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INTRODUCERE

Atat in viata de zi cu zi, dar mai frecvent la sportivi, pot apare traumatisme care afecteaza diferiti
nervi periferici. Recuperarea morfologica si functionala a nervilor lezati si factorii care pot accelera aceste
procese devin astfel importante pentru activitatea fizica, pentru bunastarea si calitatea vietii.

Intr-o fibra nervoasi lezatd, segmentul distal, separat de corpul celular neuronal, suferd un proces
de degenerare, iar in cadrul segmentului proximal apare, de asemenea, o degenerare traumatica.

Factorii care stimuleaza regenerarea fibrelor nervoase periferice sunt de doua tipuri, endogeni si
exogeni. Printre factorii endogeni se numara factorii genetici si expresia lor, factorii de crestere, factorii
antioxidanti endogeni. Administrarea a numeroase substante exogene (antioxidantii exogeni,



suplimentele hormonale si vitaminice, medicamentele neuroprotectoare) poate favoriza regenerarea
fibrelor nervoase periferice afectate de un traumatism. De asemenea, existd factori fizici (campuri
magnetice, curent electric) implicati in regenerarea nervoasa periferica. Efectele neuroprotectoare si
stimulante ale factorilor exogeni pot fi folosite cu succes in practica clinica.

CONTRIBUTIA PERSONALA

Ipoteza de lucru. Obiective

in incercarea de a stabili o metodi terapeutici eficientd in imbunatitirea recuperirii functionale a
nervului periferic lezat, au fost propuse numeroase preparate si cdi de administrare ale acestora.
Cercetarea efectuata se bazeaza pe studii experimentale si are ca scop stabilirea unei metode eficiente de a
evalua recuperarea functionald dupa lezarea unui nerv periferic si evidentierea rolului unor agenti cu
potential antioxidant, In favorizarea regenerarii nervoase.

Obiectivele studiilor experimentale efectuate au fost urmatoarele:

1. realizarea unui model experimental de leziune nervoasa pe nerv sciatic la sobolan;

2. evaluarea gradului de recuperare functionala a nervului lezat prin teste adecvate;

3. evaluarea eficientei terapiei antioxidante a unor factori farmacologici si a efortului fizic
asupra regenerarii fibrelor nervoase;

4. efectuarea unor determindri biochimice pentru aprecierea rolului balantei
oxidanti/antioxidanti (O/AQO) in cazul leziunilor tisulare nervoase periferice;

5. studiul modificarilor histopatologice induse de factorii regeneratori folositi, pe preparate
obtinute dupa sacrificarea sobolanilor, la incheierea experimentului.

Metodologie generala

Studiile experimentale s-au efectuat in perioada februarie-mai 2012, fiind studii pilot, analitice,
longitudinale, prospective, cu durata de 28 de zile. Cercetdrile s-au desfasurat in cadrul laboratorului de
Fiziologie Experimentald, iar determinarile biochimice au fost efectuate in Laboratorul pentru Studiul Stresului
Oxidativ, din cadrul Disciplinei de Fiziologie a Universitatii de Medicina si Farmacie ,Iuliu Hatieganu”.

S-au utilizat sobolani albi, rasa Wistar, masculi, in varsta de 16 saptamani, cu greutatea de 200-300
grame. Loturile de sobolani au fost operate la nivelul membrului posterior drept, la care, dupa expunerea
nervului sciatic, a fost produsa o leziune prin zdrobire a acestuia, pe un segment de 5 mm, la 1-1,2 cm
proximal de trifurcatie, prin utilizarea unei pense hemostatice mentinuta timp de 15 secunde.

Indicele sciatic functional (ISF), corespunzator analizei functionale a mersului, a fost calculat pe
baza amprentelor plantare, obtinute prin eliberarea si deplasarea animalului intr-un tunel de sticla. S-a
utilizat o metoda computerizata originald, care constd in fotografierea labei picioarelor posterioare
ajutorul Celestron Digital Microscope.

Timpul de latenta la stimulul algic termic s-a determinat prin utilizarea placii Incalzite Ugo Basil
7280, 1a 53°C. S-a cronometrat timpul de reactie al animalului asezat pe suprafata incalzitd, confruntat cu
stimulul termic aplicat pe suprafata plantara.

Probele biologice de sange au fost prelevate din sinusul retroorbitar. S-au determinat indicatorii
biochimici ai balantei 0/AO, pentru stresul oxidativ - malondialdehida (MDA) si proteinele carbonilate
(PC) si pentru apararea antioxidanta - gruparile sulthidril totale (SH) si glutationul (GSH).

Pentru examinarile histopatologice, probele au fost procesate prin tehnica includerii la parafina si
prin tehnica sectionarii la gheata. Sectiuni longitudinale si transversale din nerv sciatic de la fiecare
sobolan, din zona lezionata au fost colorate H&E, respectiv cu Oil Red O si examinate la microscopul optic
sau la cel confocal.

