s id bl Gallhais) Jdd g ez

Sede ez dls bl gl )l s
Ministry of Higher Education and Scientific Research

University of Fréres Mentouri Constantine B s bsaY1 Bgele

Faculty of Life and Natural Sciences sl d s 3gghdh sJzs @
Department of Animal Biology O dspd s

N° d’ordre:
NF° de série:

THESIS SUBMITTED FOR THE DEGREE OF DOCTORAT 3™ CYCLE

Option: Immuno-Oncology

Topic:

Biological activities of some medicinal plants on rheumatoid
arthritis induced by hyperhomocysteinemia and formalin and
on tumoral process

Presented by: Boutheyna ARIBI
January 14, 2016

Examination board

President: S. TEBIBEL Prof. University Fréres Mentouri Constantine
Supervisor: S. ZERIZER Prof. University Fréres Mentouri Constantine
Examiner: S. DAHAMNA Prof. University of Setif
Examiner: S. KHENNOUF Prof. University of Setif
Examiner: L. ARRAR Prof. University of Setif

2014-2015



Dedication

This thesis is dedicated to my husband KHALED for his moral support,

understanding, and encouragement during my studies. He gave me a reason to

plough on in spite of the many difficult times and challenges.

To my father CHERIF who gave me the courage to continue, to my mother

DELLOULA who teach me the real life.

To my sisters ASMA and AMINA, to my brothers YACINE and AYOUB.

To my baby Alad



Acknowledgements

I would like to sincerely thank my supervisor Prof. S. Zerizer for her trusting me with the
project, for constant help and advice, for teaching me how to work in the lab, and for her final

and extraordinary effort to make me finish writing this PhD thesis.

I am grateful to Prof. Z. Kabouche for providing me the plant material and allowing me to use

her laboratory material.

With great pleasure and profound sense of gratitude, I express my most cordial and humble

thanks to Prof. S. Tebibel, president of the jury for her interest in my PhD thesis.

I am immensely thankful to Prof. S. Dahamna, examiner of the PhD thesis for her

participation and interest in my doctorate work.

It is my privilege and honor to extend my gratitude to Prof. S. Khennouf, examiner of the PhD

thesis for his contribution and interest in my work.

I shall extend my gratitude to Prof. L. Arrar, examiner of the PhD thesis for the attention and

interest which gave to judge my doctorate work.

I would like to thank Prof. I. Screpanti for accepting me in her laboratory and giving me the
opportunity to work with her exceptional laboratory team; my sincere thanks also go to Dr. R.
Palermo for his continued guidance and support during my internship and for being available

to answer my hundreds questions.
My cordial thanks are to Prof. S. Martinotti and Prof. E. Toniato for their help and assistance.

My special thanks and my profound gratitude also are to Prof. P. Conti for his help and

support during my internship.

I would like to thank all the current and past students and personnel of the Laboratory of
Molecular Pathology, University La Sapienza, Roma who lent a hand and taught me the
techniques I required, thanks to Luca T., Vivek K., Fabrizio S., Francessca D., Giulia D.,
Giulia F., Claudia N., Francessca F., Gioia T., Valeria G., Paula V.R., Silvia D.V., Samantha
C., Carlo D.B., Roberta Q.,...

Thanks to my friends (Luca Maria Di Tommaso, Caterina Martinotti, Riccardo Martinotti,
Francessca Del Gaudio,...) for supporting me and being there during my the much needed

periods of time out.



Table of contents

LIST OF PUBLICATIONS
LIST OF ABBREVIATIONS
LIST OF FIGURES
LIST OF TABLES
INTRODUCGTION. ... e e e 1
CHAPTER I: Literature Review
L1, Inflammation. ... 5
L.1.1. Acute Inflammation. .............oiiiii i 5
[.1.2. Chronic Inflammation..............coiiiiiiiis e, 6
1.1.3. Resolution of Inflammation..................ooiiiiiiiiiiiii e, 6
[.2. Rheumatoid ATthritiS........c.ovuieiii e 7
L2, 1. PathOgenesiS. . v iiet ettt ettt e e et e 7
[.2.2. Rheumatoid Arthritis and vascular risk.................oooiiiiiiiiii i, 8
[.3. HyperhomocCySteInemia. . .......o.veieiiiiite et e e 10
[.3.1. Historical OVEIVIEW........couiiueii i 10
1.3.2. Homocysteine metabolism and causes of HHey................c.ooi. 10
1.3.3.Homocysteine and immuno-inflammatory activation............................ 12
L 010100 0057 1 1S3 P 13
[.4.1. T Cell Lymphoblastic Leukemia................coooviiiiiiiiiiiiiiiiiee 13
1.4.2. Proliferation related proteins NOTCH 1 and ERK.............................. 14
L4.2.1. NOTCH 1 Proteins....veeeeeenttiiteetteieeeeeneeieeeeeeieennaenns 14
[.4.2.2. ERK1/2 Proteins. ......oovieeeiiei et eee e, 14
L5. Medicinal plants............ooeiiiiii e 15
L5.1. AVANia SPINOSA ..o et 15
L5. 1.1, DeSCIIPION. ..ttt ettt et e e e e e 15
1.5.1.2. Botanical classification.............c..cooeiiiiiiiiiiiiiiiiii, 16
[.5.1.3. Therapeutic ProPerties. ........ueueeeuteneeenteteanteeenneeneenaninnnnn. 16



