REZUMATUL TEZEI DE DOCTORAT

Efectele turmericului (Curcuma longa)
si ale ghimbirului (Zingiber officinale)
In inflamatia acuta indusa experimental

Doctorand: Ioana Chirila (cas. Boarescu)

Conducator de doctorat: Prof. Dr. Sorana D. Bolboaca




CUPRINSUL TEZEI DE DOCTORAT

INTRODUCERE
STADIUL ACTUAL AL CUNOASTERII
1. Inflamatia
1.1. Definitie
1.2. Considerente fiziopatologice

1.3. Tabloul clinic al inflamatiei acute

1.4. Tratamentul inflamatiei acute
2. Antiinflamatoare nesteroidiene
2.1. Definitie

2.2. Farmacocinetica si farmacodinamica

2.3. Mecanism de actiune

2.4. Efecte farmacologice
2.4.1. Efectul antipiretic
2.4.2. Efectul analgezic
2.4.3. Efectul antiinflamator
2.4.4. Alte efecte

2.5. Reactii adverse

3. Antiinflamatoare steroidiene
3.1. Definitie

3.2. Farmacocinetica si farmacodinamica

3.3. Mecanism de actiune
3.4. Efecte farmacologice
3.4.1. Efectul antiinflamator
3.4.2. Efectul antialergic
3.4.3. Efecte metabolice
3.4.4. Efecte limfolitice
3.4.5. Alte efecte
3.5. Reactii adverse
4. Compusi naturali biologic activi
4.1. Consideratii generale
4.2. Curcuma longa
4.3. Zingiber officinale
CONTRIBUTIA PERSONALA
1. Scop
2. Metodologie generala

2.1. Considerente etice

2.2. Conditii de laborator

2.3. Compusi chimici

2.4. Inducerea inflamatiei acute

2.5. Administrarea tratamentului

2.6. Recoltarea probelor de sange

2.7. Recoltarea probelor de tesut

2.8. Parametrii stresului oxidativ

2.9. Evaluarea edemului inflamator

2.10. Testul de motilitate

2.11. Testul de compresie mecanica a labei
2.12. Testul placii incilzite

2.13. Sacrificarea animalelor de laborator
2.14. Examenul histopatologic

2.15. Reprezentdri grafice

2.16. Analiza statistica

3. Studiu 1. Efectele antioxidante si antiedematoase ale curcuminei conventionale si a nanoparticulelor de curcumina
asociate diclofenacului In inflamatia acuta indusa experimental

3.1. Introducere

3.2. Scop si obiective

3.3. Material si metoda
3.3.1. Modelul experimental
3.3.2. Administrarea tratamentului
3.3.3. Evaluarea edemului inflamator
3.3.4. Recoltarea probelor de sange
3.3.5. Recoltarea probelor de tesut
3.3.6. Parametrii stresului oxidativ
3.3.7. Analize statistice
3.3.8. Reprezentari grafice

3.4. Rezultate

3.5. Discutii
3.5.1. Efectele asupra edemului labei

3.5.2. Efectele asupra parametrilor stresului oxidativ

3.6. Concluzii

39
39
40
40
41
41
42
42
42
42
42
42
42
54
54
55
56



2 Chirild loana (Boarescu)

4. Studiu 2. Efectele antiinflamatorii si analgezice ale nanoparticulelor de curcumina in asociere cu diclofenacul sodic In

inflamatia acuta indusa experimental 59
4.1. Introducere 59
4.2. Scop si obiective 59
4.3. Materiale si Metode 60

4.3.1. Produse chimice si medicamente 60
4.3.2. Animale si design experimental 60
4.3.3. Timpul pentru efectuarea determindrilor 60
4.3.3.1. Testul de motilitate 60
4.3.3.2. Testul de compresie mecanica a labei 60
4.3.3.3. Testul placii Incalzite 61
4.3.4. Probe de sange 61
4.3.5. Omogenatul de tesut 61
4.3.6. Teste biochimice 62
4.3.7. Cuantificarea curcuminei plasmatice 62
4.3.7.1. Pregatirea solutiilor stoc si a standardelor de calibrare 62
4.3.7.2. Procedura de extragere a probei 62
4.3.7.3. Hidrolizarea probei 63

4.3.7.4. Identificarea si cuantificarea curcuminei prin cromatografie lichida de Tnalta performanta cu
detectie In ultraviolet (HPLC-UV) 63
4.3.8. Examenul histopatologic 64
4.3.9. Analize statistice 64
4.4. Rezultate 64
4.4.1. Test de motilitate 64
4.4.2. Testul de compresie mecanica a labei 68
4.4.3. Testul plicii incilzite 70
4.4.4. Citokine pro-inflamatorii 72
4.4.5. Cuantificarea curcuminei plasmatice 79
4.4.6. Examen histopatologic 79
4.5. Discutii 82
4.6. Concluzii 85

5. Studiu 3. Efectele analgezice si antioxidante ale ghimbirului (Zingiber officinale) in asociere cu diclofenacul sodic in

inflamatia acuta indusa experimental 87
5.1. Introducere 87
5.2. Scop si obiective 88
5.3. Materiale si metode 88

5.3.1. Produse chimice si medicamente 88
5.3.2. Extractul de ghimbir 88
5.3.3. Evaluarea continutului extractului de radacina de ghimbir din capsule 89
5.3.4. Continutul total de polifenoli 89
5.3.5. Determinarea activitatii antioxidante prin metoda bazata pe generarea si captarea de radicali DPPH
(2,2-difenil-1-picril-hidrazil) 89
5.3.6. Analiza cromatografica lichidd de Tnaltd performanta cuplata cu spectrometria de masa pentru analiza
extractului de raddcina de ghimbir din capsule 90
5.3.7. Animale incluse in studiu 90
5.3.8. Evaluarea toxicitatii 91
5.3.9. Designul experimental al studiului 91
5.3.10. Teste aplicate 92
5.3.10.1. Testul de motilitate 92
5.3.10.2. Testul de compresie mecanicd a labei 92
5.3.10.3. Testul placii incalzite 92
5.3.10.4. Evaluarea edemului inflamator 93
5.3.10.5. Examenul histopatologic 93
5.3.11. Probe de sange si analize biochimice 93
5.3.12. Metode statistice 93
5.4. Rezultate 94
5.4.1. Analiza fitochimica a extractului de radacinad de ghimbir din capsule 94
5.4.2. Toxicitatea extractului de radacinad de ghimbir din capsule 95
5.4.3. Edemul labei 97
5.4.4. Efectele inflamatiei acute si efectele diclofenacului asupra markerilor serici de stres oxidativ 98
5.4.6. Imbunititirea eficacititii antioxidante si analgezice la asocierea ghimbirului cu diclofenacul 100
5.5. Discutii 109
5.6. Concluzii 113

6. Concluzii generale 115

7. Originalitatea si contributiile inovative ale tezei 118
Contributii inovatoare in tratamentul inflamatiei acute 118
Originalitatea metodei HPLC-UV 118
Efectele nanoparticulelor de curcumina 118

Analiza fitochimica a extractului de ghimbir 119



Efectele turmericului (Curcuma longa) si ale ghimbirului (Zingiber officinale) in inflamatia acutd indusd experimental 3

Impactul potential asupra practicilor clinice 119
REFERINTE 120

Cuvinte cheie: inflamatie acuta, curcuminad, nanoparticule, extract de radacina de ghimbir din capsule, stres
oxidativ.

