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Blood and Vessdl wall Viscoelastic Alterations at the Pulsate Circle
Blood Flow

M. Beraia, F.Todua
Institute of Clinical Medicine

Key words: Arterial pulse; Blood flow; Wave propagation; Blood/arterial wall viscoelasticity;
Endothelial denudation; Magnetic resonance imaging, Atherosclerosis.

Introduction:The lesions of atherosclerosis occur principally in large and medium-sized elastic
and muscular arteries and can lead to ischemia of the heart, brain, or extremities, resulting in infarction [1].
They may be present throughout a person's lifetime. In fact, the earliest type of lesion, the so-called fatty
streak, which is common in infants and young children, is a pure inflammatory lesion [2,3].

Local hemodynamic temporal pressure and wall shear stress are important for understanding the
mechanisms leading to various complications in cardiovascular function [4].

At present blood motion has been studied as a continuum with the steady flow and has been
described by the Navier-Stokes equations. These equations arise from applying Newton's second law to
fluid motion and are nonlinear partial differential equations [5]. In a real situation blood flow in the large
arteries is unsteady, with the flow separation and waveform propagation of the thyxotropic mass.

Polymer solutions are convenient for experimental studies of viscoelastic flows. The Couette-Taylor
flow is often chosen because of its geometrical simplicity and its

diversity of instability modes and turbulent states. The most striking elastic property of the polymer
solutions is, probably, the dependence of mechanical stresses in flow on the history of the flow. So, the
stresses do not immediately become zero when fluid motion stops, but rather decay with some
characteristic relaxation time. Equations with the expression of time derivative of the polymer stress
constitute the Oldroyd-B model of polymer solution rheology [6].

At very small scales or under extreme conditions, real fluids made out of discrete molecules will
produce results different from the continuous fluids modeled by the equations cited above. Up today it is
impossible to describe blood flow only by the fluid mechanics. Depending on the Knudsen number of the
problem, statistical mechanics or possibly even molecular dynamics may be a more appropriate approach.

For the complicacy of the problem we are discussing the theoretical basis for the waveform
propagation of the viscoelastic substances and the ways of its correlation.

Matherials and Methods:We have investigated 12 healthy men (25-39 years of age) with a 1.5-T
MR imager with the breath hold (18sec) and ECG triggering in different sites of the aorta. Pulse rate 72 to
78 beats per minute. Kinematic viscosity of the blood 3.8x10° m?/s. [7,8].

Volunteers were preliminarily examined by the cardiologist, angiologist and hematologists. Flow
quantification (mean velocity, peak velocity, mean flow, net flow) was carried out in every 43sec at
different sites of the ascending aorta, aortic arch and thoracic aorta in 1mm slices of 7cm” area. All data
are given below as graphs. (Figl-5) Examinations were performed with surface coil technology, with a
gradient strength 40 mT/m and a maximum slew rate 200 mT/m/msec.

Results: In our cases the initial flow velocity was registries after 43msec of the ECG-R wave, and it
was different from zero at all sites of the aorta, although net flow was equal to zero. During the heart cycle
blood systolic velocity varies in sinusoid shape, whereas net flow increases gradually at the diastole when
blood velocity was low. Initial flow acceleration was lower than of the next one, although gradient
pressure much higher initially and gradually decreased at the flow. Womersley’s number from ascending
to thoracic aorta decreased from 12.5+1.5 to 7.3+1.2 and flow modified from the inertio-elastic to viscous.
Specificity, sensitivity and accuracy of the MRA to the explored area were 95%, 97%, and 96%. (Figl,
Fig2, Fig3, Fig4, Fig)d).
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Fig 1. Peak velocity (A), mean velocity (B), mean flow(C) and net flow (D) graphs at the ascending aorta.
(Dotted line - flow at the internal wall). Velocity and flow graph starts after ECG-R wave with the 43msec
delay time. Blood acceleration for the initial systole (43msec) is lower than that for the next time (43-

90msec). Net flow increases at the end diastole.

Fig 2. Peak velocity (A), mean velocity (B), mean flow(C) and net flow (D) graphs at the aortic arch.
(Dotted line - flow at the external wall). At peak velocity graph separated stream flows in opposite
direction. Net flow increases at the end diastole.

Fig 3. Peak velocity (A), mean velocity (B), mean flow(C) and net flow (D) graphs at the isthmus of the
aorta. (Dotted line - flow at the external wall). Peak velocity at the 300msec is zero (negative interference)
and then sharply increases to downstream. Here acceleration is 6 times higher than that in systole. Net

flow increases at the end diastole.
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Fig 4. Peak velocity (A), mean velocity (B), mean flow(C) and net flow (D) graphs at the end of
aortic arch (A). (Dotted line - flow at the internal wall). Flow direction at the graphs inverted due to slice
position at MRI. Wave oscillation is transmits from external to internal wall. Incident (Fig3A) and
reflected (Fig4a) wave has the same polarity (no phase change). Peak velocity delays to the velocity at the
isthmus area. Net flow increases at the end diastole.

Fig 5. Peak velocity (A), mean velocity (B), mean flow(C) and net flow (D) graphs at the thoracic aorta.
(Dotted line - flow at the internal wall). Flow direction at the graphs inverted due to slice position at MRI.
There is no flow separation at the protodiastole. Net flow increases at the end diastole.

Discussions: Inertial flow is characteristic for the Newtonian fluids. Blood is non Newtonian [9],
thyxotropic [10,11] and as a viscoelastic substance must be expressed in some phenomena:

- If the stress is held constant, the strain increases with the time (creep);

- If the strain is held constant, the stress decreases with time (relaxation);

- Effective stiffness depends on the rate of application of the load;

- If cyclic loading is applied, hysteresis (phase lag) occurs, leading to a dissipation of mechanical

energy;

- Wave experience attenuation;

- Rebound of the object following an impact is less than 100% [12].

With the viscoelastic hydrocolloids as a blood, some deformation caused by shear stress is elastic and
will return to zero when force is removed. The remaining deformation will not return to zero forming
creep flow of the substance. Under the constant force elastic displacement remains constant whereas the
sliding displacement increases. If the force varies in sinusoid shape, shear strain rate lags behind the
changes in the causative force by the phase.

Systolic sinusoid pulse pressure in the vessel wall and inside the blood propagates as a wave [13].
Wave is the disturbance that runs through the space and time, transferring energy, little/no associated with
the mass transport; instead there are oscillations around almost fixed positions. Within wave, phase of the

11
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oscillation is different for adjacent points in space because the vibration reaches these points at different
times [14].

The mechanical wave in substance propagates as elastic deformation and velocity shown in phase
velocity. Wave phase velocity (v,) is given by the equation: vy=Af (A-wave length, f-fluctuation
frequency). The phase velocity for waves in a medium is determined in part by intrinsic properties of the
medium. For all mechanical waves in elastic media, the square of the phase velocity is proportional to the
ratio of the appropriate elastic property of the medium to the appropriate inertia property. Wave velocity
within the material is independent of the wave amplitude [15].

When a wave encounters a boundary which is neither rigid (hard) nor free (soft) but instead
somewhere in between, part of the wave is reflected from the boundary and part of the wave is transmitted
across the boundary. The exact behavior of reflection and transmission depends on the material properties
on both sides of the boundary. If a pulse crosses the boundary from a denser medium into a less dense
medium, the speed and the wavelength are both increased. The frequency of the incident pulse is the same
as the frequency of the transmitted pulse. At the soft boundary, the restoring force is zero and the reflected
wave has the same polarity (no phase change) as the incident wave [16].

Arterial pulse pressure evaluating in the initial systole, move on arteries and it is not caused by the
forward movement of the blood: blood stroke volume forming distension of the medium and pulse
pressure propagates through the aorta in waveform by elastic deformation of the vessel wall and the blood
[17,18]. Further to elastic, sliding deformation of the blood is accompanying. The large arteries, i.e. aorta,
pulmonary artery and their major branches are referred to elastic arteries because of the presence of
relatively large amounts of elastin. The structural features of various segments of the arterial tree have a
functional significance in the conversion of discontinuous ventricular output to a continuous flow in the
peripheral circulation. Due to the dispensability of the large arteries and the resistance encountered in the
peripheral circulation, a portion of the blood ejected by the ventricle is stored in the large arteries during
systole. In diastole stored blood is released, thus maintaining the continuity of peripheral blood flow and
preventing excessive fall in arterial pressure [19].

Pulse oscillation in arterial wall increases strain rate to the contiguous wall flow layers. In our cases
in image area at the time 0.043sec initial net flow=0, mean oscillation velocity v=3-5cm/sec, distance to
the wall r=0.5cm. Oscillatory strain rate =6-10sec”. Due to viscosity/strain rate graph, at the strain rate up
to 1sec” blood viscosity sharply (more than x30) decreased.

The changes in viscosity are a result of modification in arrangement, orientation and stretching of
the red blood cells. In the low shear rate region the cells are encountered in large aggregates and as the
shear rate increases, the size of the aggregates diminish. At the mid shear rates, near unit strain internal
stress due to pressure is sufficient to separate the aggregated cells causing breakage of aggregates (creep).
Increasing shear rate causes the cells to orient in the direction of flow. Above a unit strain, a cell is forced
to move past its adjacent neighbour. At the high shear stress rates blood forms layers of stretched and
packed red blood cells sliding on layers of plasma.

Pulse wave velocity from aorta to small arterial wall is = 7-15-35m/sec. Pressure wave velocity in
blood is = 6-8m/sec. Peak flow velocity in aorta is = 1.2-1.4m/sec. [20]. At the identical frequency, wave
length to the vessel wall and adjoining flow blood slice must be different. Initiation of the strain rate and
blood flow is shown on the stream surface and gradually involves the whole blood mass. So, phase
delayed creep flow becomes simpler. These correlations are more expressed at the proximal aorta. Here
pulse wave oscillation amplitude is high and blood in systole reveals inertio-elastic properties. To the
distal pulse wave attenuates and boundary layer enlarges, flow becomes viscous. Blood viscoelastic
transformation is one of the main reasons for the low flow velocity at the high systolic pressure at the
distal arterial tree. (Fig6).

Blood flow (creep/relaxation) delays to the pressure wave oscillation by the phase. Pressure and
flow phase difference in viscoelastic flow is shown in Womersley’s number-o. (a=d/2V2xfp/p. d-diameter,
f-fluctuation frequency, p-density, p-viscosity). It defines relationship between elastic and viscous stress
during the pressure oscillation and shows which part of the pipe is occupies by the boundary layer's vi-
scous flow. In the large arteries, boundary layer is less than the blood volume provided by the pressure [5].

At the 43 msec. distances propagating by the pressure wave is about 28-60cm. and covers all of the
imaged places.

At the ascending aorta Flow is inertio-elasatic. Elasticity is promoted by the blood and vessel wall
structure. Womerslay’s number is 12.5£1.5. In the elastic material phase angle between causative force -

12
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pulse pressure and strain rate (blood systolic oscillation) is low (Fig7). Blood viscous stress exceeds to
elastic and pulse energy stored mostly in the substance. In systole blood mostly oscillates; there is no/low
creep flow. Creep flow phase delay to pressure is about 85°; oscillatory (creep) flow amplitude is low.
Flow amplitude is characterized by the relation of the maximum volumetric flow rate Qmax (volume of
the fluid which passes through a given surface per unit time), to the stationary volumetric flow rate - Qst
(flow rate which would be established at the maximum gradient pressure at the Poiseuille’s flow). (Fig7).
This is main reason for the low initial systolic flow acceleration.

50 msec after 100 msec after 150 msec after 350 msec after
ECG-R wave ECG-R wave ECG-R wave ECG-R wave

Fig6. Transformation of the inertio-elastic flow to viscous through the time; boundary layer
formation at the ascending aorta (3D reconstruction of the mean velocity in voxels inside the imaging
slice). At the in initial systole pulse oscillation is noted at the stream surface. B and C. Inertio-elastic flow
with the flat profile (plane wave at high Womerersley’s number). D. Viscous (Poiseuille’s) flow with the
lower Womersley’s number at 350msec. In difference to — A, flow profile is parabolic, although flow time
is the same — 50msec. (at 300msec velocity is zero).

() Distal aorta < Proximal aorta )

Elastic
1
stress |

tan(@)=elastic stress /

1
1
1
: viscous stress
1
1
1
1

1.0 ] Viscous
stress

Qamax/
0.5 _| Qst

—] o - Womersley’s
number

40°

80° __

Fig 7. Pressure and flow phase delay in viscoelastic flow at the different sites of aorta. Elastic/viscous
stress correlation in the material (above), flow amplitude (middle - comparable with the net flow) and
pressure/flow phase delay (below) at the sinusoidal varying pressure with the increasing Womersley’s
number- a.
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Blood is thyxotropic and decreases in the apparent viscosity under shearing, followed by a gradual
recovery when the shear is removed. The effect is time dependent.

In diastole pressure is less pulsating. Pressure exposition time for the viscoelastic creep flow is
higher than that for the systole. These correlations are more expressed at the distal aorta. Here pressure
dissipates in blood structural rearrangement. Womerslay’s number is 7.3+£1.2. In the viscous material
phase angle between the causative force - pulse pressure and strain rate (creep flow) is high (Fig7). Flow
is more viscous/less inertial. Creep flow phase delay to pulse pressure decreases (about 40°). Flow
amplitude and net flow is high. Ratio of mean/net blood flow shows wiscoelastic properties of the local
circulatory system.

Ratio of the (dynamic) viscous force to the inertial force (fluid density) is characterized by the
kinematic viscosity. Kinematic viscosity with diameter of the vessel defines Womerslay’s number. At the
lower Womersley’s number flow profile is parabolic and volumetric flow rate is determined by the instant
pressure. Aforesaid is especially importance at the end diastole and to the distal arterial tree.

