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INTRODUCTION

Cardiovascular diseases remain the major causeodsidity and mortality in industrialized
Western nations. As prevalence of obesity, unhealibt, dyslipidemia, diabetes, elevated
blood pressure, physical inactivity and smokingpwn risk factors of atherosclerosis is
increasing mortality and morbidity rates are sutgmbto increase as well. In these disorders,
death most often occurs as a consequence of athenass, leading to stroke, ischemia,
myocardial infarction, heart failure and other symdes characterized by severely
dysregulated inflammatory processes and their tieguldegradation of tissue function.
Atherosclerosis and its consequences have greaicingp National Health Care and National
Insurance Companies. There are lots of diagnostices, invasive and non-invasive tests to
detect early manifestations of this disease. Themaipiated in these early phases is able to
prevent irreversible organ involvement. A hallmark these syndromes is microvascular
damage associated with a progressive decline itthiyeeardiovascular tissue homeostasis,
which typically is accompanied by diminished adéflexibility and onset of age-associated
pathologies, especially cardiovascular, neurolagic kidney disease. The association of
dyslipidemia and ischemic heart diseases are waldivki. Nevertheless, at the time of this
writing, a detailed description of the etiology andolecular pathomechanisms of
hypercholesterolemia-induced atherosclerosis ancbinplications remains to be determined.

Even in the era of modern molecular engineeringdisalts of treatment modalities extracted
from traditional and herbal medicine are remarkaBlevious studies have demonstrated the
significant cardiovascular benefits of a wide ramgeplant materials, including commonly
used components of the human diet, as well as alabaalth products and nutraceuticals.
Earlier findings at the Department of Pharmacologgculty of Pharmacy, University of
Debrecen demonstrated that sour cherry seed ex@acd@atural product that contains a
powerful inducer of heme oxygense-1, strongly iiteilschemia-reperfusion (IR) injury.

In our experiments we studied the adverse effetidiet-induced hypercholesterolemia on
cardiovascular tissue homeostasis in functionroétand examined the impact of sour cherry
extract on that. A significant finding of time-dejkent study is that the ejection fraction also
was greatly diminished in animals maintained losigrt (40 weeks) on high dose cholesterol
diet (2%), with subsequent development of myocéidfarction.



REVIEW OF THE LITERATURE

Under physiological conditions, cholesterol andlycerides are complexed with protein into
configurations that allow these non-polar compoutdsmove freely in the aqueous
environment of the bloodstream. These lipoprot@mglexes, ranked in order of increasing
size, include high density lipoprotein (HDL), lovemkity lipoprotein (LDL), intermediate
density lipoprotein (IDL), very low density lipogen (VLDL), and chylomicrons.
Enterocytes release nascent chylomicrons into latiphvessels in the walls of the villi,
called lacteals, and transit into the bloodstreative thoracic duct and left subclavian vein.
Lipids are distributed via the bloodstream to difa tissues in the body (skeletal muscle,
adipose tissue), where triglycerides are extrabtedhe activity of lipoprotein lipase. HDL
particles, which are the smallest (5-15nm) lipogirotclass, have the highest ratio of protein
to lipid and are able to suppress the developmkatterial plaques by extracting cholesterol
from sites of nascent plaque formation and returrioi the liver for recycling. Thus,
cholesterol transported in the HDL form promotesimavascular health, and individuals with
high ratios of cholesterol complexed into HDL chylorons experience lower rates of
cardiovascular disease than those with low HDL/Liatios.

Individuals may favorably affect their HDL/LDL ra via certain lifestyle changes,
including exercise, weight loss, mild alcohol usagereased dietary fiber, and omega-3 fatty
acid consumption. However, other factors relatetiféstyle may decrease HDL/LDL, such
as smoking and high consumption of saturated flagseby increasing the risk of developing
cardiovascular disorders and exacerbating existisgase. Cholesterol-rich diets have been
observed to decrease HDL/LDL ratios in both humamd rabbits, resulting in similar types
of deterioration in cardiovascular health. Consetlye the outcomes of studies using
hypercholesterolemic rabbit models are expectddht@ strong relevance to human medicine.

The activity of heme oxygenase-1 (HO-1) increaseesponse to a wide variety of stimuli,
including oxidative and inflammatory insults, aslivas metabolic and hemodynamic factors
such as high glucose, elevated blood pressureplascha lipids. Nevertheless, in most cases,
the pathophysiological activation of HO-1 resultdyoin a transient or marginal increase of
HO-1 activity. It falls below the threshold necegs@o activate downstream signaling
components of the HO system at levels capable lmeaing significant remission of serious
inflammatory pathologies. Thus, strategies for a6¢HO-1 as a definitive prophylaxis or



treatment for type 2 diabetes mellitus (T2DM) arttieo diseases are expected to make
increasing use of pharmacological agents that apatide of increasing the activity of the
enzyme.

