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Se estimeaza ca un diagnostic timpuriu a bolilor cardiovasculare in sine si a factorilor de risc
aferenti (varsta, tensiunea arteriaa, sexul, nivelul de colesterol, prezenta diabetului zaharat, fumatul,
obezitatea, sedentarismul s.a), cu o interventie adecvata asupra acestora din urma, poate reduce
incidenta mortalitatii provocate de afectiunile cardiace cu pana la 80%.

Toate organismele vii sunt constituite maoritar din gpa (60% - 70% din corpul mamiferelor).
Prin proprietatile sale fizico—chimice, gpa contribuie la mentinerea echilibrului osmotic, metabolic,
termic si hidroelectrolitic al celulelor/organismului. Hematiile umane constituie modelul optim pentru
studiul transportului transmembranar a apei, deoarece ele se pot separa relativ simplu din sénge, au o
singura membrana (prezentand o permeabilitate crescuta comparativ cu a altor celule), iar transportul
apei duce, Tn anumite conditii, la modificari ale raportului volum celular/arie care pot fi relativ usor
cuantificate. Aceste studii au dus la descoperirea canalelor pentru apa, fiind identificate o serie de 13
asa-numite aguaporine. Desi consacrate gratie rolului de a facilita transportul transmembranar & apel,
aquaporinele au ajuns sa includa si alte subclase functionale - cum ar fi aquagliceroporinele sau supra-
aquaporinele de lanivel subcelular. Avand in vedere, pe de o parte, importantabolilor cardiovascul are,
iar, pe de alta, progresele nregistrate in elucidarea structurii proteinelor canal pentru apa si a rolului
lor fiziologic Tn transportul gpei la nivel membranar, s-a nascut ideea studierii implicatiilor acestor
proteine transmembranare n patologia cardiovasculara.

Lucrarea contine doua parti: partea generala si contributia personaa. Partea generala este
alcatuita din patru capitole.

Primul capitol prezinta epidemiologiabolilor cardiovasculare, factorii de risc, precum si bolile
cardiovasculare care au fost studiate (definitie, clasificare, diagnostic clinic si paraclinic, diagnostic
diferential, tratament).

Capitolul 2 face o trecere in revista a localizarii aguaporinelor la nivelul cordului si a vaselor
de sange, precum si aimplicarii lor Tn bolile cardiovasculare.

Capitolul 3 prezinta structura proteinelor canal pentru apa, tipurile de aguaporine, localizarea
acestorasi rolul lor pe aparate si sisteme.

Capitolul 4 include descrierea principiilor fenomenului de rezonanta magnetica, evolutia
cunostintelor Tn domeniul rezonantei magnetice nucleare si a diferitelor gplicatii biomedicale ae
spectroscopiel RMN.



Capitolul 5 prezinta evolutia conceptelor de transport a apei prin membranee biologice si
contributia scolii de cercetare clujene la clarificarea aspectelor legate de trangportul apel prin
membrana eritrocitara.

Contributia personala a constat in determinarea caracteristicilor de permeabilitate difuzionala
la apa a membranelor eritrocitare in cazul unor pacienti cu afectiuni cardiace si subiecti de control
compararea acestora pe grupe de varsta si pe boli cardiovasculare. Determinarile au vizat masurarea
caracteristicilor dimensonae ale eritrocitelor prin videomicroscopie, masurarea caracteristicilor de
permeabilitate membranara prin spectrometrie RMN si interpretarea statistica a rezultatelor folosind
aplicatia Excel din programul Microsoft Office.

Tn program au fost Tnrolati 128 de voluntari adulti, Tntre care 58 de subiecti normali, si 70
subiecti cu boli cardiovasculare, cu acordul informat a acestora. Din motive deontologice acestia sunt
mentionati doar cu initialele numelui, varsta si sex, Tmpreuna cu numarul fisei de observatie. Pacientii
cu boli cardiovasculare au fost recrutati voluntar de pe sectia cardiologie a Spitalului Judetean Suceava
Tn perioada 2003-2009. Nu au fost inclusi Tn program subiecti sub 35 de ani (nici controale) deoarece
nu au existat suficiente cazuri de patologii cardiace severe pentru a permite comparatii statistice
relevante. Tntre cei 128 de voluntari repartitia pe sexe a fost egala: 64 femei si 64 barbati. Acestia au
fost repartizati pe trei grupe de varsta ( 30-49,9 ani , 50-64,9 ani si peste 65 de ani) atét in cazul
subiectilor de control, cét si a pacientilor cu boli cardiovasculare. Patologia cardiaca implicata a
cuprins pacienti cu cardiopatie ischemica (angina stabila, angina instabila, infarct miocardic cu si fara
supradenivelare ST), hipertensiune arteriala, respectiv insuficienta cardiaca (clasele NYHA 1-1V).