At the aortic arch blood circular movement facilitates flow velocity dispersion. In initial
protodiastole blood flow is separated into the opposite flowing streams. Later streams have identical
direction (flow recirculation) (Fig8).

In line of our date, protodiastolic and systolic flow waves initially have different frequencies and at
the superposition do not resist to each other [20]. Wave superposition facilitates to increase strain rate:
blood particles at the same time participating in different oscillations. It causes to high net flow at the
diastole as shown in graphs and can simplify blood outflow in the different arterial branches. Here stress
must be sufficient to causing breakage of the red cell aggregates (Figl D-5D).

At the isthmus area (end/entrance of the circle flow) separating flow waves at 300-400msec have
identical frequencies and phase (antegrade directed waves are formed at the same places of Walsalva
sinuses), so they can interfere (Fig3A). Here at the destructive interference flow velocity is zero and
further sharply increases. Flow anterograde acceleration in protodiastole is 6 times higher than in systole.
At zero velocity systolic kinetic energy of the blood passes in to potential energy of the vessel wall. Wall
elastic stress increases, wall oscillation basic frequency changes and systolic pulse wave can be attenuates.

At the isthmus area flow wave with the high acceleration changes position from external to internal
wall. Circumstances can be promoted by the presence of the recirculation zones. Wave propagation on the
graphs is similar to the wave reflection at the boundaries (Fig8).

Fig 8. Flow wave reflection and recirculation sites at the different sites of the aortic arch. Dotted line —
separated flow stream in retrograde (at 190-300msec) and anterograde (after 300msec) direction at the
different walls of the aortic arch. Flow direction at the graphs inverted due to slice position at MRI.
Incident and reflected wave has the same polarity (no phase change).
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Obviously, systolic energy of the heart transforms in space and time by the elastic oscillation and/or
viscous sliding of the blood elements. Movement is always in waveform. At the wave destructive
interference high elastic stress facilitates initial recirculation at the external aortic wall.

By our dates, in protodiastole blood peak velocity at the external wall is much higher than that of
systolic and peak shear stress is about 25N/m?. But just before the flow local pressure is much higher than
at the flow and is equal to shear stress, it exceeds thresholds of the elastic deformation and as the outer
slice of the blood is adhesive to the wall, forming endothelial denudation. At the place with the high local
pressure flow wave reflects. I.e. wave velocity vector changes in quantity and direction. At the soft
boundary (endothelial layer) the restoring force is low and the reflected wave has the same polarity (no
phase change) as the incident. Wave shifts the vessel wall.

The ground substance, non-cellular components of extracellular matrix fibers in the human body, is
thyxotropic and acts as a support for the cells. It seems that at the high shear stress to the viscoelastic
transformation undergo not only blood cells, but extracellular matrix too.

The more so as cholesterol in experimental membranes can modify lateral tension and surface
viscosity of the lipid bilayers [21]. In atherosclerosis it can be compensatory reaction of the vessel wall to
the increased stress.

Flow wave interference with the reflection at the external wall also specified to the distal part of the
ascending aorta (opposite to isthmus), but flow acceleration is much lower than at the isthmus area. Aortic
dissection is characteristic for those areas.

It is significant that red blood cell aggregation affects blood viscoelasticity, but shear stress
threshold to destruction of erythrocyte membrane is 6 times higher than for the endothelial sheet and
erythrocyte membrane can move around the cell. Pathological data have shown that atherosclerotic change
in children and young adults can be correlated with the presence of the same factors as it is identified in
adults [22].

Circular movement at the arterial bifurcation can be facilitated by the same changes as at the aortic
arch. It seems that at the vessel branching sites wave superposition increases net flow, but is fraught with
the endothelial denudation. Modified arterial pulse can be used as an atherosclerosis prevention factor. To
obtain more specific information about the flow physiology in protodiastole and blood viscoelastic
modification during the cardiac cycle, studies must be continued. Author hopes for cooperation with the
other institutes.

Conclusions: -Systolic pulse oscillation in arterial wall increases strain rate to the contiguous wall
blood flow layers.

-At the circular sites flow separation and wave superposition promotes to the blood viscoelastic
modification and high net flow in diastole.

- At the distinct circular area flow wave superposition forms destructive interference. Here wall
systolic pulse oscillation attenuates and flow wave reflects.

- In protodiastole anterograde directed viscous flow recirculation with the high acceleration and
wave reflection shifts the endothelial layer.
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Multifactorial Treatment Effectiveness of Diabetes Mellitus Type 2,
Dyslipidemia and Arterial Hypertension in elderly patients for the prevention
of predictable complications and vascular dysfunction

N. Kipshidze, K. Kapanadze
Acad. N. Kipshidze National Center of Therapy

The aim of the investigation was to study simultaneous treatment effectiveness of dyslipidemia,
diabetes mellitus type II and arterial hypertension in elderly patients with CHD.

Materials and methods:We studied 82 patients (mean age from 65-91, male/female 54/28) with
dyslipoproteinemia, diabetes mellitus type 2 and arterial hypertension II (JNC VII), mean indices of T-C,
HDL-C, LDL-C and TG were: 275.28+29.1 mg/dl, 30.09+3.1mg/dl, 190.25+21.8mg/dl and
298.1+19.05mg/dl correspondingly), glycated hemoglobin varied from 6.5% to 7.0% and the levels of
creatinine varied from 120 to 150 umol/l. Patients were randomly assigned and divided into two groups:
The first group patients received hypolipidemic drugs (atorvastatin 20mg), hypotensive drugs (ACE
inhibitors, Ca-antagonists, duretics) and metmorphine, diabeton during 8 weeks. And the second group
patients received only hypotensive drugs and antidiabetic drugs.

Results: In the first group target levels of lipid profile, glucose concentration and arterial pressure
were reached in 64%, 68% and 71% correspondingly. As for the second group, lipid profile didn’t change
in 86%, and target levels of arterial pressure and glucose concentrations were reached in 51% and 54%,
correspondingly.

Conclusion: Therefore, every patient with type 2 diabetes, must be treated with the above
mentioned scheme in the early period of the disease, in order to be reached target levels of lipid profile
and our treatment will be forwarded not only against dyslipidemia, but against the risk factors of type 2
diabetes and arterial hypertension, because these diseases create vicious circle and aggravate each-other
and simultaneous treatment of the above mentioned pathologies facilitates the management of them and
provides better prognosis. Thus, our effort must be forwarded toward achievement of appropriate target
levels, which may be reached after composite treatment. Complex treatment should be regarded as a
guaranty, for the target levels may be reached via very low doses of medicines which predicts the long
term treatment safety, improvement of life quality and stabilization of already reached results.
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Effects of Carvedilol on Rehabilitation in Elderly Patients with
Chronic Heart Failure

I. Jashi, A. Kutelia, S. Shalamberidze, N. Tavberidze, M. Tevzadze
M. Tsinamdzgvrishvili Institute of Cardiology

Heart failure, a condition predominantly affecting the elderly, represents an ever-increasing clinical
and financial burden for the National Health Service. The aim of this study was to determine whether
carvedilol (C) treatment improved on the outcomes of an outpatient patients, over 60 years of age, with
chronic heart failure.

Methods: 78 male pts, aged 60 to 82, 68% male, with CHF (II-IIl NYHA classification) due to
chronic forms of coronary heart disease were examined. The pts were divided in 2 groups depending on
the treatment: I group (37 pts) received ACE-inhibitors, cardiac glycosides and diuretics; C 3,125 mg bid,
titrated up to 12.5 mg bid was administered with CHF traditional therapy — to 41 pts (Il group). Central
hemodynamic was determined by echocardiography, quality of life was assessed by the Minnesota Living
With Heart Failure Questionnaire. For the 6-minute walk test pts received standardized instructions to
walk as far as possible in 6 min on a 33-m course.

Results: After twelve-month of treatment C improved NYHA class, LVEF, 6-minute walk
distance, and quality-of-life scores — emotional, physical and total (all p<0,05 from baseline) to a greater
extent than traditional therapy of CHF. Pts in the II group have fewer multiple admissions and spend fever
days in hospital.

Conclusions: C is an effective and well tolerated treatment for CHF in the elderly. After twelve-
month C treatment subjective complaints and objective symptoms of CHF decreased and tolerance to
physical activity increased, reduced the functional class of CHF, which helps the rehabilitation of pts.
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Multifactorial Therapy of Patients with Chronic Heart Failure, Caused by

Ischemic Heart Disease

T.Bochorishvili*, M. Rogava*, K.A.Bakuridze**, M.G.Mirziashvili**,
M.G.Kopaliani**, T.M.Kezeli**
N.Kipshidze National Centre of Therapy*,
Thilisi State 1.Javakhishvili University, Thilisi, Georgia**

Introduction. Despite the advances in diagnosis and management of chronic heart failure (CHF) it
remains a major public health problem. Cardiac myocytes respond to the constant overload and
disturbances between oxygen requirements and demands by increasing concentrations of epinephrine and
other hypertension-producing hormones, activating the heart and arterial smooth muscle cells remodeling

[1,3,5].

This process of adaptation to a constant stress includes internalization of B-adrenergic receptors,

uncoupling of the intracellular signaling pathway, inducing the expression of proteins of the contractile
system, increasing muscle mass and reorganization of the myofilaments, resulting of started the vicious
circle of HF progression [1,4,5,8]. Eventually, a cardioinflammatory response due to hemodynamic
overload leads to heart failure via increased myocardial cytokine production (interleukins (IL) and tumor
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necrosis factor (TNF)-a))) and apoptotic processes [4-6, 9]. Consequently, modern concepts of HF therapy
against these stress-induced alterations focus on the protection that could obtain by original drug Adenocin
[2, 6-8, 10]. The therapeutic concept of rational treatment of CHF with Adenocin based on increasing
cardiac output, but to contradict of action of cardiac glycoside alone, avoided the symptoms of
bioenergetic failure, activated extra- and intracellular NAD-signallinig mechanism, restored homeostasis
of redox states and Ca-transport through cellular membranes. The goal of investigation was to study
efficacy of Adenocin treatment of the cardiac hemodynamics parameters and redox-potential,
concentrations of endothelin-1 (ET-1), inflammatory cytokines (TNF-a, IL-6), vascular adhesion molecule
(VCAM) and NADH-oxidase activity in patients with ischemic heart disease (IHD) and left ventricle (LV)
dysfunction.

Materials and Methods. 156 patients with IHD and CHF NYHA class II-IV were enrolled in this
open controlled trial. The protocol was approved by the local Ethical Committee. Exclusion criteria:
myocardial infarction within a month prior to study, uncontrolled hypertension (systolic blood pressure
>160 mmHg or diastolic blood pressure >100 mmHg), unstable angina pectoris in the month preceding
study, bypass surgery or PTCA within one month prior to study, pheochromocytoma, hyperthyroidism,
hypothyroidism, cerebrovascular accident within 3 months prior to study, cancer or any other serious
systemic disease leading to a reduction in life expectancy, renal insufficiency with clinical manifestations,
pregnancy, known drug or alcohol abuse or non-compliance of medications. All patients were randomized
into two group, main and control. The main group patients, additionally to conventional therapy, received
cardioprotective drug Adenocin [2, 6-8, 10] intravenously droply in dose of 2 ampoules dissolved in 100
ml of 5% of glucose, twice daily. Symptoms of CHF, ECG, Echo-ECG and markers of entothelial
dysfunction and oxidative stress intensity of platelets were clinically compared. Blood chemistry analysis
included the measurements of circulating levels of TNF-a, IL-6 and soluble VCAM-1 were quantified
using commercially available immunoassay kits (Quantikine HS, R&D Systems, Minneapolis, Minnesota)
as described [11, 12]. Blood samples were obtained from each patient to evaluate basal and collagen-
induced platelet O,- production, and NAD levels [2]. Data were analyzed by SPSS 10.0 statistical package
and presented as a mean and SD. Statistical significance was considered for a value of P< 0.05.

Table. Comparison of clinical, hemodynamics, bioenergetics, endothelial and immune systems factors in
patients of control and main groups.

Parameters Control group, n=78 Main group, n=78

At baseline After treatment At baseline After treatment
NYHA FC 3,240,3 3,0+0,4 3,240,3 2,1£0,4"
Heart rate, | 92+5 82+4 9246 76+4"
beat/min
6-min walk | 192445 212453 167+46 318+64""
distance, m
Left atrial | 4,6+0,2 4,6+0,3 4,8+0.2 4,002
diameter, cm
LV EDD, cm 6,6+0,2 6,5+0,3 6,8+0,2 5,6+0,3""
LV ESD, ¢cm 5,4+0,2 5,6+0,2 5,8+0,2 5,140,3
LVEF,% 34+4 3543 32+4 4445
NAD, nMol/l 9,6+0,6 9,3+0,3 9,0+0,6 14,3+0,5
NAD/NADH 0,62+0,07 0,600,06 0,58+0,05 0,78+0,04" "
ET-1, pg/ml 4,6+0,2 4,703 4,8+0,3 2,8£0,3 "
TNF-o, pg/ml | 7,6£0,9 8,140,6 8,5+0,8 5,0£0,6 "
IL-6, pg/ml 14,6+1,2 14,8+1,3 15,4+1,4 6,506 "
VCAM-1, 0,98+0,05 0,97+0,07 1,04+0,14 0,65+0,06* ™
pg/ml

Note: significant difference vs baseline - *, significant difference between control and main group - #, one
symbol — p<0,05, two- <0,01, three - <0,001.