Table of contents

L5.2. Citrullus cOlOCYNTRIS ..........oouiiniii it e e 16
L.5.2. 1. DeSCTIPLION. . .et ettt et ettt et e ae e, 16
[.5.2.2 Botanical classification................coooiiiiiiiiiiiiiii 17
[.5.2.3. TherapeutiC PropPerties. ... .ccueereeenreeitee et eaeeaieeeieenneannns 17

L5.3. Boswellia Serrata. .............c.couiiiuiiiiiiiiiiiiii i 17
L5.3. 1. DeSCIIPLION. ...ttt ettt et et e e eeaens 17
[.5.3.2. Botanical classification.................c.oooooiiiiiiiii i 18
1.5.3.3. TherapeuticC ProPerties. . .. .ueuueereeeeeaie e eie e eieeenaenns 18

CHAPTER II MATERIAL AND METHODS

II.1. Evaluation of the acute toxicity of the plants extracts..................cooviiiiinin, 20
ILT.1. Used material........o.ooeiii e 20
ILL.1.1. Plant material..........oooiiiiei e, 20

O O RN € 1 P 20

I1.1.1.3. Experimental procedure...............ccoooiiiiiiiiiiiiiiiiiian 21

II.2. Evaluation of the immunomodulatory activity of medicinal plants by carbon
ClearancCe rate teSt. . ... ...ttt 21

I1.2.1. Evaluation of the immunomodulatory activity of Argania spinosa

SIS . ettt 21
IL2.1.1. Used material...........oooiiiii e, 21
[I.2.1.1.a. Plant material.............cooi i 21

IL2.1.1.b ANIMalS... .o 22

I1.2.1.1.c. Experimental procedure.............cooviiiiiiiiiiiiiiian, 22

I1.2.2. Comparative screening of the immunomodulatory activities of the oils

extracted from Argania spinosa, Boswellia serrata, Citrullus colocynthis and the

VITZIN OlIVE O1l. . ie e e 24
I1.2.2.1. Used material........ccoouiuiniiniiiii e, 24
[1.2.2.1.a. Plant material...........c..oooiiii e, 24

[L2.2.1.b. ANImals...ooueiei e 24

I1.2.2.1.c. Experimental procedure...........cocooiviiiiiiiiiiiiiniiiea, 24



Table of contents

IL.3. Evaluation of  the analgesic activity of  the plants
EXETACES . . . ettt ettt e e e 26
IL3.1. Used material. .. ..o e 26
IL3.1.1. Plant material......... ..o 26

IL3. 1.2 ANImalS. ..o e 26

I1.3.1.3. Experimental procedure............ccoceoeiiiiiiiiiiiiiiiiiianan.n, 26

II.4. Evaluation of the acute anti-inflammatory activity of the plants

Q0 101 T 28
IL4. 1. Used material.........ooueeiniiniii e 28
IL4.1.1. Plant material............oooiiiiii e 28

IL4.1.2. ANImalS. .. onee e 28

I1.4.1.3. Experimental procedure............ooviiiiiiiiiiiiiiiiiaiieannn, 28

IL.5. Evaluation of anti-arthritic and chronic anti-inflammatory activities of Argania

SPINOSA SEEUS. ...t 30
ILS.1. Used material. ... ..o e 30
ILS.1.1. Plant material.........coooiiiii i 30

ILS.1.20 ANImals. ..o 30

I1.5.1.3. Experimental procedure..............coevueviiiniiiiiiininnieannen. 30

II.6. Evaluation of antiproliferative activity of plants extracts........................... 33
IL6.1. Used material...........oooiii i 33
IL6.1.1. Plant material............ooeiiiiiii e 33

IL6.1.2. Cell culture. .....o.oeiniii e 33

I16.1.3. ANtIDOAIES. ... cueeee e 34

I1.6.2. Experimental procedure. ...........c.oouiiiieiiiiii e, 34
I1.6.2.1. Trypan blue exclusion assay.............cceveviiiiiiiinninnnnn... 34

11.6.2.2. Microculture Tetrazolium (MTT) assay............cevvvnnenen. 34

I1.6.2.3. Immunoblotting..........cevviiiiiiiiiiiii i, 35

StatiStiCal ANALYSIS. ...ttt e e 36



Table of contents

CHAPTERIII RESULTS AND DISCUSSION
II1. Results and Discussion

ILT. Up and dOWn teSt. ...ttt ittt e e e e e e e e e eaaeess 37

II1.2. Evaluation of the immunomodulatory activity of medicinal plants by carbon
ClEAranCe Tate teSt. . ... .ttt 38
II1.2.1. Immunomodulatory activity of Argania spinosa seeds....................... 38
II1.2.2. Comparative screening of the immunomodulatory activities of the oils
extracted from Argania spinosa, Boswellia serrata, Citrullus colocynthis and the

VIFZIN OlIVE O1l. ... 40

II1.3. Analgesic activity by acetic acid induced writhing...........................oenn 46

II1.4. Anti-inflammatory activity in acute inflammation by xylene induced ear

1o 1<1s (<114 - T 50

II1.5. Anti-arthritic and anti-inflammatory activities in chronic inflammation induced

by hyperhomocysteinemia and formalin using in vivo induced arthritis.................. 53

II1.6. Antiproliferative activity.......ooo.oiutiiiiii e 71

I11.6.1. Effect of plants extracts on cell proliferation........................ooa. 71

I11.6.2. Effect of plants extracts on signaling proteins expression..................... 76

Conclusion and Perspectives......... ..o 82

References. ... ... ... 84

APPENAICES. ... e 102
Papers

bl oEd



List of publications

National communications

Participation at Second workshop of Cellular Immunology and Molecular Pathology,

Tlemcen, 20-22 June 2013.

