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INTRODUCERE

Efortul fizic este un stres complex: neuromuscular, prin activarea sistemului muscular
striat scheletic si a sistemului nervos somatic; endocrinometabolic, prin activarea axului
hipotalamo-hipofizo-corticosuprarenalian si a sistemului simpato-adrenal; sistemic, prin
activarea cardiovasculara si respiratorie; biochimic, prin dereglarea homeostaziei redox si
psihoemotional, prin activarea emotivitatii si comportamentului.

Efectul paradoxal al efortului fizic este o tema de mare actualitate si interes, conform
datelor din literatura privind efectul prooxidant al efortului fizic intens, consecintele acestuia si
importanta combaterii stresului oxinitrozativ prin administrare de antioxidanti exogeni
nutritionali sau nenutritionali, naturali sau sintetici si efectul antioxidant al efortului fizic
moderat. Acestui efect i se adauga si influenta nutritiei, ca prooxidant si antioxidant.

CONTRIBUTIA PERSONALA
Studii experimentale
Obiective
Cercetdrile experimentale au urmarit:
e efectul paradoxal oxidant/antioxidant al efortului fizic in functie de intensitate:
liniara, standard si progresiva, in trepte;



¢ influenta administrarii uleiului de canepd, obtinut prin presare la rece, asupra
capacitatii aerobe de efort cu diferite intensitati;

¢ influenta uleiului de canepa asupra homeostaziei redox serice si tisulare in
efortul fizic si efectele uleiului de canepa ca posibil agent antioxidant nutritional;

e efectele suplimentdrii dietei cu ulei de cdnepa asupra metabolismului lipidic In
conditii de efort fizic.

¢ modificarile histopatologice la nivelul encefalului si miocardului in conditii de
efort, fara si cu administrare de ulei de canepa.

Metodologie generala

Studiile experimentale s-au efectuat pe sobolani de gen masculin, rasa Wistar proveniti
din Biobaza Universitatii de Medicina si Farmacie "luliu Hatieganu" Cluj-Napoca. Greutatea
medie a sobolanilor a fost 200-300 grame, varsta de 16 saptamani.

Cercetdrile experimentale au fost studii pilot, analitice, longitudinale, prospective, cu
durata de 28 de zile si s-au desfasurat in perioada noiembrie 2011- martie 2012.

Capacitatea aeroba de efort (CAE) s-a determinat prin proba de inot, care s-a efectuat
intr-un bazin din mase plastice, cu apa termostatata la 20°C.

Administrarea uleiului de canepa s-a facut prin gavaj oral, In cantitate de 0,1 ml pe
sobolan, doza calculata in raport cu doza zilnica de ulei recomandata la om.

Determinarile biochimice s-au efectuat in Laboratorul pentru Studiul Stresului Oxidativ
al Disciplinei Fiziologie din cadrul UMF,, Iuliu Hatieganu”, Cluj-Napoca.

Pentru determinarea indicatorilor balantei oxidanti/antioxidanti (O/AO) in sange s-au
recoltat probe de sange venos din sinusul retroorbitar. Pentru determinarea indicatorilor
balantei O/AO in tesuturi s-au recoltat probe de tesut miocardic si encefal dupa eutanasierea
animalelor. S-au determinat urmatorii indicatori serici si tisulari: malondialdehida (MDA),
proteinele carbonilate (PC), capacitatea de donori de hidrogen (DH), gruparile sulfhidril totale
(SH) si glutationul (GSH).

Determinarea trigliceridelor (TG) si colesterolului (COL) in sange s-a facut din probe de
sange periferic recoltat din capilarele de la nivelul cozii sobolanilor si aplicate instantaneu pe
teste strip care au fost prelucrate cu un aparat Accutrend Plus GCT (Roche Diagnostics,
Mannheim, Germany).

Pentru examenul histologic, probele s-au recoltat proaspat de la animalele eutanasiate,
sacrificate la terminarea experimentului.