Results. Two weeks after the begining a treatment with Adenocin the mean NYHA class of CHF
was significantly improved (table 1, p < 0,001), the number of patients suffering from exercise dyspnoea,
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pulmonary rales, orthopnoea, nycturia and peripheral oedema decreased significantly for each of these
symptoms (p<0,01 for each case). No changes were observed in the control group. Decreases were
detected in heart rate (p<0.001), systolic blood pressure (138+13 mmHg vs 116+12 mmHg; p<0.05), and
left atrial diameter (p<0.001). LV EF increase after administration of Adenocin by 12% (p<0,01).
Improvement of cardiac hemodynamics and geometry coupled with the increasing of redox-potential
(NAD/NADH), decreasing of NADH-oxidase activity and the decreasing of ET-1, TNF-o under treatment
with Adenocin have been obtained.

Plasma level of ET-1 was elevated in patients with CHF. Decrease of the content of ET-1 by 45% in
Adenocin treated group correlated significantly with changes in symptoms of CHF severity, 6-min walk
distance (r = 0.64 to 0.80; p < 0.05), hemodynamic parameters (ejection fraction; r = 0.54 to 0.86; p <
0.05). Moreover, it was established that treatment with Adenocin restores positive correlation between
content of TNF-a and ET-1 (r 0,87, p<0,001) and negative correlation between NAD/NADH and VCAM-
1 (r 0,65, p<0,01). Significant decreases were observed in NADH-oxidase and ET-1 levels with Adenocin
treatment (p<0.001). The redox-potential NAD/NADH levels showed significant correlations with left
ventricular dimensions and systolic function and NYHA FC, the best correlation was with LVEF (1=
0.765, p<0.001 and r= 0.81, p<0.001, respectively). Compared to baseline values, significant decreases
were observed in NADH-oxidase activity, TNF-a and IL-6, and ET-1 levels with Adenocin treatment
(p<0.001). In vivo results shown increased platelet O,- production and plasma TNFa levels in NYHA
class II-IV compared with control or in NYHA I-II (p<0,001); platelet O,- production correlated
significantly (R=0,6; p<0,01) with TNF-a plasma level. In vitro studies have been showed, that TNF-a
dose-dependently (5-40 pg/ml) induced platelet O,- production and Adenocin, acted as an inhibitor of
NAD(P)H-oxidase, significantly inhibited TNF- a-mediated platelet O,- production.

Conclusion: Adenocin therapy leads to pronounced improvement NYHA FC of CHF and exercise
capacity, occurs cardiac deremodeling and LV systolic function raising. The proposed mechanism of the
beneficial action of Adenocin could be consist in restoration of capacity of energetic metabolism and
homeostasis of redox state reactions and, as a result, in the improvement of endothelial function and
cessation of proinflammatory cytokines synthesis.
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Clinical, Immune System Changes and Euthyroid Glands in
System Lupus Erythematosus

S. Glonti, T. Gogilashvili, M. Jvaridze, N. Khurodze, M. Chocoshvili, M. Getiashvili
Thilisi State Medical University, Jhvania Peadiatric Clinic, Batumi Republic Hospital

Key words: Immune system, Euthyroid goiter, SLE.

The aim of the study was to investigate function of thyroid glands as well as cellular and humoral
immune system in patients with System Lupus Erythematosus (SLE). The investigation was carried out on
14 patients with SLE who underwent Ultrasonography of the thyroid glands, who also were studed on T-
lymphocytes and its subpopulations CD3, CD4, CD8, the percentage levels of B lymphocytes, 1gG, IgA,
IgM, testomonies in serum of blood, concentration of thyroid hormones T4 and T3.
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The results show that the cell’s immun system damages more heavier than humor immune status

during SLE. There was detected dramatic decrease of CD3 and CDS8 lymphocytes, and increase of levels
of B lymphocytes, Ig G,Ig A, Ig M . Changes in Immune system are accompanied by decrease of thyroid
hormones T4 and T3 level in serum of blood.

Based on our study we can conclude that studying Immune system with thyroid gland pathology is

important in patients with SLE, as well as studying thyroid gland hormones T4 and T3 in the patients with
autoimmune diseases.
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Clinical Medicine

Possibilities and Problems of Heart Failure Control during Cardiomyopathies
and Myocardial damage of Viral and Various Etiology

M. Rogava
Acad. Nodar Kipshidze National Center of Therapy

Data obtained in our study, as well as result of the trials performed else-where and clinical practice
indicate to the association of DCM and CVH, as well as co-existence of myocarditis and DCM caused by
hepatotropic viruses — this is crowned with the syndrome of the chronic heart failure. In these patients
external factors (such as cardio and hepatotropic viruses and other factors) that exert direct or provocative
damaging effect on the adaptation ability of the target organs, this takes the form of the vicious circle.

Other systems of the organism are actively involved in the pathologic process and we observe
quantitative and qualitative changes in endothelin I, NO, stem cells (none-haemopoetic and progenitor
ones); this is clinically manifested by the unstable course of heart failure and aggravation of the condition.
The balance between oxidative and anti-oxidative systems is disturbed. All this creates favorable
conditions for development of the “cascade mytoptosis”. In this situation cells of target organs and other
systems are shifting to apoptosis and necrosis. At this stage other systems of the organism are actively
involved in the pathologic process, these systems include quantitative and qualitative changes in non-
haemopoetic and progenitor stem cells (erythroid-line young cells), sharp rise in spherocytes. .To our
opinion, stem cells in themselves mainly unite as fundamental origin as “essential material” one, because
they “partly or entirely” satisfy the following principles:stem cells are not the constituents of organism
(even foetus, neonatus or adults), several organs and tissues;They, as stem cells, have minimal features;
Also they have the common with every organ and tissue of organism, because during the distinct stage of
their “development” they reform to the constituents of several organs and tissues. Due to the above
mentioned features, stem cell potentially represents the carrier of every organ and tissue features of
organism, and at the same time, as the concrete active material, it represents “nothing”, except stem cells
and it has not any real sapid dimension, which would determine any concrete role and shape of its’
quality. If the ratio - stem cells/nonhemopoetic and progenitor cells <1 in healthy organism peripheral
blood, in case of chronic heart failure this ratio is changed to contrarily - CD34/CD133>1.

In our experimental series (viral, toxic-allergic myocarditis and cytokine-induced hepatitis models),
myocardium was damaged as a result of the effect of direct or provocative factors, that was followed by
reduction in contractive ability of the contractile proteins, remodeling of heart cavities and volume
overexertion.

Troponin I content in peripheral blood increases, due to specific and non-specific inflammation 40-
fold when compared to normal levels, changes are observed in erythrocyte-line young forms of GP-A
cells. Aggravation of the pathologic processes when decompensation is present is followed by maximal
remodeling of the heart cavities and chronic refractive heart failure. Morpho-functional changes in target
organs were observed and documented in the experiments, carried by us in different animals.

In the initial period of transformation of toxic-allergic myocarditis in DCM in experiment,
remodeling of the right ventricle with volume overexertion. Troponin I content in peripheral blood
increases 70-fold when compared to normal levels, while myocardium mass is 2 times higher; thus DCM
is formed. Contraction/relaxation ability of the contractive proteins sharply drops. clinic III-IV f.c. is
formed, this is reflected by x-ray and echocardiogram picture, increase in end diastolic volume and cardio-
thoracal index and sharp drop in ejection fraction. The content of erythroid-line young forms in peripheral
blood decreases (at the initial stage of the vicious circle their compensatory rise is observed), and does not
exceed lower border of the normal range.

To our opinion, TN-a may be the effect of bone marrow while sharp increase in number of non-
haemopoetic and progenitor stem cells in blood may be the unsuccessful attempt of the organism to switch
the reserve compensatory mechanism maximally. Effect of external factors simultaneously, to some
extends with the same intensity and specificity damage the organs and tissues of the vicious circle.
Clinically, some diseases are manifested by increasing insufficiency of main organs of the vicious circle
and lethal outcome. Based on stated above, the more pathologic processes are the subject of therapeutic
intervention and the earlier preventive patho-physiologic measures against triggering mechanism of the
vicious circles are initiated, the more effective is the treatment, and better-the outcomes.
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Several Risk Factors of the Atherosclerosis Among Women with Breast
Cancer According to the Significance of Oestrogen Receptors

N. Kebadze*, U.Gabunia*, N.Kakauridze**, D. Kordzaia*
Thilisi A. Natishvili Institute of Experimental Morphology Georgian Academy of Sciences*
Acad. N. Kipshidze National Center of Therapy- Clinical and Experimental Research Institute of
Therapy**

Purpose: The purpose of this study is to establish of risk-factors of the atherosclerosis among
women with breast cancer according to the significance of oestrogen-receptors.

Material and methods: We studied 30 patients (females) with breast cancer divided into 2 groups:
oestrogen positive (ER+) and oestrogen negative (ER-).

The breast cancer diagnoses based on the results of history, clinical data, mammographic research,
received hystopathological diagnoses and in some case magnetic resonance imaging and computed
tomography.

Lipids are measured in serum on “Janway 4500 spectrophotometer. Enzyme methods are used for
revealing of levels: total cholesterol (TC) (cholesterol CHOD-PAP Kit, Code SFBC:E6, BIOLABO,
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France); Triglycerides (TG) (GPO Kit, Code SFBC: KO, BIOLABO, France). High density lipoprotein-
cholesterol (HDL-C) after precipitation (HDL Cholesterol- Precipitant, SFBC Code:MI, BIOLABO,
France ). Atherogenic index (Al) and LDL-C by Friedwald are calculated. Oestrogen receptors (ER) status
is evaluated by the immunohistochemistry method as a routine for all patients of breast cancer where
paraffin blocks of the tumor (either primary or metastatic deposit) are available. Data achieved are
processed statistically: M+SD (M-mean, SD- standard deviation), Student- t test were used for the analysis
of the data obtained for the groups. Statistical appearance are determined as P<(0,05. Correlations are
tested according to the Pearson’s correlation.

Results: Confidently difference of total cholesterol (TC), low density lipoprotein cholesterol
(LDLC), very low density lipoprotein cholesterol (VLDC) and triglycerides (TG) are revealed between I
and II groups (P<0,05).

Conclusion: It could be concluded that TC, LDL, VLDL and TG are important risk-factors of
atherosclerosis for women with breast cancer and it may confirm the possible role of lipids as risk -factor
in breast cancer.
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Innominate Artery Cannulation for Ascending Aorta Replacement

Z. Bakhutashvili, Z. Goginashvili, L.Basiladze, K. Beria, L. Gurushidze, E.Pirvelashvili
Acad. G. Chapidze Emergency Center of Cardiology

Key words: cannulation, innominate artery, cardiopulmonary bypass.

Innominate artery cannulation is indicated mainly for surgery which involves aortic root, ascending
aorta and aortic arch when pathology precludes standard cannulation of the ascending aorta. Thus, it can
be used as the procedure of choice in cases of ascending aortic aneurysm, type A (Stanford) aortic
dissection, porcelain aorta and reoperation for coronary or aortic surgery. Cannulation is performed
through a standard median sternotomy, hence avoiding the complications of a second, additional incision.
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It provides antegrade systemic and cerebral flow that is associated with improved distal organ perfusion
and reduced rate of retrograde cerebral embolization compared to femoral arterial cannulation. Moreover,
it eliminates potential complications from axillary artery cannulation, such as upper extremity
malperfusion and brachial plexus injury. Innominate artery cannulation is contraindicated in cases of
excessive calcification and acute dissection involving this artery.

In this review we present our experience with innominate artery cannulation for ascending aorta
replacement.

Methods: During 2009-2010 at Emergency Cardiology Centre by Acad. G Chapidze 5 patients
underwent ascending aortic surgery with innominate artery cannulation. Double purse string sutures were
used for fixation. After starting cardiopulmonary bypass, recording both radial artery pressures was used
to evaluate adequacy of CPB flow. According to type and localization of injury, an aortic valve and
ascending aorta replacement, as well as aortic arch replacement and coronary artery bypass grafting were
performed. An antegrade cerebral perfusion, warm cardioplegia and moderate hypothermia (28° - 32° C)
were used to protect heart, brain and rest of the body. Results: Malperfusion - 0, hospital mortality - 1,
temporary neurological dysfunction - 2, permanent neurological dysfunction - 0. Conclusion: Innominate
artery cannulation is an easy and safe option for thoracic aortic surgery, in cases when ascending aortic
cannulation is impossible or related with high risks of complications.
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Efficacy and Safety of Zo 20 (Simvastatin 20 mg)
in Patients with Ischemic Heart Disease

G. Chapidze, L. Rigvava, T. Kavtaradze, M.Shevardnadze, L. Kopaleishvili
Ac. G. Chapidze, Emergency Cardiology Center, Thilisi, Georgia

The aim of the study was to assess the efficacy and safety of Zo 20, hypolipidemic drug, produced
by “GM Pharmaceuticals”, Georgia, in patients with Ischemic Heart Disease (IHD) and dyslipidemia.

Methods: Totally 50 patients with documented IHD and dislipidemia were enrolled in this open
label, prospective study. All patients were treated with 20-40 mg Zo 20 daily, in order to achieve study
endpoint — LDL-C level < 100 mg/dl. Study visits were performed monthly, study duration was 3 months.
Study drug efficacy and safety was monitored at each visit, performing full lipid panel laboratory test and
assessing adverse events.

Results: 49,4 % of patients achieved LDL-C level < 100 mg/dl, receiving 20 mg Zo020 during 1
month, in all other patients the study drug dose was increased to 40 mg daily and finally 89,5% of study
patients achieved LDL-C goal. Total Cholesterol level was decreased by 28%, LDL-C by 40% and
Triglycerides by 22%. No adverse events were associated with study drug. All patients completed the
study, receiving 20 or 40 mg Zo 20 daily.