INTRODUCERE

Majoritatea persoanelor experimenteaza de-a lungul vietii cel putin un episod de inflamatie acuta datorat fie
unui agent exogen, fie unui agent endogen. Raspunsul organismului la diferite injurii, se manifesta prin semnele
Celsiene: durere, tumefactie, temperatura locala crescutd, inrosirea tegumentelor si limitarea functiei. Durerea este
o experientd complexa si subiectiva neplacuta care poate avea caracter si intensitate diferita in functie de perceptia
asupra ei si serveste ca un semnal de alarma 1n vederea protejarii organismului, determinand persoanele 1n cauza
sa ia masuri pentru tratarea ei. Masurile terapeutice necesare ameliorarii simptomatologiei datorata unui
eveniment inflamator implica de obicei o combinatie de abordari farmacologice si non-farmacologice.
Medicamentele antiinflamatoare nesteroidiene sunt utilizate in mod frecvent pentru a reduce inflamatia si implicit
pentru a ameliora durerea. Efectele adverse gastro-intestinale, renale sau cardiovasculare potentiale limiteaza
prescrierea si utilizarea medicamentelor antiinflamatorii. Din aceste motiv poate fi posibila o altd abordare, care sa
implice utilizarea nutraceuticelor in gestionarea inflamatiei si implicit a durerii.

In studiile anterior publicate in literatura de specialitate au fost descrise diverse efecte ale curcuminei si a
ghimbirului, mai ales in ceea ce priveste efectul antiinflamator, antiemetic, anticancerigen dar fara a se pune
accentul pe efectul antioxidant, aspect pe care l-am evaluat in studiile noastre. S-a observat ca biodisponibilitatea
curcuminei prin administrare orald este limitata si din acest motiv s-au incercat metode diferite de incapsulare.
Incapsularea in nanopurtitori este o solutie promititoare, prin cresterea absorbtiei, a rezintentei la procesele
metabolice si o distributie mai buna la nivel tisular.

In studiile cuprinse in prezenta tezid de doctorat s-au evaluat efectele antiinflamatorii si antioxidante al
curcuminei, nanoparticulelor de curcumina si a ghimbirului in asociere cu diclofenacul sodic, in inflamatia acuta
indusa experimental. Modelul experimental de inflamatie acuta s-a realizat prin injectarea subplanara de caragenan
la sobolani.

CONTRIBUTIA PERSONALA

Studiile experimentale pe animale de laborator din cadrul acestei lucrari au fost efectuate in conformitate cu
Declaratia de la Helsinki, fiind respectate ghidurile nationale si internationale privind ingrijirea si utilizarea
animalelor de laborator. Activitatea de cercetare s-a desfasurat dupa obtinerea aprobarii de la Comisia de Etica a
Universitatii de Medicina si Farmacie Iuliu Hatieganu Cluj-Napoca (25/3.02.2021) si de la Directia de Sanatate-
Veterinara si Siguranta Alimentara din Cluj-Napoca (252/17.03.2021).

Din contributiile personale au fost publicate patru articole ISI in revistele: un articol in revista Biomedicines
(2022), doua articole publicate in revista International Journal of Molecular Sciences (in 2022 siin 2024) si un articol
publicat in revista Antioxidants (2023).

Studiu 1. Efectele antioxidante si antiedematoase ale curcuminei conventionale si a nanopaticulelor
de curcumina asociate diclofenacului in inflamatia acuta indusa experimental

Obiectiv: Obiectivele acestui studiu au fost de a evalua efectelor antiedematoase si antioxidante ale: 1)
curcuminei conventionale ITn monoterapie si In asociere cu diclofenacul sodic; 2) nanoparticulelor de curcumina in
monoterapie, si in asociere cu diclofenacul sodic; in inflamatia acutd indusa experimental cu caragenan.

Material si metoda: Cincizeci si sase de sobolani masculi albi Wistar-Bratislava in varsta de 10 saptamani
au fost randomizati, folosind o metoda aleatorie, in sapte loturi a cate 8 sobolani: Lotul 1 (C), lotul control, sobolanii
tratati cu SF; Lotul 2 (IA), lotul cu inflamatie acutd, sobolanii tratati cu SF; Lotul 3 (IA-D), lotul cu inflamatie acuta,
sobolii tratati cu diclofenac 5 mg/kg; Lotul 4 (IA-Cc200) si Lotul 5 (IA-Cc200-D), sobolanii au fost tratati cu
curcumind conventionala intr-o doza de 200 mg/Kg, iar lotul 5 a primit ascociat diclofenac 5 mg/kg, dupa ce s-a
indus inflamatia acuta; Lotul 6 (IA-nC200), Lotul 7 (IA-nC200-D), sobolanii au fost tratati cu nanoparticule de
curcumind in doza de 200 mg/Kg, iar la lotul 7 s-a asociat diclofenac 5 mg/kg, dupa ce s-a indus inflamatia acuta.
Pentru inducea inflamatiei acute a fost utilizatd o solutie de caragenan proaspat preparata 1% in apa distilata, care
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a fost administrata in ziua 0 la nivelul labei drepte spate, In doza de 100 pL subplantar, cu exceptia lotului C. O
singura doza de diclofenac sodic 5 mg/kg fost administrata intraperitoneal (i.p.) la lotuluri specificate. Curcumina
conventionald si nanoparticulele de curcumina au fost dizolvate 1n ulei de arahide si au fost administrate oral prin
gavaj imediat dupa administrarea diclofenacului.

Edemul labei a fost evaluat 1, 3, 5, 7, 24 ore de la inducerea inflamatiei utilizdnd pletismometrul digital (Ugo-
Basile). La 24 de ore dupa administrarea caragenanului, probele de sange au fost colectate din plexurile retro-
orbitale ale fiecarui sobolan. Dupa sacrificare, probele de tesut au fost prelevate de la laba dreapta spate a fiecarui
sobolan. Stresul oxidativ plasmatic si tisular a fost evaluat prin masurarea a sase parametri: malondialdehida
(MDA), evaluarea sintezei oxidului nitric (NO), statusul oxidativ total (SOT), tiolii totali, capacitatea antioxidanta
totala (CAT) si indexul de stres oxidativ (ISO).

Rezultate: Dupa 1 ora de la inducerea inflamatiei acute, sobolanii din lotul cu nC si D dar si cei din lotul cu
nC in monoterapie au prezentat un edem al labei mai redus decat sobolanii care au fost tratati doar cu diclofenac.
Sobolanii din lotul IA-nC200-D au avut cel mai mare procent de reducere a edemului, atingadnd nivelul maxim (81%)
dupa 24 de ore. Dintre loturile tratate cu curcumina, cele tratate cu Cc si D au atins cel mai mare procent de reducere
a edemului (71%) dupa 24 de ore. La 24 de ore, cele mai bune rezultate au fost obtinute pentru sobolanii din lotul
IA-nC200-D. Solutia de curcumina conventionala a redus doar nivelurile tisulare de MDA si NO si a imbunatatit
nivelurile plasmatice si tisulare de CAT si tiolii totali (p <0,041). Dupa administrarea nC s-a observat o reducere a
nivelurilor plasmatice si tisulare de MDA, NO si ISO, a nivelurilor plasmatice de SOT si cresterea nivelurilor
plasmatice si tisulare de CAT si tiolii totali (p < 0,041). Cele mai bune rezultate au fost obtinute pentru sobolanii
tratati cu nC asociat cu diclofenac sodic, deoarece aceasta combinatie a imbunatatit toti parametrii masurati in
comparatie cu lotul IA (p = 0,001).