Mostrele de sange au fost recoltate pe heparind (151U/ml), refrigerate imediat (Ia 4 ‘C) si
prelucrate in decurs de 48 de ore de la recoltare. Suspensiile de hematii au fost agitate usor pentru
omogenizare fara spargerea membranel celulare, apoi probele au fost introduse in mediu izoton
(“tampon de spalare’ — o solutie de NaCl 150mM, glucoza 5,5 mM, HEPES 5 mM) si sedimentate
prin tripla centrifugare timp de 10 minute 1a 4000 rpm, dupa spalari succesive in mediu izoton, urmate
de eliminarea supernatantului prin aspirare la trompa de vid. Dupa a treia centrifugare, o parte din
suspensia de eritrocite (aproximativ o treime) a fost supusa unei centrifugari suplimentare de 60
minute la 10000 rpm, pentru eliminarea completa a apei, celelate doua treimi fiind resuspendate laun
hematocrit de 50% (1:1) in solutie tampon de spalare la care s-a adaugat 0,5% (procente volumice) de

abumina serica bovina.



Din aceasta ultima transa o parte (treime) a fost folosita pentru determinarea parametrilor
morfologici (volum, suprafata) prin videomicroscopie, iar ceadta pentru determinarea prin
spectroscopie RMN a timpului de relaxare a protonilor apei ih spatiul extracelular (T2s), Th prezenta
unor ioni paramagnetici Mn?* Transa separati initial si centrifugata suplimentar, avand un hematocrit
de minim 95%, a fost folosita pentru determinarea prin spectroscopie RMN a timpului de relaxare a
protonilor apei intracelulare (T4) Tn absentaionilor Mn?".

Determinarile morfologice au vizat estimarea numarului de hematii ntr-un volum dat,
determinarea hematocritului (concentratia de eritrocite Th proba diluata ih mediu izoton folosita pentru
determinarea T,s), respectiv determinarea diametrului celulelor, estimarea ariei, a volumului si a
raportului V/A.

Pentru determinarea numarului de hematii suspensia eritrocitara s-a diluat in TS dupa care o
picatura s-a picurat in camera placii Thoma, acoperindu-se placa cu lamela astfel Incét si apara inele
de refractie. S-a examinat proba la un microscop prevazut cu camera video, numarandu-se hematiile
din cateva serii de grile (16 patrate mari - 256 patrate mici). In functie de valorile obtinute, softul
folosit (Olympus Microlmage) a afisat concentratia volumici - exprimata ca milioane RBC/mm?®,

Pentru determinarea hematocritului, suspensa eritrocitara s-a aspirat dupa agitare in trei
capilarele speciale, care apoi au fost sigilate cu plastelina si centifugate 8-10 minute pe o
microcentrifuga Hawksley. Dupa sedimentare in capilare, hematocritul afost determinat folosind scada
Hawksley, rezultatul fiind exprimat procentua camedie aritmetica a celor trei masuratori.

Pentru determinarea diametrului hematiilor, pregatirea lamei cu proba de eritrocit a implicat
picurarea suspensiel de hematii peste un “film” de solutie BSA, uniformizare prin miscarea usoara a
lamel si delimitarea conturului cu un fir subtire de nylon, presarea lamelel si indepatarea excesului de
lichid prin tamponare cu hértie de filtru. Dupa preparare, lamele au fost examinate la microscop cu un
obiectiv 40X, iar diametrele au fost masurate pe imaginile salvate electronic (prin raportare larigle
micrometrice etalonate corespunzator setarilor) cu acelasi soft Olympus Microlmage. Dupa efectuarea
acirca 70 de masuratori pentru fiecare proba in parte, diametrul a fost caculat ca medie +/- deviatie
standard a tuturor masuratorilor efectuate. Pe baza unor aproximari in functie de diametrul masurat (cu
formule adaptate in functie de specie), programul a afisat valoarea ariei celule si avolumului acesteia
(exprimat ca raport intre valoarea hematocritului si numarul de celule estimate pe mm?®, multiplicat de
10 ori).