Analiza statistica a utilizat urmatoarele metode : testul t (Student), analiza variantei
one-way ANOVA, analiza post-hoc de comparatie multipla (testul Scheffe/testul
Bonferroni/testul LSD), testul Levene pentru variatie, testul Kolmogorov-Smirnov; testele
neparametrice Kruskall-Wallis, testul Mann-Whitney (U) pentru doua probe neperechi, testul
Wilcoxon, in cazul a doud probe perechi. S-a utilizat coeficientul de corelatie Pearson (r) si
coeficientul de corelatie al rangurilor Spearman (p). Pentru prezentarea datelor au fost folosite
tabele si grafice de tipul box plot.

Studiul 1. Influenta suplimentarii dietei cu ulei de cinepa asupra capacitatii
aerobe de efort la sobolani antrenati la efort fizic cu intensitate liniara

Rezultate

Antrenamentul la efort fizic cu incarcare liniara, fara si cu suplimentare cu ulei de
canepd, determina cresterea capacitatii aerobe de efort (CAE), in functie de intensitatea
efortului: cresterea intensitatii efortului determind diminuarea capacititii aerobe de efort.
Antrenamentul cu intensitate maxima, prin incarcare de 20%, fara si cu suplimentare cu ulei,
determina diminuarea CAE, ceea ce s-ar putea explica prin efectul hormesis al efortului.
Cresterea CAE este maxima in cazul efortului cu Incarcare de 10 % si suplimentare cu ulei, fata
de loturile cu incarcare de 15 % si 20 %, fara si cu suplimentare.



Administrarea uleiului de canepa si Incarcarea liniara determind cresteri semnificative
ale CAE la 28 de zile, fata de loturile fara suplimentare cu ulei, efect care ar putea fi atribuit
rolului energogen al acizilor grasi polinesaturati (AGPN) din uleiul de canepa.

Studiul 2. Influenta suplimentarii dietei cu ulei de canepa asupra capacitatii
aerobe de efort la sobolani antrenati la efort fizic cu intensitate progresiva

Rezultate

Antrenamentul cu incdrcare progresiva, in trepte determind cresterea semnificativa a
CAE. Administrarea uleiului de canepa si Incarcarea progresiva determina cresteri semnificative
ale CAE la 28 de zile si contribuie la sustinerea efortului fizic de anduranta.

Studiul 3. Efectul uleiului din seminte de cinepa asupra balantei serice
oxidanti/antioxidanti la sobolani antrenati la efort fizic cu intensitate liniara

Rezultate

Antrenamentul cu intensitate liniara cu Incarcare moderatd determina cresteri
semnificative ale MDA, scaderi semnificative ale GSH la incarcarea de 10% si cresteri
semnificative ale DH si gruparilor SH pentru Incarcarea de 15%, fata de martori.

Suplimentarea cu ulei de canepa si antrenamentul determind cresteri semnificative ale
MDA (la incarcare de 10%) si PC (la incarcare de 15 si 20%) si cresteri semnificative ale DH,
grupdrilor SH si GSH (la Incarcare de 10, 15 si 20%), fata de lotul martor.

Suplimentarea cu ulei de cdnepa si antrenamentul cu Incarcare moderata de 10%
determina cresteri semnificative ale PC, DH si GSH, iar la incarcarea de 20%, cresteri
semnificative ale PC, gruparilor SH si GSH si scaderi semnificative ale DH, fata de loturile
nesuplimentate corespunzatoare.

Studiul 4. Efectul uleiului din seminte de canepa asupra balantei serice
oxidanti/antioxidanti la sobolani antrenati la efort fizic cu intensitate progresiva

Rezultate

Suplimentarea cu ulei de canepa si antrenamentul cu incarcare progresiva determina
modificari semnificative ale balantei serice O/AOQ: cresteri semnificative ale stresului oxidativ
(SO) pe seama MDA si PC si cresteri semnificative ale apararii antioxidante (AO) pe seama GSH.

Studiul 5. Efectul uleiului din seminte de cianepa asupra balantei tisulare
oxidanti/antioxidanti in efortul fizic cu intensitate liniara la sobolani

Rezultate

Efortul fizic cu Incarcare liniara de 15% si 20% determind modificari semnificative ale
balantei tisulare 0/AO in miocard, fatd de lotul cu incircare de 10%. In encefal, determini
modificari semnificative ale balantei tisulare O/AO, cu scaderi ale MDA si cresteri ale DH pentru
incarcarea de 15% si cu scaderi ale PC, gruparilor SH si GSH pentru Incarcarea de 20%, fata de
lotul cu incarcare de 10%.