Conclusion: Zo 20 is effective and safe in treatment of patients with IHD and dislipidemi.
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Aspirin: aUnique Medication’s New Clinical Possibilities

Sh. Chumburidze
Acad. N. Kipshidze National Center of Therapy

Aspirin is still the most versatile and effective medicine on the pharmacist’s shelf. But as doctors
are now increasingly recognizing, the drug does not just relieve aches and pains, it can also prevent a wide
range of serious, life threatening conditions.

The active ingredient in aspirin, acetyl salicylic acid, is a synthetic derivative of a compound,
salicin, which occurs naturally in plants, notably the willow tree. Extracts of willow were traditionally
used in folk medicine and as early as 400 BC the Greek physician Hippocrates recommended a brew made
from willow leaves to treat labour pains.

1897 Felix Hoffmann of the Bayer pharmaceutical company developed the process of synthesizing
the acetyl salicylic acid named later as aspirin.

In early clinical trials aspirin was found to be a potent treatment for pain, fever and inflammation.
Today it is the best known and most widely used medicine in the world with an estimated 100 billion
tablets swallowed every year.

But how aspirin works was a mystery until comparatively recently. During the 1970s the British
scientist Professor John Vane discovered that it blocked an enzyme needed for the production of natural
hormones called prostaglandins involved in many body processes including pain and tissue injury. In 1982
Professor Vane won the Nobel Prize for Medicine for this work.
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Yet even now biomedical scientists are still finding out more about the effects of aspirin in the body
and their discoveries are opening up further possibilities for future clinical applications. Probably the most
significant of these is its role in preventing the production of the prostaglandin thromboxane, which is a
vital link in the process which leads to the formation of blood clots.

Small daily doses of aspirin may therefore help prevent diseases such as heart attack, stroke and the
blindness.

There have been many trials to test the long term benefits of using aspirin as a preventive medicine.

Analysis of data from a large studies suggested that regular aspirin use may reduce the risk of heart
disease, ischemic stroke, prostate cancer, breast cancer, pancreatic cancer, colorectal cancer, leikemia,
cataract, Alzheimer’s disease.

There is evidence that the use of aspirin in pregnant women predisposed to preeclampsia
significantly reduces the rates of preeclampsia and perinatal death, without evidence of harm.

Equally importantly it will be necessary to find out if long term treatment with aspirin does any
harm. As the drug has been used so widely and for so long this may seem unlikely but as with all
medicines there are always some risks. So far the only proven side effects of aspirin use are remarkably
minor. About six per cent of patients suffer some form of indigestion and about one in 500 may get an
allergic reaction usually itching. In some people it may also cause mild bleeding from the lining of the
stomach and patients with gastric ulcers are told to use some other form of painkiller.

Most of the drugs which would have been found alongside aspirin in a Victorian pharmacy have
long since disappeared, replaced by newer and more effective drugs. But aspirin goes from strength to
strength. And given the pace of current research into new uses for the drug it seems likely that it will still
be available long into the next century.
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Clinical and Demographic Characteristics of Prehospital Diagnosis of
Myocardial | nfarction

N.Tsintsadze*, M. Kiknadze**
Shota Rustaveli Batumi State University * Thbilisi State Medical University **

K ey words: myocardial infarction, prehospital stage, demography

The aim of our study was to investigate results of prehospital diagnosis of myocardial infarction in
519 patients of different age and gender. Myocardial infarction was typical in 72,0%, atypical - in 28,0%
of patients. Most frequently myocardial infarction with atypical pain syndrome 12,1%, arrhythmic — 3,2%,
asthmatic — 8,3%. M1, abdominal — 4,2%. Late diagnosis of typical and atypical ml* was 12,8 and 20,6%.
No statistically significant differences were found in frequency of diagnostic errors in different
demograthic groups of patients. For 3 year was a trend to hyperdiagnosis of myocardial infarction,
especially in young patients and males. Late diagnosis occurred more rarely in both males and females.
Reduction of hypo and rise in hyperdiagnosis occurrence in 3 years occurred due to atypical variants.
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Similarities and Differences Between Atrial Flutter and Atrial Fibrillation

L.Chantladze, T.Kaciashvili, N.Khucishvili, Kh.Nodia
Iv. Javakhishvili Thilisi State University, Faculty of Medicine

Atrial flutter and atrial fibrillation have a complex relationship that has mechanistic, diagnostic,
therapeutic and prognostic components. While thromboembolic risk management and pharmacological
strategies share many similarities, there are important differences. Radiofrequency ablation should be
considered to be early, first-line alternative to pharmacological strategies for many patients with atrial
flutter.
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Parodontitisand Its Connection with Its Structural Organization against
Acute Myocardial Infarction

N. Lobzhanidze, N. Khvitia, G. Danelia, T. Lobzhanidze
Zugdidi Independent University, Kutaisi Regional Stomatological Center

The structural of endotelies have been studied in paradontitis complicated by acute myocardial in
bfarct. The structure of endotelies in paradontitis without the accompanying disease has been
symultancously studied for the control purpose. It was found out that accompanying disease (acute
myocardial infarct) influences the endothelial cells, structurally destroying them more and more. The
material has been studied with the help of light and electronic microscopes.
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Retrospective Analyze of Diseases with Heart Failure Syndrome
Based on the Study of the Casesin Several Regions
Of Georgiain 2005 — 2009

M. Rogava*, T. Bochorishvili*, K.Kapanadze*, V. Danelia**, I. Xuroshvili**, A. Kavzharadze***
Acad. N. Kipshidze National Center of Therapy*,
Rustavi Central Clinic ** Ozurgeti Clinical Hospital ***

The published data revealed increasing annual trend in incidence of cardiovascular non-coronaro-
genic diseases. The heart disease retrospective study, held in Rustavi and Guria regions has shown that in
10736 patients, hospitalized during 5 years, 2455 (22,87%) had heart failure syndrome, and 0.65% among
them were diagnosed as cardiomyopathy, and 0.29% - as myocarditis (except for rheumocarditis). Today
there are no preventative measures of these diseases in Georgia. Based on our case studies, we can
conclude that the degree of verification of these diseases is extremely low, which is caused not only by the
social-economic reasons, but also by specific diagnostic difficulties. Therefore, we suggest that above
mentioned diseases are topical enough and need appropriate attention in terms of elaboration of
preventative measures, diagnosing and treatment worldwide and in Georgia, because prompt diagnosing
and appropriate treatment are indisputably in positive relation with life expectancy and the quality of life.
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Fig. 1. Apthons ulcers in Crohn’s disease (Kh. Pachkoria, M. Iverieli, M. Vasadze, M. Gabashvili,
L. Aruthinova, N. Shengelia, L. Tsintsadze, A. Murmanishvili, 1980-2010)

All rigths reserved!
Reproduction or copyright of any part of this atlas is unlawful

wisthout writter permission of the aurhor (Kh. Pachkoria)
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Fig. 2.

Fig. 3.

Fig. 4.

Fig.2. Erythematous pyoderma in Crohnis disease. Berare treatment with prednisone (links) and after
successful treatment (rigth).

Fig.3. Syogren syndrome in Crohn’s disease. Befone treatments with prednisone (left) and after successful
treatment. Note impontant diminisled enlargennarotic syalglands
(Kh. Pachkoria, N. Basishvili, 2004 ).

Fig.4. Melkerson-Rosntal syndrome (swolen and enlarged) upper lip and tongue (rigth lateral side) in
Crohn’s disease
(Kh. Pachkoria, M. Kikabidze, 2010 ).
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Fig. 5°

Fig. 6

Fig. 7

Fig.5. Multiple perianal fistules in Crohn’s disease (Gela Mukhashavria et al 1989).

Fig.6. Gangrenous pyoderma in Crohn’s disease before (left) and after treatment with predlinizone
(Kh. Pachkoria, N. Turmanidze, 1990.

Fig.7. Spontaneus enterocutaneus fistules (SEF) in Crohn’s disease)
(S. Kemoklidze, Kh. Pachkoria, et al 1998-2008)

All rigths reserved!
Reproduction or copyright of any part of this atlas is unlawful
wisthout writter permission of the aurhor (Kh. Pachkoria)
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Fig. 8. Multiple perianal fistula and anthous ulcers in Crohn’s disease before (left) and after treatment with
Prednisone (right). (Kh. Pachkoria et al. 2004)

Fig. 9. Genitale Crohn’s disease before (left) and after trentment with prednizolone (right).
(Kh. Pachkoria, S. Laliashvili, 2005)

All rigths reserved!
Reproduction or copyright of any part of this atlas is unlawful
wisthout writter permission of the aurhor (Kh. Pachkoria)
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Fig.10. Boy aged 17 with subnamism (149 cm) malnutrition (34 kg weith), hypogonadism, erythema
tous glositis and Enterocutaneus flegmona

(S. Kemoklidze, Kh. Pachkoria 2010).
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Stress-a 21 Centurys Desease

N. Papidze
Iv. Javakhishvili Thilisi State University, Faculty of Medicine

"stress" - with this word you can't anyone surprise.The word "stress" was used in1936 year by
canadian sientists Hns SEliem and itself means organizm's tensity, which has sometimeas frotactable
function for organizm. Every stress is not always unpleasant. For example: to increase salary, but
bytheway sress is also lose your job, or sick from work. Actually stress is called as a 21 sentury's deseas,
which could cause such changeability, which are: arterial hipertensial, ulcer, arrythmia, diabets and so
on...
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Metabolic and Mitochondrial Remodeling asa Key Trigger mechanism of
Cardiac Remodeling, Hypertrophy and Heart Failure. Role of Inflammation

M. Rogava, T. Bochorishvili, K. Kapanadze
N.N.Kipshidze National Centre of Therapy, Thilisi, Georgia

Key words: heart failure, metabolic remodeling, mitochondrial remodeling, cardiolipin,
inflammatory processes markers

Introduction: Cardiac diseases are a major cause of morbidity and mortality in the Western World.
Atherosclerosis, hypertension and myocardial infarction (MI), in particular, predispose to the development
of heart failure, a debilitating syndrome with poor prognosis. The failing heart is hypothesized to suffer
from energy supply inadequate for supporting normal cardiac function [7,33]. These decreases are
associated with abnormal levels of other energy metabolites in both animals and humans with left
ventricular hypertrophy (LVH) and congestive heart failure (CHF), implying abnormal regulation of
oxidative phosphorylation in LVH and CHF. The mechanistic relationship between energy metabolism
and cardiac contractility during the development of heart failure has long eluded understanding [7]. The
present dates receive from experimental results and clinicical trials gave ground to hypothesize the
concept that, following chronic pressure and volume overload and after regional MI, the heart gradually
develops a diminished capacity to generate adenosine triphosphate (ATP) required for the heart to
maintain cardiac output at an adequate level [63]. The heart has a continuous requirement for energy in the
form of ATP. Mitochondria are the primary ATP provider via the conversion of food fuels to usable
energy. The constant demand for cardiac mechanical power is supported by a high rate of ATP production
[6, 7, 3]. Observations in vitro and in vivo using *'P-magnetic resonance spectroscopy on failing hearts
show that basal ATP and phosphocreatine (CrP), as well as the total creatine pool, decrease steadily as
cardiac hypertrophic remodeling progresses [3]. The central hypothesis that has emerged from these
observations is that the evolution from the normal to failing heart involves ‘‘energy starvation,”” in which
the ability of mitochondria to synthesize ATP at the rate and free energy required for normal cardiac
function is impaired (fig. 1). Specifically, analysis reveals a phenomenon in which low and moderate
reductions in metabolite pools have no major negative impact on oxidative capacity, whereas reductions
beyond a critical tipping point lead to a severely compromised energy state [6, 63].
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Fig. 1. Hypothetical role of genomic alterations as causative factors in the chain of events leading
from compensated hypertrophy to cardiac failure. Reductions in PGCla (PPARg-coactivator-1a),
and Nrfl/2 (nuclear respiratory factors 1/2; left side) impair mitochondrial replication and the
expression of genes constituting respiratory chain complexes. Concurrently, the expression/activity
of PPARs (right side) isreduced leading to diminished expression of FA oxidation (FAQO) genes[63].
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The transition point corresponds to reductions in the total adenine nucleotide pool of =30%,
corresponding to the reduction observed in humans in heart failure [7]. At given values of total adenine
nucleotide and the total exchange able phosphate pool during hypertrophic remodeling, the creatine pool
attains a value that is associated with optimal ATP hydrolysis potential. Thus, both increases and
decreases to the creatine pool are predicted to result in diminished energetic state unless accompanied by
appropriate simultaneous changes in the other pools with the normal heart (fig. 2). Myocardial
phosphosreatine: ATP ratios are reduced in heart failure, and they correlate with NYHA classess [34] and
with indexes of systolic [35] and diastolic [28] function.

Myocytes of the failing heart undergo impressive metabolic remodelling. The time line for
changes in the pathways for ATP synthesis in compensated hypertrophy is: flux through the creatine
kinase (CK) reaction falls as both creatine concentration ([Cr]) and CK activity fall; increases in [ADP]
and [AMP] lead to increases in glucose uptake and utilization; fatty acid oxidation either remains the same
or decreases.
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Fig. 2. Cardiomyocyte energy metabolism. (A) Normal cardiomyocyte. Cardiomyocyte mainly uses
fatty acids that enter the cell membrane through fatty acid transports (FAT) and at the
mitochondrial membrane before being used by p-oxidation and electron transport chain (ETC) to
produce ATP. Glucose and lactate enter through their respective transporters (Glut and MCT) and
are transformed into pyruvate by glycolysis and lactate dehydrogenase (LDH), respectively.
Pyruvate enters the Krebs cycle to produce ATP. ATP is then converted into phosphocreatine by
mitochondrial creatine kinase (CK). Phosphocreatine is used by localized CK close to ATPases to
rephosphorylate ADP. (B) Failing cardiomyocyte. In heart failure, fatty acid utilization is blunted,
mitochondrial activity decreases and ATP synthesis is impaired. Moreover, decreased CK
expression compromises energy transfer within the cardiomyocyte. The possible sites of action of
PGC-laareindicated [64].