Protocol pentru studiile 2-5: la toate loturile (n=10 animale/lot) s-a efectuat lezarea nervului sciatic
prin zdrobire la nivelul membrului posterior drept. Studiul a inclus: lotul martor - sedentar, timp de 4
saptamani dupa interventie; lotul [ - la care s-a administrat, prin injectie ip, preparatul farmacologic, 4
saptamani dupa interventie. Sobolanii au fost evaluati prin: determinarea ISF in ziua 1 si in ziua 28, la
ambele loturi, conform metodei descrise in studiul 1; determinarea timpului de latentd la stimulul algic
termic la ambele membre posterioare si a parametrilor balantei 0/AO; analiza histopatologica a gradului
de refacere morfologica indus de factorul regenerator studiat.

Analiza statistica a utilizat testul t-Student pentru esantioane perechi si independente, analiza de
variantd ANOVA-Fisher, testul Post-Hoc cu corectia Scheffe, testul Mann-Whitney pentru o distributie a
datelor negaussiang, cu testul Kruskal-Wallis pentru comparatiile intre 3 sau mai multe loturi si coeficientul
de corelatie Pearson. Pentru prezentarea datelor au fost folosite tabele si graficele de tipul box plot.

Studiul 1. Evaluarea functionala a regenerarii nervilor periferici
Pentru stabilirea modelului experimental, s-a efectuat si sectionarea si sutura nervului sciatic. S-au
utilizat 2 loturi a 15 animale, la care, dupa lezarea nervului sciatic prin sectionare si sutura si, respectiv,



prin zdrobire, sobolanii au fost mentinuti in repaus, timp de 28 de zile. S-a evaluat functional regenerarea
nervoasa periferica, bazata pe determinarea ISF si s-a analizat comparativ evaluarea functionala in
cazul leziunilor prin zdrobirea si prin sectionarea nervului (Lot I - T1 - nerv sectionat, 1 saptamana; Lot I
- T2 - nerv sectionat, 2 saptamani; Lot II - T; -nerv zdrobit, 1 saptamana; Lot Il - T, -nerv zdrobit, 2
saptamani).

Rezultate: aplicarea testului t (Student) perechi indica cresterea semnificativ statistica a valorilor
ISF, atat a lotului I - T fata de lotul I - T; (p=0.000), cat si a lotului II - T, fata de lotul II - T; (p=0.000). De
asemenea, s-a observat o corelatie semnificativa statistic intre valoarea indexului ISF la lotul I - T; si
valoarea indexului ISF la lotul I - T, (r=0.54; p<0.04), respectiv intre valoarea indexului ISF la lotul II - T si
valoarea indexului ISF la lotul II - T, (r=0.991; p<0.000); sobolanii care au avut valori crescute ale ISF la 7
zile, le mentin si la 14 zile. Valorile ISF intre tipurile de leziuni la 14 zile prezinta o corelatie medie, fapt
ce iInseamna ca nivelul de regenerare este asemanator, indiferent de tipul de leziune folosit.

Concluzii: 1) Leziunea nervoasa periferica prin zdrobire este urmata de o regenerare mai rapida,
decat cea dupa sectiunea si sutura termino-terminala a nervului; 2) Pentru evaluarea regenerarii nervoase
periferice, In leziunile prin zdrobire este recomandat calculul ISF pe baza inregistrarii fotografice; 3)
Modelul de leziune periferica nervoasa prin zdrobirea nervului sciatic se preteaza pentru studiul efectelor
imediate a unor factori sau preparate cu rol in regenerare.

Studiul 2. Efectele melatoninei in regenerarea nervului sciatic

S-au administrat ip 0,01 mg/kgc melatonina. S-a utilizat preparatul Mellow Tonin® (Secom). Studiul
s-a efectuat conform protocolului descris la metodologie generala.

Rezultate: comparatia prin testul t-Student pentru egalitatea mediilor (pe esantioane perechi) a
evidentiat, la sfarsitul tratamentului, o diferenta inalt semnificativa statistic intre lotul martor si lotul
tratat cu melatonina (p=0,000), pentru valoarea ISF; dintre parametrii biochimici doar MDA a avut o
evolutie apropiata de limita semnificativitatii statistice (p=0,085), indicind o scadere a nivelului de SO.
Testul Mann-Whitney nu a evidentiat modificari semnificative ale timpului de latenta la stimulul algic termic
(p=0,6501) la nivelul ambelor membre (posterioare drept, operat si stang neoperat). Analiza
histopatologica a aratat o regenerare foarte buna, cu foarte putine mononucleare care infiltreaza nervul
sciatic, mielinizare si fibre nervoase de calibru uniform.

