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CUVINTE CHEIE
Cancer, stres oxidativ, oxid nitric, inflamatie, polifenoli, alcaloizi, Mahonia aquifolium.

INTRODUCERE

Cancerul este o patologie hiperproliferativa unde invazia si angiogeneza determina metastaze
tumorale. Despre tumori se spune ca sunt “rani care nu se vindeca”. Legatura dintre cancer si inflamatie a fost
facuta pentru prima oara in secolul XIX, pornind de la observatia ca tumorile se dezvolta adesea la situsul
inflamatiilor cronice si ci celulele inflamatorii au fost prezente in probele de biopsie din tumori. in prezent,
inflamatia este privita ca si un “marker cheie” al cancerului, cu dovezi de necontestat care asociaza inflamatia
cronica precum un factor de risc major pentru multe cancere.

Plantele sunt bogate in biomolecule, vitamine si minerale care sunt cruciale In mentinerea sanatatii
organismului, demonstrand efecte promitatoare antitumorale in vitro si in vivo. Aceste efecte sunt datorate
mai ales continutului in flavonoide, care detin importante activitati antioxidante. Genul Mahonia cuprinde o
serie de specii, printre care si Mahonia aquifolium (M. aquifolium), care a fost mult timp utilizatd in medicina
traditionala pentru diverse patologii ale pielii. Berberina, alcaloidul principal din Mahonia este utilizat in
medicina asiatica ca si medicament datorita potentialului antimicrobian.

In stadiile initiale ale cancerului este necesard fie excizia sau rezectia, fie chimioterapie si uneori
radioterapie. Acestea din urma adesea sunt insotite de un numar mare de efecte secundare. Tratamentul in
cancer tinteste fiecare din pasii din dezvoltarea neoplazica, incluzand strategii anti-initiere precum si strategii
anti-proliferare tumorala. In plus la reactiile adverse si rezistenta medicamentoasi este factor care limiteaza
terapia anticanceroasa.

Diverse studii epidemiologice au evidentiat reducerea incidentei cancerului in tarile cu un consum
bogat in plante si in antioxidanti, astfel ca utilizarea antioxidantilor ca si suplimente nutritionale poate sa
contribuie la preventia cancerului. In prezent, statisticile aratd cd mai mult de 30% din pacientii cancerosi
utilizeaza extractele de plante ca si terapie alternativa sau complementara in cancer.

STADIUL ACTUAL AL CUNOASTERII

Capitolul intitulat Stadiul actual al cunoasterii prezinta generalitati privind stresul oxidativ in
oncogeneza, cu accent asupra tintelor si efectelor patologice ale speciilor reactive de oxigen, precum si
evolutia procesului inflamator spre boala canceroasa. Asociat au fost descrise si principalele mijloace
terapeutice din oncologie. In ultimul capitol sunt prezentate principalele mecanisme prin care compusii din
plante interactioneaza cu mecanismele care stau la baza procesul canceros.

CONTRIBUTIA PERSONALA
Scopul si obiectivele studiului

Scopul studiului a fost evaluarea potentialului antitumoral al extractelor de Mahonia
aquifolium.
Obiectivele studiului au fost:
e Analiza fitochimica a extractelor de Mahonia aquifolium
e Evaluarea efectelor antioxidante si anti-inflamatorii ale extractelor de Mahonia
aquifolium
e Evaluarea potentialului imunomodulator al extractelor de Mahonia aquifolium
e Evaluarea toxicitatii si a efectelor antiproliferative ale extractelor de Mahonia
aquifolium



e Evaluarea efectelor cardioprotectoare, hepatoprotectoare si nefroprotectoare ale
extractelor de Mahonia aquifolium.

STUDIUL 1. Analiza fitochimica a extractelor de Mahonia aquifolium

Material si metoda. Sase polifenoli si patru alcaloizi au fost masurati prin HPLC in
extractele etanolice de Mahonia aquifolium, respectiv frunze (ML), flori (MF), fructe verzi
(MGF), fructe coapte (MRF) si scoarta (MB).