Concluzii: In edemul indus prin administrarea de caragenan, curcumina conventionala si nanocurcumina au
efect antiedematos doar in asociere cu diclofenacul sodic. Cele mai bune rezultate au fost obtinute la 24 de ore
pentru sobolanii din lotul tratat cu nanocurcumina in doza de 200 mg/kg in asociere cu diclofenacul sodic. Asocierea
nanocurcuminei cu diclofenacul sodic a determinat cel mai puternic efect antioxidant, comparativ cu lotul tratat cu
nanocurcuming, prin reducerea markerilor pro-oxidanti si cresterea nivelurilor markerilor antioxidanti.
Administrarea combinatd a curcuminei incapsulatd in nanopurtitori si diclofenac a determinat reducerea
semnificativ statistica a nivelurilor plasmatice si tisulare de oxid nitric si a nivelurilor tisulare ale statusului oxidativ
total. Aceeasi combinatie a determinat cresterea nivelurilor plasmatice si tisulare ale capacitatii antioxidante totale
si a nivelurilor plasmatice de tioli totali, mai eficient decat diclofenacul in monoterapie.

Studiu 2. Efectele antiinflamatorii si analgezice ale nanoparticulelor de curcumina in asociere cu
diclofenacul sodic in inflamatia acuta indusa experimental

Obiective: Obiectivele acestui studiu au fost de a investiga efectele antiinflamatorii si analgezice ale: 1)
curcuminei conventionale n monoterapie si in asociere cu diclofenacul sodic; 2) nanoparticulelor de curcumina in
monoterapie si in asociere cu diclofenacul sodic; in inflamatia acuta indusa experimental cu caragenan.

Material si metoda: S-a realizat un studiu experimental care a inclus 56 sobolani masculi albi, Wistar-
Bratislava, Impartiti aleatoriu In sapte loturi de cate opt sobolani in fiecare lot si au fost tratati astfel: Lotul 1 (C),
lotul control, sobolanii tratati cu SF; Lotul 2 (IA), lotul cu inflamatie acutd, sobolanii tratati cu SF; Lotul 3 (IA-D),
lotul cu inflamatie acutd, sobolanii tratati cu diclofenac 5 mg/kg; Lotul 4 (IA-Cc200), Lotul 5 (IA-Cc200-D), sobolanii
au fost tratati cu curcumind conventionala in doza de 200 mg/Kg, iar lotul 5 a primit ascociat diclofenac 5 mg/kg,
dupd ce s-a indus inflamatia acuta; Lotul 6 (IA-nC200), Lotul 7 (IA-nC200-D), sobolanii au fost tratati cu
nanoparticule de curcumina in doza de 200 mg/Kg, iar la lotul 7 s-a asociat diclofenac 5 mg/kg. Inflamatia acuta a
fost indusa prin administrarea solutiei de caragenan proaspat preparatd 1% In apa distilata in doza de 100 pL
subplantar la nivelul labei drepte spate, in ziua 0. Curcumina conventionala si nanoparticulele de curcumina au fost
dizolvate in ulei de arahide si au fost administrate oral prin gavaj imediat dupa administrarea diclofenacului. O
singura doza de diclofenac sodic 5 mg/kg fost administrata i.p. la lotuluri specificate.

Testele fizice au fost efectuate la 1, 3, 5, 7 si 24 ore: testul de motilitate, testul de compresie mecanica a labei
(cu analgezimetru Ugo Basile) si testul placii incalzite (placa Ugo Basile incalzitd la 55 °C). Dupa 24 ore s-a recoltat
sange din plexurile retroorbitale si apoi tesutul de la nivelul labei dreapta spate pentru a doza citokinele plasmatice
si tisulare: TNF-a (factorul de necroza tumorala o), IL-6 (interleukina 6) si IL-1B (interleukina-1). Identificarea si
cuantificarea curcuminei din probele de plasma hidrolizata si nehidrolizata s-a efectuat prin cromatografie lichida de inalta
performantd cu detectie in ultraviolet (HPLC-UV). Examenul histopatologic s-a efectuat din fragmentele din laba
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dreapta spate, pastrate in formol 10%, fixate in parafina, colorate cu hematoxilind si eozina si examinate la
microscopul optic de cdtre un anatomopatolog.

Rezultate: S-au observat abilitdti motorii mai bune la sobolanii din loturile IA-Cc200-D si IA-nC200-D decat
in lotul tratat doar cu D, cu cel mai mare scor de motilitate in lotul IA-nC200-D. Asocierea Cc si nC cu D a indus un
raspuns nociceptiv semnificativ mai bun la 3, 5, 7 si 24 de ore, cu praguri nociceptive semnificativ mai bune decat
in lotul IA (p < 0,0285). Mai mult chiar, s-au observat rezultate similare cu cele obtinute la lotul C (p = 0,6693), cele
mai bune rezultate fiind observate atunci cand D a fost asociat cu nC (lot IA-nC200-D). Asocierea Cc sau nC cu D a
imbunatatit semnificativ nociceptia prin cresterea pragurilor termice la 3, 5 si 7 ore, pentru ambele loturi si la 24
de ore pentru lotul IA-nC200-D, in comparatie cu lotul IA (p < 0,0175). Acceasi combinatie a imbunatatit si timpul
de reactie la caldura, care a fost similar in lotul IA-nC200-D si lotul C (p > 0,9999). Nivelurile tisulare de TNF-a dar
si nivelurile plasmatice si tisulare de IL-6 si IL-1f au fost reduse atunci cand la Cc a fost adaugat D, comparativ cu D
in monoterapie, dar fara sa atinga semnificatia statistica (p> 0,05). Nivelurile citokinelor din lotul IA-nC200-D au
fost similare cu cele din lotul control (p = 0,9999). Nivelurile de curcumina inainte de hidrolizare au fost de 1,4 ori
mai mari la sobolanii tratati cu nC decat Cc, in timp ce nivelurile plasmatice ale metabolitilor sai au fost de 1,3 ori
mai mari dupa administrarea nC comparativ cu Cc. Administrarea Cc si nC nu au influentat aspectele histopatologice
ale labei posterioare, fiind vizualizate aceleasi modificari histopatologice observate in lotul IA: inflamatie acuta
purulenta la nivelul dermului si hipodermului, cu extinderea in tesutul muscular subiacent. Curcumina
conventionald asociata cu diclofenacul (lotul IA-Cc200-D) a ameliorat aspectul histopatologic al inflamatie care a
fost localizata in hipoderm, dar a fost asociata cu formarea de microabces. Modificari histopatologice mai putin
severe au fost observate la loturile tratate cu nC si D (lotul IA-nC200-D), deoarece sobolanii au prezentat o inflamatie
redusa la nivelul dermului si hipodermului.