Concluzii: 1) Administrarea de melatonind Tmbunatateste functia motorie in recuperarea unei
leziuni nervoase periferice; 2) Valoarea ISF indica o recuperare functionald buna spre excelentd; 3) Efectul
tratamentului cu melatonind asupra timpului de latentd la stimulul algic termic este redus; 4) Actiunea
asupra balantei serice 0/AO a melatoninei determina in principal scaderea SO, pe baza scaderii MDA; 5)
Melatonina determind o regenerare morfologica nervoasa foarte buna; 6) Efectele favorabile asupra
regenerarii nervoase ale melatoninei se manifesta chiar si in doze mici; 7) Efectele benefice antioxidante
ale administrarii de melatonind dupa lezarea prin zdrobire a nervului sciatic, sunt prezente pe toata
durata studiatd a recuperdrii nervoase periferice.

Studiul 3. Efectele chitosanului in regenerarea nervului sciatic

S-au administrat ip 1,5 mg/kgc chitosan. S-a utilizat preparatul Chitosan® (Solaray). Studiul s-a
efectuat conform protocolului descris la metodologie generala.

Rezultate: comparatia prin testul t-Student pentru egalitatea mediilor (pe esantioane perechi) a
evidentiat, la sfarsitul tratamentului, o diferenta inalt semnificativa statistic intre lotul martor si lotul
tratat cu chitosan (p=0,000) pentru valorile ISF si a GSH. Timpul de latenta la stimulul algic termic a variat
semnificativ statistic la nivelul membrului posterior drept (p=0,0284) (testul Mann-Whitney). Analiza
histopatologica a aratat prezenta unor zone de edem cu teci de mielind degradate, infiltrat cu numeroase
celule mononucleare, putini axoni vizibili, globule de mielina in celule Schwann si in macrofage.

Concluzii: 1) Administrarea de chitosan Imbunatateste functia motorie in recuperarea unei leziuni
nervoase periferice; 2) Valoarea ISF indica o recuperare functionala buna spre medie; 3) Timpul de latenta
la stimulul algic termic se modifica semnificativ dupa tratamentul cu chitosan, la nivelul membrului drept,
operat; 4) Chitosanul influenteaza balanta serica O/AO si determina cresterea apararii AO, pe seama
cresterii inalt semnificative a GSH; 5) Efectele morfologice asupra regenerarii nervoase ale chitosanului
sunt reduse.

Studiul 4. Efectele coenzimei Q10 in regenerarea nervului sciatic

S-au administrat ip 0,10 mg/kgc coenzima Q10. S-a utilizat preparatul Coenzima Q10® (Walmark).
Studiul s-a efectuat conform protocolului descris la metodologie generala.

Rezultate: comparatia prin testul t-Student pentru egalitatea mediilor (pe esantioane perechi) a
evidentiat, la sfarsitul tratamentului, o diferenta fnalt semnificativa statistic intre lotul martor si lotul tratat cu



CoQ10 (p=0,000) pentru valoarea GSH, o corelatie semnificativa statistic pentru MDA (p=0,019) si ISF
(p=0,013) si o corelatie apropiata de limita semnificativitatii statistice (p=0,058) pentru SH. Timpul de latenta
la stimulul algic termic a variat semnificativ statistic la nivelul membrului posterior drept (p=0,0073)
(testul Mann-Whitney). Analiza histopatologica a aratat prezenta unor zone cu edem si mielina degradats,
fibre nervoase de calibru neuniform, numeroase mononucleare, proliferare de celule Schwann, disparitia
focalad a axonilor cu prezenta mielinei sub forma de globule, o discreta reactie conjunctiva.

Concluzii: 1) Administrarea de CoQ10 imbunatateste functia motorie In recuperarea unei leziuni
nervoase periferice; 2) CoQ10 are efecte favorabile asupra recuperarii functionale chiar si in doze mici; 3)
ISF indica o recuperare functionala buna spre medie; 4) Tratamentul cu CoQ10 modifica semnificativ
timpul de latenta la stimulul algic termic, la nivelul membrului drept, operat; 5) Actiunea asupra balantei
serice 0/AO a CoQ10 determina in principal cresterea apararii AO, pe seama SH si GSH si scaderea SO, pe
seama MDA; 6) Histopatologic, administrarea de CoQ10 determina o regenerare slaba la nivelul nervului
sciatic.

Studiul 5. Efectele atorvastatinei in regenerarea nervului sciatic

S-au administrat ip 0,15 mg/kg atorvastatina. S-a utilizat preparatul Atorvastatin ® (Pfizer). Studiul
s-a efectuat conform protocolului descris la metodologie generala.