Rezultate. Cel mai abundent polifenol a fost acidul clorogenic si alcaloizii au fost
identificati doar in MB.

STUDIUL 2. Evaluarea efectelor antioxidante si anti-inflamatorii ale extractelor
de Mahonia aquifolium

Material si metoda. Activitatea antioxidanta in vitro a fost masurata prin testul
DPPH. Activitatea antioxidanta si antiinflamatorie in vivo a extractelor etanolice de
Mahonia aquifolium, a fost evaluate pe un model experimental de inflamatie acuta. indusa
cu ulei de terebentina la sobolani. Activitatea antiinflamatorie a fost evaluata prin
masurarea oxidului nitric (NOx) si a factorului de necroza tumorala a (TNF-a), iar stresul
oxidativ prin statusul oxidativ total (TOS), reactivitatea totala antioxidanta (TAR), indicele
de stres oxidativ (ISO), 3-nitrotirozina (3NT), malondialdehida (MDA) si tiolii plasmatici
totali (SH). Extractele au fost administrate oral (100%, 50%, 25%) timp de sapte zile
inainte de inducerea inflamatiei acute. Efectele au fost comparate cu cele ale diclofenacului.

Rezultate. Activitatea antioxidanta in vitro a fost buna, exceptand MB. Toate
extractele au redus NOx, TOS, 3NT si au crescut SH. TNF-a a fost redus si TAR a fost crescut
doar de ML, MF, MGF. MDA nu a fost influentat. Studiul a demonstrat activitatea
antiinflamatorie si antioxidanta a extractelor de Mahonia aquifolium.

STUDIUL 3. Evaluarea potentialului imunomodulator al extractelor de Mahonia
aquifolium

Material si metoda. Studiul a evaluat potentialul modulator asupra sistemului imun,
al extractelor de scoarta (1), frunze (2), flori (3), fructe verzi (4) si fructe coapte (5) de
Mahonia aquifolium. Imunitatea innascuta constituie prima linie de aparare impotriva
diversilor agenti patogenici. Macrofagele si neutrofilele sunt celulele principale care
contribuie semnificativ la raspunsul imun si dobandit fiind celule efectorii importante in
indepartarea agentilor patogeni® in timp ce limfocitele constituie componenta umorala
specifica a imunitatii. Extractele au fost testate pe celule mononucleare din sangele
periferic.

Rezultate. Extractele 1-5 au avut un control moderat asupra raspunsului imun, prin
modularea caii CD25 de activare limfocitara, calea de semnalizare mediata de interleukina-
10 si factorul de necroza tumoralda o (TNF-a) in patru subpopulatii de celule sanguine



mononucleate din sangele periferic (PBMC), fara o anume selectivitate fata de nici unul din
cele patru subseturi studiate.

STUDIUL 4. Evaluarea toxicitatii si a efectelor antiproliferative ale extractelor
de Mahonia aquifolium

Material si metoda. Studiu a evaluat efectele extractelor etanolice de scoarta (1),
frunze (2), flori (3), fructe verzi (4) si fructe coapte (5) de Mahonia aquifolium asupra a
cinci linii celulare umane: carcinom de colon DLD-1 si HT-29, liniile celulare de
adenocarcinom de ovar A2780, melanomul malign A375 si liniile celulare de fibroblasti de
piele sanatosi. MTT a fost utilizat pentru a evalua citotoxicitatea.