In uncompensated hypertrophy and in other forms of heart failure, CK flux and fatty acid oxidation

are both lower; any increases in glucose uptake and utilization are not sufficient to compensate for overall
decreases in the capacity for ATP supply and [ATP] falls. Metabolic remodelling is under transcriptional
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and post-transcriptional control. The lower metabolic reserve of the failing heart contributes to impaired
contractile reserve [7, 33]. Because the amount of ATP in the heart is small (=10 mM, enough for only a
few beats) compared with demand (as much as 10 000 times greater), the myocardial cell must continually
re-synthesize ATP to maintain normal cardiac pump function and cellular viability. Consequently, the
rates of ATP utilization and re-synthesis are very large. The concentration of ATP ([ATP]) is maintained
constant, despite large and variable changes in ATP demand. The different pathways for ATP supply have
different rates of ATP synthesis: phosphoryl transfer via CK is =10 times faster than ATP synthesis in
mitochondria (= 0.7 mM/s) which is =20 times faster than glycolysis [6, 33]. During acute increases in
work in the normal myocardium, glycogen is used,2 more glucose is influxed, and phosphocreatine (PCr,
the primary energy reserve compound in the heart) is used to support the demand for more ATP. To
maintain constant [ATP], the sum of the rates of ATP synthesis by the mitochondria, glycolysis and
glycogenolysis, and the phosphotransferase reactions matches the sum of rates of ATP utilization by the
sarcomere, ion pumps, etc. This flexible dynamic metabolic network is the normal state of the myocyte.
The efficiency of ATP production expressed as the ratio of ATP synthesis rate to O, consumed (P:0)
differs slightly depending on the mix of substrates oxidized: the P:O is =15% higher for oxidation of
glucose only (a condition that occurs only in severe ischaemia) vs. fatty acids only.
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Fig. 3. Loss of ATP in the failing heart. (A) *P NMR spectra from failing human heart showing the
loss of PCr and ATP [37]. (B) Data from the pacing dog heart model of heart failure showing the
progressivefall in ATP, the progressive loss of the total adenine nucleotide pool (TAN) and the close
relationship between ATP and TAN. (C) Data for ATP (insert) and rate-pressure product (RPP) for
wild-type (WT, solid bars) and PGC-1a null mouse hearts (TG, grey bars) at basdine and during
inotropic challenge with dobutamine with two differ ent substrate mixes.
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The myocardium adjusts quickly to changes in arterial substrate concentrations, giving it the
metabolic flexibility needed for feeding and fasting and variations in food composition. Under healthy
conditions, there is little accumulation of intracardiac triglyceride (TG) and glycogen despite high rates of
fatty acid and glucose uptake (fig. 3). This is attributed to relatively low plasma free fatty acid (FFA)
concentrations (0.8 mM) and tightly-regulated glucose homeostasis (~4—5 mM). However, an elevation in
plasma fatty acids, such as with fasting or starvation, accelerates fatty acid uptake and oxidation, inhibits
glucose oxidation, and increases myocardial TG and glycogen stores [28]. The adaptation of cardiac
muscle to training involves cardiomyocyte remodelling and hypertrophy.

Mitochondrial dysfunction (fig. 5) may play an important role in the initiation and development of
atherosclerosis, ischemic/reperfusion injury of the heart and nervous system, and now will discuss the key
targets of mitochondrial oxidative dysfunction, reactive oxygen species (ROS) production, regulatory
mechanisms and targets of ROS; the mechanisms by which mitochondrial dysfunction and ROS
production could lead to vascular dysfunction and atherosclerosis; and the role of mitochondrial
dysfunction in various atherosclerotic risk factors [3,4, 46,47,52,53].
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Fig 4. Loss of Creatine in the failing heart. (A) Creatine (top) and Creatinlinase activity (bottom)
obtained from biopsy specimens of human myocardium are lower for both accident victims
maintained on inotropic support and ventilation and for HF patients [37]. (B) Data from the pacing
dog heart model of HF showing the progressive and rapid fall in Cr. (C) Product of CK activity and
[Cr], an index of energy reserveviathe CK reaction, plotted against theincreasesin left ventricular
developed pressure (LVDP, top), change in heart rate (HR, middle), and increases in rate-pressure
product as an index in contractile reserve (bottom) [16].

ROS are produced by oxidative phosphorylation (OXPHOS) pathway involved in energy production
in mitochondria. The transfer of electrons through the ETC leads to pumping of protons across the
mitochondrial inner membrane at complexes I, III, and IV, creating transmembrane electrochemical
gradient [5, 33, 62, 63]. ATP is then exchanged for cytosolic ADP by the adenine nucleotide translocase
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(ANT). It has been estimated that 0.2 to 2.0% of the molecular oxygen consumed by mitochondria is
reduced by a single electron transfer from the ETC to form superoxide anion (O;") [54].
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Fig. 5. Atherogenic mechanisms of mitochondrial dysfunction. Various agents associated with
vascular pathophysiology induce mitochondrial dysfunction and increase ROS production.
Mitochondrial dysfunction leads to decreased aerobic capacity, a strong predictor of mortality.
Increased mitochondrial ROS production causes endothelial dysfunction/apoptosis and VSMC
proliferation/apoptosis, leading to the development of atherosclerosis. Apoptosis of VSMCs and
macrophages caused by enhanced ROS production affects atherosclerotic lesion progression and
may cause plaque rupture. The figure also depicts the interplay between mitochondrial dysfunction
and ROS production. CVD indicates car diovascular disease [28].

ROS production depends on the metabolic state of mitochondria. For example, O, production is
greater during state IV (low electron flow and ATP synthesis, low ADP levels, high NADH/NAD ratio,
and low oxygen consumption) respiration than in state III respiration (high electron flow, fast ATP
synthesis, partial depolarization, and a decreased NADH/NAD ratio) [3,4, 6, 7, 9, 56] In the absence of
ADP, electrons derived from succinate (FADH,-linked complex II substrate) can reversely flow to
complex I generating increased O, production, and, for this reason, complex I is considered the major
physiologically and pathologically relevant ROS-generating site in mitochondria [27,28, 6].

The importance of a unique tetra-acyl phospholipid cardiolipin, for the first isolated from beef heart
in the early 1940s [42], in mitochondrial function. Cardiolipin, a phospholipid present almost exclusively
within the mitochondrial inner membrane, is an early target of ROS either because of its high content of
unsaturated fatty acids or proximity to ETC [65]. This phospholipid plays an important role in
mitochondrial bioenergetics, as it optimizes the activity of some ETC complexes and ANT by binding to
cytochrome ¢ [8, 44]. Cardiolipin interacts with membrane-bound proteins to orient and activate them. It
affects matrix proteins, mitochondrial membrane receptors, and leader peptides. Cardio-
lipins, especially those with high linoleic acid (18:2) content, strongly bind many mitochondrial carrier
proteins and oxidative phosphorylation enzymes. They exhibit an especially high affinity for cytochrome
oxidase [7, 9]. ROS-induced cardiolipin oxidation impairs complex I activity [8] and induces cytochrome
c release [10]. Indeed, alterations in the content and/or composition of CL have been well documented in a
variety of pathological settings associated with mitochondrial dysfunction. In addition, the changes in CL
discussed below have been shown to initiate the mitochondrial apoptotic cascade by resulting in a
detachment of cytochrome c¢ from the inner membrane [31]. Whereas cardiolipins are not absolutely
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essential for activation of this enzyme complex in vitro, maximal activities of cytochrome oxidase are only
obtained when cardiolipins are present [2, 19]. In vitro, saturated cardiolipins form membrane bilayers
while unsaturated cardiolipins form nonlamellar phases. Cardiolipins are capable of participating in proton
conductive pathways along bilipid membranes when embedded in an ordered bilipid matrix containing
phosphatidyl choline and phosphatidylethanolamine, such as the inner membrane of the mitochondrion
[21, 41]. Anti-cardiolipin antibodies are independent risk factors for atherosclerotic vascular disease [22,
15]. Infection with the herpes simplex virus (HSV) can markedly inhibit the synthesis of cardiolipins
while leaving the synthesis of other phospholipids relatively [3].

Recently, it was discovered that the primary molecular manifestation of the lethal cardioskeletal
myopathy known as Barth syndrome is an alteration in CL metabolism that results in a loss of CL content
and defective CL remodeling [54, 57, 64]. There is evidence for at least three general categories of
pathological alterations in the CL profile: 1) a loss of CL content, 2) CL peroxidation, and 3) a change in
CL acyl chain composition. A decrease in the mitochondrial content of CL is the most frequently reported
pathological alteration of the CL profile. A selective loss of CL content in mitochondria could arise from
enhanced CL degradation (e.g., hydrolysis by endogenous phospholipases) [32, 38] or by decreased de
novo CL synthesis resulting from impaired function of enzymes involved in CL synthesis [37] or
decreased bioavailability of CL precursors [3].

Heart Failure

Barth Syndrome Heart Failure
Ischemia / Reperfusion Ischemia / Reperfusion Senescence
Senescence Senescence Barth Syndrome
Oxidative Stress Hypothyroidism 18:2-deficient diet
t Mitochendrial ROS I CL degradation Aberrant CL remodeling
production | de novo synthesis | 18:2 binavailability
[ X
[ | CL Peroxidation m | CL Mass | | | Tetralinoleoyl CL
| )

| C T

"

—————————— Mitochondrial Dysfunction

Fig. Cardiolipin alterations associated with various pathological conditions[13].

Mitochondrial oxidative stress and lipid peroxidation have been associated with a wide variety of
diseases and disorders, CL may be particularly susceptible to peroxidation because of the abundance of
double bonds in its structure [40], and its close association with respiratory chain proteins, which are
known to be a major source of ROS in mitochondria [43-44]. Several studies indicate that peroxidized CL
is unable to support the reconstituted activity of mitochondrial respiratory enzymes [3, 44]. Furthermore,
CL peroxidation may lead to an overall loss of detectable CL content, either by preferential hydrolysis of
peroxidized acyl chains by PLA2 [31], direct decomposition of lipid peroxides [37], or the formation of
CL-protein complexes that would no longer be detected as phospholipids [62]. Evidence for the role of
oxidative stress in a loss of CL comes from studies where CL content was preserved by reducing ROS in
ischemic heart and skeletal muscle [3, 29].

Virtually nothing is known about the interactome of the mitochondrial ADP/ATP carrier (AAC).
Therefore, a more complete deinition of proteins that interact with AAC will provide insight into normal
physiological processes as well as certain pathological conditions linked to AAC function/dysfunction. To
this end, we have focused our attention on yeast AAC2 and added the extra wrinkle of examining the
influence of CL on the dei ned AAC2 interactome. Moreover, a large body of work collectively indicates
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that CL is uniquely important for AAC structure and function [3, 15,16]. Additionally, CL peroxidation
has been linked to cytochrome c (cyt c ) release in the early stages of apoptosis [38]; CL oxidation,
reduced CL levels, and/or altered molecular composition linked to the mitochondrial dysfunction
associated with aging, ischemia and reperfusion, and Barth syndrome [3]; and disturbances in CL
synthesis and increased CL catabolism connected to diabetic cardiomyopathy [3, 16]. Therefore, the
pathological insults affiliated with any of these conditions could in theory involve alterations in the AAC
interactome caused by the altered mitochondrial lipid environment observed in these disease states.

A pathological consequence of CL compositional changes has been primarily confined to a loss of
the L4 species in the heart, where it is generated by the acyl chain remodeling pathway illustrated in fig. 5.
Early evidence for a role of CL alterations in HF came from O’Rourke B., Reidel D.K. [38], who reported
a reduction in the 18:2 content of CL fractions isolated from rat hearts induced to rapid pressure-overload
hypertrophy and failure by chronic aortic banding. A loss of cardiac CL content was reported during the
progression of HF in cardiomyopathic hamsters, which the authors ascribed to a loss of cardiac
diacylglycerol content and impaired phospholipid biosynthesis [37]. Recently, a loss of cardiac CL content
was found in failing hearts from patients with dilated or ischemic cardiomyopathies [44]. While
P.M.Heerdt et al. [18] did not rule out the effect of decreased mitochondrial density on CL content, they
did report changes in the relative quantities of CL species in ischemic HF, which were further modified by
support with a left ventricular assist device. Recent data from our laboratory indicate that progressive
changes in cardiac CL composition occur in both interfibrillar and subsarcolemmal mitochondria during
the pathogenesis of HF in spontaneously hypertensive HF rats. These changes are characterized by a
marked loss of the L4 species and an increase in minor species containing highly nsaturated acyl chains,
with a loss of CL mass occurring only in interfibrillar mitochondria [3,60]. Decreases in CL preceded the
development of HF in the spontaneously hypertensive HF rats by several months and correlated closely
(r<0.8-0.9) with a loss of cytochrome oxidase activity in both populations of cardiac mitochondria, despite
no change in enzyme protein expression.

The mechanism(s) of CL alterations in the hypertrophied and failing heart are unknown, prior studies
indicate that CL compositional changes following aortic banding are unaffected by B-or a-adrenergic
blockade [44], arguing against a role of chronic adrenergic stimulation. In fact, CL content was elevated
relative to other phospholipids in spontaneously hypertensive rat hearts [15,16], and isoproterenol has
been shown to increase CDP-DAG synthase activity [3], suggesting that heightened sympathetic drive and
hypertension may actually increase CL synthesis.