Rezultate: comparatia prin testul t-Student pentru egalitatea mediilor (pe esantioane perechi) a
evidentiat, la sfarsitul tratamentului, o diferenta fnalt semnificativa statistic intre lotul martor si lotul tratat cu
atorvastatina (p=0,000), pentru valoarea ISF si o diferentd semnificativa statistic pentru valorile MDA
(p=0,005), SH (p=0,033) si GSH (p=0,012). Timpul de latenta la stimulul algic termic a variat semnificativ
statistic la nivelul membrului posterior drept, operat (p=0,0452) (testul Mann-Whitney). Analiza
histopatologica a aratat o regenerare mai avansatd, putine zone cu edem sau mielina degradata, foarte rare
mononucleare, calibru uniform al fibrelor nervoase, teaca de mielind uniforma cu prezenta axonilor in
interior.

Concluzii: 1) Administrarea de atorvastatind imbunatateste functia motorie in recuperarea unei
leziuni nervoase periferice; 2) Atorvastatina are efecte favorabile asupra recuperarii functionale chiar si in
doze mici; 3) ISF indicd o recuperare functionala medie; 4) Tratamentul cu atorvastatina modifica
semnificativ timpul de latenta la stimulul algic termic, la nivelul membrului drept, operat; 5) Actiunea
atorvastatinei asupra balantei serice O/AO determina in principal sciderea SO si cresterea apararii AO; 6)
Administrarea de atorvastatind determina o regenerare morfologica foarte buna.

Studiul 6. Efectele efortului fizic in regenerarea nervului sciatic

La toate loturile s-a efectuat lezarea nervului sciatic prin zdrobire la nivelul membrului posterior
drept. Studiul a inclus: lotul martor - sedentar, timp de 4 saptamani dupa interventie; lotul I — antrenat la
efort. Deoarece modificarile degenerative ating nivelul maxim la doud sdaptamani, dupa care incep sa
regreseze, lotul testat la efort a inceput antrenamentul din ziua 15, pe o durata de 14 zile (ziua 15-28). Proba
de inot s-a desfasurat intr-un bazin cu diminesiunile de 100 cm lungime/50 cm latime/60 cm indltime, cu
temperatura apei mentinuta la 22°C si nivelul apei la 30 cm Inaltime. Sobolanii au fost antrenati pe parcursul
a 1 org, in 6 sesiuni a cite 5 min/sesiune, cu 5 min pauza intre ele. Dupa interventie, sobolanii au fost
evaluati prin: determinarea ISF 1n ziua 1 si in ziua 28, 1a ambele loturi, conform metodei descrise in studiul 1;
determinarea timpului de latenta la stimulul algic termic la ambele membre posterioare si a parametrilor
balantei O/AO; analiza histopatologica a gradului de refacere morfologica indus de efortul fizic.

Rezultate: comparatia prin testul t-Student pentru egalitatea mediilor (pe esantioane perechi) a
evidentiat, la sfarsitul antrenamentului, o diferenta aproape de limita semnificativitatii statistice (p=0,053)
pentru valoarea ISF. Parametrii biochimici nu s-au modificat semnificativ statistic la lotul antrenat la efort.
Testul Mann-Whitney nu a evidentiat modificari semnificative ale timpului de latenta la stimulul algic
termic. Analiza histopatologica a ardtat prezenta unor zone de edem sau mielind degradata, numeroase
celule mononucleare, proliferare de celule Schwann, rare fibroblaste si celule perineuriale, cresterea
cantitatii de mielina si debris lipidic in interiorul fibrelor nervoase, calibru neuniform al fibrelor nervoase,
uneori cu disparitia axonilor, o discreta reactie reparatorie fibroasa.

Concluzii: 1) Antrenamentul fizic Imbunatateste recuperarea functiei motorii la debutul procesului de
regenerare, dupa o leziune nervoasa periferica; 2) ISF indica o recuperare functionald buna spre medie; 3)
Antrenamentul efectuat nu modifica semnificativ timpul de latenta la stimulul algic termic; 4) Un exercitiu
fizic de inot pe durata a 2 saptamani nu modifica semnificativ balanta serica 0/AO; 5) Antrenamentul efectuat
nu stimuleaza refacerea morfologica a leziunii nervoase; 6) Efectele benefice ale unui antrenament de inot de
14 zile, dupa zdrobirea nervului, sunt prezente in faza tardiva a recuperarii nervoase periferice; 7) Exercitiul
fizic reprezinta o interventie kinetoterapeuticd, cu aplicare indicata din faza de debut a regenerarii nervoase
periferice, impreuna cu alte mijloace terapeutice.



Concluzii generale

1. Functional, se constata pe baza cresterii indicelui sciatic functional, o recuperare motorie
dupa leziunea nervoasa periferica pentru toate loturile testate, mai exprimata dupa administrarea de
melatonind, chitosan, dar prezenta si dupa tratamentul cu coenzima Q10, atorvastatina si
antrenamentul la efort.

2. Biochimic, diminuarea stresului oxidativ, pe seama scaderii malon-dialdehidei, s-a obtinut
dupa administrarea de coenzima Q10 si atorvastating, iar cresterea apararii antioxidante, exprimata
prin refacerea rezervei de glutation si grupari sulfhidril, s-a realizat dupa administrarea de coenzima
Q10, atorvastatina si chitosan.