Several well-known plant materials from a broad lpggnetic background contain known
inducers of HO-1 activity, including dietary phytmmicals. Examples include
epigallocatechin-3-gallate, a polyphenol compordrgreen tea, and curcumin, which is best
known as a component of curry. SCSE is a partityusdtractive candidate for the therapeutic
use of HO-1, based on the capacity of this extahakelatively low dosage to increase the
activity of the enzyme to levels that allow protectagainst ischemia-reperfusion injury. This
makes SCSE potentially very valuable in cardiovisamedicine and many other healthcare
venues. This advantage is combined with negligitecity of the extract at in vivo dosages

in excess of 200x the dosage known to be therapeuti

AIMS

Two separate investigations were conducted as elements of the research initiative on
which the present thesis is based. Each study waducted with the objective of providing
insight into pathomechanisms of hypercholesteradeamd its consequences, and to explore
the capacity of sour cherry seed products to impretrategies for management of this
disorder. The core hypothesis of the first invedtan is that oxidative stress induced in a
hypercholesterolemic rabbit model by sustained edtelol diets promotes pathological
changes in ways that may be revealed by changdélseomolecular level. The investigators
examined the effects of hypercholesterolemia omliaarsystolic and diastolic parameters
using echocardiography. Mechanistic experiment®wenducted that included measurement
of the activity of cytoprotective enzymes, suchhasne-oxygenase (HO-1), influences on
revascularization of vascular endothelial growttctda (VEGF) protein, antiapoptotic
influences and the effects of dietary treatmentsmitochondrial function. Corollary studies
also included assessment of the role of cytochrorogidase (COX) enzymes in regulating
ATP metabolism and hosting adaptive, anti-inflanonat processes, including ROS
scavenging. This investigation is expected to yigldight into mechanisms by which
hypercholesterolemia-related oxidative stress dkgga the function of critical
macromolecules and promotes disease.

The second investigation evaluated the effectivenafs upregulating the activity of the

cytoprotective enzyme heme oxygenase-1 (HO-1) ohipteuparameters related to cardiac



health in hypercholesterolaemic rabbits fed chelestenriched diets during a 16-week
timeframe. A hypothesis was tested that sour chegeg extract (SCSE), a known inducer of
heme oxygenase-1 (HO-1), mediates changes in cdigdsae homeostasis that will make this

plant material an attractive candidate for the prén and therapy of cardiac disease.



MATERIALSAND METHODS

Animals and Induction of Hypercholesterolemia

The experiments were carried out with adult malevNealand rabbits with a body weight
range of 2.0-2.5 kg. Animals received humane careompliance with the “Principles of
Laboratory Animal Care” formulated by the Natioiaciety for Medical Research, prepared
by the National Academy of Sciences (publication 8&® 23, revised 1985). The rabbits were
provided with rodent chow ad libitum. 7 groups afraals were examined, in two different
studies.
Time-course studies utilized 4 groups of animagscdbed as follows:
Rabbits were provided with normal laboratory ch@wahd for 40 weeks:

e Control 12 (n=4) and

» Control 40 (n=4) groups
and for 12 and 40 weeks with laboratory chow ermritctvith 2.0% cholesterol:

* HC 12 (n=4) and

* HC 40 (n=4) groups.

Studies conducted to assess outcomes of treatm#msour cherry seed extract, utilized 3
groups of animals fed for 16 weeks according toréggmens described below:
» Control group, provided with normal laboratory chfw:6),
* Hypercholesterolemia group (HC), provided with lediory chow enriched with 2.0%
cholesterol (n=6),
* Sour Cherry Seed Extract group (HC+SCSE), provigi¢ial cholesterol-supplemented
chow containing 30 mg/kg sour cherry seed extrac).

Serum Cholesterol Measurement
Serum cholesterol levels in the venous blood ofheanimal were measured using a

CardioCheck serum cholesterol analyzer at protdefihed time-points following initiation

of feeding.



Echocardiography

Echocardiography was conducted under light anasthgetamine 15 mg/kg, xylazine 3
mg/kg, intramuscular (i.m.). The chest of each nablas shaved, and the animal was
positioned in a dorsal or in a lateral decubitusifoan. Images were stored digitally on CD or
magneto-optical disks for off-line analysis. Stamdaiews, blood and tissue Doppler
measurements were performed recommended by guedebh echocardiography. 2D cine
loops of parasternal long axis view, parasternattsaxis view at the level of the papillary
muscles, apical 4- and 2 chamber views were redofdemode tracings were performed at
the mid-papillary muscle level, either in parastéérfong or short axis views using 150
mm/sec sweep speed. Left ventricular in- and owtfépectral Doppler tracings and tissue
Doppler tracings at the lateral, septal and trdailsannulus were recorded respectively. All
measurements were averaged over three to five cotge cardiac cycles.

Septal (IVSTD) and posterior (PWTD) left ventriauldV) wall thickness in diastole, LV
cavity size (end-diastolic (LVEDD) and end-systdlitESD) dimensions and aortic root and
left atrial anteroposterior diameter were determiréractional shortening was computed as
follows: (LVEDD - LVESD)/LVEDD, and as global sydio function was balanced, the
ejection fraction (EF) was derived as EF = (LVEDB2VESD?2)/LVIDD?2. Left ventricular
myocardial mass was calculated using LVMass (Trey}.05 x [(LVEDD + (PWTD) +
IVSTD)3 - (LVEDD)3].