Suplimentarea cu ulei de canepa si efortul fizic cu incarcare liniara influenteaza balanta
tisulara 0/AO in functie de intensitatea efortului. In miocard determin cresteri semnificative
ale SO pe seama MDA pentru incarcarea de 20% si pe seama PC pentru incarcarea de 10% si
cresteri semnificative ale apararii AO pe seama DH, pentru toate loturile suplimentate, fata de
cele nesuplimentate. In encefal determina cresteri semnificative ale SO pe seama PC, pentru
incarcarea de 15% si cresteri semnificative ale apararii AO pe seama DH, pentru lotul cu
incarcare de 10% si pe seama GSH, pentru incarcarea de 20%, fata de loturile nesuplimentate .

Modificarile balantei tisulare O/AO sunt semnificative la toate loturile cu suplimentare si
incarcare In miocard, unde creste capacitatea de aparare AO pe seama DH si pentru loturile cu
suplimentare si Incdrcare de 15 si 20% in creier unde scade semnificativ capacitatea de aparare
AO pe seama DH, fata de loturile nesuplimentate .

Studiul 6. Efectul uleiului din seminte de cianepa asupra balantei tisulare
oxidanti/antioxidanti in efortul fizic cu intensitate progresiva la sobolani

Rezultate

Suplimentarea cu ulei de canepa si efortul fizic cu Incarcare progresiva influenteaza
balanta O/AO la nivel tisular: determina cresteri semnificative ale SO, pe seama MDA 1n miocard
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si pe seama PC 1n creier si determina cresteri semnificative ale apararii AO, pe seama DH in
miocard si pe seama grupdrilor SH si GSH 1n creier.
Studiul 7. Influenta suplimentarii dietei cu ulei de canepa asupra metabolismului
lipidic la sobolani antrenati la efort fizic
Rezultate
Antrenamentul la efort cu Incarcare liniard de 20% determina scaderi semnificative ale
TG plasmatice. Antrenamentul la efort cu incarcare progresiva determina scaderi semnificative
ale TG plasmatice si cresteri semnificative ale COL plasmatic.
Suplimentarea cu ulei de canepa si antrenamentul la efort cu incarcare liniara determina
scaderi semnificative ale TG plasmatice si scaderi semnificative ale COL plasmatic.
Suplimentarea cu ulei de canepa si antrenamentul la efort cu incarcare progresiva
determina scaderi semnificative ale COL plasmatic.
Modificarile plasmatice ale TG si COL apar dupa 14 zile si se mentin la 28 de zile.
Studiul 8. Modificarile histopatologice la nivelul miocardului si encefalului la
animale antrenate la efort si suplimentate cu ulei de canepa

Rezultate
Antrenamentul la efort fizic cu Incarcare liniara determina modificari histopatologice de

necrozd/apoptoza la nivelul encefalului si nu determina modificari histopatologice la nivelul
miocardului pe durata studiata. Administrarea uleiului de canepa are efect neuroprotector
redus la animalele antrenate la efort.

Modificarile neuronale de necroza/apoptoza postefort la nivelul encefalului sustin
experimental ipoteza neurogenezei si plasticitatii in sistemul nervos central.

Concluzii generale

1. Antrenamentul cu intensitate liniara, standard, determina la 28 de zile, fata de lotul
martor, cresteri semnificative ale CAE; cresteri semnificative serice ale DH si
grupdrilor SH; la nivel tisular, in encefal, se constata scaderi semnificative ale MDA
si cresteri semnificative ale DH; in plasma au loc scaderi semnificative ale TG; in
encefal au loc modificari histopatologice de necroza/apoptoza.

2. Antrenamentul cu intensitate progresivd, determina la 28 de zile, fata de lotul
martor, cresteri semnificative ale CAE; modificari serice cu cresteri semnificative ale
MDA, PC si GSH; In plasma au loc scaderi semnificative ale TG si cresteri
semnificative ale COL.