3. Scaderea stresului algezic, prin reducerea timpului de latenta la testul algic termic, a Insotit
scaderea stresului oxidativ dupa administrarea de coenzima Q10, chitosan si atorvastatina.

4. Histopatologic, cea mai bunad capacitate de refacere a nervului periferic lezat a fost
evidentiata dupa administrarea de melatonina si atorvastating; efectele morfologice ale administrarii de
chitosan si CoQ10 in regenerarea nervului periferic au fost mai reduse.

5. Factorii antioxidanti utilizati au efecte favorabile in regenerarea fibrelor nervoase periferice
lezate, cele mai bune efecte functionale, biochimice si morfologice au fost obtinute dupa administrarea
de melatonina si CoQ10.

Originalitatea si contributiile inovatoare ale tezei

Originalitatea lucrarii consta in: cercetarea metodologica complexa, unitara, din punct de vedere
histopatologic, functional si biochimic a leziunii nervului sciatic; utilizarea unui model original pentru
studiul functional (indicele sciatic functional, timpul de latenta algezic), care s-a dovedit a fi functional si a
permis obtinerea de rezultate comparabile cu ale altor cercetatori; studierea modificarilor homeostaziei
redox in leziunile nervoase periferice sub influenta unor agenti farmacologici neuroprotectori si cu
proprietati antioxidante (melatonina, chitosanul, coenzima Q10, atorvastatina), precum si sub influenta
efortului fizic moderat, ca factor antioxidant.

Contributiile inovatoare sunt urmatoarele:

* chitosanul a fost administrat ca atare ip, nu sub forma de derivati, ceea ce constituie o metoda
noua de administrare. Rezultatele obtinute au fost promitatoare, chiar la administrarea in doza mai mica.

®* (CoQ10 a fost studiata pe modele de boli degenerative ale SNC, in doze mult mai mari (peste
1000 x) si nu am gasit date experimentale despre efectul CoQ10 asupra regenerarii nervoase periferice.
Rezultatele obtinute au fost foarte bune, chiar si la doza mica administrata.

* rezultatele experimentale au aplicabilitate clinica si recomanda ca tratamentul chirurgical in
cazul traumatismelor nervoase periferice sa fie asociat cu administrarea unor preparate
neuroprotectoare, ca strategie de regenerare si plasticitate nervoasd, in recuperarea postlezionala.
Aceasta deschide noi perspective spre elaborarea unor scheme terapeutice eficiente, facile, care sa poata fi
aplicate iIn mod curent, astfel incat sa beneficieze o categorie larga de pacienti.
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INTRODUCTION

Both in everyday life, but more frequently in athletes, there can happen injuries which may be
affecting different peripheral nerves. The morphological and functional recovery of the injured nerves and
the factors that can accelerate these processes become important for physical activity and for the welfare
and quality of life.

In an injured nerve fiber, the distal segment, separated from neuronal cell body, undergoes
Wallerian degeneration and the proximal segment suffers also a traumatic degeneration.

The factors that stimulate regeneration of peripheral nerve fibers are of two types, endogenous and
exogenous. Endogenous factors include the genetic factors and their expression, the growth factors, the
endogenous antioxidants factors. The exogenous administration of various substances (exogenous
antioxidants, hormonal and vitamin supplements, neuroprotective drugs) may promote the regeneration
of the peripheral nerve fibers affected by trauma. There are also physical factors (magnetic fields,
electricity) involved in the peripheral nerve regeneration. The neuroprotective and stimulants effects of
the exogenous factors can be successfully used in clinical practice.

PERSONAL CONTRIBUTION

Working hypothesis. Objectives

In an attempt to establish an effective therapeutic approach to improve the functional recovery of
an injured peripheral nerve, numerous preparations and their routes of administration have been
proposed. This research is based on experimental studies and aims to establish an efficient method to
evaluate the functional recovery after a peripheral nerve injury and to highlight the potential role of some
antioxidant agents in promoting the nerve regeneration.

The objectives of the experimental studies were:

1. to establish an experimental model of the nerve injury in the rat sciatic nerve;

2. to evaluate the degree of functional recovery of injured nerve by appropriate tests;

3. to assess the antioxidant therapy efficiency of some pharmacological factors and exercise in the
regeneration of nerve fibers;

4. to perform biochemical measurements in order to assess the role of oxidant/antioxidant
(0/AO0) balance in case of peripheral nerve tissue damage;

5. to study the histopathological changes induced by the regenerative factors used, on
preparations obtained after sacrificing the rats at the end of the experiment.