Time-velocity integral at the left ventricular ootlv tract, peak aortic flow velocity, early (E)
and late (A) mitral flow velocities, deceleratiameé of E wave (DT), annular systolic (S’),

early (E’) and late (A’) diastolic velocities wedetermined also.

Rabbit heart isolation

Following the treatment period (12- and 40-weekstime-dependent, 16 weeks for sour
cherry seed extract effect study), heparin (100&kdyand ketamine/xylazine (40/5 mg/kg)
were injected intravenously. Next, thoracotomiesengerformed on each animal; the hearts
were excised and placed into ice-cold perfusioridouihe aortas were then cannulated, and
hearts were perfused according to Langendorff ntkfoo a 5-minute washout period at a
constant perfusion pressure equivalent to 100 crwatér (10 kPa). The perfusion medium
consisted of a modified Krebs-Henseleit bicarboratééer: 118 mM NaCl, 4.7 mM KCI, 1.7
mM CaC}, 25 mM NaHCQ, 0.36 mM KHPQ,, 1.2 mM MgSQ and 10 mM glucose. The
left atrium was cannulated, and the Langendorftesyswas adapted and switched to isolated



working hearts. The revised procedure used aftiédi &lling pressure of 17 cm (1.7 kPa) and
aortic afterload pressure of 90 cm (9.0 kPa) offdsufAortic flow was measured by a
calibrated flow meter, and coronary flow rate wasasured by a timed collection of the
coronary perfusate that dripped from the heart.rHeste and left ventricular developed
pressure values were recorded as well. Heart fumgiarameters were recorded through the

whole experiment.

Induction of Global Ischemia and Reperfusion in Isolated Hearts
Following a 10-minute aerobic perfusion of the hed0 minutes of global ischemia was

initiated by clamping the atrial inflow and aortatflow lines at a point close to the origin of
the aortic cannula, and stopping the peristaltionpu Reperfusion was initiated by
unclamping the atrial inflow and aortic outflow éi& and the heart was kept in this condition
for 120 minutes. In order to eliminate the incidemd¢ arrhythmias, the initial 10 minutes of

reperfusion was carried out in Langendorff mode.

Cardiac function parameters

Time course studies revealed severe resting cafdration impairment at 40 weeks in the
hypercholesterolemic group (HC 40). These conditidaveloped in both groups of animals
without surgical induction of global ischemia. Cemsely, animals receiving SCSE-
supplemented feed exhibited no significant diffeeebetween the resting parameters of the
three groups observed, accordingly, the hearthasfet animals were subjected to 30 minutes
of global ischemia, followed by measurement of @ardunction parameters at 60 and 120

minutes of reperfusion.

I nfarct size determination

100 mL of 1% triphenyl tetrazolium chloride (TTQ)lstion in phosphate buffer (Na2HPO4
88 mM, NaH2PO4 1.8 mM) was administered via the sigm of the aortic cannula and, then,
stored at =70 °C for later analysis. TTC (whiteocw) is enzymatically reduced to TPF
(1,3,5-triphenylformazan / red colour) in livingssues due to the activity of various
dehydrogenase enzymes. At necrotic areas enzymestdueork, so it remains white. For this

reason, TTC has been employed in autopsy pathdtggsist post-mortem identification of



myocardial infarctions. Healthy viable heart musel#i stain deep red from the cardiac

lactate dehydrogenase; while areas of potentiatetibns will be paler.

Freezed hearts were sliced transversely in a glangendicular to the apicobasal axis into 2—
3 mm thick sections, weighted, blotted dry, platedetween microscope slides and scanned.
Using image processing software, each image wageded to equivalent degrees of
background subtraction, brightness and contrastaresgment for improved clarity and
distinctness. The infarct area of each slice wasett, and the respective areas were calculated
by pixel density analysis. Infarct size was expedsas a percentage ratio of the infarct zone

to the risk zone (weight of the left ventricle).

Analysis of aterosclerotic lesions

Quantification of fatty streaks was performed w&hdan Ill stain. Thoracic arteries were
harvested, dissected free of excess connectiveetiaad fat, rinsed with modified Krebs-
Henseleit buffer, and fixed in 10 % (vol/vol) buke formalin. Thoracal arteries were then
opened longitudinally, and exposed to 5 mg/mL Suldlam 70 % (vol/vol) isopropanol for

15 minutes in a water bath at 37 °C, and the sta differentiated with several rinses of 70
% isopropanol. The arteries were then scanned, thed atherosclerotic plaque was

determined.