3. Suplimentarea cu ulei de canepa si antrenamentul cu intensitate liniara, standard,
determina la 28 de zile, fatd de lotul martor, cresteri semnificative ale CAE;
modificari serice cu cresteri semnificative ale MDA , PC, DH, gruparilor SH si GSH.
La nivel tisular, in miocard, se constata cresteri semnificative ale MDA, PC si DH, fata
de loturile nesuplimentate; in encefal au loc cresteri semnificative ale PC, DH si GSH,
fata de loturile nesuplimentate; in plasma au loc scaderi semnificative ale TG si COL;
in encefal au loc modificari histopatologice de necroza/apoptoza.

4. Suplimentarea cu ulei de cadnepa si antrenamentul cu intensitate progresiva,
determina la 28 de zile, cresteri semnificative ale CAE fata de lotul martor;
modificari serice cu cresteri semnificative ale MDA, PC, GSH. La nivel tisular, in
miocard, au loc cresteri semnificative ale MDA si DH; in encefal au loc cresteri
semnificative ale PC, gruparilor SH si GSH, fata de loturile nesuplimentate; in plasma
au loc scaderi semnificative ale COL.

5. Cresterea CAE poate fi atribuita efectului energogen al AGPN. Reducerea cresterilor
CAE pe masura cresterii intensitatii liniare a efortului sustine teoria hormesis in
efortul fizic.

6. Efortul fizic este un agent stresor, care sub raport biochimic, are efect prooxidant
(PO) la intensitati crescute, cu cresterea SO si scaderea apararii AO si efect AO 1n
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efortul moderat, ceea ce sustine ipoteza rolului paradoxal al efortului asupra
balantei O/AO. Efortul fizic determina leziuni tisulare plastice In encefal, ceea ce ar
pleda pentru ipoteza neurogenezei si plasticitatii in sistemul nervos central.

Uleiul de canepa este un agent nutritional cu efect energogen asupra CAE,
antioxidant 1n efortul fizic cu Incarcare liniara moderata si progresiva, prin
cresterea capacitatii de aparare AO, hipotrigliceridemiant, pentru incarcarea liniara
si hipocolesterolemiant, pentru incarcarea liniara si progresiva.

Cercetarile noastre arata ca efectele paradoxale ale efortului fizic sunt dependente
de intensitatea efortului, modificata prin incarcare si sunt influentate de efectele PO
si AO ale uleiului de canepa ca agent nutritional.

Originalitatea si contributiile inovatoare ale tezei
Originalitatea lucrarii consta in faptul ca este :

un studiu experimental complex privind antrenamentul la efort fizic de diferite
intensitati si influenta acestuia asupra capacitatii de efort, balantei serice si tisulare
oxidanti/antioxidanti si asupra modificarilor histopatologice;

un studiu experimental bazat pe doua modele de efort cu intensitate liniara, prin
incarcare standard si cu intensitate progresiva, prin incarcare in trepte, modele
utilizate in practica pregatirii sportivilor;

o cercetare care urmareste si demonstreaza efectele suplimentarii dietei cu ulei de
canepa asupra capacitatii aerobe de efort, homeostaziei redox serice si tisulare,
modificarilor sangvine ale metabolismului lipidic si modificarilor histopatologice din
miocard si encefal aparute in timpul efortului fizic;

o cercetare care demonstreaza rolul uleiului de canepa ca agent nutritional cu efecte
multiple: energogen, antioxidant, hipotriglicemiant si neuroprotector, in conditii de
efort cu diferite intensitati.

Contributiile inovatoare ale tezei sunt:

semnificatia si valoarea aplicativa a rezultatelor, avand in vedere administrarea
antioxidantilor prin nutritie adecvat3, efectul energogen si antioxidant in conditii de
efort, in vederea cresterii capacitatii aerobe de efort si a apararii antioxidante,
pentru cresterea performantelor;

releva necesitatea elaborarii impreuna cu medicii specialisti in domeniul medicinii
sportive si cu medicii nutritionisti a unor recomandari privind nutritia adecvata,
strategiile nutritive referitoare la aportul de agenti nutritionali in dietd, pentru
sustinerea capacitatii de efort si refacerea postefort;

sustinerea teoriilor privind efectul hormesis; rolul paradoxal al efortului fizic asupra
homeostaziei redox si rolul paradoxal al nutritiei in efort; sustinerea ipotezei
neurogenezei si plasticitatii In sistemul nervos central.
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INTRODUCTION

