was determined as an index ofmitstide
(NO) content in heart homogenate using a commekdial
(Biodiagnostic, Egypt). Serum TNkand IL-6 were de- @&
termined by ELISA technique using standard kitsy(Ra
Biotech, Inc., USA).

RT-PCR for Identification of INOS-mRNA in cardia®-h
mogenates was carried out by measuring total RNganf
diac tissues homogenate was extracted by usingoT RE
agent (Invitrogen, Life Technologies, USA) accogdia the
manufacturer's instructions. Reverse transcriptiais car-
ried out with the High Capacity cDNA Reverse Traifsc
tion Kit (Applied Biosystems). PCR was performedhwi
Tag DNA polymerase. The following primers were ufed
detecting INOS: SGGGATGGCTTGCCCCTGG and &
CGGAGGCAGCACATCAAAG-3. Primers 5GGTGA
AGG TCG GA G T C AACG3 and 5
CAAAGTTGTCATGGATGACC-3 were used for measur-
ing GAPDH.

Histopathological studies ‘
Small pieces from the left ventricle were immediate |
fixed in 10% formol saline. Paraffin blocks werepared ‘
and um sections were cut and stained with hematoxylir |
and eosin (H & E)Other specimens from the left ventri-
cle were fixed in 2.5% glutaraldehyde in 0.1 M pitwete

buffer solution (pH 7.4) and post-fixed in 1% 0SMiU  Fjqre1. Photomicrographs of a section of the myocar-
tetroxide. Ultrathin sections were cut and mount&d yiim of a control rat showing: (a) The normal aitela-

copper grids, stained with uranyl acetate and &&date, re of the myocardium with branching and anastdngps
and examined under Zeiss, EM10 transmission electro g giac muscle fibers running in different directio (b)
microscope (Carl Zeiss, Oberkochen, Germany) ogérat cardiomyocytes reveal normal vesicular nuclei (arro
at 80KV at the National Research Center, CairopEQy  head). Note the nuclei of connective tissue cellshe

- . interstitial tissue between the cardiac muscle ribgar-
Statistical analysis row). H & E x400

Data were expressed as mean +SEM. Comparisons be-
tween means of different groups were carried oiftgus  sections of the left ventricular wall fronats injected with

one-way analysis of variance (ANOVA) followed by |SO alone showed foci of hyalinizatiamd homogeneity of
Tukey-Kramer multiple comparisons test. The level ocardiomyocytes with increasembsinophilia. Fragmentation
significance was taken as p <0.05. SPSS statisif!  of cardiac muscldibers was noted in other foci (Fig. 2a).

ware package, version _ZQ (SPSS Inc., Chicago, &3 W gome of théragmented cardiomyocytes lost their nuclei,
used to carry out all statistical tests.

Results
Biomed Res- India 2015 Volume 26 Issue 4 757
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Figure 2. Photomicrographs of sections of myocardiumFigure 3. Photomicrograph of section of myocardium of
of a rat belonging to I1SO injected rats showing) (a 3 rat of ISO group treated with 1SO (a) showing ges
hyalinization and homogenicity of cardiomyocytes (a tjon of blood vessels (arrowhead) and mononucledltie
row) with increased eosinophilia (arrow head). Inte |5, infiltration (arrow). H & E x200 (b) showing cmes-

stitial hemorrhage with extravasations of red bloodiion of blood vessels (arrowhead) and mononuclediue
cells is noted both perivascular (curved arrow)wsll |5 infiltration (arrow). H & E x400
E

as between the cardiomyocytes (thick arrow) H &

x200 (b) Cardiomyocytes appear disrupted into smalBections of the left ventricular wall from rats fpeated
pieces and are widely separated. Some of the fragwith PC revealed a histological picture similarthat of
mented cardiomyocytes lose their nuclei (arrow Headnormal rats. The foci of myocardial fragmentatimrersti-
while others reveal pyknotic nuclei (arrow).Noteeth tial edema and mononuclear cellular infiltration reve
presence of interstitial hemorrhage (H) with extmaa- hardly detected in different sections. Congestiath laem-
tion of red blood cells H & E x400 orrhage were also less frequently observed (Fidoya

while othersrevealed pyknotic nuclei. Cardiac muscle fibers.EIec‘[ron microscopy of the left ventricular wall control

. . rats revealed normal architecture with alternatiagk (A)
appeared widely separated by empty spaces. Exitéras . . . 4
019 Fr)ed blood ce)llls V\Pas seen zoth gtgrivgsc(%g. 2b) as and light 1) bands and regular Z lines in the ricdf |

well as between the cardiomyocyiEsere was also infiltra- 2‘;‘3dssé;(r:r(;?e';:Jn?;airn‘égrr?tr:t?;wswvﬁrzvﬁglyu(gﬁﬁ5 OE !bsbl |e$
tion with mononuclear cells, and some of the bleessels N y

. partially contracted fibers (Fig. 5). On the othand, Group
appeared congested (Figs. 3a, 4b). Il (ISO-treated group) demonstrated focal disruptand
irregular arrangement of myofibrils with disconfiyuof A
bands and Z lines.