Cytochrome c oxidase (COX) aktivity

The activity of cytochrome c oxidase in rabbit mgabum was measured using a
colorimetric assay kit for oxidation of cytochromeby this enzyme. Briefly, mitochondria
isolated from freshly harvested heart muscle usheg MITOISOL1 kit were treated with
dithiothreitol to reduce cytochrome c, followed yOX-mediated reoxidation of the
molecule. COX activity at room temperature in eaample was measured as a decrease in
absorbance of ferrocytochrome c, at an absorbam@eelength of 550 nm in its conversion
from a reduced to oxidized state. The COX actiintgny particular sample was reported as -
AAS550/min.
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Western blot analysis

Total protein (100 g) in the Clontech Extractionffeu was added to an equal volume of
sodium dodecyl sulfate (SDS) buffer and boiled f@rminutes before being separated on 12
% SDS polyacrylamide gels in a running buffer (281 ifiris 192 mM glycine, 0.1 % (wt/vol)
SDS, pH 8.3) at 120 V. The gel was transferred ant@rocellulose membrane at 100 V and
left for 1 hour in a transfer buffer. After blockjrihe membranes for 1 hour in a Tris-buffered
saline (TBS-T) containing 0.1 % (vol/vol) Tween-20d 5% (wt/vol) nonfat dry milk, blots
were incubated overnight at 4°C with the primargiody (HO-1, VEGF, COX Ill, COX IV,
GAPDH). Membranes were washed 3 times in TBS-T reelf@ing incubated for 1 hour with
horseradish peroxide (HRP)-conjugated secondaipayt diluted 1:2,000 in TBS-T and 1
% (wt/vol) nonfat dry milk. Detection was made hyt@adiography for variable lengths of
time with Medical X-Ray Film. GAPDH (cytoplasm), GAV (mitochondrial) was used as
the loading control (Sigma-Aldrich, St. Louis, Missi, U.S.A.). Quantitative analysis of
scanned Western blots to estimate levels of HOBGKF, COX IIl, COX IV and GAPDH
protein in each sample were calculated using thenSior Windows Densitometry Image
program version Alpha 4.0.3.2. Signal intensity li@nds corresponding to each protein of

interest was estimated and reported in arbitramg UhSEM.

Statistics

Results are expressed as mean + SD or mean + SE&8wAy analysis of variance was first
carried out to test any differences between thenmadues of different groups. If differences
were established, the results between two groups e@mpared by Tukey test. Results were

considered to be significant if p<0.05.
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RESULTS

The thesis is based on two, basically quite singtgperiments, so the results of these are

discussed simultaneously.

Serum cholesterol levels

Serum cholesterol levels in animals provided wiged containing 2% cholesterol were
continuously increasing during the entire coursehef study, while serum levels of animals
provided with normal laboratory chow maintainedotgéa Total serum cholesterol in animals
provided with feed containing 2 % cholesterol beeangnificantly increased after 8 weeks of
the time-dependent, and 4 weeks of the SCSE eftecly relative to levels observed in
control rabbits receiving normal feed (p < 0.05).

Total serum cholesterol in hypercholesterolemiareats provided with feed containing 2 %
cholesterol became significantly increased at th#h lveek of the study relative to levels
observed in hypercholesterolemic rabbits receiginglesterol-supplemented feed containing
30 mg/kg SCSE (p<0.05).

Plaque coverage in thoracic arteries

The extent of plaque coverage in animals maintaoredhigh cholesterol diets (HC 12, HC
40) with or without sour cherry seed extract (HG#H5CSE) was significantly greater than in
rabbits fed with normal chow (Control) (p < 0.0%), both studies. Animals fed high
cholesterol diets for longer periods of time (HC) 4xhibited significantly higher plaque
coverage than rabbits receiving the 2% cholestwipplemented feed for 12-week periods
(HC 12) (p < 0.05). The extent of plague coveraghypercholesterolemic rabbits receiving
30 mg/kg SCSE daily in addition to feed supplementéh 2 % cholesterol was significantly
less than the coverage observed in cholesteradvfigdals without SCSE (p<0.05). Negligible

atherosclerotic plaque accumulation was notedbbita fed with normal chow.

Echocardiography

In the time-dependent study the values of fractishartening (FS) and ejection fraction (EF)
of the left ventricle were significantly reduced HC 40 animals relative to their values in

non-hypercholesterolemia control rabbits (p < 0.86) to animals maintained for shorter
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time periods on hypercholesterolemia-inducing ch@¥€ 12) (p < 0.05). No significant
differences in other echocardiographic parameterg wbserved.

In the SCSE effect study there were no significdifferences in systolic parameters and
anatomic measures between the three groups. Thouighwas observed that
hypercholesterolemic rabbits fed 30 mg/kg SCSEydail addition to 2 % cholesterol
(HC+SCSE) during a 16-week period exhibited sigaifitly higher E'/A’ ratios than
hypercholesterolemic animals not administered kteet (HC) (p<0.05).

Hemodynamic parameters

Aortic flow, the magnitude of which is a major indtor of cardiac health, was evaluated in
isolated working hearts harvested from non-hypdesierolemia rabbits maintained on
normal chow for 12 weeks (Control 12) or 40 wedRsr{trol 40). Aortic flow measurements
were also made on animals fed high cholesterol cfoywi2-week periods (HC 12) or 40
weeks (HC 40). Similar to the echocardiographidifigs in vivo, HC 40 rabbits exhibited
profoundly significant reduction in resting systofunction of the heart. Aortic flow was
reduced relative to both non-hypercholesterolenmiatrol groups and also with respect to
rabbits fed 2% cholesterol for 12-week periods (HZ) (p < 0.05). The hearts from
hypercholesterolemic rabbits showed very poor hiegudtions (no recovery), after 40 weeks
of treatment many animals failed to produce mederortic flow (O mL/min).