Physical exertion is a complex stress: neuromuscular, by activating the skeletal
muscular system and somatic nervous system; endocrinomethabolic by activating the
hypothalamic-pituitary-adrenal axis and the simpato-adrenal system; systemic, by
cardiovascular and respiratory activation; biochemical, by redox homeostasis disturbance and
psycho-emotional, by emotional and behavioral activation.

The paradoxical effect of exercise is a subject of topical interest, according to the
literature, regarding the prooxidant effect of intense exercise, its consequences and the
importance of combating oxinitrozative stress by exogenous administration of nutritional,
natural or synthetic antioxidants and the antioxidant effect of moderate physical effort. This
effect is compounded by the influence of nutrition, as prooxidant and antioxidant.

PERSONAL CONTRIBUTION

Experimental studies

Objectives

Experimental investigations aimed the:

e paradoxical oxidant/antioxidant effect of exercise depending on intensity: linear,
standard and progressive, in steps;

e influence of hemp oil obtained by cold pressing on aerobic capacity during exercise
with different intensities;
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e hemp oil influence on serum and tissue redox homeostasis in exercise and effects of
hemp oil as possible nutritional antioxidant agent;

« effect of dietary hemp oil supplementation on lipid metabolism in exercise conditions.

« histopathological changes in the brain and myocardium in physical effort, with or
without hemp oil administration.

General Methodology

Experimental studies were performed on male Wistar rats, obtained from the University
of Medicine and Pharmacy "Julius Hatieganu" Cluj-Napoca Biobase. Average weight of rats was
200-300 g, age of 16 weeks.

Experimental investigations were analytical pilot studies, longitudinal, prospective,
lasting 28 days and were conducted in the November 2011 - March 2012 time interval.
Aerobic exercise capacity (AEC) was determined by the swimming test, which was made into a
plastic basin with water thermostated at 20° C.

Hemp oil administration was made by oropharyngeal gavage in amount of 0.1 ml per rat,
dose calculated in relation to oil ratio recommended to human daily intake.

In order to determine the serum indicators of O/AO balance, venous blood samples were
collected from retro bulbar sinus. Biochemical determinations were performed in the
Laboratory for Oxidative Stress Study in the Physiology Department of "Iuliu Hatieganu"
University, Cluj-Napoca. In order to determine the tissular oxidative stress (OS) indicators,
tissue samples were collected from myocardium and encephalon after euthanizing the animals.
We determined serum and tissue following indicators: malondialdehyde (MDA), protein
carbonyls (PC), hydrogen donor capacity (DH), total sulfhydryl groups (SH) and glutathione
(GSH).

Triglycerides (TG) and cholesterol (COL) in blood were determined in samples collected
from peripheral blood capillaries of the rat tail and applied instantly on strip tests that have
been processed by an Accutrend Plus GCT (Roche Diagnostics, Mannheim, Germany) device.

For the histological examination, samples were collected freshly, from euthanized
animals at the end of the experiment.

The analyzed moment of time was day 28.

Statistical analysis used the following methods: t test (Student), one-way analysis of
variance ANOVA, post-hoc analysis of multiple comparison test (Scheff / Bonferroni test / test
LSD), Levene test for variance, Kolmogorov-Smirnov test, nonparametric tests Kruskall-Wallis,
Mann-Whitney (U) for two unpaired samples, Wilcoxon test, for two samples pairs. We used
Pearson correlation coefficient (r) and Spearman rank correlation coefficient of (p). Tables and
graphs such as box plot were used for displaying data.

Study 1 - The influence of hemp oil diet supplementation on aerobic exercise

capacity in rats trained to exercise with linear intensity

Results

Training to exercise with linear loading, with or without hemp oil supplementation,
increases aerobic capacity, depending on the intensity of effort: increasing exercise intensity
resulted in decreased aerobic capacity. Training with maximum intensity, by loading with 20%
with or without hemp oil supplementation, resulted in decreased aerobic capacity, which might
explain the hormesis effect of exercise. The maximum increase of aerobic capacity is in the
group that the loading was 10% and oil supplementation compared to groups with load of 15%
and 20% with or without oil supplementation.