General Methodology

Experimental studies were conducted from February to May 2012, and were pilot studies
analytical, longitudinal, prospective, lasting 28 days. The research was conducted in the laboratory of
Experimental Physiology and the biochemical determinations were performed in the Laboratory for the
Study of Oxidative Stress, in the Department of Physiology, University of Medicine and Pharmacy "Iuliu
Hatieganu".

We used white rats, Wistar, male, aged 16 weeks, weighing 200-300 grams. The groups of rats were
operated on right posterior limb; after the exposure of sciatic nerve, was produced an injury by crushing
the nerve, in a segment of 5 mm, at 1-1.2 cm proximal to trifurcation, using a haemostatic clamp
maintained for 15 seconds.

The sciatic functional index (SFI), corresponding to the functional gait analysis, was calculated
based on plant fingerprints obtained by releasing and moving the animal inside a glass tunnel. An original
computerised method was used, which consists of shooting the hind paw using Celestron Digital
Microscope.

The latency time to painful heat stimulus was determined using the heated plate Ugo Basil 7280, at
53° C. We registered the animal's reaction time on the heated plate, confronted to the thermal stimulus
applied to the plantar surface.



The biological samples of blood were taken from the retrobulbar sinus. We determined the
biochemical indicators of the oxidant/antioxidant (O/AO) balance, for the oxidative stress (OS) -
malondialdehyde (MDA) and carbonylated proteins (CP) and for the antioxidant defense (AD) - total
sulfhydryl groups (SH) and glutathione (GSH).

For the histopathological examinations, the samples were processed by paraffin inclusion
technique and by sectioning on ice technique. Longitudinal and transverse sections of sciatic nerve from
each rat, from the lesion site, were stained H&E and Oil Red O and examined under the optical and
confocal microscope.

The general protocol for studies 2-5 was: in all groups (n = 10 animals/group) was performed
sciatic nerve injury, by crushing, at right posterior limb level. The study included: the control group -
sedentary for 4 weeks after surgery, the group I - who received, by ip injection, the pharmacological
preparation, 4 weeks after surgery. Rats were evaluated by determination of: SFI - on day 1 and day 28 in
both groups, as described in study 1; latency time to painful heat stimulus - to both posterior limbs;
parameters of the O/AO balance and by the histopathological analysis of the morphological recovery
degree induced by the preparation studied.

The statistical analysis used the Student t-test for paired and independent samples, the analysis of
variance ANOVA-Fisher, the post-hoc test with Scheffe correction, the Mann-Whitney test for data with
non-Gaussian distribution, the Kruskal-Wallis test for comparisons between 3 or several groups and the
Pearson correlation coefficient. For displaying data were used tables and graphs such as box plot.

Study 1. Functional evaluation of peripheral nerve regeneration

In order to establish the experimental model, a sciatic nerve sectioning and suturing was performed
also. We used 2 groups of 15 animals, in which, after the sciatic nerve injury by sectioning and suturing,
respectively, by crushing, the rats were kept at rest for 28 days. We asses functionally the peripheral
nerve regeneration, based on SFI determination and analyzed comparatively the functional assessment for
crushing and nerve sectioning injuries (group I - T1 - nerve cut, 1 week; group I - T2 - nerve cut, 2 weeks;
group Il - T1 nerve crushed, 1 week; group I - T2 - nerve crushed, 2 weeks).

Results: the t-test (Student) pairs showed statistically significant increases of SFI values, both in group
I - T2 compared to group I - T1 (p=0.000) and in the group II - T2 compared to group II - T1 (p=0.000). Also,
there was a statistically significant correlation between the SFI index value in group I - T1 and SFI index
value in group I - T2 (r=0.54, p<0.04), respectively between SFI index value in group II - T1 and SFI index
value in group II - T2 (r=0.991, p<0.000); the rats which had elevated SFI values at 7 days, maintain them
also at 14 days. The SFI values between the types of lesions at 14 days displayed an average correlation,
which means that the regeneration level is similar, regardless of the type of lesion used.

Conclusions: 1) The peripheral nerve injury by crushing is followed by a faster recovery than the
one by sectioning and end-to-end nerve suture, 2) In order to assess the peripheral nerve regeneration in
crush injuries is recommended the SFI calculation based on photographic recording; 3) The model of
peripheral nerve injury by crushing the sciatic nerve is suitable for studying the immediate effects of
factors and preparations involved in regeneration.

Study 2. Melatonin effects in sciatic nerve regeneration

We administered ip 0.01 mg/kg melatonin. We used the preparation Mellow Tonin ® (SECOM). The
study was performed according to the protocol described in the general methodology.

Results: the comparison by Student t-test for the equality of means (on sample pairs) found, at the
end of treatment, a statistically highly significant difference between the control group and the group
treated with melatonin (p=0.000) for SFI value; between the biochemical parameters, only MDA has fared
close to the limit of statistical significance (p=0.085), indicating a decrease in the SO level. Mann-Whitney
test showed no significant change in latency time to painful heat stimulus (p=0.6501) in both limbs
(posteriors right, operated and left, unoperated). Histopathological analysis showed a very good
regeneration, with very few mononuclear cells infiltrating the sciatic nerve, myelination and uniform
diameter of nerve fibers.