Folosind protocolul Morariu-Benga dezvoltat pe baza metodei propuse de Conlon si Outhred,
utilizand un spectrometru Bruker Minispec (Bruker Optics GmbH) s-au determinat prin spectroscopie
RMN timpii de relaxare a protonilor excitati la 20 MHz in cdmp pulsat (metoda Carr-Purcell-
Meiboom-Gill) din “apa extracelulard” (T2, Tn prezenta ionilor paramagnetici Mn®") si din “apa
intracelulard” (T2, In absenta ionilor paramagnetici Mn®*, din proba cu hematocrit minim 95%, la care
apa extracelulara a fost practic complet eliminati) la temperaturi de 15, 20, 25, 30, 37 si 42 C.
Alegerea temperaturilor a avut in vedere acoperirea intervalului 25°C — 37 ‘C (temperatura de referinti
pentru “mediul ambiant”, respectiv temperatura fiziologica a corpului uman).

Dupa intrarea aparatului Bruker Minispec in regim de lucru, calibrarea acestuia si stabilizarea
temperaturii, peste eritrocitele suspendate in mediu izoton laun hematocrit de 40%, tinute pe gheata in
tuburi speciale pentru RMN, s-au adaugat cantitati egale de solutie BSA si solutie de dopaj (40mM
MnCl,, 100mM NaCl). Tubul s-aintrodus gpoi in baia de termostatare si s-alasat céteva minute (circa
5) pentru omogenizare la temperatura baii de termostatare, apoi s-a trecut la masurarea valorilor T, la
15 ‘C (minim 10 masuratori). Tn paralel, in baia de termostatare s-a introdus tubul cu suspensia
eritrocitara nedopata (600 pl eritrocite, hematocrit minim 95%). Mai putin sensibil, acesta a fost lasat
la omogenizat pe durata determinarilor T,.. Dupa terminarea masuratorilor To,, S-a resetat aparatul la
ati parametri, adgptati inregistrarii unui semna monoexponential, si s-a trecut la masurarea timpilor
de relaxare a protonilor din apa intracelulara, T, (cu unul sau doua ordine de marime mai mari decat
cei Ty, pana la zece determinari la fiecare tub de proba. Dupa terminarea masuratorilor probele s-au
reintrodus Tn gheata, s-a setat temperatura baii de termostatare la valoarea imediat urmatoare (in
genera 20°C) si s-aasteptat stabilizarea temperaturii, apoi s-au masurat Tz, si T2 Tn conditiile descrise
anterior. S-au repetat operatiunile latoata gama de temperaturi vizate.

In paralel s-au masurat valorile T, si la probele tratate cu compusi mercurici (PCMB sau
PCMBS, pentru blocarea canalelor de apa dupa metoda Macey-Farmer), in general doar lavaorile de
25 si 37 'C. La aceste probe, suspensia eritrocitara a fost anterior supusi unei operatii de incubare in
baie termostatati, la 37 ‘C. Pe parcursul perioadei de studiu (2003-2009) s-au incercat cateva variante
de incubare, cu diverse concentratii (de 1a 0,5 la 2mM) si durate (de l1a 15 la 60 minute), cel mai des
folosindu-se reteta PCMB 1 mM cu incubare 60 minute la 37 °C. Tnregistririle au fost consemnate
ntr-un document tabelar.

Dupa masurarea timpilor de relaxare To, si To Tn conditiile de lucru vizate si calcularea unor

valori medii pentru fiecare temperatura in parte s-a trecut la cacularea parametrilor de permeabilitate



difuzionala. Timpul de schimb & apei (T¢) definit de Conlon si Outhred a fost determinat din ecuatia
UTe= (UT29) — (UT2).