758 Biomed Res- India 2015 Vol@6dssue 4



Figure 4. Photomicrograph of section of myocardium of age -
rat of ISO + PC group treated (a) little mononudiezllu- |
lar infiltration (arrow) with minimal congestion slerved in
the blood vessels (arrow head). H & E x200 (blglithono-
nuclear cellular infiltration (arrow) with minimatongestion
observed in the blood vessels (arrow head). H &@Dx

Figure 6. Electron micrograph of the heart of a rat of
ISO group showing (a) disruption of myocardial fibe
with variability in size and shape of mitochondfia).
The cisternae of sarcoplasmic reticulum exhibitaaref
dilatation. (sr) T.E.M. x9600 (b)interruption ancg-
mentation of myofibrils. Focal disappearance ofacle
distinction between the A and | bands, lost | banitls
obscured Z lines are noticed. Mitochondria (m) appe

variable in size and shape but mostly swollen. disier-
nae of sarcoplasmic reticulum are dilated. (SrE.M.

x9600

Moreover,mitochondria appeared variable in size
and shape and were mostly swollen. Some clear-inte

Figure 5. Electron micrograph of the heart of a normal rat Myofibrillar spaces were frequently noted. The enist
showing normal architecture with alternating da’k)@nd N2 of_sarcoplasmlc reticulum exhibited areas laitah
light (1) bands, regular Z lines (arrow head) iretmiddie  tion (Fig. 6 a and b).

of | bands. Mitochondria (m) are seen between thefim

brils as well as the cisternae of sarcoplasmicadtim  Specimens from ISO-injected rats pretreated with PC
(sr). The nuclear chromatin (N) is evenly dispersdd- showed regular arrangement of the myofibrils wigu-
clear and sarcolemmal indentations are frequentty o lar Z lines and normal appearance of mitochondnd a
served in partially contracted fibers (arrow). TME.x9600  sarcoplasmic reticulum (Fig. 7).
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ECG reaults (table 1) tion of the S-T segment. On the other hand, IS@etejd
Compared to normal rats, ISO-injected rats showsiga rats pretreated with PC showed no significant ECG
nificant increase in HR and Q-Tc duration. Thersaso changes from their counterpart controls.

a significant decrease in R-R intervals, as weéllasa
Table 1. Effect of PC pretreatment on ECG parameters immarand 1SO-induced myocardial infracted rats (Mean
SEM), n=10.

C C+PC SO 1SO+PC
HR 325.7 329.2 423.7" 332.9%
3.33 3.39 4.38 3.45
QRS 0.039 0.04 0.045 0.047*
0.0006 0.0007 0.001 0.0006
R-R 0.186 0.184 0.143" 0.187*
0.002 0.0019 0.0015 0.0019
Q-Tc 0.182 0.179 0.246" 0.190"
0.0027 0.0002 0.0034 0.01
R voltage 0.745 0.765 0.675 0.700
0.0093 0.0094 0.10 0.0067
S-T Elevation 0.031 0.027 0.161° 0.045%
0.002 0.0023 0.042 0.0028

*P <0.01, **P<0.001 significant from control rats. #®.05,##P<0.01,###~0.001 significant from ISO group

Table 2. Effect of PC pretreatment on serum cardiac ensyamal cTn-l on normal and [ISO-induced myocardial i
fracted rats (Mean +SEM), n=10.

C C+PC 1SO | SO+PC
AST 117.2 112.8 336 127.7
1.23 1.38 4.27 1.3
ALT 97.8 89.5 342.8 99.¢
0.85 2.99 4.4.8 9.39
LDH 157.4 154.5 320 160.7
1.35 12.80 3.4.3 1.39
CK 226.7 224.7 317.3 217.7
5.59 20.39 1.73 2.25
cTn-I 117.2 112.8 336 127.7
1.23 1.38 4.27 1.3

*P <0.001, significant from control rats. #®.001, significant from ISO group

Biochemical results

Table 2 depicts the levels of cardiac marker enzymePC (p<0.001) compared to the ISO group. Moreover,
(ALT, AST, LDH, CK-MB and cTn-I) in the serum of these markers in the ISO + PC group were insicanitiy
normal and experimental groups of rats. Subcutaneowlifferent from their values in the control grougpgFs).
administration of isoprenaline caused a significant