Rezultate. Extractul 1 a avut cea mai mare citotoxicitate, iar 2 a exercitat
citotoxicitatea de pe locul doi. Inducerea apoptozei extrinseci a fost evaluata prin
masurarea caspazei-8 inifiatorii, caspazei-3 efectorii si a TNF-a. Initierea procesului
apoptotic prin caspaza-8 s-a petrecut in toate liniile celulare tumorale pentru toate
extractele 1-5. Caspaza-3 activata a crescut dupa expunerea la 1 in toate liniile celulare
tumorale si 2 a indus si a crescut nivelele acesteia in celulele DLD-1 si A375. De asemenea,
studiul a evaluat si modularea moleculelor de adeziune implicate in extravazarea
moleculei-1 de adeziune intracelulara (ICAM-1) sau moleculei-1de adeziune celulara
vasculara (VCAM-1). Toate extractele au avut un efect inhibitor consecvent Impotriva
ICAM-1 si VCAM-1 secretate de fibroblastii normali BJ], in vitro. Metaloproteinaza
matriceala-9 (MMP-9) este in corelatie cu invazia celulara si metastazarea, iar extractul 1 a
fost capabil sa inhibe MMP-9 in celulele de melanom A375.

STUDIUL 5. Evaluarea efectelor cardioprotectoare, hepatoprotectoare si
nefroprotectoare ale extractelor de Mahonia aquifolium

Material si metoda. Ultimul studiu a evaluat efectele protectoare hepatice, cardiace
si renale ale celor cinci extracte de Mahonia aquifolium in trei modele experimentale de
infarct miocardic acut indus cu Izoprenalina, hepatita acuta indusa cu CCl4 si insuficienta
renala acuta secundara Gentamicinei. Evaluarea efectelor cardioprotectoare a fost
efectuata prin creatinkinaza-MB (CK-MB), aspartat transaminaza (AST), alanin
transaminaza (ALT) si explorarea electrocardiografica. Evaluarea efectelor
hepatoprotectoare a fost efectuata prin AST, ALT si GammaGT (GGT). Evaluarea efectelor
nefroprotectoare a fost efectuata prin determinareacreatininei serice (Cr ser) si urinare (Cr
Urin), ureei serice (Uree ser)si urinare (Uree urin),a diurezei si calcularea clearanceului
creatininic. Studiul a urmarit si modificarile histopatologice de la nivelul organelor vizate.

Rezultate. In infarctul miocardic acut indus experimental, extractele de Mahonia
aquifolium au avut efect cardioprotector deoarece au redus enzimele marker de necroza
cardiaca Impreund cu parametrii de stres oxidativ, fara a influenta semnificativ modificarile
electrocardiografice. MF a redus semnificativ ALAT, impreuna cu MRF si MGF iar CKMB a
fost mai eficient redusa de ML si MF. Extractele de Mahonia aquifolium au avut effect
hepatoprotector deoarece au imbunatatit valorile parametrilor insuficientei hepatice
precum si parametrii de stres oxidativ. Toate extractele de Mahonia aquifolium au redus



semnificativ nivelele ALAT si ASAT in hepatita acuta experimentald. Activitatea
antioxidanta din hepatita toxica experimentala a fost explicata cresterea TAC, reducerea
TOS, NO, MDA si cresterea SH. in insuficienta renala acuta experimentala, extractele de
Mahonia aquifolium au Imbunatatit parametrii insuficientei renale, stresului oxidativ, fara a
modifica semnificativ valorile diurezei. Toate extractele au avut efect nefroprotector
deoarece au redus nivelele de creatinina serica, creatinina urinara, ureea serica si ureea
urinara. Extractele de MB, MGF si MRF au fost mai eficiente decat MF in reducerea ureei

serice.
CONCLUZII GENERALE
1.  Extractele etanolice din frunze, flori, fructe verzi, fructe coapte si scoarta de Mahonia

o1k

aquifolium pot fi potentiali candidati In tratamentul patologiilor care au la baza stres
oxidativ si procese inflamatorii.

Compusii polifenolici si alcaloizii identificati In cele cinci extracte de Mahonia
aquifolium explica proprietdtile antioxidante si antiinflamatorii ale acestora.

Cele mai eficiente extracte antioxidante si antiinflamatorii au fost ML si MRF.

Cele cinci extracte au un bun potential in tratamentul cancerului.

Raportat la abilitatea extractelor de a stimula sistemul imun in apararea
anticanceroasd, extractul MB a fost cel mai eficient in cresterea nivelului celulelor
CD4+ helper reglatorii, iar extractele ML, MGF si MRF au activat mai eficient celulele
CD8* efectoare, monocitele si celulele B.