Cunoscand parametrii morfologici a eritrocitelor din determinarile de videomicroscopie, s-a
calculat permesbilitatea difuzionala (echivalata pentru 1 cm? din suprafata exterioard a membranei)
pentru temperaturile de 15°C, 20°C, 25°C, 30°C, 37°C si 42°C, folosind formula Py = (L/Te)* (V/A).
Pentru calcularea energiei de activare a procesului de transport a apei prin membranele eritrocitare s-a
plecat de la ecuatia lui Arrhenius modificata, k = A(T/To)™e®R" unde R este constanta gazelor si T
temperatura absoluta (°K), iar n variaza in intervalul (-1,1). Daca se accepta dependenta arbitrara de
temperatura a factorului pre-exponential, logaritmarea constantei lui Boltzmann duce laecuatia [In (k)
= - EalRT + In (A)]. Prin trasarea dreptei de distributie a valorilor In(k) functie de T s-a obtinut
valoarea constantel k pentru intervalul de temperatura analizat (panta dreptei). Variatia energiei de
activare s-a calculat cadiferenta pe axa Oy aproiectiilor de pe dreapta de distributie aferente diferentei
de temperatura pe axa Ox (intre cele doua vaori de intervaului analizat).

Dupa masurarea parametrilor morfologici si acelor de permeabilitate difuzionala s-au efectuat
comparatii Tntre subiectii de control si cel cu boli cardiovasculare, per ansamblu si la nivelul diferitor
grupe de véarsta. Multitudinea de boli asociate, precum si prezenta unor factori de risc, a sugerat
calcularea parametrilor pentru pacientii prezentand diverse patologii si compararealor cu parametri

similari inregistrati Tn cazul subiectilor de control.
Concluzii

Afectiunile cardiace constituie o problema magora pentru starea de sinatate a populatiei
generae. In Roméania rata mortalitatii prin boli cardiovasculare reprezinta 61% din numarul total de
decese, ceea ce justifica toate eforturile pentru cunoasterea in profunzime a tuturor mecanismelor

desfasurate lanivel celular si molecular, inclusiv cele de transport & apel.

Lotul de voluntari inscrisi in studiu a fost suficient de mare ca numar, cu varste diferite,
cuprinse intre 30 de ani si 82 ani, cu patologii multiple. A existat un echilibru ca varsta si sex intre

subiectii de control si bolnavii cardiovasculari.



Spectroscopia RMN, folosita ca tehnica de baza la toti subiectii Tnrolati in acest studiu, este o
metoda de evaluare sigura, eficienta, cu rezultate reproductibile, utilizata n biochimie, biofizica,
biologie moleculara, genetica. Spectroscopia RMN ofera mijloace pentru cuantificarea unor
caracteristici cum ar fi volumul celular, potentialul de membrana sau schimbari ae formei celulare.
Pentru a studia caracteristicile de difuzie ale moleculelor de apa in tesuturi si efectul lor asupra
semnalului RMN de cuantificare a acestui proces au fost propuse cateva modele care interpreteaza
semnalul fizic masurat n functie de natura tesutului si parametrii gradientilor in camp pulsat.
Cunoasterea acestor aspecte gjuta eforturile de descriere cantitativa la nivel molecular a proceselor ce

Se petrec in vivo.

Au fost redizate numeroase masuratori ae parametrilor morfologici si difuzionali la toti
subiectii, in functie de varsta, de patologia cardiaca si asocieri ale altor afectiuni. Aceste masuratori au
evidentiat o serie de modificari, minore, dar unele dintre ele cu semnificatie statistici. Cea mai
importanta este modificare remarcata a fost cresterea permeabilitatii difuzionale la subiectii de control
peste 65 ani, comparativ cu cei intre 50-65ani.

Compararea parametrilor difuzionali intre subiectii de control si cel cu afectiuni
cardiovasculare aindicat prezenta unor modificari statistice semnificative la grupa de varsta 65-82 ani,
latoate temperaturile in cazul permeabilitatii difuzionale Pd (dar nu si n cazul energiei de activare). in
cazul acestui ultim parametru, semnificatie statistica a prezentat compararea Eala grupa de varsta 50-
64,9 ani intre subiectii de control si subiectii cu boli cardiovasculare.

Comparareaintre pacientii incadrati n diferite clase NYHA de insuficienta cardiaca congestiva
a evidentiat modificari statistice semnificative intre pacientii cu NYHA 1 si cel din clasaNYHA 1l la
temperaturile de 15, 20, 25, 37 si 42 °C. Nu au fost evidentiate ate modificari semnificative nici la
compararea celorlalte clase NYHA ‘intre ele, nici intre fiecare clasa de insuficienta cardiaca si totalul
pacientilor cu insuficienta cardiaca. Valorile energiel de activare au fost modificate statistic
semnificativ atét la compararea clasei NYHA Il cu NYHA | si respectiv NYHA 111 cét si cu tot lotul

de bolnavi cu insuficienta cardiaca.