Aribi B., Zerizer S., and Kabouche Z., (2014). Etude in vivo et in vitro des activités
antiinflammatoires et anticancer de 1’Arganier. 9th Medico-Surgical days of Syndicat

National des Praticiens Spécialistes de la Santé Publique, Tipaza, 20-22 June 2014.

Aribi B., Zerizer S., and Kabouche Z., (2014). Immunomodulatory activity of Argania
spinosa seeds. 2ed Scientific days of Valorisation of Algerian medicinal plants, Constantine,

24-25 February 2014.

International communications

Aribi B., Zerizer S., and Kabouche Z., (2014). Effect of Argania spinosa on proliferation
of T cell acute lymphoblastic leukemia cell lines. 2ed International Congress of

Biotechnology and Valorisation of Bio-ressources, Tunisia, 18-20 Mars 2014.

Aribi B., Zerizer S., and Kabouche Z., (2014). Antiarthritic and Analgesic activities of
Argania spinosa seeds. 31th International Medico-Surgical and dental Seminar, Mila, 18-20

June 2014.

Aribi B., Zerizer S., and Kabouche Z., (2014). Leucémie lymphoblastique: Effet de I’huile
d’argan. 10th International days of Cancerology, Constantine, 10-12 October 2014.

Aribi B., Zerizer S., and Kabouche Z., (2014). Effet antiathérogeéne de 1’extrait des fruits
d’Argania spinosa chez le rat Wistar soumis a un régime supplémenté en méthionine. 2ed
International day of Laboratory of research in Preventive Medicine of Chronic Diseases,

Constantine, 24-26 October 2014.



List of publications

International publications

Aribi B., Zerizer S., and Kabouche Z., (2013). Immunomodulatory activity of Argania
spinosa seeds. International Journal of Pharmacy and Pharmaceutical Sciences, 5(3) 488-

491.

Aribi B., Zerizer S., Kabouche Z., Screpanti I. and Palermo R. (2015). Effect of Argania
spinosa oil extract on proliferation and Notchl and ERKI1/2 signaling of T-cell acute
lymphoblastic leukemia cell lines. Food and Agricultural Immunology, DOI:
10.1080/09540105.2015.1104654. 1-8.



List of abbreviations

AD: Autoimmune Diseases

AdoHcy: S-Adenosyl Homocysteine

AdoMet: S-Adenosyl Methionine

ALL: Acute Lymphoblastic Leukemia

AML: Acute Myelogenous Leukemia
ANOVA: Analysis of Variance

APC: Antigen Presenting Cells

ATP: Adenosine Tri-Phosphate

B-ALL: B-cell Acute Lymphoblastic Leukemia
BD: Behget's Disease

BSA: Bovine Serum Albumin

C5a: Complement Component 5a

CAM: Cell Adhesion Molecules

CD11: Cluster Differentiation 11

CD18: Cluster Differentiation 18

cIMT: Carotid Intima-Media Thickness

CLL: Lymphocytic Leukemia

hs-CRP: High Sensibility C-Reactive Protein Test
CVD: Cardiovascular diseases

DMSO: Dimethyl Sulfoxid

DPPH: 1,1-Diphenyl-2-Picryl-Hydrazyl free radical



List of abbreviations

ERK: Signal-Regulated Kinase

ESR: Erythrocyte Sedimentation Rate
H.E: Hematoxylin Eosin

Hcy: Homocysteine

HHcy: Hyperhomocysteinemia

i.p: Intraperitoneal

IBD: Inflammatory Bowel Diseases
ICCAM: Intracellular Adhesion Molecules
ICN: Intracellular Notchl

IL-1: Interleukin 1

IL-4: Interleukin 4

IL-8: Interleukin 8

LD50: Medial Lethal Dose

LDL: Low Density Lipoproteins

mAb: Mouse Monoclonal Antibody
MCP-1: Monocyte Chemoattractant Protein-1
MeAP: Methionine aminopeptidase
Methyl-THF: N-5-Methyltetrahydrofolate
MHC: Major Histocompatibility Complex
MS: Methionine Synthase

MTHFR: Methylentetrahydrofolate Reductase

MTT: Microculture Tetrazolium



List of abbreviations

NADPH: Nicotinamide Adenine Dinucleotide Phosphate

NK: Natural Killer

OECD: Organisation for Economic Cooperation and Development
PAF: Platelets Activating Factor

RA: Rheumatoid Arthritis

SD: Standard Deviation

SDS-PAGE: Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
SLE: Systemic Lupus Erythematosis

SPSS: Statistical Package for Social Science

T-ALL: T-cell Acute Lymphoblastic Leukemia

THF: Tetrahydrofolate

TNFa: Tumor Necrosis Factor

Tregs: Regulatory T cells



List of figures

Figure 01. Immunological pathway of the arthritic joint, upper part show joint inflammation
and lower part Joint deStrUCtION. . ... ...iiutit ittt 08

Figure 02. Inflammatory pathways by which mediators of synovitis including TNFa may
alter biology and risk factor for atherosclerosis including insulin resistance, dyslipedimeia,

fibrinogen, and increase the production by the liver of CRP...................ooe, 09
Figure 03. Simplified representation of homocysteine metabolism in man and animals.......11
Figure 04. Argania spinosa tree and its fruitS...........ooiiiiiii i e 19
Figure 05. Citrullus ColOCYNIRIS . ........ ..ot 19
Figure 06. Boswellia Serrata. ............ccoueiuiiii i 19
Figure 07. Effect of Argania spinosa crude extract on phagocytic activity....................... 38

Figure 08. Effect of Argania spinosa crude extract on half time t1/2 of carbon in blood......39