Extractul MB detine capacitatea antiproliferativa cea mai mare pe liniile tumorale
testate, dar toate extractele au modulat cdile de semnalizare legate de adeziunea
celular, proliferarea si migrarea tumorala.

Administrarea extractelor de scoartd, frunze, flori, fructe verzi si fructe coapte de
Mahonia aquifolium poate fi benefica in terapia antitumorala dar si in reducerea
efectelor secundare asociate tratamentelor uzuale deoarece au proprietati
cardioprotectoare, hepatoprotectoare si nefroprotectoare.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

In cadrul studiului 1 in premiera a fost efectuata analiza fitochimica comparativa a
cinci extracte de M. aquifolium.

In cadrul studiului 2 pentru prima data au fost testate efectele antiinflamatoare si
antioxidante ale celor cinci extracte de M. aquifolium pe model experimental de
inflamatie in vivo

In cadrul studiului 3 s-a evaluat pentru prima oard in literatura de specialitate
influenta extractelor de M. aquifolium asupra raspunsului imun celular, iar rezultatele
obtinute deschid noi perspective in vederea testarii ulterioare a extractului de scoarta
din M. aquifolium.

Studiul 4 a evidentiat pentru prima oara efectele antitumorale ale extractelor de M.
aquifolium, precum si potentialele mecanisme implicate In apararea anticanceroasa.
Rezultatele obtinute in studiul 5 recomanda utilizarea extractelor de M. aquifolium ca
agenti adjuvanti terapiei antitumorale prin efectele cardioprotectoare,
hepatoprotectoare si nefroprotectoare.
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INTRODUCTION

Cancer is a hyperproliferative pathology where invasion and angiogenesis cause
tumor metastasis. Tumors are said to be ,non-healing wounds”. The link between cancer
and inflammation was made for the first time in the XIX century, starting from the
observation that tumors often develop at the site of chronic inflammation and the
inflammatory cells were present in tumor biopsy samples. Currently, inflammation is seen
as a ,key marker” of cancer with undeniable evidence which associates chronic
inflammation as a major risk factor for many cancers.

The plants are rich in biomolecules, vitamins and minerals that are crucial to
maintaining the health of the body, demonstrating promising antitumor effects in vitro and
in vivo. These effects are mainly due to the content of flavonoids that have important
antioxidants activities. The genus Mahonia includes a number of species, including Mahonia
aquifolium (M. aquifolium), which has long been used in traditional medicine for various
skin pathologies. Berberine, the major alkaloid in Mahonia, is used in Asian medicine as a
medicine due to its antimicrobial potential.

Initial stages of cancer require either excision, or resection, or chemotherapy and
sometimes radiotherapy. The latter are often accompanied by a large number of side
effects. Cancer treatment targets each of the steps in neoplasic development, including anti-
initiation strategies as well as tumor antiproliferation strategies. In addition to adverse
reactions and drug resistance, it is a factor limiting the anticancer therapy.

Various epidemiological studies have highlighted the reduction of incidence of cancer
in contries with high plant-based consumption and antioxidants, so using antioxidants as
nutritional supplements can help plant extracts as alternative or complementary therapy in
cancer.

CURRENT STATE OF KNOWLEDGE

The chapter titled The current state of knowledge presents generalities regarding the
involvment of oxidative stress in oncogenesis with an emphasis on the targets and
pathological effects of reactive oxygen species as well as the evolution of the inflammatory
process towards cancerous disease. The main therapeutic techniques in oncology are
described and the last chapter presents the main mechanisms by which the plants
compounds interact with the mechanisms underlying the cancerous process.

PERSONAL CONTRIBUTION

Purpose and aims of the study

The purpose of the study was to evaluate the antitumoral effects of Mahonia
aquifolium extracts.