Lucrarea a prezentat elemente de originalitate intrand intr-un domeniu sarac in materiae
publicate, cu posibilitatea aplicarii rezultatelor in practica curenta si ca baza de pornire pentru ate

cercetari.
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Cardiovascular diseases include pathological conditions of the heart and/or blood arteries and
veins that provide oxygen to the brain and other vital organs, whose normal functioning require a
certain oxygen level.

Worldwide cardiovascular diseases are the leading cause of death or hospitalization in adult

and elderly population, with the exception of the African continent, where infectious diseases are the

main mortality cause.

It is estimated that an early diagnosis of cardiovascular diseases and related risk factors (age,
blood pressure, sex, cholesterol levels, presence of diabetes mellitus, smoking habits, obesity,

sedentary lifestyle etc.) and appropriate preventive actions can reduce the incidence of heart disease

mortality by up to 80%.
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All living organisms are made up mostly of water (60% - 70% of mammaian body). Its
physical and chemica properties help maintaining the osmotic, metabolic, termic and electrolyte
balance of the organism. Human erythrocytes provide an optimal model for the study of
transmembrane transport of water, because they can be relatively simply separated, they present a
single membrane (showing increased water permeability compared with other cells) and water
transport processes generate, under certain conditions, cell volume/area changes that can be easily
guantified. These studies led to the discovery of 13 water channels proteins (aquaporins). In spite of
the fact that their established role was to facilitate the transmembrane transport of water, aguaporins
have come to include other functional subclasses - such as glyceroporins (facilitating the
transmembrane transport of glycerol), aguaglyceroporins (both water and glycerol), or
superaguaporins (which may not facilitate water transport at al).

Given the importance of cardiovascular diseases, on one hand, and recent progresses in
elucidating the structure of water channel proteins and their physiologica role in water transport, on
the other hand, the idea of studying the implications of these transmembrane proteins in the
cardiovascular pathology cameto life.

The thesis contains two parts. a genera one (state of knowledge) and another including
personal contributions. The state of knowledge part includes five chapters. The first one presents the
epidemiology of cardiovascular diseases, risk factors and a series of cardiovascular diseases most
frequently met in the patients enrolled in the study (definition, classification, clinical and laboratory
diagnosis, differential diagnosis, treatment).

Chapter 2 provides an overview of agugporin location in the heart and blood vessels, and their
involvement in cardiovascular diseases.

Chapter 3 presents the structure of water channel proteins and their classification based on
aguaporin location or function.

Chapter 4 includes description of the NMR spectroscopy principles, the state of knowledge in
the field of nuclear magnetic resonance and various biomedical applications of NMR spectroscopy.

Chapter 5 shows how the concepts of water transport through biological membranes evolved in
time and pays tribute to researchers from the medical school in Cluj for their contribution in clarifying
issues related to water transport through the erythrocyte membrane.

Personal contributions were focused on spotting differences in the water permeability

characteristics of the erythrocyte membranes in patients with heart diseases compared with control
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subjects classified by age and diagnosis, with the idea of alternative treatment options in mind. This
implied measurements of several morphology and permeability parameters involved in the water
transport through the erythrocyte membranes (using video-microscopy and NMR spectrometry
respectively) and statistical interpretation of the results (using the Microsoft Office Excel program).

The study enrolled 128 adult volunteers, including 58 control subjects and 70 patients with
various cardiovascular diseases. Prior informed consent was obtained from each of them. For ethica
reasons they are identifyed only by name initials, age and sex. Patients with cardiovascular diseases
were recruited from Suceava County Hospital cardiology department during the 2003-2009 interval.
Control subjects below 30 years were not included in the study as patients with severe cardiac
pathology of similar age were scarce (if any) and relevant statistical comparisons could not be made.
Among the 128 volunteers an equa distribution by gender was observed: 64 women and 64 men. Both
the control subjects and the cardiac patients were divided into three age groups (30 to 49.9 years, 50 to
64.9 years and over 65 years). Regarding the major cardiac pathologies of patients involved in the
study, these included ischemic heart diseases (stable angina pectoris, unstable angina pectoris, ST
segment elevation myocardia infarction and non-ST segment elevation myocardial infarction),
hypertension and heart failure (NY HA classes |-1V) respectively.