The another closely accompanied with bionergetic disturbances in functional consequence of HF
progression is inflammation. Inflammation as an important pathway of endothelial dysfunction or as part
of ischaemia-induced tissue damage. Inflammatory activation may be different in HF occurring in the
early stages after myocardial infarction compared with chronic ischaemic HF, or even HF occurring in the
course of viral myocarditis [22,23,1,4,62]. It is widely accepted that inflammation is strongly implicated in
almost every aspect of cardiovascular disorders including HF [1,4,34,6,29,30]. Levels of circulating
cytokines have been correlated with short-and long-term outcome and in several instances, with the
response to treatment [29,30]. Even in the milder and more initial stages of HF, altered cytokine activity—
especially increased levels of interleukin (IL)-6 and tumour necrosis factor-a (TNF-o)—are present (fig.
6) and have been evaluated as potential marker for risk stratification, early diagnosis and prognosis. TNF-
o has been implicated in HF progression as a mediator of myocardial dysfunction and adverse remodeling
[30,46,61]. Indeed, animal studies have demonstrated increased cardiac expression of TNF-a in failing
myocardium and the overexpression of myocardial TNF-a results in left ventricular dysfunction and
dilatation [1,58]. Case—control studies have also shown activation of inflammatory cytokines, particularly
TNF-a, in the myocardium and peripheral monocytes in patients with HF and have suggested that
increased circulating levels are associated with increased mortality [3, 29, 59]. In fact, pro-inflammatory
molecules are activated earlier in HF than are the classic neurohormones which tend to be activated in the
latter stages of HF. It has been shown that significantly higher TNF-a levels in patients in the early stages
of HF (NYHA 1I) compared with normal subjects [22-24, 47]. Moreover, a linear association between
TNF-a levels and functional HF classification has been shown [25,48-51].

95



Review

Maintenance of ~ Regulation of inflammation
tolerance

Tole-nganic

i APC
* Atheroscleratic

Lymphoid
argans
) plaque e
Tolerogenic o s # v A I NP
APC el IL-10 THF - SMC IL-1

o TGFR IL-1 (]
s — IL-1ra L8
v — IL-18BP + IFN-y (?) VCAM-1
; _ ICAM-1
"“\_ E-selectin

Mature

APC

T = P-selectin

T e&)

i EC IL-1
1

4 LG

| L-e

Tho
IL-2 IL 188P
@ |-

YThi  Th2

Pathogenic

j e + + J
immunity 1 F- —3 ‘\“w\ IL-2 - IL-4
1 - ) Resistn IFMy IL-5
' Sy i Rl 17 ‘5 (‘ Y e
(o} + - + IL-10
\L{ L

NKT cells Treg IL-10

IFNy e t) e

Fig. 6. Local and systemic effects of pathogenic and regulatory cells in atherosclerosis. Lymphoid organs are
specialized in antigen presentation and may be the major site of pathogenic or tolerogenic antigen
presentation and T-cell priming in atherosclerosis. Antigen presentation may also occur within the
atherosclerotic plaque, which is rich in cells with antigen-presenting capacity (macrophages and dendritic
cells). Continuous trafficking of immune cells between the inflammed ather oscler otic artery and the lymphoid
organs may be necessary to mount an adaptive immune response. CD28 engagement and |L-2 production by
pathogenic T cells are required for Treg cell survival and maintenance in the periphery. Treg cells suppress
the pathogenic response through 1L-10, TGF-$, and/or cell-cell contact-dependent mechanisms. The precise
mechanisms that drive a pathogenic or a regulatory immune response in atherosclerosis are currently
unknown. Cytokines are produced by several cell types, including inflammatory and vascular cells, as well as
adipocytes. IL-12 and IL-18 produced by macrophages are potent inducers of IFN-y and promote the
differentiation of naive T cells into proatherogenic Thl cells. Macrophage or macrophage-derived cytokines
also activate smooth muscle cells (SMC) and endothelial cells (EC) to produce an array of proinflammatory
mediators. Other anti-inflammatory mediators with potent antiatherogenic properties include IL-1 receptor
antagonist (IL-1ra) and IL-18 binding protein (IL-18BP). Interestingly, IL-4, the prototype of Th2 cells, has
proinflammatory propertieson EC. Adipocytes produce both pro- and anti-inflammatory mediators[61].

It has been hypothesized that a sustained increase in cytokines, including TNF-a and its receptor,
results in a monocyte phenotype transition, as well as cardiomyocyte apoptosis, and activation of matrix
metalloproteinases—eventually leading to cardiac hypertrophy and adverse LV remodeling [3, 59].
However, attempts to utilize TNF-o as a therapeutic target in patients with severe systolic dysfunction
have resulted in an increase in all-cause mortality. Despite its many deleterious effects, TNF-a has also
been demonstrated to exert some protective effects, namely against acute ischaemic injury.

To date, the role that TNF-a plays in HF has not been fully elucidated and warrants further
investigation Nonetheless, the major consequences of high ROS levels in HF may relate to endothelial
dysfunction [20, 29]. Among HF patients with severe endothelial dysfunction and reduced nitric oxide
availability, there is a close association between the degree of endothelial dysfunction and the risk of
adverse clinical outcomes [18]. Finally, ROS are a potential target of drugs with known pleiotropic
antiinflammatory and anti-oxidative effects; for example, several studies have demonstrated the important
role of the antioxidant effects of statins on cardiac hypertrophy and on endothelial dysfunction in patients
with HF. However, the approaches tested so far have been largely disappointing due either to neutral
findings or even a worsening of HF. These discouraging results have raised a number of important
questions regarding the role that inflammation may play in the pathogenesis of HF and whether anti-
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inflammatory approaches are likely to be beneficial [18,20]. In addition to the treatments discussed earlier,
there are several novel potential therapeutic options to reduce inflammation in HF that are emerging from
pre-clinical discoveries. These target novel cytokines, chemokines, and mediators of oxidative stress, and
target cell signalling pathways and the inflammatory cell response [53].

Several studies have shown that inflammation contributes importantly to LV remodelling processes.
The major challenge for an effective anti-inflammatory strategy to prevent or reverse LV remodelling is to
limit detrimental inflammatory cell-mediated changes, while simultaneously anti-inflammatory inter-
ventions may exert potent beneficial effects on LV remodelling and dysfunction, raising the possibility
that an appropriately timed and targeted anti-inflammatory therapeutic intervention may exert beneficial
effects on LV remodelling and dysfunction. LV remodelling remains an important treatment target in
patients after MI or with CHF. While the beneficial effects of ACE inhibition, AT 1-receptor blocker the-
rapy, and b-blocker therapy on LV remodelling are established, adverse LV remodelling is still observed
in a substantial proportion of patients and is related to an adverse prognosis. These observations call for
novel therapeutic strategies. Major common detrimental pathways that are believed to be targeted by the
above agents are activation of the renin—angiotensin—aldosterone system and sympathetic activation (so-
called neurohumoral activation). In addition, mechanical interventions such as resynchronization therapy
also have proven benefit in sicker patients. However, from mortality and morbidity remain substantial in
HF patients despite the use of the above treatments, underscoring the need for additional therapeutic
options. In particular, there may be significant potential in therapies that target other pathophysiological
pathways, one of which reached by including in the management cardioprotective and cardiotonic drug
with ability to metabolic and cadiac hemodynamic deremodelling Adenocin [3,4, 47, 48, 58].

New technologies are helping to uncover the molecules and pathways that are directly involved in
heart failure pathogenesis. Targeting the proteins involved in neoplastic initiation and progression seems
to be one of the most promising strategies for HF therapy.
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The lack of oxygen induced by myocardial ischemia impairs the oxidative metabolism of the myocytes
with accumulation of metabolic intermediates in the form of reducing equivalents and protons. In
particular, the reduced form of nicotinamide adenine dinucleotide (NADH), the essential coenzyme for all
the oxidative enzymatic reactions, accumulates and is only utilized in reactions, such as lactate formation
from pyruvate, which, under ischemia, cannot be used in the Krebs cycle [3,9,16,23,34]. A general
assumption is that nicotinamide adenine dinucleotide (phosphate) (NADP) — the cofactor of the anabolic
enzymatic reactions — accumulates in the reduced form (NADPH), following the same pattern of the
NADH/NAD redox couple [4,23,34,38]. However, this assumption has never been specifically
investigated and is based on old findings, when methods for determining these pyridinic nucleotides were
not selective.

Pyridine nucleotides, although often considered as simple redox cofactors in the cell, are in fact
multifunctional molecules involved in a wide range of cellular processes [2-4,9,16,23,34]. Nicotinamide
adenine dinucleotide (NAD") is a key metabolite in energy metabolism and electron transfer. Most
organisms synthesize NAD+ from the vitamin B3 (niacin), which includes both nicotinic acid and
nicotinamide. NAD is an essential cell survival factor that participates in various critical cellular
processes, including not only energy metabolism, ADP-ribose cyclase synthesis [1,31,38], NAD-kinases
and class III histone deacetylase activity [26]. It is becoming clear that NAD(P) is involved in more
pharmacologically attractive cellular processes such as cell signaling, transcriptional regulation, and post-
translational protein modification [32]. For example, NAD(P) has been shown to be the precursor of
molecules involved in calcium signaling (cADPR, NAADP, ADPR), to be involved in the regulation of
epigenetic changes via sirtuins and to be a substrate for both mono-and poly-ADP-ribosylation— fig. 1.

A symposium from 14 to 17 September 2008 sponsored by the Deutsche Forschungsgemeinsch-
aft brought together 120 researchers in Hamburg, Germany, including 42 invited lecturers and 60 pos-
ter presenters from various fields, who were all engaged in the molecular characterization of the key
players of NAD" signaling [1,3,19-21]. NAD also acts as the substrate of poly(ADP-ribose) polymerase 1
(PARP-1), which, once activated, catalyzes transfer of ADP-ribose moieties from NAD to target proteins.
A large body of literature shows that cerebral ischemia/reperfusion results in PARP-1 overactivation and
consequent decline of NAD levels in the heart [3,5,16,27,29,30] and in the brain [18,32].

As NAD is essential for the mitochondrial electron transport reaction, NAD depletion is thought to
suppress mitochondrial function and ATP generation, leading to the release of apoptosis-inducing factor
(AIF) and eventually cell death [16]. The most severe DNA damage may cause excessive PARP
activation depleting NAD" and ATP stores. NAD" and ATP depletion blocks apoptosis and results in
necrosis. The mechanisms leading to tissue injury and organ dysfunction after ischemia/reperfusion or
hypoxia/reoxygenation are multiple. However, there is good evidence that reactive oxygen species such as
superoxide anions, hydroxyl radicals and hydrogen peroxide, as well as the reactive nitrogen species
peroxynitrite contribute to reperfusion injury in the previously ischemic myocardium [9, 18], which, in
turn, leads to PARP activation with subsequent myocardial and vascular injury, and thus, PARP
functioning as a pathophysiological modulator of myocardial reperfusion injury in vitro and in vivo. The
protection against reperfusion injury by preconditioning is also associated with partially preserved
myocardial NAD+ levels, indicating that preconditioning attenuates PARP activation [21-24]. This
conclusion was further strengthened by poly(ADP-ribose) immunohistochemical measurements,
demonstrating that ischemic preconditioning markedly inhibits PARP activation during reperfusion [1, 27,
30, 33-34]. Because ischemic preconditioning itself induces low levels of oxidative stress and low degree
of PARP activation. This process could, in turn, protect against the deleterious effects of ischemia and
reperfusion, via inhibition of the subsequent, massive activation of PARP, which occurs in native (non-
preconditioned wild-type) animals during reperfusion [27,33,33-34].
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Fig. 1. The proposed NAD pathway in cardiac myocytes under stresses[16].

One of the most prominent actions of Nampt in cardiac myocytes is to regulate the cellular ATP level. A
positive correlation was observed between the cellular Nampt level and both NAD" and ATP. Decreases
in the cellular ATP content attributable to knockdown of Nampt were normalized by exogenously supplied
NAD". Transfer of electrons is among the most important functions of NAD as a coenzyme, and the
energy produced by glycolysis and the citric acid cycle is transferred to NAD" by its reduction to NADH.
Our results suggest that Nampt could be an important target for modulation of the energy status in cardiac
myocytes. Nampt nicotinamide phosphoribosyltransferase. MMS-methylmethane sulfonate. Ad-
adenovirus. Sirt — Sirtuine.