Conclusions: 1) The administration of melatonin improves the recovery of motor function in
peripheral nerve injuries, 2) The SFI value indicates a good to excellent functional recovery, 3) The
melatonin treatment effect on latency time to painful heat stimulus is reduced, 4) The melatonin action on
serum 0/AO balance determined mainly a decrease of OS, based on MDA decrease; 5) The melatonin
produce a very good morphological nerve regeneration; 6) The favorable effects of melatonin on nerve
regeneration occurs even in small doses; 7) The beneficial antioxidant effects dues to melatonin
administration, after sciatic nerve crushing injury, are present throughout the whole studied period of
peripheral nerve recovery.

Study 3. Effects of chitosan in sciatic nerve regeneration

We administered ip 1.5 mg / kg chitosan. We used the preparation Chitosan ® (Solaray). The study
was performed according to the protocol described in the general methodology.

Results: the comparison by Student t-test for the equality of means (on sample pairs) found, at the
end of treatment, a statistically highly significant difference between the control group and the group
treated with chitosan (p=0.000) for the SFI and GSH values. The latency time to painful heat stimulus
varied significantly statistic at the level level of posterior right limb (p=0.0284) (Mann-Whitney test). The
histopathological analysis showed the presence of edema areas with degraded myelin sheaths, infiltrated
with numerous mononuclear cells, few visible axons, the myelin globules inside Schwann cells and
macrophages.

Conclusions: 1) The use of chitosan improves the recovery of motor function in peripheral nerve
injuries, 2) The SFI value indicates a good to average functional recovery, 3) The latency time to painful
heat stimulus changes significantly after treatment with chitosan, at the level of operated right limb, 4)
The chitosan influences the serum O/AO balance and produces an increase of AD, due to a highly
significant increase of GSH; 5) The morphological effects of chitosan in nerve regeneration are reduced.

Study 4. Effects of coenzyme Q10 in sciatic nerve regeneration

We administered ip 0.10 mg / kg coenzyme Q10. We used the preparation Coenzyme Q10 ®
(Walmark). The study was performed according to the protocol described in the general methodology.

Results: the comparison by Student t-test for the equality of means (on sample pairs) found, at the end
of treatment, a statistically highly significant difference between the control group and the group treated
with CoQ10 (p = 0.000) for GSH value, a statistically significant correlation for MDA (p=0.019) and SFI
(p=0.013) values and a correlation close to statistical significance limit (p=0.058) for SH value. The latency
time to painful heat stimulus varied significantly statistic at the level of posterior right limb (p=0.0073)
(Mann-Whitney test). The histopathological analysis showed the presence of some areas with edema and
degraded myelin, uneven-caliber nerve fibers, numerous mononuclear cells, proliferation of Schwann cells,
focal disappearance of axons with presence of myelin globules, a discrete connective tissue reaction.

Conclusions: 1) The administration of CoQ10 improves the recovery of motor function in peripheral
nerve injuries, 2) CoQ10 has favorable effects on functional recovery even in small doses, 3) SFI indicates
a good to average functional recovery, 4) The treatment with CoQ10 significantly modify the latency time
to painful heat stimulus, at the level of operated right limb, 5) The CoQ10 action on the 0/AO serum
balance determines mainly an increase of AD, on account of SH and GSH and a decrease of SO, on behalf of
MDA, 6) Histopathologically, the administration of CoQ10 results in poor regeneration of sciatic nerve.

Study 5. Effects of atorvastatin in sciatic nerve regeneration

We administered ip 0.15 mg/kg atorvastatin. We used the preparation Atorvastatin ® (Pfizer). The
study was performed according to the protocol described in the general methodology.

Results: the comparison by Student t-test for the equality of means (on sample pairs) found, at the
end of treatment, a statistically highly significant difference between the control group and the group
treated with atorvastatin (p=0.000) for SFI value, a statistically significant difference for the MDA
(p=0.005), SH (p=0.033) and GSH (p=0.012) values. The latency time to painful heat stimulus varied
statistically significant at the level of posterior right limb, operated (p=0.0452) (Mann-Whitney test). The



histopathological analysis showed a more advanced regeneration, few areas with edema or degraded
myelin, very rare mononuclear cells, uniform caliber nerve fibers, uniform myelin sheath consistent with
the presence of axons within.

Conclusions: 1) The administration of atorvastatin improves the recovery of motor function in
peripheral nerve injuries, 2) Atorvastatin has favorable effects on functional recovery even in small doses,
3) SFI value indicates an average functional recovery, 4) The treatment with atorvastatin significantly
modify the latency time to painful heat stimulus, at the level of operated right limb, 5) The atorvastatin
action on O/AO serum balance determines mainly a decrease of OS and an increase of AD, 6) The
administration of atorvastatin causes a very good morphological regeneration.