The aims of the study were:



e Phytochemical analysis of Mahonia aquifolium extracts

e Evaluation of antioxidant and anti-inflammatory effects of Mahonia aquifolium
extracts

e Evaluation of immunomodulatory potential of Mahonia aquifolium extracts

e Evaluation of toxicity and antiproliferative effects of Mahonia aquifolium extracts

e Evaluation of cardioprotective, hepatoprotective and nephroprotective effets of
Mahonia aquifolium extracts.

STUDY 1. Phytochemical analysis of Mahonia aquifolium extracts

Materials and methods. Six polyphenols and four alkaloids were measured by HPLC
in Mahonia aquifolium ethanolic extracts, namely leaves (ML), flowers (MF), green fruits
(MGF), rape fruits (MRF) and bark (MB).

Results. The most abundant polyphenol was chlorogenic acid and the alkaloids were
identified only in MB.

STUDY 2. Evaluation of antioxidant and anti-inflammatory effects of Mahonia
aquifolium extracts

Materials and methods. The antioxidant activity was measured in vitro by DPPH
assay.

The antioxidant and anti-inflammatory activity of Mahonia aquifolium ethanolic
extracts was evaluated in vivo in an experimental model of acute inflammation induced by
turpentine oil in rats. The anti-inflammatory activity was assessed by measuring nitric
oxide (NOx) and tumor necrosis factor- a (TNF- a) and oxidative stress index (ISO), 3-
nitrotirozine (3NT), malondialdehyde (MDA) and total plasma thiols (SH). The extracts
were administered orally (100%, 50%, 25%) for seven days prior to induction of acute
inflammation. The effects were compared with those of diclofenac.

Results. DPPH results were good except MB. All extracts reduced NOx, TOS, 3NT and
increased SH. TNF- a was reduced and TAR was increased only by ML, MF, MGF. MDA has
not been influenced. The sudy identified the anti-inflammatory and antioxidant activity of
Mahonia aquifolium extracts.

STUDY 3. Evaluation of immunomodulatory potential of Mahonia aquifolium
extracts

Materials and methods. The study evaluated the modulatory potential of the
immune system of the bark (1), leaves (2), flowers (3), green fruits (4) and ripe fruits (5)
extracts of Mahonia aquifolium. Inborn immunity is the first line of defense against various
pathogens. Macrophages and neutrophils are the major cells that contribute significantly to
the immune response and are the cells that are important effectors in the removal of
pathogens®, while lymphocytes are the specific humoral component of immunity. The
extracts were tested on peripheral blood mononuclear cells.



Results. Extracts 1-5 caused a moderate immune response control by modulating the
lymphocyte activation CD25 pathway, the interleukin-10 mediated signaling pathway and
the tumor necrosis factor-a (TNF-a) in four sub-populations of peripheral blood
mononuclear blood cells (PBMC), without any selectivity to any of the four studied subsets.

STUDY 4. Evaluation of toxicity and antiproliferative effects of Mahonia
aquifolium extracts

Materials and methods. The study evaluated the effects of Mahonia aquifolium
ethanolic bark (1), leaves (2), flowers (3), green fruits (4) and ripe fruits (5) extracts on
five human cell lines: DLD-1 and HT-29 colon carcinoma, A2780 ovary adenocarcinoma cell
lines, A375 malignant melanoma, and healthy skin fibroblast cell lines. MTT was used to
evaluate cytotoxicity.

Results. Extract 1 had the highest cytotoxicity, and 2 exercited the second place
cytotoxicity. Induction of extrinsic apoptosis was evaluated by measuring caspase-8
initiator, caspase-3 effector and TNF-a. The initiation of the apoptotic process by caspase-8
occurred in all tumor cell lines for all of the 1-5 extracts. Activated caspase-3 increased
after exposure to 1 in all tumor cell lines and 2 induced and increased its levels in DLD-1
and A375 cells. The study also evaluated the modulation of adhesion molecules involved in
the extravasation of intracellular adhesion molecule-1 (ICAM-1) or vascular cell adhesion
molecule-1 (VCAM-1). All extracts had a consistent inhibitory effect against ICAM-1 and
VCAM-1 secreted by normal BJ fibroblasts in vitro. Matrix metalloproteinase-9 (MMP-9) is
correlated with cell invasion and metastasis, and extract 1 was able to inhibit MMP-9 in
melanoma A375 cells.