(p<0.001) elevation in the levels of cardiac enzymes i Similarly, the changes in MDA and nitrites showesig
the plasma compared with normal control rats. Bagtr hificant increase (.01, p<0.001, respectively) in ISO-
ment with PC 200ng/kg body weight for a period of 4injected rats as compared to normal rats. On therot

weeks significantly reduced the cardiac enzymesemr hand, pretreatment of the ISO group with PC redlifiea
normal values. significant decline in the previous parameters wbem-

pared to animals treated with ISO alone<Qq®5 and
As regard pro-inflammatory cytokines, TNFand IL-6 <0.001, respectively). Furthermore, cardiac MDA and
increased significantly itSO-treated rat§p<0.001) com-  nitrites parameters were not significantly differeve-
pared to normal rats. However, these cytokines sdow tween ISO group pretreated with PC and their copaté
significant reduction in 1ISO-injected rats preteshwith controls (Fig. 9 and 10).
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Figure 10. Effect of PC pretreatment on cardiac nitrites
of normal and ISO induced myocardial infracted rats
Values are expressed as mealsEM. *P<0.001 signifi-
cant from control group (C), **R0.001 significant from
ISO group.n=10

Figure 7. Electron micrograph of the heart of a rat of | ,

ISO + PC group showing regular arrangement of the ,; |
myofibrils with regular Z lines. Note the nearlyrnal 16 -
appearance of mitochondria (m) and sarcoplasmic re{,, e .
ticulum (sr). T.E.M. x9600 17 1
1
200 : 0.8
180 + 06 |
b iz . 0.4
g 490 1 0.2 -+
™ 100 | - =TNF 04
/ 80 T s -~y mIL-6 C C+PC 1SO 1SO+PC
Toe0 -
:3 | _. _. :' Figure 11. Effect of PC pretreatment on cardiac iINOS
0 ; - MRNA of normal and I1SO induced myocardial infracted
C C+PC I1SO 1ISO+PC

rats. Values are expressed as mearSEM. *P<0.001
significant from control group (C), **R0.05 significant
Figure 8. Effect of PC pretreatment on TNFand IL-6 of ~ from ISO group.n=10

normal and 1SO induced myocardial infracted ratsl-V

ues are expressed as mearSEM. *P<0.001 significant INOs-mRNA was significantly higher in rats injectetth
from control group (C), **~0.001 significant from ISO SO alone compared to its level in normal animals

group.n=10 (p<0.001). On the contrary, pretreatment with PC @-1S
injected animals was associated with a significedtic-
140 . tion of cardiac INOs-mRNA when compared to rats in-
120 jected with ISO alone. Again, ISO+PC group of arngna
100 = had cardiac iNOs-mRNa values insignificantly difer
ZZ from the control group (Fig. 11).
20 Discussion

In the present study, Ml was induced in rats bycstd
neous administration of isoprenaline at a dose00imig/
Figure 9. Effect of PC pretreatment on cardiac MDA of Kg body weight for 2 successive days. Stimulatidn o
normal and ISO induced myocardial infracted ratgl-V VDR by a vitamin D receptor agonist for four weddes
ues are expressed as mearSEM. *P<0.01 significant fore induction of infarction resulted in ameliogati of
from control group (C), **F0.05 significant from ISO cardiac injury. Specifically, we have shown imprment
group.n=10 in ECG parameters, cardiac enzymes and histopafholo
cal picture of ISO-injected rats pretreated with titamin

D agonist, PC.
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flammatory cytokines after 8 weeks of vitamin DJsu

sis of a successful model in our study was depdndeplementation. This contradiction is probably dueges
upon 3 main criteria; ECG changes, histopatholdgicanetic polymorphism that may modulate the respowse t
changes, and elevated serum level of cardiac ermymevitamin D3 supplementation [27]. Apart from genetic

The ECG patterns recorded in the 1ISO-injectedinatar
study conform to a previous report by Tawfik and- co
leagues [20]. Similarly, the histopathological ches
seen in our study are in line with previous obstowa
[4]. Furthermore, the cardiac enzymes, as a maider
acute myocardial infarction were all significandievated

variations, VDR plays an intrinsic inhibitory role in-
flammation by activation of a pro-inflammatory teanip-
tion factor NF-kB which increases in response te in
creased TNFe[28].

It appears that the elevated cardiac MDA and egréfter

in our model. Since theses enzymes are released frgg injection in the present study contribute ® ¢ardiac

necrotic cells to the extracellular fluid upon theidence
of infarction, their high levels give another evide for
necrosis and infarction [19].