Figure 09. Effect of crude extract of Argamia spinosa seeds on corrected phagocytic
Y13 AT Ly 40

Figure 10. Effect of Citrullus colocynthis, Boswellia serrata, olive oil and Argania spinosa
ON PhAGOCYLIC ACHIVILY . ..ttt ettt e 41

Figure 11. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis and olive oil
on half time of carbon in blood........ ... 42

Figure 12. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis and olive oil
on corrected phagoCytic INAEX Ol......veuiinei e e 43

Figure 13. Effect of Argania spinosa, Citrullus colocynthis and Boswellia serrata on the
writhing number in acetic acid induced pain N MICE..........c.oviviiiiiiiiiiiiiieiiieaaennn, 47

Figure 14. Effect of Argania spinosa, Citrullus colocynthis and Boswellia serrata on the
percentage of inhibition of oedema in acetic acid induced pain in mice.......................... 48

Figure 15. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis on oedema
Induced by XYIeNne 1N MICE. .......ouiini e 51

Figure 16. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis on the
percentage inhibition of oedema induced by xylene in mice.............cccooiiiiiiiiiiiinn.. 52

Figure 17. Photographic representation of the right (oedematous) hand paw of rats in
formalin induced arthritis and on formalin/methionine induced inflammation (after 10 days of
L0 4o 1300157 01 ) 54

Figure 18. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis in paw
diameter on day 1 and day 4 of the experiment ..............c.cooiiiiiiiiiiiiiiiiiee, 56



List of figures

Figure 19. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis in paw
diameter on day 7 and day 10 of the experiment..............cooviiiiiiiiiiiiiiiiiiii e, 56

Figure 20. Effect of the oral administration of Argania spinosa crude extract in the weight of
the right (inflamed) paw at the end of the experiments formalin induced arthritis and
formalin/methionine induced inflammation.................cooooiiiii i 58

Figure 21. Effect of the treatment by Argania spinosa seeds on inflammatory marker (CRP
blood level) during formalin induced arthritis and formalin/methionine induced arthritis
o403 114 1<) 1 60

Figure 22. Effect of the treatment by Argania spinosa seeds on Homocysteine (Hcy) blood
level during formalin induced arthritis and formalin/methionine induced arthritis
01515111151 11 O 61

Figure 23. Histological section of rat normal joint 10 days oral flour application H.E staining
[0 63

Figure 24. Histological section of rat joint 10 days flour + Formalin application H.E staining
(0. ettt 63

Figure 25. Histological section of rat joint 10 days oral Ibuprofen (100mg/kg) + formalin
application H.E staining (X100).........ouoiuiitiiiiii e 64

Figure 26. Histological section of rat joint 10 days oral plant extract (100mg/kg) + formalin
application H.E staining (X100). .......otitiitiitiiiii e 64

Figure 27. Histological section of rat joint 10 days oral plant extract (200mg/kg) + formalin
application H.E staining (X400). .......otitiitiiiiii e 65

Figure 28. Histological section of rat joint 10 days methionine (400mg/kg) + formalin
application H.E staining (X400). .......outitiiiitiii e 65

Figure 29. Histological section of rat joint 10 days oral Ibuprofen (100mg/kg) + methionine
(400mg/kg) + formalin application H.E staining (X100). .........cooiiiiiiiiiiiiiiiiiiiin, 66

Figure 30. Histological section of rat joint 10 days oral plant extract (100mg/kg) +
methionine (400mg/kg) + formalin application H.E staining (X100). ..............ccoeieinin 66

Figure 31. Histological section of rat joint 10 days oral plant extract (200mg/kg) +
methionine (400mg/kg) + formalin application H.E staining (X100). .............c.ccooiiiin. 67

Figure 32. Histological section of rat joint 10 days oral flour + methionine (400mg/kg)
application H.E staining (X100). ......ooiiiriiiii e e 67

Figure 33. Effect of Argan oil on cell proliferation of JURKAT, MOLT3 and DND41 by
trypan blue @XCIUSION @SSAY . ... ..ttt ittt ettt e e e et et e e e e e e eaeenaas 71



List of figures

Figure 34. Effect of Argan oil cell viability of JURKAT, MOLT3 and DND41 in MTT

Figure 35. Effect of Argan oil on cell proliferation of M31, PreT, HEK and Hacat by trypan
DIUE EXCIUSION @SSAY ... .ttt ettt et et et et e et et et e et e et e et et et e et et e aneeaaaas 73

Figure 36. Effect of Citrullus oil on cell proliferation of JURKAT, MOLT3 and DND41 by
trypan blue eXCIUSION @SSAY ... ...iuutiet ittt ettt et et aae e 74

Figure 37. Effect of Citrullus oil on cell proliferation of M31, PreT, HEK and Hacat by
trypan blue @XCIUSION @SSAY . ... tuttiti ittt et et et e e e et e e e e e e e enanenans 74

Figure 38. Effect of Boswellia oil on cell proliferation of JURKAT, MOLT3 and DND41 by
trypan blue eXCIUSION @SSAY . ... .ouuiei ittt e 75

Figure 39. Effect of Boswellia oil on cell proliferation of M31, PreT, HEK and Hacat by

trypan blue eXCIUSION @SSAY ... . uuiet ittt e e 76
Figure 40. Effect of Argan oil in expression of proteins NOTCHI and ERK................... 77
Figure 41. Effect of Citrullus oil in expression of proteins NOTCH1 and ERK................ 78