In the SCSE effect study there were no signifiadifferences in the resting hemodynamic
parameters between groups, so global ischemia vea®ked and post ischemic reperfusion
(VR) cardiac function parameters (heart rate,iadlbw, coronary flow and left ventricular
developed pressure) were evaluated. The effectRofnjury included a trend toward lower
values for each of the functional parameters agsaltr of occurrence of the injury and
increasing reperfusion time. Significantly bettertec flow was observed at 60 and 120 min
of reperfusion in SCSE-treated hypercholesteroleanicnals versus those not receiving the
extract (p<0.05), whereas a comparison of theseipgraevealed coronary flow to be

significantly improved only in hearts subjectecat@20-min reperfusion period (p<0.05).

Extent of infarct zones

Infarcted regions failed to develop in control aaisa Only small infarcted areas forming in
hearts of rabbits receiving high cholesterol chowlf2-week periods (HC 12) were observed.
Conversely, infarcted regions were noted in heaftsabbits fed with the 2% cholesterol-
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supplemented diet for 40 weeks (HC 40), which veggeificantly larger than the infarct size
of HC 12 animals (p < 0.05).

The average extent of infarct zones in the diffegmoups of SCSE effect study reveal that
relative to non-hypercholesterolemic rabbits, redrom hypercholesterolemic animals
manifested larger infarct zones. Moreover, the ayerextent of infarcted areas was observed

to be significantly lower in hearts from SCSE-teshhypercholesterolemic animals (p<0.05).

Activity of cytochrome c oxidase (COX)

Total COX activity in heart tissues of animals ntained on high cholesterol diets was
significantly lower than the activity of their coal pairs. Rabbits provided with chow
containing 2% cholesterol for 40 weeks (HC 40) bagphificantly elevated COX activity in
heart tissue relative to the activity of the enzyiménearts of hypercholesterolemia rabbits
receiving high cholesterol chow for 12 weeks (HG (< 0.05).

In the SCSE effect study, animals receiving cheledtrich chow without SCSE exhibited
significantly lower COX activity in cardiac tissummpared with rabbits in the HC+SCSE

group (p<0.05).

Protein levels of COX |11, HO-1 and VEGF in heart tissue

Left ventricular tissue taken from HC 40 animalsrevéound to contain significantly more
COXIII protein than hearts from HC 12 rabbits, significantly less COXIII than control
animals receiving normal chow. I/R-injured heassstie from hypercholesterolemic rabbits
administered SCSE (HC+SCSE) was observed to costgnificantly greater quantities of
COX Il than heart tissues from the other two gm(@ontrol and HC).

Hypercholesterolemia engenders processes thatygmeaease the level of oxidative stress to
which cardiac tissue is subjected. Therefore uinsurprising that significantly lower levels of
HO-1 protein were detected in hearts of animalatée: with high cholesterol diets. Tissue
level of HO-1 of rabbits receiving cholesterol richow for 40 weeks was significantly lower
than tissue levels of animals on cholesterol rigt tbr 12 weeks. In the SCSE effect study
I/R-injured heart tissue from hypercholesterolemaibbits (HC I/R) had significantly lower
HO-1 protein levels. In the SCSE treated group (HCS$E I/R) hearts contained significantly
greater quantities of HO-1 protein than HC I/R lear

There was lack of significant differences in theGfEcontent of heart tissue from any of the
groups of rabbits included in these studies.

14



DISCUSSION

In our experiments we studied the adverse effetiiet-induced hypercholesterolemia on
cardiovascular tissue homeostasis and examinadtheect of sour cherry extract on that.

Serum cholesterol levels

In our studies animals provided with feed contani2% cholesterol significant
hypercholesterolemia could be observed. Level nfreecholesterol increased proportionally
with the time course of feeding. Normal levels efusn cholesterol (2 + 0,5 mmol/l) elevated
to 14 =+ 1,3 mmol/l at 12 weeks of feeding, to 24,6 mmol/l at 16 weeks and to 37 £+ 3,5
mmol/l at 40 weeks respectively. This increasingsst put on HC animals by elevated serum
cholesterol levels explain those devastating dmtation observed in group of animals

receiving cholesterol rich chow for 40 weeks.

Familiar hypercholesterolemia

Levels of serum cholesterol measured in our studas be observed in patient having
familiar hypercholesterolemia. Familial hyperchtdeslemia is a genetic disorder
characterized by high cholesterol levels, espgciadty high levels of low-density lipoprotein
(LDL) in the blood and early cardiovascular disedsamilial hyperlipidemias are classified
according to the Fredrickson classification whishbased on the pattern of lipoproteins on
electrophoresis or utracentrifugation. Acceleratterosclerosis caused by elevated levels of
LDL can be observed in familiar hypercholesterokengila) and in familial combined
hyperlipidemia (llb). Elevated level of LDL provakdormation of atherosclerotic lesons all
over the vascular tree by triggering inflammatorggesses and excessive plaque formation.
The overall prognosis for homozygotic individuadsim the worst case scenario, individuals
usually die at the age of 30-40. Treatment moeslibf these diseases include combined
conventional lipid lowering drug therapy, monoclbrentibodies, gene therapy, LDL

apheresis and liver transplantation.