Hemp oil administration and training with linear loading causes significant increases of
aerobic capacity after 28 days, compared to groups without additional oil, an effect that could be
attributed to the energogen role of polyunsaturated fatty acids (PUFA) in the hemp oil.

Study 2 - The influence of hemp oil diet supplementation on aerobic exercise
capacity in rats trained to exercise with progressive intensity

Results
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Training to exercise with progressive loading, significant increases aerobic capacity.
Hemp oil administration and progressive loading cause significant increases in aerobic capacity
at 28 days and help support endurance exercise.

Study 3 - The effect of hemp seed oil on serum oxidants/antioxidants balance in

rats trained to exercise with linear intensity

Results

Training to exercise with linear loading at moderate intensity causes significant
increases in MDA, GSH significant decreases at loading of 10% and significant increases in DH
and SH groups for loading of 15%, compared with controls.

Hemp oil supplementation and training cause significant increases in MDA (at 10%
load) and PC (loading of 15 and 20%) and significant increases in DH, SH groups and GSH
(loading of 10, 15 and 20%) compared to the control group.

Hemp oil supplementation and exercise with moderate intensity causes significant
increases in PC, DH and GSH at loading of 10%, a significant increase in PC, SH groups and GSH
and a significant decrease DH, at loading of 20%, compared to non supplemented groups.

Study 4 - The effect of hemp seed oil on serum oxidants/antioxidants balance in
rats trained to exercise with progressive intensity

Results

Hemp oil supplementation and exercise with progressive loading cause significant
changes in serum 0/AO balance: significant increases in oxidative stress indicators MDA and PC,
and significant increases in AO defense indicators on behalf of GSH.

Study 5 - The effect of hemp seed oil on tissular oxidants/antioxidants balance

during exercise with linear intensity in rats

Results

Exercise with linear loading of 15% and 20% induces significant changes in tissular
0/AO balance in myocardium, compared to the group with 10% loading; in the encephalon,
cause significant changes in tissular 0/AO balance, with decreases in MDA and increases in DH
at 15% loading and decreases in PC, SH groups and GSH at 20% loading, compared to the group
with 10% loading.

Hemp oil supplementation and exercise with linear loading influences tissular 0/AO
balance depending on exercise intensity. In the myocardium causes a significant increases of
MDA at 20% loading and increases of PC for the 10% loading and significant increases AO
defense due to DH for all supplemented groups compared to non supplemented groups. In the
encephalon causes significant increases of PC at loading of 15% and significant increases in AO
defense due to DH for groups with 10% loading and due to GSH at loading of 20% compared to
non supplemented groups.

Study 6 - The effect of hemp seed oil on tissular oxidants/antioxidants balance
during exercise with progressive intensity in rats

Results

Hemp oil supplementation and exercise with progressive loading influences the 0/AO
balance at the tissue level: causes a significant increase of oxidative stress indicators on account
of MDA in the myocardium and on behalf of PC in the brain and causes a significant increase in
antioxidant defense on account of DH in the myocardium and on behalf of SH groups and GSH in
the brain.

Study 7 - The influence of hemp oil diet supplementation on lipid metabolism in
rats trained to exercise

Results

Training to exercise with 20% linear load causes significant decreases in plasma TG.
Progressive loading exercise training leads to significant decreases in plasma TG and significant
increases in plasma COL.

Exercise training with linear loading and hemp oil dietary supplementation cause

significant decreases in plasma TG and significant decreases in plasma COL. Exercise training
13



with progressive loading and hemp oil supplementation cause significant decreases in plasma
COL.
Changes in plasma TG and COL appear after 14 days and are maintained at 28 days.
Study 8 - The histopathological changes in the myocardium and brain of animals
trained to exercise and supplemented with Hemp 0il
Results
Training to exercise with linear loading causes histopathological changes of
necrosis/apoptosis in the brain and causes no histological changes in the myocardium during
the study. Hemp oil administration has a reduced neuroprotective effect in trained animals.
Neuronal changes of necrosis/apoptosis induced by exertion support the experimental
hypothesis of brain neurogenesis and plasticity in the central nervous system.