Figure 42. Effect of Boswellia oil in expression of proteins NOTCHI1 and



List of tables

Table 01. Treatment of mice in carbon clearance rate test...............coooeiiiiiiiiiiiiinnenne. 22
Table 02. Treatment of rats in carbon clearance rate test..............coveviiiiiiiiiiiniinn.. 25
Table 03. Treatment of mice in analgesic test..........ouiviiiiiiiiiii i, 27
Table 04. Treatment of mice in xylene induced ear oedema.................cooiviiiiiiiiininnnn. 29
Table 05a. Treatment of rats in formalin induced arthritis...................oooiiiiiii 31
Table 05b. Treatment of rats in formalin and methionine chronic arthritis....................... 31

Table 06. Effect of the oral administration of Argania spinosa crude extract on paw diameter,
AT and on percentage inhibition of arthritis in formalin induced arthritis and on
formalin/methionine induced inflammation.................cooiiii i, 57



Introduction

An immune reaction is a complex reaction to tissue injury and infection, characterized
by the classic response of redness, heat, swelling, pain and loss of function and the immune
system consists of cells and soluble factors that mediate the reaction in order to eliminate the
immune stimulus and initiate the process of immunological memory. Diseases of immunity
can occur due to inappropriate inflammation or when the normal immune response progresses
to chronic inflammation, either because of a long-term inappropriate response to stimuli
(allergies) or because the offending agent is not removed (autoimmunity) (Koelink et al.,

2012).

It is well known that acute inflammation is part of the defense response, in some
cases acute inflammation fails to resolve, this is the case seen in chronic inflammatory
conditions which mediate a wide variety of diseases, including cardiovascular diseases,
cancers, diabetes, arthritis, Alzheimer’s disease, pulmonary diseases, and autoimmune

diseases (Medzhitov, 2008).

Rheumatoid arthritis is a chronic, inflammatory autoimmune disorder where the
immune system targets and attacks the joints. It is a disabling and painful inflammatory
condition, which can lead to substantial loss of mobility due to pain and joint destruction.
Rheumatoid arthritis is a systemic disease, often affecting extra-articular tissues throughout
the body (M.Saleh and Zangor, 2009).The suggested progression mechanism of rheumatoid
arthritis develops in three stages. The first stage is the swelling of the synovial lining, causing
pain, warmth, stiffness, redness and swelling around the joints. Second is the rapid division
and growth of cell, or pannus, which causes the synovium to thicken. In the third stage, the
inflamed cell releases enzyme that may digest the bone and cartilage, often causing the joints
to loses its shape and alignments, more pain and loss of movements (Sueki and Brechter,

2009).

Because of the association of inflammation with the elevation of circulating
homocysteine, it is not surprising that varying degrees of hyperhomocysteinemia are
detectable in all inflammatory diseases. In fact, detection of hyperhomocysteinemia has been
reported not only in patients with well-known inflammatory diseases such as rheumatoid
arthritis, inflammatory bowel disease, but also in psoriasis, a chronic inflammatory skin
disease. Hyperhomocysteinemia has also been reported in patients with cardiovascular
disease, with type 2 diabetes, with chronic kidney disease and cancer. All these clinical

disorders were only being recognized as inflammatory diseases in recently years (Wu, 2008).

1
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Furthermore, association between rheumatoid arthritis and hyerhomocysteinemia was
reported by many authors, they found for example that older women with rheumatoid arthritis
had poor vitamin B-6 status and elevated plasma homocysteine concentrations compared to
healthy control women, despite similar dietary intakes of vitamin B-6 and protein. Individuals
with rheumatoid arthritis may display altered metabolism of vitamin B-6 that results in poor
status of this nutrient. Furthermore, the poor vitamin B-6 status may explain why individuals
with rheumatoid arthritis have increased plasma homocysteine concentrations and an

increased risk of cardiovascular diseases (Woolf, 2008).

Several mechanisms for Hyperhomocysteinemia induced inflammation have been
proposed. These include endothelial dysfunction, increased proliferation of smooth muscle
cells, enhanced coagulability and increased cholesterol synthesis in hepatocytes. Endothelial
dysfunction is considered to be one of the important mechanisms contributing to
inflammation. It has been proposed that hyperhomocysteinemia-caused endothelial injury
may be due to oxidative stress, attenuation of NO-mediated vasodilatation, and disturbance in
the antithrombotic activities of the endothelium. On injury, endothelial cells are capable of
producing various cytokines and growth factors that participate in inflammatory reactions
(Wang et al., 2002). In addition, homocysteine can induce oxidative stress which favors lipid
peroxidation and induces production of inflammatory factors such as MCP-1, IL-8, and

TNFa, thus accelerating atherosclerosis (Lin et al., 2009).

In another side of chronic inflammation consequences, Cancer is the second leading
cause of death in the world. It is an uncontrolled growth and spread of cells that can affect
almost any part of the body. T-cell acute lymphoblastic leukemia is a highly aggressive
hematologic malignancy characterized by the malignant clonal expansion of immature T-cell
progenitors. T cell transformation is a multi-step process in which different genetic alterations
cooperate to alter the normal mechanisms that control cell growth, proliferation, survival, and

differentiation during thymocyte development (Van Vlierberghe and Ferrando, 2012).

It is well established that cell proliferation and differentiation is well controlled by a
wide range of proteins, in this context we find NOTCH proteins and ERK proteins. Signaling
due NOTCH proteins family plays a key role in the normal development of many tissues and
cell types, through diverse effects on differentiation, survival and proliferation that are highly

dependent on signal strength and cellular context. Because perturbation in the regulation of
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differentiation, survival and proliferation underlie malignant transformation, pathologic

NOTCH signals potentially contribute to cancer development (Allenspach et al., 2002).