Cardiovascular effects of elevated level of serum cholesterol

Plaque coveragein thoracic arteries

During the lifetime of an individual afflicted withypercholesterolemia, sustained high levels

of serum cholesterol result in arterial stiffenargd an accumulation of atheromatous plaques,
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causing stenosis (narrowing) of the involved blaedsels. Rupture of plagues may cause
clots and thrombus formations, resulting in obstamc of blood vessels, heart attack, and
stroke. These processes reduce tissue oxygenkgamting to ischemic injury to many organs,
most notably tissues of the heart, kidneys, luagd, brain. In addition, the presence of a large
number of macrophages in plaque matrices resuliglague material becoming a potent
source of inflammatory cytokines and other medgtof inflammation, which lead to
hyperstimulation of the primary immune response add/erse range of pathologies.

Rabbits provided with normal laboratory chow shovad macrovascular signs of
atherosclerosis. Feeding with cholesterol rich chesulted in severe atherosclerosis of
thoracic artery. The extent of plaque coveragenimals maintained on high cholesterol diets
(HC) were 61 + 14% at 12 weeks, 75 = 11% at 16 wealkd 88 + 5% at 40 weeks of feeding

respectively.

Myocardial ischemia and infar ction

Hypercholesterolemia degrades homeostatic procéssesrdiovascular tissue in ways that
engender epicardial and microvascular coronaryryartésease. Elevated levels of serum
cholesterol promote formation of plaque depositgpicardial arteries, which progressively
narrow vessel lumen, depriving tissues they sumflyoxygenated blood. As myocardial
oxygen demand exceeds supply, infarct zones maglaevn regions of myocardial tissue
supplied by occluded blood vessels. In humanscliheal presentation of such processes is
termed “non-ST (connects the QRS complex and thevave) elevation myocardial
infarction”. The pathogenesis of this syndrome does involve occlusion of the infarct-
related coronary artery; therefore, no ST segmdewvagon—a sign of total coronary
occlusion—is typically observed in electrocardiqggrg (ECG) evaluations of afflicted
individuals. For non-ST elevation myocardial inteon, the extent of necrotized tissue is
dependent on the size of the myocardial region Isegpjpy the coronary artery distal to the
stenotic lesion and the time interval of the inmight oxygen supply. Having severely
stenotic coronary arteries and stained myocardatatic regions, the pathophysiology of
myocardial infarction in HC 40 animals for the pet study may be similar to non-ST
segment myocardial infarction observed in humansthérmore, since the total infarcted
region or myocardial mass increases, the systotiction of the heart is attenuated, causing a
decrease in fractional shortening and the ejecfrantion. Experimental ligation of the

coronary artery creates disruption of tissue honaststhat resembles ST segment elevation
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myocardial infarction observed in humans when tbemary artery is totally occluded by
thrombus formation at the time of rupture of areadisclerotic plaque. This infarcted region is
clearly distinguishable from normal myocardial tissand plain necrotic areas—and may,
thus, be identified with little ambiguity, unlikeninon-ST elevation cases. When the
myocardial tissue is damaged (typically by oxidatistress), its contractile function is
attenuated and emptying capability decreased.

In the present study, hypercholesterolemia adweratfected the vasculature to result in
severe atherosclerotic lesions of coronary arteflibe resulting reduction in the availability
of blood and oxygen resulted in micro- and macrmeoaydial infarctions (TTC perfusion
sections—total infracted region). These multiplern&c events (total infracted region of 32
8,6%) caused global left ventricular contractilitsnpartment that was detectable by
significantly decreased fractional shortening (B8:+ 3%) and ejection fraction (EF: 38 £
5%) parameters in vivo and by decreased aortic flaw. 4,6 = 11,4 ml/min) in isolated
working heart specimens of HC 40 animals compaseddntrol 12 (FS: 35 + 5%, EF: 60 *
7%, AF: 146 + 53 ml/min) Control 40 (FS: 33 + 4%;:658 + 6%, AF: 120 + 18 ml/min) and
HC 12 (FS: 32 £ 6%, EF: 55 + 9%, AF:72 £18 ml/mvaJues respectively.

16 weeks of feeding with cholesterol rich chow madeffect on systolic parameters of left

ventricle.

Diastolic dysfunction

Diastole is energy dependent process mediated tyeadissociation of actin and myosin
filaments. This process is initiated by the changestracellular calcium concentration. The
myofilament is composed of a thick filament “mydsand thin filament “actin” proteins.
Several regulatory proteins including tropomyosid &roponin T, C, and | are bound to actin.
Before the closure of aortic valve, calcium is #orted from the cytosol into the
sarcoplasmic reticulum (SR) causing reduction tnarellular calcium concentration which
leads to the dissociation of actin and myosin ctwsgges. This transport of calcium is an
active process requiring energy.