Concluzii: Curcumina conventionalda a oferit un efect antiinflamator scazut, dovedit prin reducerea
nivelurilor plasmatice si tisulare ale citokinelor proinflamatorii studiate comparativ cu grupul cu inflamatie acuta.
Nanocurcumina potenteaza semnificativ efectul terapeutic al diclofenacului, mai eficient decit curcumina
conventionald, prin scaderea nivelurilor serice si tisulare a factorului de necroza tumorala a, interleukinei 1f si
interleukina 6. Cel mai bun efect antiinflamator a fost observat la asocierea nanocurcuminei in doza de 200 mg/kg
cu diclofenacul sodic intrucat nivelurile de citokine proinflamatorii au fost similare cu cele din lotul control.
Nivelurile plasmatice de curcumina libera si ale metabolitilor sai au fost de 1,4 ori, respectiv 1,3 ori mai mari la
sobolanii tratati cu nanocurcumind decdt cei cu curcumina conventionald. Curcumina si nanocurcumina
administrate in monoterapie nu au influentat aspectele histopatologice ale labei posterioare. Din loturile studiate,
cel mai bun aspect histopatologic, descris ca o inflamatie redusa la nivelul dermului si hipodermului, 1-au prezentat
sobolanii din grupul tratat cu nanocurcumina in doza de 200 mg/kg si diclofenac.

Studiul 3. Efectele analgezice si antioxidante ale ghimbirului (Zingiber officinale) in asociere cu
diclofenacul sodic in inflamatia acuta indusa experimental

Obiective: Studiul a avut ca obiective evaluarea toxicitatii extractului de radacina de ghimbir din capsule
(ERGC), efectuarea analizei fitochimice a extractului de radacind de ghimbir din capsule, evaluarea efectelor
analgezice si antioxidante ale extractului de radacina de ghimbir, in functie de doza administrat3, si in asociere cu
diclofenacul sodic, in inflamatia acutd indusa experimental cu caragenan.

Material si metoda: S-a evaluat continutul extractului de radacina de ghimbir din capsule prin determinarea
continutului total de polifenoli (CPT) care a fost evaluat folosind metoda Folin-Ciocalteu, determinarea activitatii
antioxidante prin metoda bazatd pe generarea si captarea de radicali DPPH (2,2-difenil-1-picril-hidrazil) si analiza
cromatografica lichida de Tnalta performanta cuplata cu spectrometria de masa (HPLC-MS),

Evaluarea toxicitatii extractului de radacind de ghimbir din capsule s-a realizat prin administrarea dozelor
de 50 mg/kg, 300 mg/kg sau 2000 mg/kg la grupuri de cate 3 sobolani care au fost supravegheati timp de 14 zile
din punct de vedere somatic si prin analizele biologice si histopatologice hepatice si renale.

Cincizeci si sase de sobolani Wistar-Bratislava au fost impartiti aleatoriu in sapte loturi, a cite opt animale
fiecare, si tratati dupa cum urmeaza: (1) Lotul de control (C), sobolanii nu au avut nicio interventie si au fost tratati
cu ser fiziologic; (2) Lotul cu inflamatie acuta (IA), a fost indusa inflamatia acuta a labei si sobolanii au fost tratati
cu ser fiziologic;(3) Lotul cu IA tratat cu diclofenac de sodiu (IA-D), a fost indusa inflamatia acuta a labei si sobolanii
au fost tratati cu diclofenac de sodiu (5 mg/kg);(4) Lotul cu IA tratat cu ERGC in doza redusa (IA-ERGC100), a fost
indusa inflamatia acuta a labei si sobolanii au fost tratati cu ERGC intr-o doza de 100 mg/kg; (5) Lotul cu IA tratat
cu ERGC in doza mare (IA-ERGC200), a fost indusa inflamatia acuta a labei si sobolanii au fost tratati cu ERGC intr-
o doza de 200 mg/kg; (6) Lotul cu IA tratat cu ERGC in doza redusa si D (IA-ERGC100-D), a fost indusa inflamatia
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acuta a labei si sobolanii au fost tratati cu ERGC intr-o doza de 100 mg/kg si D intr-o doza de 5 mg/kg; (7) Lotul cu
[A tratat cu ERGC in doza mare si D (IA-ERGC200-D), a fost indusa inflamatia acuta a labei si sobolanii au fost tratati
cu ERGC intr-o doza de 200 mg/kg si D intr-o doza de 5 mg/kg. Inflamatia acuta a fost indusa prin administrarea
solutiei de caragenan proaspat preparata 1% In apa distilata In doza de 100 pL subplantar la nivelul labei drepte
spate, in ziua 0. Imediat dupa inducerea IA, s-a administrati.p. o doza unica de diclofenac sodic de 5 mg/kg. Loturile
CsilA au primit 1 mL de ser fiziologic i.p. ERGC a fost dizolvat In ser fiziologic si administrat oral prin gavaj imediat
dupa administrarea diclofenacului. Testele de motilitate, de compresie mecanica a labei si testul placii incalzite au
fost efectuate la 1, 3, 5, 7 si 24 de ore dupa administrarea caragenanului. De asemenea, s-a masurat edemul de la
nivelul labei drepte din spatela 1, 3, 5, 7 si 24 ore. La 24 de ore dupa administrarea caragenanului, stresul oxidativ
din plasma a fost evaluat prin masurarea a sase parametri: MDA, NO, SOT, tiolii totali, CAT si ISO. Ulterior tesutul
de la nivelul labei drepte spate a fost recoltat si fixat in formol 10%, apoi a fost fixat in parafina si colorat cu
hematoxilina si eozind iar examinarea s-a efectuat de catre un anatomopatolog la microscopul optic.

Rezultate: Nu s-au decelat efecte toxice ale extractul de radacind de ghimbir din capsule la nivel somatic,
biologic sau histopatologic, indiferent de doza administra. Continutul total de polifenoli (CPT) a ERGC a fost de
3757,45 + 58,57 mg GAE/100 g substanta uscata (s.u.) extract radacina de ghimbir incapsulat, in timp ce capacitatea
antioxidanta totald a fost de 0,918 + 0,01 mM Echivalenti Trolox/100 g s.u. Prin analiza HPLC-DAD-ESI-MS
(Cromatografia lichida de inalta performanta cu detectie tip Diode Array cuplata cu spectrometria de masa cu sursa
de ioni - electrospray) s-au identificat concentratii semnificative a principalelor clase de compusi fenolici din
ghimbir precum gingeroli si derivati de gingerol, gingerdiol, gingerdioni si shogaoli.