Furthermore, ERK1/2 is an important subfamily of mitogen-activated protein kinases
that control a broad range of cellular activities and physiological processes. ERK1/2 can
provide anti-apoptotic effects by down-regulating pro-apoptotic molecules via a decrease in
their activity or a reduction of their protein expression by transcriptional repression. ERK1/2
can also promote cell survival by up-regulating anti-apoptotic molecules via enhancement of

their activity or activation of their transcription (Lu and Xu, 2006).

The most commonly prescribed medication for inflammatory diseases treatment is
anti-inflammatory drugs. Though the goal of these drugs has been to relieve pain and to
decrease inflammation, to prevent destruction and to restore function, these drugs are known
to produce various side effects including gastrointestinal disorders, immunodeficiency and
humoral disturbances. Accordingly, reducing side effects should be considered while
designing improved therapeutics for inflammatory diseases, besides enhancing medicinal

effectiveness (Scott et al., 1998).

Throughout the ages, natural products have always been the mainstay of disease
therapy, and are still considered to play an important role in modern medicine. Almost half of
the drugs approved since 1994 are based on natural products. Along this line, plant derived
compounds have great potential to be developed into anti-inflammatory, anti-arthritic,
immunomodulatory and anticancer drugs because of their multiple mechanisms and low side

effects (Anh Thuy Do, 2012).

This study investigated the mode of action of three Algerian plants namely Argania
spinosa, Citrullus colocynthis, Boswellia serrata with the olive oil. Argania spinosa belongs
to the family Sapotaceae, Citrullus colocynthis to Cucurbitaceae while Boswellia serrata
belongs to Burseraceae. Many medicinal uses of the various parts of plants from these three
families have been reported in traditional medicines. These have reportedly been used in the
treatment of arthritis, inflammation, cancer and cardiovascular diseases (El Monfalouti et al.,

2010; Marzouk et al., 2011; Ammon, 2006).
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In this thesis we have attempted to focus these objectives:

Testing the safety of use of Argania spinosa, Citrullus colocynthis and Boswellia
serrata and determining the lethal doses using toxicity tests in animals.

Evaluation of immunomodulatory effect of the crude extract of Argania spinosa seeds
using carbon clearance assay.

Assessment of the immunomodulatory activities of the oils extracted from Argania
spinosa, Citrullus colocynthis and Boswellia serrata in comparison with olive oil in
order to determine the most effective as immunomodulant agent.

Evaluation of the analgesic effect of Argania spinosa, Citrullus colocynthis and
Boswellia serrata oil extracts using acetic acid induced pain to confirm their action as
anti-nociceptive agents.

Evaluation of the anti-inflammatory activity of Argania spinosa, Citrullus colocynthis
and Boswellia serrata oil extracts in acute model of inflammation by xylene induced
oedema comparing to standard drugs.

Development of a novel animal model of chronic inflammation consisting in
combination between the classical model of arthritis which i1s formalin induced
arthritis and the model of hyperhomocysteinemia which is methionine induced
hyperhomocysteinemia.

Assessment of the antiarthritic and anti-inflammatory effects of Argania spinosa seeds
in two animal models of inflammation, formalin induced arthritis and
formalin/methionine induced inflammation.

Examination of the effect of Argania spinosa on inflammation through the
measurement of plasma hs-CRP and homocysteine.

Confirmation of the action of hyperhomocysteinemia and plant extract on joint
inflammation by histological study.

Evaluation of the antiproliferative activity of Argania spinosa, Citrullus colocynthis
and Boswellia serrata oils using cell culture of human lymphoblastic leukemia cell
lines.

Test of the effect of the oils in some proliferation-related proteins (ERK1/2 and
NOTCH1).
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I.1. Inflammation

Inflammation is a usual protective response of living mammalian tissues to injury. It is
the body‘s response to inactivate or raze the invading organism, to eliminate the irritant and to
set the stage for repair (Sosa et al., 2002; Ferrero-Miliani et al., 2007; Bhitre et al., 2008;
Highleyman, 2011).

Inflammation is a series of synchronized mechanism consisting of precise vascular,
humoral and cellular events that is characterized by the extravasations of fluids, plasma and
inflammatory leukocytes to the inflammation site. An array of chemical mediators such as
histamine, serotonin, leukotrienes, prostaglandins and oxygen derived free radicals (O2-, OH-,
ONOO-) are produced by inflammatory and phagocytic cells primarily in the sequences
which contribute to the initiation of inflammation (Safayhi and Sailer, 1997; Tripathy and
Grammas, 2009). Inflammation response occurs in two phases, these are acute and chronic

phases.
1.1.1. Acute Inflammation

Acute inflammation lasts from few minutes to hours or one to two days. The basic
signs of acute inflammation were redness, heat, swelling and pain (Jain and Bari, 2010). The
process involved in acute inflammation can be explained in two main respects as vascular and

cellular processes.

The vascular process takes place in the microvasculature and it becomes evident in 15-
30 minutes after a stimulus of inflammation. It is primarily mediated by chemicals such as
serotonin and histamine released from mast cells. It is characterized by local vasodilatations
of capillaries resulting in increased blood flow to the inflamed site hence the redness and heat
followed by increased vascular permeability leading to transudation of fluids, plasma and

proteins into the site of inflammation causing interstitial oedema (Nathan, 2002).