The role of PARP in experimental models of disease is not confined to its effects on intracellular
energetics and resultant cellular dysfunction. In vitro and in vivo investigations have revealed that
inhibition of PARP activation has unexpected actions in regulating the expression, activation, and nuclear
translocation of key pro-inflammatory genes and proteins [25]. The absence of PARP or its
pharmacological inhibition has been shown to suppress the activation of MAP kinase, 475AP-1 complex,
and NF-nB [17-20, 31]. Consequently, PARP inhibition interferes with the expression of pro-
inflammatory genes, such as the inducible NO synthase and ICAM-1 [1-2, 5]. PARP inhibition blocks
ICAM-1 expression in cultured endothelial cells stimulated in vitro by a combination of pro-inflammatory
cytokines and in the vascular tissues of hearts subjected to reperfusion [1-2, 20-22]. In cultured cells,
PARP inhibition blocks oxidant-induced c-fos mRNA expression and AP-1 activation [9, 10, 15]. PARP
inhibition and PARP deficiency have also been shown to suppress TNF-a and IL-10 production in
myocardial reperfusion injury [36]. Since MAP kinase plays a major role in the pleiotropic transduction of
intracellular inflammatory cascades, the anti-inflammatory effects of PARP inhibition may be accounted
for at this level of gene.

regulation. One may also expect that PARP-dependent regulation of NF-nB activation has a
pleiotropic effect on the expression of pro-inflammatory genes, given the broad role that NF-nB plays in
the transcriptional activation of cytokine and chemokine genes. Effects of PARP inhibition on leukocyte—
endothelium interaction infiltration of neutrophils is a crucial event for ischemia and reperfusion injury. In
the early stages of reperfusion after ischemia, neutrophils move out of the circulation into inflamed tissue.
Neutrophils augment the reperfusion damage to vascular and parenchymal cellular elements by the release
of proteolytic enzymes, free radicals, and pro-inflammatory mediators [17,18]. A growing body of
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experimental data suggests that activation of PARP is an important modulator of leukocyte—endothelial
cell interactions. Inhibition of PARP is frequently associated with a reduction of neutrophil infiltration in
the site of injury in various experimental models of inflammation including arthritis and colitis [6]. The
mechanism of regulation of neutrophil trafficking by PARP may involve the regulation of the expression
of adhesion molecules as described above and the maintenance of endothelial integrity. Thus,
normalization of the activity of PARP under treatment with nadcin or adenocin could be involved in these
pathogeneis mechanism [2-5]. PARP inhibition under treatment with adenocin and nadcin, containing
NAD" as one of ingredient for the first time in medicine, by interrupting this cycle, may both reduce
neutrophil infiltration and oxidant and free radical generation [2-8]. It is unlikely that PARP directly
regulates neutrophil function because neutrophil granulocytes do not contain the PARP enzyme [67].
Also, the regulation of neutrophil infiltration by PARP cannot be the sole or exclusive mechanism of
cardioprotection under treatment with nadcin and adenocin (fig. 3). In nonproliferating cells such as
neurons, however, NAD is highly compartmentalized, and the mitochondrial pool of NAD is not readily
depleted by poly(ADP-ribose) polymerase 1 (PARP-1) activation [1]. Thus, neuronal NAD depletion is
most likely to menace cell survival by repressing other NAD-dependent signaling pathways. Extracellular
NAD and ATP exert multiple, partially overlapping effects on immune cells. Catabolism of both
nucleotides by extracellular enzymes keeps extracellular concentrations low under steady-state conditions
and generates metabolites that are themselves signal transducers. ATP and its metabolites signal through
purinergic P2 and P1 receptors, whereas extracellular NAD exerts its effects by serving as a substrate for
ADP-ribosyltransferases (ARTs) and NAD glycohydrolases/ADPR cyclases like CD38 and CD157. Both
nucleotides activate the P2X7 purinoceptor, although by different mechanisms and with different
characteristics. While ATP activates P2X7 directly as a soluble ligand, activation via NAD occurs by
ART-dependent ADP-ribosylation of cell surface proteins, providing an immobilized ligand. P2X7
activation by either route leads to phosphatidylserine exposure, shedding of CD62L, and ultimately to cell
death. Activation by ATP requires high micromolar concentrations of nucleotide and is readily reversible,
whereas NAD-dependent stimulation begins at low micromolar concentrations and is more stable.

Under conditions of cell stress or inflammation, ATP and NAD are released into the extracellular
space from intracellular stores by lytic and non-lytic mechanisms, and may serve as “danger signals” to
alert the immune response to tissue damage. Since ART expression is limited to native/resting T-cells,
P2X7-mediated NAD-induced cell death specifically targets this cell population. In inflamed tissue, NAD-
induced cell death may inhibit bystander activation of unprimed T cells, reducing the risk of
autoimmunity. In draining lymph nodes, NICD may eliminate regulatory T cells or provide space for the
preferential expansion of primed cells, and thus help to augment an immune response. The only ATP-
sensitive purinoreceptor that has been positively identified on peripheral T cells to date is P2X7 and in the
human chronic B-cell lymphomas (B-CLL). In these cells, P2X7 mediates ATP- and NAD-dependent
phosphatidyl serine (PS) exposure, CD62L shedding, and ultimately cell death [38, 39]. P2X7 is also
expressed on antigen-presenting cells, including dendritic cells and macrophages, where it mediates
release of the non-classically secreted cytokines IL-1f and IL-18 [18], and promotes phagosome/lysosome
fusion [36]. Furthermore, sensitivity to NAD is dependent on the activation state of lymphocytes. Indeed,
in vitro stimulation of T cells with mitogens prior to NAD incubation results in relative insensitivity to
NAD-induced apoptosis. What is the molecular mechanism underlying NAD-induced apoptosis? Apart
from NAD, none of the structurally related molecules tested (nucleosides, nucleotides or products of NAD
metabolism) induced apoptosis in the micromolar range. Therefore, NAD must induce apoptosis through
direct interaction with membrane proteins like ARTs, which are able to use extracellular NAD. Consistent
with this interpretation, ART2 knock-out mice are completely resistant to NAD-induced apoptosis [1-3].
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Fig. 3. Representative scheme of the PARP pathway in myocardial ischemia and reperfusion injury.
Reduction of oxygen supply during ischemia alters the mitochondrial function, leading to the
production of ROS. Peroxynitrite and OH" induce single-strand breakage in DNA, which, in turn,
activates PARP. The activation of PARP rapidly additionally depletes the cellular NAD" and ATP
pools and leads to cellular dysfunction and depletion of NADPH leads to the endothelial NO
formation decreasing. Cellular energy exhaustion maintains mitochondria in a reduced state,
therefore allowing a further production of reactive oxidants at the reperfusion. The cellular
dysfunction is further enhanced by PARP-promaotion of pro-inflammatory gene expression via NF-
nB, AP-1, and MAP kinase activation. Oxidant-induced pro-inflammatory molecule and adhesion
molecule expression, endothelial dysfunction, neutrophil recruitment and activation, which initiates
a positive feedback cycle of oxidant generation, PARP activation and cellular injury.

Similar to ATP, NAD is also degraded in the extracellular compartment, giving rise to the
generation of metabolites like cyclic ADP-ribose or adenosine that are active signal transducers (Fig. 2).
In contrast to ATP, signalling through intact NAD does not involve specific membrane receptors.
Nevertheless, NAD may regulate cellular functions through two known enzyme families. NAD hydrolysis
product, cyclic ADP-ribose and NAADP are newly recognised second messenger molecules, which trigger
calcium release from IP3-independent intracellular stores, and which may thus play important regulatory
roles [24, 25]. However, it is controversial whether these second messengers are generated by extracellular
CD38 and are then translocated to the cytosol by hitherto unknown mechanisms, or whether they are
generated from intracellular NAD by an intracellular isoform of CD38. CD38 may also be involved in the
regulation of immune functions by limiting the substrate availability for ADP-ribosyltransferases [26].
The second family of enzymes mediating signalling by NAD comprises the mono(ADP-
ribosyl)transferases (ARTs), which are structurally related to ADP-ribosylating bacterial toxins. These
enzymes catalyse a posttranslational modification of proteins by transferring the ADP-ribose moiety from
NAD to specific amino acids, arginine residues, on target proteins [29].
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New discoveries were presented in sessions focusing on NAD' homeostasis, Ca’" signaling
functions of NAD+ metabolites, ADP-ribosyl cyclases, and ADP-ribosyl transferases (fig. 3).
Leukocytes appear to be particularly well equipped with NAD+ sensors, including CD38 and CD157
(CD is cluster of differentiation antigen), and the NAD-binding purinergic receptor P2Y11 [1-3, 8, 39].
The presence of membrane-bound ectoenzymes that use NAD(P) has led to the several mechanisms for
the export of NAD across the plasma membrane, including transport through connexins and stimulus-
induced exocytotic release [8].
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The possibility that low NAD concentrations can be imported across the membrane to directly
replenish the cellular NAD(P) pools bypassing biosynthetic pathways has not been conclusively
addressed. Circumstantial evidence suggests that this may occur: (i) high concentrations of extracellularly
applied NAD(H) have been shown to increase intracellular NAD levels [8, 27, 30, 36, 39]: (ii)
extracellular NAD counteracts PARP-induced intracellular NAD depletion [36, 39]; (iii)) CD38 knock-out
mice, which are impaired in their ability to degrade extracellular NAD, display higher endogenous SIRT1
activity [39]; (iv) uptake processes have been shown for the Ca*-mobilizing NAD(P) metabolites cADPR
and NAADP in a variety of diverse mammalian cell types [5, 14]; (v) NAD and at least one of the
enzymes involved in biosynthesis are present extracellularly [2, 39]; and (vi) Wallerian degeneration can
be slowed by the addition of extracellular NAD [2]. These data, strongly agree with circumstantial
evidence by others suggesting that extracellular NAD can enter cells [8, 22, 36, 39]. NAD uptake has been
previously shown at millimolar concentrations, and it has been proposed that connexin hemichannels
(Cx43) might mediate bidirectional NAD transport down a concentration gradient [8]: NAD transport
occurred at low concentrations of NAD (250 pM, far lower than the intracellular concentration), which
suggest that NAD is moving up its concentration gradient. NAD was not degraded extracellularly, and the
majority of the radioactivity transported remained as NAD. A proportion of the transported NAD was
found to have been metabolized intracellularly, because presumably it had joined the pool of intracellular
NAD. A pharmacological profile of transport to elucidate this showed that hemichannel inhibitors were
able to partially inhibit NAD transport, whereas adenosine and uridine, competitors for nucleoside
transporters, were devoid of any inhibitory effect. These pharmacological data collectively might suggest
the opinion, a number of issues suggest that canonical hemichannels alone cannot explain the results
presented here: (i) the removal of extracellular Ca**, which should open hemichannels, has no effect on
NAD uptake in NIH-3T3, SH-SYS5Y, or RAW 264.7 cells, and in HaCaT, HMEC, and HelLa cells, the
removal of extracellular Ca®* reduced transport; (ii) given the large difference between the intracellular
and extracellular concentrations of NAD, hemichannels would be expected to mediate NAD efflux and not
influx; (iii) the removal of extracellular Na®, which almost completely inhibits NAD uptake, has not been
shown to regulate the gating of hemichannels; and (iv) the time course of NAD uptake would appear to
indicate that it is a constitutive mechanism that is incompatible with a canonical channel mechanism. Last,
given the high concentrations of pharmacological inhibitors required to obtain effects, we cannot exclude
that other related protein families might be affected by these. Thus, NAD transport is a valid
replenishment pathway is supported by previous observation that extracellular NAD can rescue
cardiomyocytes [22, 27, 30] and astrocytes [36] from poly(ADP-ribose) polymerase-mediated cell death
and can activate sirtuins [15]. Despite the long-held assumption that NAD is cell membrane impermeable,
recent reports indicate that exoge- nous NAD can gain limited access into certain types of cells, including
cultured hippocampal neurons and cerebral astrocytes [18, 21, 22]. Cellular NAD replenishment confers
remarkable neuroprotection against ischemic injury and that this neuroprotective effect is mediated at least
in part via restoration of DNA repair activity in neurons [19, 20]. Moreover, the results suggest that
restoration of DNA repair activity and reduced accumulation of cytotoxic DNA lesions are an important
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mechanism underlying the neuroprotective effect of NAD (Fig. 6). The optimal concentration range of
NAD" for neuroprotection is comparable to that used in cultured cerebral astrocytes [8, 36], but
substantially higher than that required for cytoprotection against myocyte cell death [21, 22]. Although the
precise mechanism by which exogenous NAD against internalization into mammalian cells is not
understood, it has been reported that plasma membrane connexin-43 channels can actively transport
extracellular NAD (Fig. I). Therefore, the expression level and activity of NAD-transporting channels may
be a determining factor for the concentration-dependency of NAD in a given cell type. It is likely that
neurons and astrocytes possess very low levels of NAD-transporting activity, thus a millimolar range of
exogenous NAD is required for its europrotective effect. It is a concern whether a therapeutic
concentration of NAD can be reached in the brain following systemic administration. In a recent study,
nasal delivery of NAD to rats reduced ischemic cerebral infarction, suggesting that NAD replenishment
may be a feasible therapeutic strategy [32-39]. Whereas reduced cellular levels of NAD attenuate the
SIRT deacetylase activity, increased NAD biosynthesis activates it [2,9]. Thus, it is possible that NAD
replenishment in OGD neurons may promote neuronal survival via activating SIRT deacetylase activity, in
addition to its role in enhancing DNA repair as demonstrated in the present study. In summary, the results
presented here elucidate a novel intracellular signaling pathway by which NAD replenishment confers
remarkable cardioprotection during ischemic-reperfusion injury and neuroprotection against OGD-induced
cell death in primary cultured neurons [18,33,35]. Further characterization of the cardio- and
neuroprotective effects of NAD and NAD-containing drugs, such as nadcin and adenocin, in the
replenishment, either through exogenous NAD delivery or endogenous NAD" biosynthesis activation, and
the underlying mechanisms for NAD cardio- and neuroprotection, may enhance the candidacy of NAD as
a novel therapeutic strategy for myocardium ischemic disease and stroke. Morover, administration of
NAD+ increases the current necessary for proper heart function, thereby reducing the risk of heart failure
and ventricular fibrillation.
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Holistic Diagnostic Paradigm — New Medical Theory

A.Kapanadze
National Center of Oncology,
Bioenergyinformation Departament of Georgian Engineering Academy

The main problem of systemic analisis is its decomposition. According to explanation, health is a phisical,
psycological and social prosperity and not condtion without disease. To our opinion, according to this explanation, it
is imposible to measure prosperity, but optimity is measurable and measurement itself is the logical operation of
comparison, by which we can specify and perceive health on the new scientific level. Performances create
consciousness and if the performances are wholly, conscious elements created by them will be wholly. Discussed
above, give us opportunity to conclude that it is desirable to change anatomical diagnostical paradigm with new
wholistic (wholly) method of appproach in diagnostics, which will be established on phisical-functional principles.
We suppose that such alternation in medical thinking is one of the ontologization ways of experience. Inculcation of
holistic diagnostic paradigm makes us to implement approaches and directions typical for wholly consiousness in
one of the biggest sector of human interrelation - the field of medical thinking.
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Pynonbeda Bupxosa. 3-e m3nanme, MockBa 1865, tunorpio @.b. Musepa.
3. Kapanadze A. - Decomposition as a main problem of system analises. - The 14 International symposium, Large
Systems Control - «Control 2000», Tbilisi, Georgia, Oct. 30-31, 2000, p. 74-75.
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“Does over exuberance effect the orbitofrontal cortex and/or anterior

cingulated cortex differently during decision-making?”
Nodar Nikolas Kipshidze
Behavioral and Social Science, Intel Science Talent Search, USA

Introduction:_For centuries, the brain has eluded mankind’s knowing of how it works, from the
complex progression of memory and intelligence to the movement of muscles and ligaments. However,
many scientists have undermined one of the most crucial aspects of human thought, the ability to process
decisions.