Reducerea edemului labei este dependenta de doza si cel mai bun efect a fost obtinut atunci cind ERGC a fost
addugatla D. La 24 ore s-au observat volume asemanatoare ale labelor sobolanilor pentru lotul control (p>0,9999),
lotul IA-ERGC100-D (p>0,9999) si lotul IA-ERGC200-D (p>0,9999). La sfarsitul experimentului, volum labelor au
fost mai reduse in lotul IA-ERGC200-D comparativ cu lotul IA-ERGC100 (p=0,0049) silotul IA-ERGC200 (p=0,0166).
La scorurile de motilitate s-a observat cd doza mai mare de ERGC imbunatateste mai bine motilitatea, comparativ
cu doza de 100 mg/kg. Rezultatele cele mai bune la scorurile de motilitate sunt observate la sobolanii din grupul I1A-
ERGC200-D. La 24 de ore dupa inducerea inflamatiei acute, s-a observat ca 6 sobolani din grupul IA-ERGC200-D
prezinta motilitate normal3, In timp ce din grupurile IA-D, IA-ERGC200 si IA-ERGC100-D jumatate dintre sobolanii
au prezentat motilitate normala la aceeasi determinare. La testul de compresie mecanica a labei s-a observat ca
sobolanii din lotul cu diclofenac au avut un prag dureros mai crescut decat cei cu IA, Insa mai redus decat lotul
control. Cele mai bune rezultate la aceasta evaluare au fost obtinute la loturile IA-ERGC100-D si IA-ERGC200-D.
Lotul IA-ERGC200-D prezinta rezultate mai bune la testul cu placa Incalzita, cu valorile cele mai apropiate de grupul
control. Nivelurile serice de NO au fost scazute dupa administrare de ERGC in doza de 200 mg/kg, sub valorile lotului
cu D In monoterapie. Asocierea de ERGC si diclofenac a dus la o imbunatatire a acestui efect antioxidant in special
pentru doza maxima de ERGC. Nivelurilor serice ale MDA sunt cele mai bune in loturile cu ERGC si D, cu cel mai
scazut nivel fiind la lotul IA-ERGC200-D. Ambele doze de ERGC au determinat o usoara scadere a nivelurilor serice
de SOT, dar care este mai redusa comparativ cu D In monoterapie. Prin asocierea ERGC la D acest efect de reducere
a SOT a fost mai accentuat, cu rezultate mai bune pentru lotul IA- ERGC200-D. in ceea ce priveste CAT, s-au observat
valori mai crescute dupa administrarea de ERGC in ambele doze. Asocierea D la doza de 200 mg/kg ERGC a crescut
valorile CAT peste valorile serice ale lotului control. Tiolii totali au fost mai crescuti la loturile tratate cu ERGC atat
in doza de 100 mg/Kg cat si in doza de 200 mg/kg, comparativ cu lotul tratat cu diclofenac. Nivelurile serice ale
tiolilor totali s-au Imbunatatit prin asocierea ERGC la D, cele mai bune rezultate fiind observate la lotul tratat cu D
si ERGC 1n doza de 200 mg/kg. ISO a fost usor redus la administrarea de ERGC in doza de 100 mg/kg dar dublarea
dozeila 200 mg/kg a permis scaderea ISO sub nivelul observatla administrarea D in monoterapie. Acest parametru
a fost semnificativimbunatatit dupa tratamentul cu D in ambele loturi tratate cu ERGC, cu mentiunea ca pentru doza
de 200 mg/kg aceasta asociere a scazut ISO la o valoare comparabila cu lotul control. Ambele loturi IA-ERGC100 si
IA-ERGC200 au prezentat modificari histopatologice similare, ceea ce sugereazd ca administrarea ERGC in
monoterapie nu influenteaza arhitectura histologica a labei inflamate. Doza redusa de ERGC (100 mg/kg) in asociere
cu diclofenacul sodic a determinat inflamatie moderata la nivelul dermului si hipodermului, in timp ce o doza mai
mare de ERGC (200 mg/kg) a determinat ca inflamatia la nivelul dermului si hipodermului sa fie mai redusa.

Concluzii: Extractul de radacina de ghimbir din capsule administrat in doze de 50 mg/kg, 300 mg/kg sau
2000 mg/kg nu a prezentat efecte toxice somatice, biochimice sau histopatologice la nivel hepatic si renal. Cele mai
mari concentratii de compusi fenolici din ghimbir, evaluati prin HPLC-DAD-ESI-MS, le-au prezentat gingerolii, in
special 10-Gingerol. Lotul la care s-a administrat extractul de radacina de ghimbir din capsule in doza de 200 mg/kg
in asociere cu diclofenacul sodic a prezentat niveluri serice comparabile cu cele ale lotului control pentru markerii
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de stres oxidativ evaluati, respectiv: malondialdehida, oxidul nitric, statusul oxidativ total, indexul de stres oxidativ,
capacitatea antioxidanta totala si a tiolii totali. Administrarea dozei de 200 mg/kg de extract de radacina de ghimbir
din capsule a determinat scaderea indexului de stres oxidativ sub nivelul observat la administrarea diclofenacului
in monoterapie. Administrarea extractului din radacina de ghimbir din capsule in ambele doze in asociere cu
diclofenacul prezinta efect antioxidant important. Doza de 200 mg/kg a extractului din radacina de ghimbir din
capsule, creste capacitatea antioxidanta totala peste valorile serice ale lotului control. Administrarea extractului de
radacind de ghimbir din capsule in asociere cu diclofencul a determinat efect analgezic, evaluat prin testul de
compresie mecanica a labei, mai bun comparativ cu lotul care a primit diclofenac in monoterapie si cu valori
apropiate de cele obtinute la lotul control. La evaluarea efectului analgezic testat prin intermediul placii incalzite,
cel mai bun rezultat a fost obtinut de lotul care a fost tratat cu extractul de radacina de ghimbir din capsule in doza
de 200 mg/kg asociat diclofenacului. Majoritatea sobolanilor din lotul care a primit extractul de radacina de ghimbir
din capsule In doza de 200 mg/kg asociat cu diclofenacul au prezentat scoruri de motilitate normale. Asocierea
extractului de radacina de ghimbir din capsule la diclofenac prezinta un efect antiedematos bun chiar din prima ora
dupa administrare, cel mai mare procent de inhibitie fiind raportatla doza de 200 mg/kg, la 24 de ore. Extractul din
radacinad de ghimbir din capsule in monoterapie nu a influentat aspectele histopatologice ale labei posterioare, insa
asocierea acestuia in doza de 200 mg/kg la diclofenac a determinat ca inflamatia la nivelul dermului si hipodermului
sa fie mai redusa.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Dovezile experimentale sustin faptul ca utilizarea curcuminei si ghimbirului in tratamentul inflamatiei acute
sunt sigure si potenteaza efectul diclofenacului administrat in doza redusa. Administrarea extractului de ghimbir
nu prezintd efecte toxice iar studiul nostru a demonstrat ca asocierea extractului de radacina de ghimbir cu
diclofenacul sodic ofera efecte antioxidante si analgezice dependente de doza, sustinidnd astfel potentialul
ghimbirului ca tratament complementar 1n terapiile antiinflamatorii.

Nanoparticulele de curcumina au potentat efectele diclofenacului sodic, in ceea ce priveste efectele
antioxidante, antiinflamatorii si analgezice in inflamatia acuta indusa experimental, cu cele mai bune rezultate
obtinute la administrarea dozei de 200 mg/kg.