In the present work, evidence of cardio-protectgainst

injury. MDA is a stable lipid peoxidation produdtat
reflects over production of ROS in ISO-injectedsrg9].
Isoprenaline is well known to generate free radieeald to
stimulate lipid peroxidation, which may be a caivsat
factor for irreversible damage to the myocardialnme

MI by VDR stimulation was based on three main measp,gne [3]. VDR stimulation in 1SO-injected rats dur

ures; improvement of ECG criteria and histopathiaialg
findings, in addition to return of cardiac enzynagme-
ters to near normal.

To our knowledge, cardio-protection by VDR stimidat
in rats subjected to ISO-induced myocardial infarct
was not reported before. Nevertheless, a potethtéah-
peutic effect has been attributed to vitamin D timeo car-
diovascular disorders. Calcitriol treatment in dpoeous
hypertensive heart failure rats resulted in lowearh
weight, myocardial collagen levels and left ventlac

diameter, which resulted in improved cardiac oufgiit

Moreover, a recent study reported a cardio-protectif-

fect by VDR stimulation in I/R injury in rat myoadum

(Yao et al., 2015) [12].

To explain the protective effect of VDR stimulatiam
isoprenaline-induced Ml we measured plasma TiNtRd
IL-6, as markers for inflammation, together withrdiac
MDA and nitrites content, as markers for the oxidat
state. The elevation of cytokines as evident in siudy
was previously reported by Uryash et al [21]. Exumes
TNF-o. in both normoxic and hypoxic conditions in-
creased the expression of several pro-inflammasony
acute-phase molecules such as IL-6 in isolatedoaglips
[22], suggesting a positive feedback mechanismafor
cumulation of pro-inflammatory cytokines. The signi
cant positive correlation between ThFand IL-6 (r =0.7)
in our study supports this concept. During myocardi

study was associated with a significant reductiotigid
peroxidation products resulting in amelioration tbe
oxidative stress. This conforms to the recent gath-
lished by Cavalcante and colleagues [25] regardiay
antioxidant effect of vitamin D. Moreover, nitricxide
(widely recognized as a mediator of vasodilatiorthwi
important anti-inflammatory properties) was eledate
cardiac tissues of rats subjected to infarctiontn study,

in accordance with previous information [30]. Eltwa
of NO could create a nitrosative stress and gemdted
powerful oxidant molecule peroxynitrite which fuiocts
as an important trigger of myocardial necrosis apdp-
tosis in various cardiac pathologies [31]. Accurmatioh

of NO induces oxidative DNA damage, which in turn
leads to the activation of the DNA repair enzymel an
consumption of cellular NAD ultimately leading to ATP
depletion and necrotic cell death [32].

In the present study, increased production of NT5D-
injected animals was associated with a significaat
crease of INOS gene expression in the rat heais. ciim-
forms to previous reports [30, 33]. The iINOS is oh¢he
most important NO donors, and is associated withar
ous important pathophysiological processes in Mdl an
heart failure [34]. We have shown that VDR stimiolat
in ISO-injected animals significantly decreaseddiar
NO and iINOS-mRNA. This Down-regulation of cardiac
INOS gene expression by VDR stimulation represents
novel finding, although such effect was reportedtiner

ischemia, TNFa is released from macrophages, monOyjsges [35]. Cell apoptosis and nitrosamine foiomat

cytes and mast cells as it is expressed and sédérebmth
cardiomyocytes and fibroblasts [23]. Cell signalinf

have previously been attenuated by selective iINDibiI-
tors and in INOS-knockout mice [36].

TNF-o through TNFR1 exacerbates remodeling, hyper-

trophy and apoptosis in heart failure [24].

The down regulation of inflammatory cytokines demon

strated by VDR stimulation in 1SO-injected rats aem
strates that VDR stimulation exerts its protectffect, at
least in part, by an anti-inflammatory action [26 the
contrary, Witham et al [26] showed no reductionirof

762

It can be speculated that VDR stimulation in owdgt
down-regulated iINOS gene expression which, conse-
guently reduced the production of cardiac NO, tasyl
in a further drop in the production of nitrosamnaelicals
in the rat heart. The rate of isoprenaline-induited radi-
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cal generation is thus reduced, leading to improved  12.

come of myocardial injury.

Conclusion

13.

In conclusion, the present study addresses, andmem

strates that VDR stimulation with vitamin D analegu 14

PC, could improve the outcome of isoprenaline-irdlic
myocardial infarction in rats. This protective effeould
be explained on the basis of strong anti-inflammyasmd
antioxidant effects. We also demonstrate for the fime

the up regulation of cardiac INOS gene expressipn k15,

VDR stimulation in infracted rat myocardium.
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