General conclusions

1. Training to exercise with linear loading determined at 28 days, compared to the
control group, significant increases in aerobic capacity, significant increases in
serum SH groups and DH, significant decrease in tissular MDA and significant
increases in tissular DH in encephalon, significant decreases in plasma TG,
histopathological changes of necrosis/apoptosis in the encephalon.

2. Training with progressive intensity, determined at 28 days, compared to the
control group, significant increases in aerobic capacity, with significant changes in
serum MDA, PC and GSH, significant decreases in plasma TG and significant
increases in plasma COL.

3. Hemp oil supplementation and exercise with linear intensity determined at 28
days compared with the control group, significant increases in aerobic capacity,
with significant changes in serum MDA, PC, DH, SH groups and GSH. In the
myocardium, there is significant increases in MDA, PC and HD, in the encephalon
were significant increases in PC, DH and GSH, compared to non supplemented
groups. Significant decreases in plasma TG and COL and histopathological changes
of necrosis/apoptosis in the encephalon occurred.

4. Hemp oil supplementation and exercise with progressive intensity, determined at
28 days, significant increases in aerobic capacity compared to control group with
significant changes in serum MDA, PC, GSH. In the myocardium, there are
significant increases in MDA and DH, in the encephalon were significant increases
in PC, SH groups and GSH and significant decreases in plasma COL, compared to
non supplemented groups.

5. Aerobic capacity increases can be attributed to the energogen effect of PUFA.
Reduction of increases in aerobic capacity with increasing linear intensity confirms
the theory of hormesis effect of exercise.

6. Exercise is a stressor agent, which biochemicaly has a prooxidant effect (PO) at
high intensity with increasing oxidative stress and decreasing antioxidant defense
and an antioxidant effect in moderate effort, which supports the hypothesis of the
paradoxical role of exercise on the O/A balance. Exercise causes plastic tissue
damage in the encephalon, which would argue for the hypothesis of neurogenesis
and plasticity in the central nervous system.

7. Hemp oil is a nutritional agent with energogen effect upon the aerobic capacity,
antioxidant effect in exercise with moderate linear and progressive loading, by
increasing antioxidant defense capacity, hipotrigliceridemiant effect for linear
intensity and hipocholesterolemiant for progressive loading.

8. Our research shows that the paradoxical effect of exercise is dependent on exercise
intensity, modified by charge and is influenced by prooxidant and antioxidant
effect of hemp oil as a nutritional agent.
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Originality and innovative contributions of the thesis

The originality of this work consists in the fact that it is:

e a comprehensive experimental study concerning on physical training at different
intensities and its influence upon the exercise capacity, the serum and tissular
oxidant/antioxidant balance and the histopathological changes;

« an experimental study based on two models of loading: linear intensity exercise, with
standard loading and progressive intensity exercise with loading in steps, training models that
are used in sports practice;

e a research that demonstrates the effects of hemp oil dietary supplementation on
aerobic capacity, serum and tissue redox homeostasis, blood lipid metabolism changes and
histopathological changes in the myocardium and encephalon occurring during exercise;

e a research that demonstrates the role of hemp oil nutritional agent with multiple
effects: energogen, antioxidant and neuroprotective, hipotriglicemiant in terms of effort with
different intensities.

Innovative contributions of the thesis are:

« the significance and value of the results, given the use of antioxidants through proper
nutrition, energogen and antioxidant effect in terms of effort, to increase aerobic capacity and
antioxidant defense, to improve performance;

* emphasize the need to develop together with medical specialists in sports medicine
and nutritional doctors the recommendations on adequate nutrition, nutritional strategies on
the nutritional intake of dietary agents for supporting and restoring exercise capacity after
effort;

e support the theories of hormesis effect, paradoxical role of exercise on redox
homeostasis and paradoxical role of nutrition in exercise, support the hypothesis neurogenesis
and plasticity in the central nervous system.
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