Numeral chemostatic agents including bacterial products possessing amino terminal
N-formyl methionyl groups, C5a complement fragment and chemokines like IL-8 together
with other mediators such as histamine, serotonin, leukotriene B4 and platelets activating
factor (PAF) induce intense polymorphonuclear leukocytes infiltration in a matter of 30-60

minutes (Asako et al., 1992).
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Neutrophils are the first inflammation cells that are enlisted at the site of inflammation
(Phillipson and Kubes, 2011), neutrophil interact with endothelium in post capillary venules
and this process involves the sequential capture rolling along the endothelium, transmigration
through the vessel wall and additional movement in extravascular tissue (Muller, 2003).
These cascades of events are governed by cell adhesion molecules (CAM) which include
selectin, integrin (CD11 and CD18) and intracellular adhesion molecules (ICCAM-1 and-2)
(Palmblad and Lerner, 1992).

1.1.2. Chronic Inflammation

Chronic inflammation is marked by the infiltration of mononuclear cells (macrophages
and lymphocytes), proliferation of fibroblasts, collagen fibers and formation of connective
tissues which at the end of the day lead to the formation of granuloma. Tissues degeneration is
an event involved in the chronic inflammation through the mediation activity of reactive
oxygen, nitrogen species and protease released from infiltrated inflammatory cell (Winyard et
al., 2000). These oxidants are potential mutagen, therefore causes permanent genomic
alterations such as point mutations, deletion or rearrangement in case of repeated tissue
damage and regeneration (Wiseman and Halliwell, 1996), for example some data indicate that
p53 mutations occur in rheumatoid arthritis and inflammatory bowel diseases (IBD) at rates

comparable to those in tumour (Yamanishi et al., 2002).
1.1.3. Resolution of Inflammation

The resolution of inflammation is a process in which all infiltrating inflammatory cells
are removed from the site of inflammation and tissue homeostasis is restored. It is a complex
active process in which several biochemical pathways are specifically regulated (Serhan,

2004).

Recent work has shown that during inflammation neutrophils can change their
phenotype and start producing anti-inflammatory mediators to actively switch off acute
inflammation and promote resolution. To date there are three types of molecules known to
actively resolve inflammation: lipoxins, resolvins and protectins (Serhan, 2004). Lipoxins are
derivates of arachidonic acid (Stajszczyk et al., 1993). Proinflammatory cytokines IL-1p and
IL-4 promote the expression of lipoxins. The main action of lipoxins is to decrease

neutrophils recruitment to the site of inflammation. Resolvins and protectins are recently
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identified as anti-inflammatory molecules. They are very potent anti-inflammatory mediators;
their mode of action includes decrease of production of pro-inflammatory molecules and

down-regulation of recruitment of inflammatory cells to the site of inflammation (Serhan et

al., 2007).
1.2. Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a common, chronic, systemic, autoimmune inflammatory
disease that causes disability, chronic ill-health, and premature mortality. It targets synovial
joints, in which there is a massive accumulation of blood-borne cells such as T cells and
macrophages. Blood vessels are formed to support this new tissue and the whole mass is
called a pannus. Progressive erosion to cartilage and bone leads to disability in patients

(Leung, 2007).
1.2.1. Pathogenesis

The initiating events that lead to the disease still unknown, studies have demonstrated
that joint damage is a result of chronic inflammation of the synovial membrane. The synovial
membrane becomes hyperplastic with cellular infiltrates, which include macrophages, mast
cells, CD4+ T cells, CD8+ T cells, B cells, plasma cells, natural killer (NK) cells and NKT
cells. Synovitis is associated with extensive cellular infiltrates - pathogenesis of disease is
thought to driven by antigen specific responses. This can be partly thought to be due to
antigen presenting cells (APC) interacting with T cells through their MHC and T cell receptor
(TCR) receptor respectively. This results not only in T cell activation, via co-stimulatory
signals mediated through CD80/86 or CD28-B7 receptor (Van Boxel and Paget, 1975), but
also in the activation of the APC. In response to activation, T cells and APC (macrophages or
dendritic cells, or potentially B cells) produce pro-inflammatory cytokines, such as TNFa, IL-
6, IL-12, IL-23 and IL-1 (Brennan et al., 1989; Burger et al., 2006; Nishimoto and Kishimoto,
2006). This cytokine environment can promote the differentiation of naive T cells to
alternative phenotypes such as T helper 1 and Th 17, an IL-6 dependent T cell phenotype that
produces amongst other things IL-17. Cytokines are implicated at every stage of rheumatoid
arthritis pathogenesis from maintaining a chronic inflammatory synovitis to promoting
articular destruction, through the subsequent activation of osteoclasts, chondrocytes and

synovial fibroblasts (Jimenez-Boj et al., 2005).
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Figure 01. Immunological pathway of the arthritic joint, upper part show joint inflammation
and lower part joint destruction (Klareskog et al., 2009).

1.2.2. Rheumatoid Arthritis and vascular risk

There is now extensive evidence based on observational cohort and case control
studies that rheumatoid arthritis is strongly associated with cardiovascular morbidity and

mortality (Wallberg-Jonsson et al., 1999; Farragher et al., 2008).

The results of a recent systematic review showed that rheumatoid arthritis is associated
with a 60% increase in the risk of cardiovascular-related death (Meune et al., 2009). In
particular, inflammation in rheumatoid arthritis (RA) is now considered as an independent

risk factor for the development of atherosclerosis (Del Rincon et al., 2001).
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Both RA and atherosclerosis are complex polygenic diseases with shared disease
mechanism. There is increasing evidence that chronic inflammation and immune
dysregulation contributes to accelerated atherogenesis and plays a role in all stages of

atherosclerosis (Meune et al., 2009).