Blood samples were collected on heparin (151U/ml), chilled immediately (at 4 °C) and
processed within 48 hours. RBC suspensions were gently mixed, preventing breakage of the cell
membranes, placed in isotonic medium (wash buffer - 150mm NaCl solution, 5.5 mM glucose, 5 mM
Hepes) and sedimented by triple centrifugation (3x10 minutes at 4,000 rpm, after successive washes
followed by remova of the supernatant via vacuum suction. After the third centrifugation, one third of
the erythrocytes suspension was subjected to further centrifugation (60 minutes at 10,000 rpm) for the
complete removal of water, while the other two thirds were re-suspended in washing buffer containing
bovine serum abumin a a hematocrit of 50% (1:1 ). Of these thirds, one was used to determine
morphological parameters (cell volume and area) by video-microscopy and the others to measure the
relaxation times of water protons in extracellular and intracellular space via NMR spectroscopy (T2a
and T respectively, in the presence/absence of paramagnetic ions, namely Mn?").

Morphological measurements focused on estimating the number of red blood cells in a given
volume, determining the hematocrit (red blood cell concentration in the sample diluted in isotonic
medium used for measuring T2, times) and the cell diameter. Based on these, cell volume and area and
the V/A ratio were estimated.
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In order to determine the number of red blood cells the erythrocyte suspension was diluted in
buffer solution, then a drop was dripped into the Thoma chamber plate and the plate was covered in
order to observe so-called refractive rings. Samples were then examined under a microscope equipped
with a camera, used for counting the red blood cells from severa series of grids (16 large squares -
256 small squares). Based on the figures obtained, the Olympus Microlmage software displayed the
volume concentration - expressed as millions of RBC/mm?®,

To determine hematocrit percentage, red blood cell suspension was aspirated after mixing in
three specia capillaries, sealed and centifugated for 10 minutes in a Hawksley microcentrifuge. After
sedimentation in capillary hematocrit was determined using the Hawksley scale, the result being
expressed as average of the three measurements.

To determine erythrocyte mean diameter for any subject, red blood cell test slide preparation
involved dripping of the suspension over a‘film’ of BSA solution, delimitating the blood drip with a
thin nylon thread, uniform pressing and remova of fluid excess through blotting with filter paper.
After preparation, slides were examined and photographed under microscope and diameters were
measured on electronically saved images (referring to calibrated micrometer ruler settings) with the
same Olympus Microlmage software. After about 70 measurements for each sample, the diameter was
calculated as average +/- standard deviation of all measurements. Based on formulas tailored to
different mamalian species, the program displayed approximative values of cell area and volume
(expressed as the ratio between hematocrit value and the number of RBC cells - millions per mm?®)

Using the Morariu-Benga protocol based on the method proposed by Conlon and Outhred,
relaxation times of protons excited at 20 MHz in a pulsed field (Carr-Purcell-Meiboom-Gill method)
were determined by NMR spectroscopy using a Bruker Minispec spectrometer (Bruker Optics GmbH)
for both ‘extracellular water’ (T, in the presence of the paramagnetic ion Mn") and ‘intracellular
water’ (T4, in the absence of paramagnetic ion Mn®", for samples with a least 95% hematocrit in
which extracellular water was virtually eliminated) at 15, 20, 25, 30, 37 and 42 °C. The choice of
temperatures considered covering the 25 °C - 37 °C range (reference environment temperature -
human body physiological temperature).

After the Bruker Minispec device reached working conditions, sample caibration was
conducted and temperature stabilization was obtained, over the erythrocytes suspended in isotonic
medium to a hematocrit of 40% (kept on ice in speciad NMR tubes) equal volumes (200 pl each) of
BSA solution and doping solution (MnCl, 40mM, NaCl 100mM) were added. The tubes were then
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placed a few minutes in the Bruker thermostatic bath to reach bath temperature, then T, times for
‘intracellular water’ were recorded (at least 10 different measurements) at the initia temperature
(usudly 15 °C). The suspension was immediatelly iced while the thermostatic bath was stabilized at
the next designated temperature (20, 25, 30, 37 or 42 °C) and the operation was repeated: sample
brought to bath temperature, T,, times recorded. Similarly Ty times for ‘intracellular water’ (a
hematocrit of at |east 95%) were recorded using different settings adapted to cgpture monoexponential
signals, except that the less sensitive samples lacking extracel lular water didn’t require icing. Of note,
T, time values were generally 10 times greater than T, times.