The mechanisms that cause abnormalities in diadiatiction that lead to the development of
diastolic heart failure can be divided into factargrinsic to the myocardium itself
(myocardial) and factors that are extrinsic to thgocardium. Myocardial factors can be

divided into structures and processes within theliaa muscle cell (cardiomyocyte), within
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the extracellular matrix that surrounds the cardamscle cell, and that activate the autocrine
or paracrine production of neurohormones.

Hearts with normal diastolic function representhaigearly diastolic tissue velocity (E’) of
mitral annulus than late diastolic velocity (A'herefore E’/A’ ratio is above 1.

Hearts of animals provided with cholesterol-ricltowtfor 16 weeks showed signs of diastolic

dysfunction on echocardiographic examination.

Effect of sour cherry seed extract on cardiovascular parameters

Animals that were fed 30 mg/kg SCSE daily addededterol exhibited significantly lower
serum cholesterol (19,3 £ 1 mmol/l) than those remteiving SCSE (24 + 1,6 mmol/l)
(p<0.05). These outcomes are the first direct destnation that an inducer of HO-1 (SCSE)
may act to decrease serum cholesterol. Interegfingivious studies demonstrated that
statins, a class of cholesterol-lowering drugs #natalso HO-1 inducers, do not mediate anti-
inflammatory and anti-oxidant effects through HOiiduction in hypercholesterolemic

humans.

The extent of plague coverage in hypercholesterclgabbits receiving 30 mg/kg SCSE
daily in addition to feed supplemented with 2 %]lekterol (58 + 6%) was significantly less
than the coverage observed in cholesterol-fed daimighout SCSE (75 = 11%) (p<0.05).

| schemia-reperfusion

The effect of I/R injury included a trend towardmer values for each of the functional
parameters as a result of occurrence of the injng increasing reperfusion time.
Significantly better aortic flow was observed at &@d 120 min of reperfusion in SCSE-
treated hypercholesterolemic animals versus thoseegeiving the extract (p<0.05), whereas
a comparison of these groups revealed coronary ftowe significantly improved only in

hearts subjected to a 120-min reperfusion perief.(Gb).

Deterioration of cardiac function, myocardial irdton, and diastolic dysfunction are major
indicators of hypercholesterolemia-associated hehisease, the ability of SCSE to
significantly improve each of these measures radatd rabbits receiving no SCSE extract

(p<0.05) is additional evidence for the preventwe therapeutic value of this extract.
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Molecular consequences of hypercholesterolemia

Studies were conducted to evaluate the effect petoholesterolemia on the expression of
COXIIl, VEGF and HO-1. As in previous experimerasjmals exposed for the longest time
periods (40 weeks) to high cholesterol diets exétbthe most significant changes.

Left ventricular tissue taken from HC 40 animalsrevéound to contain significantly more
COXIII protein than hearts from HC 12 rabbits, significantly less COXIII than control
animals receiving normal chow. The physiologic gigance of this observation cannot be
fully defined based on the data presented hereeherythis intriguing finding may be related
to the effect of elevated cholesterol on mitoch@idnetabolism. A report published in 2010
demonstrates that exposure of porcine cardiac baliloin responding to interaction with
oxidized LDL (which is a known feature of the hypleolesterolemic state) exhibited
significant dysregulation of mitochondrial enzymandtion, including COXIIl. Thus,
hypercholesterolemic animals are more likely toesignce disruption in COXIIl activity;
however, the specific effects will need furtherlgsiz in order to place them in a mechanistic
picture of hypercholesterolemic disruption of mitoadrial function.

The lack of significant differences in the VEGF tamt of heart tissue from any of the groups
of rabbits included in the two studies is puzzliggven the adverse effect on
neovascularization of hypercholesterolemia obseixerhts and the pivotal role played by
VEGEF in this process.

The outcome of these studies also merits furtheploeation in future research.
Hypercholesterolemia engenders processes thatygmeaease the level of oxidative stress to
which cardiac tissue is subjected. Therefore utnsurprising that significantly lower levels of
HO-1 protein were detected in hearts of animalatéa for 40 weeks with high cholesterol
diets. HO-1 expression is an adaptive responseshwiiiupregulated by elevation in oxidative
stress. Nevertheless, the protective effect of gutisiologic increase of HO-1 activity is
often overwhelmed by the intensity of a particutgpoe of trauma to which the tissue is
subject; in this case, the hypercholesterolemiditimm imposed by diet.