Decision-making in science is generally split into two different fields, emotional decision-making
and logical decision-making. Logical decision-making is characterized by the ability to process a decision
without interfering emotions and only utilizes our rationale as judgment.

Emotional decision-making, on the other hand, includes one’s emotions as a factor of the final
outcome to a decision, such as “It’s cold outside, what should I wear today?”

According to many studies and doctors, such as neuroscientist Antonio Damasio, most of our
decisions are processed with emotions, even when we don’t know it. Therefore, one may think that their
decision is out of pure logic, however this outcome could very well be based on emotional factors. More
importantly, in relation to Damasio’s study, it has been proven that without emotions, one’s ability to
decide something is greatly impacted. In a study, Damasio took patients in a hospital

who had the emotional parts of their brain impacted, the amygdala, and found that those who had
impaired amygdalas where unable to make decisions.

Relating back to the brain’s anatomy, to better understand how decisions are processed, we must
quickly peer into the remarkable brain. From the outer view of the brain we have five main parts of the
brain, parietal lobe, frontal lobe, temporal lobe, occipital lobe, and cerebellum. Once we go further into the
brain, we also have the corpus callosum, thalamus, limbic system, pons, midbrain, and the medulla
oblongata. For the purpose of this study we will only detail the frontal lobe and limbic system. In a matter
of decision, there are two important regions of the brain that greatly affect this process, the anterior
cingulated cortex (ACC) and orbitofrontal (OFC) cortex.

The anterior cingulated cortex is nestled deep within the thalamus of the brain. From multiple
studies, it has been confirmed that the ACC is greatly responsible for error correction, an important
process in the developmental stages of growing up. More so, the ACC also plays a role in anticipated
reward, for example; the next time one would anticipate a dollar for getting a high mark on a test. The
ACC can also divided into two parts the dorsal (cognitive) and ventral (emotional) regions. The cognitive
region of the ACC is responsible for assigning control to different regions of the brain in response to
external stimuli. Where as the ventral region is more involved in the tasks earlier mentioned, anticipated
reward and error correction. Therefore, it would seem logical that the ACC plays a role in decision-
making, for one often processes a decision by relating it to previous situations. The orbitofrontal cortex is
located just above the eyes within the frontal lobe region of the brain. Not much is understood about the
OFC, such as its importance, but it has been proven that the OFC does play an important role in decision-
making, and like the ACC, the OFC also plays a role in anticipated reward. Due to the small
understanding about the OFC, there is no in-depth description available for the OFC.

Going back to the argument that emotions play a big role in decisions can be further strengthened
by another study on how the subconscious mind plays a role in this process. A recent study done in Max
Planck Institute Leipzig showed that, despite the belief of the participants that they were making conscious
decisions, in reality, their brain had already made a decision several seconds earlier before a conscious
decision had been perceived. More so, a study conducted by Kimberly D. Eslbach and Pamela S. Barr,
have shown that often people will rather go with his or her ‘gutfeeling’, in a decision than to disrupt a
positive feeling/emotion. In addition to that, people with a positive mood are to process decisions much
faster and with less thought, “Our findings suggest that individuals in moderately negative moods are
more likely to completely and carefully use a structured protocol when making a complex decision than
are individuals in moderately positive moods” (Kimberly Elsbach, Barr, 192). In other words, Elsbach’s
study shows that decision-making is based on the person’s mood, and more so, people in negative or
neutral moods are more prone to reach a decision slower, but with more thought.

Aim: The aim of this study is to see whether differing emotions or moods play an effect on how one
would process a decision.
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The hypotheses: T believe that positive moods or over exuberance does play an effect on decision
making. Seeing how long it takes for the experimental group to answer a set of questions and more
importantly how the questions differ from the group’s answers before positive stimuli will test this.

The Method: Independent variable = the changing mood Dependant variable = the differing
answers to the same questions before and after the mood, the amount of time taken to answer the same
questions before and after the mood Control = the amount of questions given (9 questions), the type of
questions given (logical questions), the age group being tested (16-18), the amount of time positive mood
stimuli is administered for (5 minutes).

Participants: My participants were randomly assigned and were asked if he or she were willing to
participate. However, there was one implication in choosing the participants, which was age group,
considering how age impacts the brain, I decided to stick with an age group of high school seniors (16-18).

Materials:

o Pre-made decision test (see appendix)

® Video that serves as a positive stimuli

o Timer or watch

Procedure: T first created a short test that anyone could easily answer. In other words, questions
like, “What would be the fastest route to get from point A to point B?” I then choose a short clip from the
Internet that would act as my positive stimulant or simply a video that would stimulate exuberance (see
bibliography). From my participants (a group of 26), I choose 13 of them at random order to take the
written test in a separate room. While in another room I had the other 13 watch the stimulating video and
then take the written test. Once each person has been involved in one of the activities, I would have the
groups switch rooms, in which the Ist group whom only answered the test would now watch the
stimulating video and then answer the same test, and vice-versa.

To ensure that memory would not interfere with my results, the 2™ test would have the same
questions but in a different order, more importantly the 2™ group that first watched the stimulating video
would go through a five minute neutralizing period, in which any overly positive stimulants could fade
away from their brains. More so, each participant was timed on how long it took him or her to answer the
entire test, during each trial.

Results:
Table 1: Raw data for group 1 - participants Table 2: Raw data for group 2 - participants
watching the video after 1st test (control) watching the video before 1<t test (experimental)
Amount of
The amount Amount of | Time for The amount Amount of Amount of
of answers Time for Trial 2 of answers Time for Time for
differing Trial 1 (m:s)' | (m:s) differing Trial 1 (m:s) | Trial 2 (m:s)
between [£0.01 [£0.01 between [£0.01 [£0.01
Participant | examinations | second] second] Participant | examinations | second] second]
1 0 4:46 2:35 1 0 2:15 4:17
2 1 4:34 2:45 2 2 2:29 5:01
3 2 4:42 2:37 3 1 2:34 4:54
4 2 4:56 2:56 4 0 2:45 4:36
5 0 4:32 2:26 5 1 2:35 4:29
6 1 4:53 2:29 6 0 2:09 4:56
7 1 4:43 2:16 7 0 2:17 4:24
8 1 4:38 2:49 8 0 2:39 4:34
9 1 4:23 2:09 9 2 2:34 4:00
10 1 4:50 2:50 10 0 2:56 4:23
11 1 4:32 2:30 11 1 2:34 4:37
12 1 4:20 2:01 12 0 2:40 4:35
13 1 4:19 2:00 13 1 2:20 4:35
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Table 3: Processed data for the frequency of differing
answer s among the control and experimental groups
Control group Experimental group
Amount of Amount of
Answers Frequency Answers Frequency
0 2 0 7
1 9 1 4
2 2 2 2
STDEV 4.333333333 | STDEV 4.333333333
S.EM. 4.041451884 | S.E.M. 2.516611478

1 Note for m:s; m = minutes and s = seconds

Table 4: Processed data for the average amount of timetaken to answer questions

among the control and experimental groups

Control
Group Experimental Group

Amount of Average Amount to Answer Amount of Average Amount Answer
Answers Questions (m:s) [+0.01 second] Answers Questions (m:s) [+0.01 second]
0 3:34 0 3:31

1 3:30 1 3:31

2 3:47 2 3:34

Average 3:37 Average 3:32

STDEV 0.006172357 STDEV 0.001503516

S.E.M. 0.001711904 S.E.M. 0.000417

The Frequency of Differing Answers Between
the Control and Experimental Groups

Frequnecy of Simlliar Answer

W Control

Experimental

il

The Amount of Answers Differing Between Examinations
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Discussion: Examining the results closely, once can infer that emotions do have an effect in
processing decision-making. For those who were shown the positive stimuli first (aka the experimental),
show to answer the questions quicker, a difference of 0:05 seconds [+0.01], and more so a smaller
frequency of difference in answers, around 7 participants. This can be accounted for by the studies
discussed earlier in the paper, for one must keep in mind how the subconscious plays a role in
decisionmaking.

Rather than taking their time to carefully answer the questions like the control group (an average
time of 3:37 m:s [£0.01],), the experimental group took an average time of 3:32 m:s [£0.01] to answer the
questions. In the control group there was a higher amount of participants who had differing answers, a
total of 11 participants.

Since the control group answered the test before and after the stimuli, they therefore would just go
with their gut feeling in answering the questions the 2nd time around.

Unlike the 1st time, they had no stimuli and were considered to be in a state of a neutral mood, thus
taking more time to carefully answer each question. Where in the experimental group, only 6 participants
had some amount of differing answers, for both rounds of testing (right after the stimuli, and 5 minutes
after the stimuli). This relates back to the study that Elsbach conducted, showing that subconsciously the
brain tries to retain the effect of positive stimuli as long as possible. Thus, in my study, the participants of
the experimental group answered the questions quicker and went with their gut feeling, having proven my
hypothesis.

This data, however, is limited to a specific age group, and therefore could not necessarily relate to
older or even younger age groups. More so the experiment involved an age group of 16-18, one must
consider that this is a prime time in any human’s life in development, both physically and mentally, and
thus the effects of how the brain processes decision-making could change in older people. Nonetheless,
the data is quite strong as it does show a significant difference between the control and experimental group
in the amount of time to answer the questions (calculated = 12.3, p < 0.05).

The study could be further improved by implementing the use of electroencephalography (EEG)
that could monitor the electrical activity of each participant’s brain. This could give me a further insight in
which parts of the brain light up during the positive stimuli and how those regions relate to the regions
involved in decision-making. More so, the mapping of electricity could be used to see how long it takes
the brain to fire up and the actual response time of the participant.

Another improvement would be that of the decision-making test its self, considering real decisions
involve interaction among the participant, I could have asked each participant verbal questions that could
make the test seem more realistic.

With the ethics in mind of course, one must still considered how the effect of positive stimuli could
change when the stimuli is negative, such as fear or anxiety.

Since evoking such feelings are ethically wrong, I could possibly take a larger sample size and have
them tell me what their feeling is it at the moment. Rather than assuming that they were all in neutral
moods, which would be rather naive.

Lastly, since we are dealing with behavioral science, one must also consider how culture plays into
effect. One culture may find something positive, but another culture may not. Since my sample size
consisted of high schools seniors from an international school, the social implications must be considered.

The experiment overall was successful, as I was able to better understand how stimuli other than
neutral moods can play an effect on response time by the brain. More importantly I was able to see how
the brain uses the ACC and OFC in a mechanism deemed as reward anticipation in decision making.

This may seem odd, but as Elsbach has shown, many decisions are in fact based off subconscious
emotions, rather than conscious logical decisions. Overall, my experiment has proven the idea that
decisions are not only logical, but involve far more many things.
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At the end of 2009, foreseeing the international standards and
experience was published a noteworthy book in Georgian -
“Diagnostical exploration of Internal Medicine” under the editorship
of the head of TSMU SYNDROME Diagnostic Direction Doctor of
medical sciences, Professor Giorgi Kavtaradze for students, residents
and doctors.
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the book - “Coronary Interventional Cardiology” in Georgian. The
book is intended for medical university students, young doctors and
interventional cardiologists. By the end of this year is planned the publication of the second book -
“Interventional Treatment of Peripheral Artery Disease’.
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By the support of pharmaceutical company GMP, for improving the medical practice and patient
care in Georgia, the guideline group of The Georgian Society of Cardiology (Director —Vazha Agladze)
published and disseminated in medical society “Diagnosis and Treatment of Non-ST-segment Elevation
Acute Coronary Syndromes’ - a novel version of European recommendations 2007, also “The Task Force
on the Management of ST-Segment Elevation Acute Myocardiad Infarction of the European Society of
Cardiology” — version of 2008.
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By the end of 2009, Tamar Kvantaliani published the book
“Impairment of Cardio-vascular System and the Diagnostical Ways
during Bacteria and Viral Infections’. There is commonly discussed
the role of chronic chlamidia and herpes virus infectious in the
development of cardio-vascular pathologies.
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VI National Congress of Georgian Allergology and |mmunology Association
IV International Congress“HEALTH AND DRUG”
World Allergology Organisation (WAQ),
European Academy of Allergology and Clinical Immunology (EAACI)

In Thilisi, in “Radisson SAS Iveria” hotel, 1V International Congress “HEALTH AND DRUG” and VI
National Congress of Georgian Allergology and Immunology Association will be held on October 1-3,
2010. Among the other interesting sessions, two main symposia “STATINS - PRESENT AND FUTURE”
AND “VIRAL HEART DEIDASE” will be presented.
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On april 8, 2009 in Thilisi was held joined meeting of European and Georgian cardiologists on
“problems of acute coronary syndrome”.The meeting worked out the joint project of resolution about the
management of acute coronary syndrome in Georgia, also future development of interventional cardiology
in which demands and recomendation of European and international medical practice mainly will be
discussed. The exact programme (alogorithm) of its implementation has been worked out. Vice-President of
European Society of Cardiology -Steen Dalby Kristensen - took active part in the meeting and made a
speech.
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