Metoda de cromatografie lichida de inaltd performanta cu detectie in ultraviolet (HPLC-UV) utilizatd in cadrul
acestei cercetari pentru identificarea si cuantificarea compusilor activi din extractele evaluate ar putea sa reprezinte
un element de buna practica. Prin aceasta metoda s-a cuantificat nivelul curcuminei si a metabolitilor sai, atat din
plasma cét si din tesut, fiind un element de baza pentru analiza farmacocinetica si farmacodinamica ulterioara.
Pentru caracterizarea extractului de radacina de ghimbir din capsule s-a efectuat cromatografia lichida de inalta
performanta cuplata cu spectrometria de masa (HPLC-MS).
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INTRODUCTION

Most people experience at least one episode of acute inflammation during their lifetime, due to either an
exogenous or an endogenous agent. The body's response to various insults is manifested by Celsius signs: pain,
swelling, increased local temperature, skin reddnes and functional limitation. Pain is a complex and subjectively
unpleasant experience that can have a different character and intensity depending on the perception. It serves as
an alarm signal to protect the body, as it makes people to take measures in order to treat it. Therapeutic measures
required to improve symptomatology due to an inflammatory event usually involve a combination of
pharmacological and non-pharmacological approaches. Non-steroidal anti-inflammatory drugs are commonly used
to reduce inflammation and to relieve pain. Potential gastrointestinal, renal, or cardiovascular adverse effects are
regarded as potential limits for the prescription and use of anti-inflammatory drugs. For these reasons, another
approach may be possible, involving the use of nutraceuticals in the management of inflammation and pain.

In the previously published studies, various effects of curcumin and ginger were described, especially the
anti-inflammatory, antiemetic, and anticancer effects, but without emphasizing the antioxidant effect, an effect that
we evaluated in the thesis. It has been observed that the bioavailability of curcumin after oral administration is
limited, and for this reason, different encapsulation methods have been investigated. Encapsulation in nanocarriers
is a promising solution that increases absorption, enhaces resistentence to metabolic processes, and promotes
better tissue distribution.

In the studies included in this thesis, the anti-inflammatory and antioxidant effects of curcumin, curcumin
nanoparticles and ginger in association with diclofenac sodium were evaluated in experimentally-induced acute
inflammation. The experimental model of acute inflammation was achieved by subplanar injection of carrageenan
in rats.

PERSONAL CONTRIBUTION

In vivo experimental studies from this thesis were performed following the Declaration of Helsinki and
national and international guidelines for care and use of laboratory animals. The research activity was carried out
after obtaining approval from the Ethics Committee of the [uliu Hatieganu University of Medicine and Pharmacy
Cluj-Napoca (25/3.02.2021) and from the Directorate of Veterinary Health and Food Safety in Cluj-Napoca
(252/17.03.2021).

From personal contributions, four articles have been published in Web of Science journals: one article in
Biomedicines (2022), two articles in International Journal of Molecular Sciences (in 2022 and in 2024), and one
article published in Antioxidants (2023).
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Study 1. Antioxidant and antiedematous effects of conventional curcumin and diclofenac-associated
curcumin nanoparticles in experimentally induced acute inflammation

Objective: The objectives of this study were to evaluate the anti-edematous and antioxidant effects of 1)
conventional curcumin in monotherapy and in combination with diclofenac sodium; 2) curcumin nanoparticles in
monotherapy and in combination with sodium diclofenac; in experimentally-induced acute inflammation with
carrageenan.

Material and method: Fifty-six 10-week-old male Wistar-Bratislava white rats were randomized, using a
random method, into seven groups of 8 rats each: Group 1 (C), control group, rats treated with saline solution; Group
2 (1A), acute inflammation group, rats treated with saline solution ; Group 3 (IA-D), group with acute inflammation,
rats treated with 5 mg/kg diclofenac; Group 4 (IA-Cc200) and Group 5 (IA-Cc200-D), rats were treated with
conventional curcumin at a dose of 200 mg/kg, and group 5 received in association 5 mg/kg diclofenac, after
induced acute inflammation; Group 6 (IA-nC200), Group 7 (IA-nC200-D), rats were treated with curcumin
nanoparticles at a dose of 200 mg/kg, and group 7 received in association 5 mg/kg diclofenac, after inducing acute
inflammation. A freshly prepared 1% carrageenan solution was used to induce acute inflammation. This solution
was administered on day 0, in to the right hind paw in a dose of 100 pL subplantar, except for C group. A single dose
5 mg/kg of diclofenac was administered intraperitoneally (i.p.) to the specified groups. Conventional curcumin and
curcumin nanoparticles were dissolved in peanut oil and administered orally by gavage immediately after
diclofenac administration.

Paw edema was assessed at 1, 3, 5, 7, and 24 hours after induction of inflammation using the digital
plethysmometer (Ugo-Basile). At 24 hours after carrageenan administration, blood samples were collected from the
retro-orbital plexuses of each rat. After scarification, tissue samples were taken from the right hind paw of each rat.
Plasma and tissue oxidative stress was evaluated by measuring six parameters: malondialdehyde (MDA),
assessment of nitric oxide (NO) synthesis, total oxidative status (SOT), total thiols, total antioxidant capacity (CAT)
and oxidative stress index (I1SO ).

Results: At 1 hour after induction of acute inflammation, rats in the goup treated with nC combined with D,
but also the nC monotherapy group showed less paw oedema than rats that were treated with diclofenac alone. Rats
in the IA-nC200-D group had the highest percentage of oedema reduction, reaching the maximum level (81%) after
24 hours. Among the curcumin-treated groups, those treated with Cc and D achieved the highest percent oedema
reduction (71%) after 24 hours. At 24 hours, the best results were obtained for rats in the IA-nC200-D group.
Conventional curcumin solution reduced only tissue levels of MDA and NO and improved plasma and tissue levels
of CAT and total thiols (p < 0.041). A reduction in plasma and tissue levels of MDA, NO, and ISO, plasma levels of
SOT, and an increase in plasma and tissue levels of CAT and total thiols were observed after nC administration (p <
0.041). The best results were obtained for rats treated with nC associated with diclofenac, as this combination
improved all measured parameters compared to the IA group (p = 0.001).

Conclusions: In carrageenan-induced acute inflammation, conventional curcumin and nanocurcumin
administration has antiedematous effects only in combination with diclofenac. The best results were obtained at 24
hours for rats in the group treated with nanocurcumin at a dose of 200 mg/kg in combination with diclofenac
sodium. The association of nanocurcumin with diclofenac has better antioxidant effect, compared to the group
treated with nanocurcumin, as this combination better reduces pro-oxidant markers and increases the levels of
antioxidant markers. Combined administration of encapsulated curcumin and diclofenac resulted in statistically
significant reductions in plasma and tissue levels of nitric oxide and tissue levels of total oxidative status. The same
combination increased plasma and tissue levels of total antioxidant capacity and plasma levels of total thiols, more
effectively than diclofenac alone.

Study 2. Anti-inflammatory and analgesic effects of curcumin nanoparticles in combination with
diclofenac in experimentally induced acute inflammation

Objectives: The objectives of this study were to investigate the anti-inflammatory and analgesic effects of 1)
conventional curcumin in monoteraphy and in combination with diclofenac; 2) curcumin nanoparticles in
monotherapy and in combination with diclofenac; in carrageenan-induced acute inflammation.