These results are intriguing in the context of oastons made in SCSE effect study, which
demonstrated that serum cholesterol levels in ltymdesterolemic rabbits administered sour
cherry extract in addition to 2% cholesterol-enedhfeed was significantly lower than in
hypercholesterolemic animals not receiving theastirMoreover, the extract-treated rabbits
exhibited greatly improved cardiac function, rediiegterial atherosclerotic plaque and lower

infarct size than untreated controls. These effestsich positively correlated with HO-1
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expression in heart tissue, raise the possibhidy statin drugs, which are also HO-1 inducers,
may share common mechanisms contributing to chesl@steduction. This possibility is
nevertheless complicated by findings presented Ghl2that statins do not act primarily
through HO-1 induction. It is therefore likely thatestigations of the relationship between
statin drugs and processes in which HO-1 is a qipaimt will yield novel strategies for
prevention and management of cardiovascular disease

Total activity of cytochrome c oxidase (COX) wasakwsated in the cardiac tissue of test
animals. The patterns of COX enzyme activity patatl expression of COXIIl protein with
respect to the status of the animals from whicklieartissue was harvested to assay for COX
protein using Western blot or COX-mediated conwerf reduced ferrocytochrome c to its
oxidized form. Left ventricular tissue taken fromCHA0 animals exhibited significantly
greater ability to convert COX substrate than he#ssue from HC 12 rabbits, but
significantly less than control animals receivingymal chow. Although data presented here
does not permit an evidence-based interpretationthef mechanistic basis for these
observations, here, too, it is likely that high dsv of oxidized LDL resulting from the
hypercholesterolemic condition of the animals mapaired both function and expression of

critical mitochondrial enzymes, including COX.

HO-1 protein expression in I/R-injured hearts ofSE:treated hypercholesterolemic animals
was significantly higher than rabbits not receivitig extract (p<0.05). This outcome is
expected based on the known properties of SCSEedent years, HO-1 has emerged as a
particularly attractive tool for the prevention aménagement of a broad range of human and
animal diseases characterized by elevated levelsaative oxygen-containing molecules. A
major mechanism by which the enzyme contributesamtioxidant defense is through
suppression by bilirubin (a heme degradation méditahoof NADPH oxidase, a major
physiologic source of reactive oxygen. This inhdnt has been shown to be a potent
contributor to protection against oxidative tisslaanage in cardiovascular disease and many
other serious chronic diseases.

SCSE has potential to emerge as a major contribiatqorevention and management of
cardiovascular disease, and many other disorderacterized by disregulated inflammation.
Other than low cost and broad availability, the dfgnto patients of using SCSE-based
therapies is the negligible toxicity of this planaterial. This is contrasted with the risk posed
to patients by the anti-hypercholesterolemic driings are currently in use. Examples include

simvastatin, lovastatin, atorvastatin, rosuvastaimd others which may have adverse side
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effects, such as rhabdomyolysis. Therefore, SCStbtentially a very valuable adjuvant to
statins. Many other healthcare applications arsiptesfor this fascinating and valuable plant

material.
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SUMMARY

In our experiments we studied the adverse effeCiiaet-induced hypercholesterolemia on
cardiovascular tissue homeostasis and examinadtheect of sour cherry extract on that.

Our experiments confirmed, that hypercholesterolaeman be induced by chow
supplemented with 2% cholesterol in rabbits. Moezpva linear correlation could be
observed between the serum cholesterol levels laadeeding time. Based on the serum
cholesterol levels and pathophysiological alterstioan animal model of familial
hypercholesterolemia can be generated followingxaosition time of 40 weeks. The degree
of atherosclerosis observed in the thoracic aoowetated with the duration of the high
cholesterol diet.

In animals fed with high cholesterol diet echocagdaphy showed left ventricular diastolic
dysfunction after 16 weeks. However, high choledteliet for 40 weeks induced severe
coronary artherosclerosis and consequent myocarwiatosis leading to severe systolic
dysfunction. The impairment in the left ventriculamction could be both assessed by
echocardiography in vivo and measured in isolatgdaardial preparations ex vivo.

The expression level and activity of cytochromexaase (COX) decreased in animals fed
with cholesterol-free rabbit chow. In contrast, eegsion level and activity of COX in the
high cholesterol diet group was very low after 1&eks and increased significantly after 40
weeks to the levels observed in the animals fedh witolesterol-free diet for 40 weeks.
Despite similar COX expression hypercholesterolefath to reduced COX activity. The
expression of COX was not influenced by ischemgertision. Significantly lower levels of
HO-1 protein were detected in heart tissue derivech rabbits with high cholesterol diet
compared to hearts from the non-hypercholesteralegontrol animals. No apparent
significant differences could be observed in theGFfprotein expression levels between non-
hypercholesterolemia  control  rabbits and those mepeng  diet-induced
hypercholesterolemia.

Addition of sour cherry seed extract (SCSE) to higfolesterol diet for 16 weeks
significantly decreased serum cholesterol leved, degree of atherosclerosis in the thoracic
aorta and improved left ventricular diastolic dysftion. SCSE-treated animals exhibited
significantly reduced infarct size, improved cadi@nction and improved coronary flow
following global ischemia-reperfusion. Increased oggrdial HO-1 and COX protein
expression were also observed in hearts from S@&#ed rabbits with no major changes in
the VEGF levels.
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Using an animal model of hypercholesterolemia dudiss confirmed the time-dependent
atherogen effects of hypercholesterolemia, the estetol-lowering and cardioprotective
effects of the sour cherry seed extract. Basedheset observations the sour cherry seed
extract could serve as a potential supplementaasageutical option in conditions associated

with elevated cholesterol levels (e.g. familial Bygholesterolemia).
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