Study 6. Effects of exercise in sciatic nerve regeneration

In all groups was performed the sciatic nerve damage by crushing the nerve at the right rear limb.
The study included: the control group - sedentary for 4 weeks after surgery, the group I - trained to
swimming exercise. Because the degenerative changes touch the peak level at two weeks, after that
starting to regress, the exercise tested group began training at 15t day after surgery, for a period of 14
days (day 15-28). The swimming test was conducted in a 100 cm lenght/50 cm width/60 cm height
swimming pool, water temperature maintained at 22°C and the water level at 30 cm height. The rats were
trained over 1 hour, in 6 sessions of 5 min/session, 5 min break between. After surgery, rats were
evaluated by determination of: SFI - on day 1 and day 28 in both groups, as described in study 1; latency
time to painful heat stimulus - to both rear limbs; serum parameters of the O/AO balance;
histopathological analysis of the degree of exercise-induced morphological recovery.

Results: the comparison by Student t-test for the equality of means (on sample pairs) found, at the
end of training, a difference close to the statistical significancy level (p=0.053) for the SFI value. The
biochemical parameters were not significantly altered in the exercise trained group. The Mann-Whitney
test showed no significant changes in latency time to painful heat stimulus. The histopathological analysis
showed the presence of areas with edema and degraded myelin, numerous mononuclear cells,
proliferation of Schwann cells, rare fibroblasts and perineurial cells, increased myelin quantities and lipid
debris inside nerve fibers, uneven caliber of nerve fibers, sometimes with loss of axons, a discrete fibrous
reparative response.

Conclusions: 1) The physical training improves motor function recovery at the onset of
regeneration process, after a peripheral nerve injury, 2) SFI indicates a good to average functional
recovery, 3) The conducted training does not significantly alter the latency time to the thermal painful
stimulus; 4) A swimming exercise during the two weeks did not significantly alter the balance of serum
0/AO0, 5) The conducted training does not stimulate the morphological recovery of nerve lesion; 6) The
beneficial effects of a 14 days swimming training, after nerve crush, are present in the late phase of
peripheral nerve recovery; 7) The exercise represent a kinetotherapeutical intervention, with application
indicated from the first phase of peripheral nerve regeneration, together with other therapeutic means.

General conclusions

1. Functionally, based on the sciatic functional index increase, it is present a motor recovery after
the peripheral nerve injury for all groups tested, more expressed after the administration of melatonin,
chitosan, but also present after the treatment with coenzyme Q10, atorvastatin and training exercise.

2. Biochemically, the decrease of the oxidative stress, based on the decrease of malondialdehyde,
was obtained after the administration of coenzyme Q10 and atorvastatin, and the increase of antioxidant
defense, expressed by the restoring of glutathione reserves and sulthydryl groups, was obtained after the
administration of coenzyme Q10, atorvastatin and chitosan.

3. The decrease of algezic stress, by reduction of latency time to thermal pain test, accompanied the
decrease in oxidative stress after the administration of coenzyme Q10, chitosan and atorvastatin.

4. Histopathologically, the best ability of recovering an injured peripheral nerve was evidenced
after the administration of melatonin and atorvastatin; the morphological effects of chitosan and CoQ10
administration in peripheral nerve regeneration were lower.



5. The used antioxidants factors have beneficial effects in injured peripheral nerve fibers
regeneration, the best functional, biochemical and morphological effects were obtained after
administration of melatonin and CoQ10.

Originality and innovative contributions of the thesis

The originality of this work consists in: a complex, unitary methodological research of the sciatic
nerve lesion, in terms of histological, functional and biochemical notions; the use of an original model for
the functional study (sciatic functional index, pain latency time), which proved to be functional and
allowed us to obtain comparable results with other researchers; the study of changes in redox
homeostasis in peripheral nerve lesions under the influence of neuroprotective pharmacological agents
with antioxidant properties (melatonin, chitosan, coenzyme Q10, atorvastatin) and also under the
influence of moderate exercise as a antioxidant factor.

Innovative contributions are as follows:

e chitosan was administered ip as such, not derivative, which is a new method of administration.
The results were promising, even at lower dose administration.

e CoQ10 has been studied in models of CNS degenerative diseases, in doses much higher (1000 x)
and I have not found experimental data on the effect of CoQ10 on peripheral nerve regeneration. The
results were very good, even at the low dose administered.

« these experimental results have clinical applicability and recommend the surgical treatment to be
associated with the use of neuroprotective drugs, in case of peripheral nerve injuries, as a better strategy
to insure nerve regeneration and plasticity, in postlesional recovery. This opens new perspectives for the
development of effective therapeutic regimens, easy, which can be applied routinely in order to benefit a
wide range of patients.
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