Material and methods: In this experimental study were included 56 white male Wistar-Bratislava rats,
randomly divided into seven groups of eight rats and treated as follows: Group 1 (C), control group, rats were
treated with saline solution; Group 2 (IA), acute inflammation was induced and rats were treated with saline
solution; Group 3 (IA-D), acute inflammation was induced and rats were treated with 5 mg/kg diclofenac; Group 4
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(IA-Cc200), Group 5 (IA-Cc200-D), rats were treated with conventional curcumin at a dose of 200 mg/kg, and Group
5 received also 5 mg/kg diclofenac, after acute inflammation; Group 6 (IA-nC200), Group 7 (IA-nC200-D), rats were
treated with curcumin nanoparticles at a dose of 200 mg/kg, and group 7 received also a single dose of 5 mg/kg of
diclofenac. Acute inflammation was induced on day 0, by subplantar administration of freshly prepared 1%
carrageenan solution, in a dose of 100 pL in the right hind paw. Conventional curcumin and curcumin nanoparticles
were dissolved in peanut oil and administered orally by gavage right after diclofenac administration.

The physical tests that were performed at 1, 3, 5, 7 and 24 h were: the motility test, the paw pressure test
(with Ugo Basile Analgesy-Meter) and hot plate test (Ugo Basile plate heated to 55 °C). After 24 hours, blood samples
were collected from the retroorbital plexuses of each rat. After scarification, tissue samples were collected from the
right hind paw, to measure plasma and tissue cytokines: TNF-a (tumour necrosis factor a), IL-6 (interleukin 6) and
IL-1B (interleukin 1f). The identification and quantification of curcumin from hydrolyzed and non-hydrolyzed
plasma samples was performed by high-performance liquid chromatography with ultraviolet detection (HPLC-UV).
The histopathological examination was performed from the fragments of the right hind paw, preserved in 10%
formalin, fixed in paraffin, and stained with hematoxylin and eosin. The samples were examined under an optical
microscope by an anatomopathologist.

Results: Better motor skills were observed in the IA-Cc200-D and IA-nC200-D groups compared to the IA-D
group, with the highest motility score in the [A-nC200-D group. The association of Cc and nC with D led to a
significantly better nociceptive response at 3, 5, 7 and 24 h, with significantly better nociceptive thresholds
compared to the IA group (p < 0.0285). Moreover, in these two groups similar results were observed compared to
those obtained with C group (p = 0.6693), with the best results being observed when D was paired with nC (IA-
nC200-D group). The combination of Cc or nC with D significantly improved nociception by increasing thermal
thresholds at 3, 5, and 7 h for both groups and at 24 h for the IA-nC200-D group, when compared to the IA group (p
< 0.0175). The same combination also improved heat reaction time, which was similar to the C group (p > 0.9999).
Tissue levels of TNF-a but also plasma and tissue levels of IL-6 and IL-13 were reduced when D was added to Cc,
when compared to D alone, but without reaching statistical significance (p>0.05 ). Cytokine levels in the IA-nC200-
D group were similar to those in the control group (p = 0.9999).

Curcumin levels before hydrolysis were 1.4-fold higher in rats treated with nC than Cc, while plasma levels
of its metabolites were 1.3-fold higher after administration of nC compared to Cc. The administration of Cc and nC
did not influence the histopathological aspects of the hind paw, as same histopathological changes observed as in
the IA group: acute purulent inflammation in the dermis and hypodermis, with extension into the underlying muscle
tissue. Conventional curcumin associated with diclofenac (group IA-Cc200-D) improved the histopathological
changes of inflammation that was located in the hypodermis, but which was associated with microabscess
formation. Less severe histopathological changes were observed in groups treated with nC and D (group IA-nC200-
D), as results showed reduced inflammation in dermis and hypodermis.

Conclusions: Conventional curcumin provided a low anti-inflammatory effect, evidenced by the reduction of
plasma and tissue levels of the studied pro-inflammatory cytokines compared to the acute inflammation group.
Nanocurcumin significantly potentiated the therapeutic effect of diclofenac, more effectively than conventional
curcumin, by decreasing the serum and tissue levels of tumour necrosis factor «, interleukin 1 and interleukin 6.
The best anti-inflammatory effects were observed when combining nanocurcumin in a dose of 200 mg/kg with
diclofenac as the levels of pro-inflammatory cytokines were similar to those in the control group. Plasma levels of
free curcumin and its metabolites were 1.4-fold and 1.3-fold higher, respectively, in rats treated with nanocurcumin
than those with conventional curcumin. Curcumin and nanocurcumin administered in monotherapy did not
influence the histopathological aspects of the hind paw. From the groups studied, the best histopathological
appearance, described as a reduced inflammation in the dermis and hypodermis, was presented by the rats in the
group treated with nanocurcumin at a dose of 200 mg/kg and diclofenac.

Study 3. Analgesic and antioxidant effects of ginger (Zingiber officinale) in combination with
diclofenac in experimentally induced acute inflammation

Objectives: The objectives of the study were to 1) evaluate the toxicity of ginger root extract from capsules
(ERGC), 2) perform the phytochemical analysis of ginger root extract from capsules, 3) evaluate the analgesic and
antioxidant effects of ginger root extract, depending on the administered dose, and in association with diclofenac,
in acute inflammation induced with carrageenan.

Material and method: The content of the ginger root extract from capsules was evaluated by determining
the total content of polyphenoli (CPT) which was evaluated using the Folin-Ciocalteu method and the determination
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of the antioxidant activity by the method based on the generation and capture of DPPH radicals (2,2 -diphenyl-1-
picryl-hydrazyl) and high-performance liquid chromatography coupled with mass spectrometry (HPLC-MS),

The evaluation of the toxicity of ginger root capsule extract was carried out by administering doses of 50
mg/kg, 300 mg/kg or 2000 mg/kg to 3 groups of 3 rats. The rats were observed for 14 days. Afterwards, blood
samples, liver and kidney biopsies were taken for analysis.

Fifty-six Wistar-Bratislava rats were randomly divided into seven groups of eight animals each and treated
as follows: (1) Control group (C), rats had no intervention and were treated with saline solution; (2) Acute
inflammation group (IA), acute paw inflammation was induced and rats were treated with saline solution; (3) Al
group treated with diclofenac sodium (IA-D), acute inflammation of paws and rats were treated with diclofenac
sodium (5 mg/kg); (4) 1A group treated with low-dose ERGC (IA-ERGC100), acute inflammation of the paw was
induced and rats were treated with 100 mg/kg ERGC; (5) IA group treated with high-dose ERGC (IA-ERGC200),
acute paw inflammation was induced and rats were treated with 200 mg/kg ERGC; (6) IA group treated with low-
dose ERGC and D (IA-ERGC100-D), acute paw inflammation was induced and rats were treated with 100 mg/kg
ERGC and D in a dose of 5 mg/kg; (7) IA group treated with high-dose ERGC and D (IA-ERGC200-D), acute paw
inflammation was induced and rats were treated with 200 mg/kg ERGC and D in a dose of 5 mg/kg. Acute
inflammation was induced by administration of freshly prepared 1% carrageenan solution in distilled water in a
dose of 100 pL subplantar to the right hind paw, on day 0. Immediately after AI induction, diclofenac was
administered i.p in a single dose of 5 mg/kg. Groups C and [A received 1 mL of saline solution i.p. ERGC was dissolved
in saline solution and administered orally by gavage immediately after diclofenac administration. The motility, paw
pressure, and hot plate tests were performed 1, 3, 5, 7, and 24 hours after carrageenan administration. Right hind
paw edema was also measured at 1, 3, 5, 7 and 24 hours. At 24 hours after carrageenan administration, plasma
oxidative stress was assessed by measuring six parameters: MDA, NO, SOT, total thiols, CAT and ISO. Later, the tissue
from the right hind paw was harvested and fixed in 10% formalin. Afterwards the samples were fixed in paraffin
and stained with hematoxylin and eosin and the examination was performed by an anatomopathologist using an
optical microscope.