Similar measurements of T,, times were conducted on samples where water transport was
inhibited by a mercuric compound (PCMB or PCMBS, using the Macey-Farmer method), mainly at
temperatures of 25 and 37 °C. In the case of such samples, red blood cell suspensions were previoudy
subjected to a PCMB/PCMBS incubation at 37 °C bath temperature. During the study period (2003-
2009) severa incubation versions have been tested, implying various PCMB/PCMBS concentrations
(from 0.5 to 2 mM) and times (from 15 to 60 minutes). Best results were obtained for 60 minutes
incubation at 37 °C with 1 mM PCMB concentrations. Results were electronically recorded.

After measuring the Ty and T, proton relaxation times in designated working conditions,
average values were caculated for each temperature and the water exchange times (T, as defined by
Conlon and Outhred) were calculated using the following equation: 1/Te= (1/T2g) - (U/T2).

Based on erythrocyte V/A ratios calculated from the morphological parameters determined by
video-microscopy, the water difussona permeability values (equated for a square centimeter of
membrane outer surface) were caculated for temperatures of 15 °C, 20 °C, 25 °C, 30 °C, 37 °C and 42
°C, using the following equation: Py = (L/Te) X (V/A).

To calculate the activation energy of the process of water transport through erythrocyte
membranes, the Arrhenius modifyed equation was employed: k = A(T/To)™e®¥R" where R is the
Universa gas constant and T the absolute temperature (°K), while n varies between -1 and 1 values. If
one accepts arbitrary temperature dependence of the pre-exponential factor, logarithmation of the
Boltzmann constant leads to the following equation: In (k) = - E&/RT + In (A). By plotting In(k) values
against T values, the constant value was obtained using the slope value and the co-ordinates of any
given point. Since In (k) has no values and (1/T) has values of °K™, the dope of the linear Arrhenius

plot has values of °K. Activation energy variance from the initia temperature (say 15 °C) to the find
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temperature (say 42 °C) was cal culated using the y-axis coordinates of the corresponding x-axis slope
projections of the final and initial temperature val ues.

Following measurements and cal cul ation of morphological and permeability parameters,
multiple comparisons between various cardiovascular patients and control subjects were conducted for
certain age groups and/or overall categories, taking into consideration associated diseases and the
presence of certain risk factors.

Conclusions

Heart diseases are a magor health problem of the general populations. In Romania
cardiovascular mortality rate is 61%, a figure that justifies efforts to obtain in-depth knowledge of
cellular and molecular mechanisms for all processes ocurring in the human body, including
transmembrane transport of water.

The number of volunteers enrolled in the study was large enough to provide statistica
significance, with ages ranging from 30 to 82 years and several (multiple) pathologica conditions. A
fair balance in regard of age and sex criteria was observed between control subjects and cardiovascular

patients.

NMR spectroscopy, the basi ¢ technique used in determining permeability parameters for the
subjects enrolled in this study, is a safe and effective evaluation method providing reproducible results
intensively employed in biochemistry, biophysics, molecular biology, genetics. NMR spectroscopy
provides means for quantifying changesin cell volume and shape or membrane potential. To study the
diffusion characteristics of water molecules in tissues and to quantify their effect on NMR signals,
several models that trandlate various physical tissue signals have been proposed, among which pulsed
field gradients were employed in this research. Knowledge of such aspects help efforts of quantifying

in vivo molecular processes.
Numerous measurements of morphological and permeability parameters were made for all

enrolled subjects, grouped according to age and heart condition. These measurements have revealed a

number of minor changes between control subjects and cardiac patients, some of them showing
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statistica significance. The most important seems to be the increased water difussional permeability
seen over the whole temperature range in cardiac patients over 65 years compared to those between 50
and 65 years. Complementary statistical significance was seen in case of the activation energy when

comparing control subjects and cardiac patients aged 50 to 64.9 years.

Comparison between different congestive heart failure groups showed statistically significant
differences between NYHA class | and NYHA class Il patients at virtualy all temperatures (15, 20,
25, 37 and 42 ° C). No other significant changes were found when comparing congestive heart failure
patients with other groups or control subjects. Activation energy vaues showed statistically significant
differences in NYHA |l patients compared with NYHA |, NYHA 1l and overadl cardiac failure
patients.

Severd other statistically significant differences were recorded.

The work presented original elements by addressing an area poorly represented in published

papers. These results may be used in current clinical practice or as a basis for further research.
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