STUDY 5. Evaluation of cardioprotective, hepatoprotective and
nephroprotective effets of Mahonia aquifolium. extracts

Materials and methods. The last study evaluated the hepatic, cardiac and renal
protective effects of the five Mahonia aquifolium extracts in three experimental models of
isoprenaline induced acute myocardial infarction, acute CCl4 induced acute hepatitis and
acute secondary renal failure of Gentamicine. The evaluation of cardioprotective effects
was performed by creatinkinase-MB (CK-MB), aspartate transaminase (AST), alanine
transaminase (ALT), and electrocardiographic exploration. Evaluation of hepatoprotective
effects was performed by AST, ALT and GammaGT (GGT). Evaluation of nephroprotective
effects was performed by serum creatinine (Cr ser) and urine (Cr urin), serum urea (Uree
ser) and urine (Uree urin), dieresis, and creatinine clearance. The study also followed
histopathological changes from the target organs.

Results. In experimental induced acute myocardial infarction Mahonia aquifolium
extracts had cardioprotective effect by improving cardiac necrosis marker enzymes along
with oxidative stress parameters without significantly affecting electrocardiographic
changes. MF significantly reduced ALT, along with MRF and MGF, and CKMB was more
effectively reduced by ML and MF. Mahonia aquifolium extracts had hepatoprotective effect



by improving liver failure parameters as well as oxidative stress parameters. All Mahonia
aquifolium extracts significantly reduced the levels of ALAT and ASAT in acute
experimental hepatitis. In toxic experimental hepatitis, the antioxidant activity has been
explained through enhacement of TAC and SH, and reduction of TOS, NO and MDA. In acute
renal failure Mahonia aquifolium extracts had nephroprotective effect by improving the
parameters of renal failure and oxidative stress, without significantly altering the diuresis
values. All extracts have reduced the levels of serum creatinine, urinary creatinine, serum
urea and urine. Extracts of MB, MGF and MRF were more effective than MF in reducing
serum urea.

GENERAL CONCLUSIONS

1. Ethanolic extracts of Mahonia aquifolium may be potential candidates in the
treatment of pathologies which origin from oxidative stress and inflammatory
processes.

2. The polyphenolic compounds and alkaloids identified in the five Mahonia aquifolium
extracts explain their antioxidants and anti-inflammatory ability.

3. The most effective antioxidant and anti-inflammatory extracts were ML and MRF.
The five extracts have a good potential in the treatment of cancer.

5. Regarding the ability of the extracts to stimulate the immune system in anticancer
protection, MB extract was the most effective in increasing the level of CD4+ helper
regulatory cells and ML, MGF and MRF extracts enhanced effector CD8+ cells,
monocytes and B cells.

6. The MB extract has the highest antiproliferative capacity on the tumor lines tested,
but all extracts have modulated signaling pathways related to cell adhesion,
proliferation and tumor migration.

7. The administration of bark extracts, leaves, flowers, green fruits and ripe fruits of
Mahonia aquifolium may be beneficial in anti-tumor therapy, but also in the
reduction of side-effects associated with common treatments.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE THESIS

1. In the first study, comparative phytochemical analysis of five extracts of M.
aquifolium was performed.

2. In Study 2 for the first time, the anti-inflammatory and antioxidant effects of the five
M. aquifolium extracts were tested on experimental model of in vivo inflammation.

3. In study 3, the influence of M. aquifolium extracts on cellular immune response was
evaluated for the first time and the results obtained open new perspectives for
further testing of M. aquifolium bark extract.

4. Study 4 revealed for the first time the antitumoral effects of M. aquifolium extracts
as well as the potential mechanisms involved in anticancer protection.

5. The results obtained in study 5 recommend the use of M. aquifolium extracts as
adjunctive agents to anti-tumor therapy by cardioprotective, hepatoprotectoid and
nephroprotective effects.