Results: No toxic effects of the ginger root extract from the capsules were detected at clinical, biological or
histopathological level, regardless of the administered dose. The total polyphenol content (CPT) of ERGC was
3757.45 = 58.57 mg GAE/100 g dry matter (d.u.) encapsulated ginger root extract, while the total antioxidant
capacity was 0.918 + 0.01 mM Trolox equivalents/100 g s.u. HPLC-DAD-ESI-MS analysis identified significant
concentrations of the main classes of ginger phenolic compounds such as gingerols and gingerol derivatives,
gingerol, gingerdiones and shogaols.

The reduction in paw oedema was dose-dependent and the best effect was obtained when ERGC was added
to D. At 24 hours, similar rat paw volumes were observed for the control group (p>0.9999), the IA-ERGC100-D
group (p>0.9999) and [A-ERGC200-D (p>0.9999) group. At the end of the experiment, paw volume was reduced in
the IA-ERGC200-D group compared to the IA-ERGC100 group (p=0.0049) and the IA-ERGC200 group (p=0.0166).
In the motility scores, the higher dose of ERGC was observed to improve motility better compared to the 100 mg/kg
dose. The best results in motility scores are seen in rats in the IA-ERGC200-D group. 24 hours after the induction of
acute inflammation, 6 rats in the IA-ERGC200-D group were observed to show normal motility, while in the IA-D,
IA-ERGC200 and IA-ERGC100-D groups, half of the rats showed normal motility at the same determination. In the
paw mechanical compression test, it was observed that the rats in the diclofenac group had a higher pain threshold
than those with IA, but lower than the control group. The best results for this test were obtained from the 1A-
ERGC100-D and IA-ERGC200-D groups. IA-ERGC200-D group showed better results in the hot plate test with similar
values to the control group. Serum NO levels were decreased after administration of ERGC at the dose of 200 mg/kg,
below the values of the group with D. The combination of ERGC and diclofenac resulted in an improvement of this
antioxidant effect especially for the maximum dose of ERGC. Serum MDA levels were reduced in the ERGC and D
groups, with the lowest level being observed in the IA-ERGC200-D group. Both doses of ERGC caused a slight
decrease in serum SOT levels, but which is less significant compared to D alone. By associating ERGC with D, SOT
levels were better reduced, with best results being obteined for the IA- ERGC200-D group. Regarding CAT, higher
values were observed after the administration of ERGC in both doses. Association of D at the 200 mg/kg dose of
ERGC increased the CAT values above the serum values of the control group. Total thiols were higher in the groups
treated with ERGC in both doses, when compared to the group treated with diclofenac. Serum levels of total thiols
were improved by combining ERGC with D, the best results being observed in the group treated with D and ERGC
at the dose of 200 mg/kg. ISO was slightly reduced when ERGC was administered at a dose of 100 mg/kg, but
increasing the dose to 200 mg/kg better decreased this oxidative stress parameter. This parameter was significantly
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improved after association of D in both groups treated with ERGC, with the mention that, this association in highest
ERGC dose decreased ISO to a value comparable to the control group. Both IA-ERGC100 and IA-ERGC200 groups
showed similar histopathological changes, suggesting that administration of ERGC alone does not influence the
histological architecture of the inflamed paw. Low-dose ERGC (100 mg/kg) in combination with diclofenac
associated moderate inflammation in the dermis and hypodermis, while a higher dose of ERGC (200 mg/kg) reduced
inflammation in the dermis and hypodermis.

Conclusions: Ginger root capsule extract administered in doses of 50 mg/kg, 300 mg/kg or 2000 mg/kg did
not show clinical, biological or histopathological toxic effects on the liver and kidney. The highest concentrations of
phenolic compounds in ginger, assessed by High Performance Liquid Chromatography with Diode Array Detection
coupled with Electrospray lon Source Mass Spectrometry (HPLC-DAD-ESI-MS) analysis were presented by
gingerols, especially 10-Gingerol. The group that received the ginger root extract from capsules at a dose of 200
mg/kg in combination with diclofenac showed seric oxidative stress parameters comparable to those of the control
group, for: malondialdehyde, nitric oxide, oxidative status total, oxidative stress index, total antioxidant capacity
and total thiols. The administration of the dose of 200 mg/kg of capsules ginger root determined the decrease of the
oxidative stress index below the level observed in case of diclofenac in monotherapy. The 200 mg/kg dose of ginger
root capsule extract increases the total antioxidant capacity above the serum values of the control group. The
administration of ginger root capsule extract in combination with diclofenac associated a better analgesic effect.
The paw pressure test showed higher pain threshold compared to the group that received diclofenac alone and with
values close to those obtained in the control group. When evaluating the analgesic effect tested by the hot plate test,
the best result was obtained in the group that was treated with the ginger root capsule extract at a dose of 200
mg/kg associated with diclofenac. Most of the rats in the group that received the combination of ginger root capsule
extract at a dose of 200 mg/kg combined with diclofenac showed normal motility scores. The combination of ginger
root capsule extract with diclofenac showed a good anti-edematous effect from the first hour after administration,
with the highest percentage of inhibition at 24 hours being reported for the dose of 200 mg/kg. Ginger root capsule
extract in monotherapy did not influence the histopathological aspects of the hind paw, but its dose of 200 mg/kg
associated with diclofenac reduced the inflammation in the dermis and hypodermis.

THE ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE THESIS

Experimental evidence supports that the use of curcumin and ginger in the treatment of acute inflammation
is safe and potentiates the effect of low-dose diclofenac. The administration of ginger extract showed no toxic effects
and our study demonstrated that the association of ginger root extract with diclofenac sodium provides dose-
dependent antioxidant and analgesic effects, thus supporting the potential of ginger as a complementary treatment
in anti-inflammatory therapies.

Curcumin nanoparticles potentiated the effects of diclofenac, in terms of antioxidant, anti-inflammatory and
analgesic effects in experimentally-induced acute inflammation, with the best results obtained at the dose of 200
mg/kg.

The High-Performance Liquid Chromatography with Ultraviolet detection (HPLC-UV) method used in this
research for the identification and quantification of the active compounds in the evaluated extracts could represent
an element of good practice. Through this method, the level of curcumin and its metabolites, both in plasma and in
tissue, was quantified, being a basic element for the subsequent pharmacokinetic and pharmacodynamic analysis.
High-performance liquid chromatography coupled to mass spectrometry (HPLC-MS) was performed to characterize
the ginger root capsule extract .