In a study to evaluate recent onset RA, patients were evaluated for sub-clinical
atherosclerosis using ultrasonography to measure the carotid intima-media thickness (cIMT).
The CRP level in these patients correlated with increased (cIMT) indicative of the presence of

plaques in the vessel wall of the patients (Cuomo et al., 2004; Hannawi et al., 2007).

Figure 02. Inflammatory pathways by which mediators of synovitis including TNFa may
alter biology and risk factor for atherosclerosis including insulin resistance, dyslipedimeia,
fibrinogen, and increase the production by the liver of CRP (Libby, 2008).
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1.3. Hyperhomocysteinemia

1.3.1. Historical overview

The arteriosclerotic and thrombotic complications of the severe inherited form of
hyperhomocysteinemia (HHcy) was first described in 1960°s based on postmortem findings of
arteriosclerotic disease in patients with metabolic defects accompanied by high blood
homocysteine levels. Elevated plasma homocysteine level is associated with the development
of coronary artery disease and strongly predicts both cardiac mortality and restenosis after
percutaneous transluminal coronary angioplasty. It is also an independent risk factor for
cerebral vascular stenosis and ischemic stroke. Several lines of evidence suggest that this
association represents a cause-and-effect relation and elevated Homocysteine (Hcy) levels are
not simply a marker for another risk factor. A variety of conditions can lead to elevated
homocysteine levels, but the relation between high Hey levels and vascular disease is present
regardless of the underlying metabolic cause. Moreover, vascular lesions, similar to those
found in human, are known to develop in animal models of HHcy (Carey et al., 1968;

McCully, 1969; Wilcken and Wilcken, 1976; Ueland and Refsum, 1989).

1.3.2. Homocysteine metabolism and causes of HHcy

Homocysteine (Hcy) is a thiol-containing non-protein forming amino acid that is
formed from methionine, an essential amino acid found in large quantities in meat. The
symmetrical disulfide of homocysteine is termed "homocystine," both names being chosen to
indicate that each carbon chain of these compounds contained one -CH2- group more than
those of cysteine and cystine, respectively. Normal human plasma contains total
concentrations of homocysteine and its derivative disulfides close to 10 umol/L (~2% as the
thiol form, 98% is in the form of disulfides, from which 75% is bound to proteins, mainly

albumin) (Yoo et al., 1998; Kittner et al., 1999; Eikelboom et al., 2000).

Metabolism of Hcy stands at the intersection of two pathways: remethylation to
methionine, which requires folate and vitamin B12; and transsulfuration to cystathionine,
which requires pyridoxal-5'-phosphate. In remethylation, Hcy acquires a methyl group from
N-5-methyltetrahydrofolate or to form methionine. The reaction with N-5-
methyltetrahydrofolate occurs in all tissues and is vitamin B12 dependent. A considerable
proportion of methionine is then activated by ATP to form S-adenosylmethionine (AdoMet).

AdoMet serves primarily as a universal methyl donor to a variety of acceptors. S-

10
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adenosylhomocysteine, the by-product of these methylation reactions, is subsequently
hydrolyzed, thus regenerating Hcy, which then becomes available to start a new cycle of
methyl-group transfer. In the transsulfuration pathway, Hcy condenses with serine to form
cystathionine in an irreversible reaction catalyzed by the B6-containing enzyme,
cystathionine B-synthase. Cystathionine is hydrolyzed by a second B6-containing enzyme, -
cystathionase, to form cysteine and -ketobutyrate. Excess cysteine is oxidized to taurine or
inorganic sulfates or is excreted in the urine. Thus, in addition to the synthesis of cysteine, this
transsulfuration pathway effectively catabolizes excess Hey, which is not required for methyl

transfer (Fukagawa et al., 2000; Mudd et al., 2000).

Figure 03. Simplified representation of homocysteine metabolism (Ungvari, 2001).

S-adenosylmethionine (AdoMet); Sadenosylhomocysteine (AdoHcy); tetrahydrofolate
(THF); N-5-methyltetrahydrofolate (Methyl-THF); methylentetrahydrofolate reductase
(MTHFR); methionine synthase (MS)

11
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1.3.3. Homocysteine and immuno-inflammatory activation

The immuno-pathological processes supporting Autoimmune Diseases (AD)
frequently produce a relevant inflammatory state that is representative of the disease activity.
The most recent data seem to suggest a strict and bi-univocal relationship among immune
activation, inflammation, and homocysteine (Hcy) levels. As a consequence, an explanatory
mechanism contributing to the above mentioned high prevalence of HHcy in patients with AD
may be provided. Moreover, a putative role for Hcy in the progression of the disease

associated inflammatory damage may also be suggested (Lazzerini et al., 2007).

Several studies demonstrated that in the course of AD the degree of inflammation
correlates with plasma concentration of Hcy. The most convincing data deal with rheumatoid
arthritis (RA) patients, in which various authors reported a significant correlation between the
level of Hey and the expression of immuno-inflammatory markers. More in detail, a positive
relationship was found between the concentration of Hcy and some bio-humoral parameters
of inflammation, such as the circulating levels of soluble receptors for different cytokines (IL-
2sRa, sSTNF-R75) , adhesion molecules (sSICAM-1), and C-reactive protein (CRP) (Wallberg-
Jonsson et al. 2002; Schroecksnadel et al., 2003; Yxfeldt et al., 2003; Lopez-Olivo et al.,
2006). An association exists also between HHcy and some clinical features of RA, such as
accumulated disease activity, and higher radiological damage. Moreover, in 37 RA patients,
Chiang et al. demonstrated that the increase in Hcy levels after methionine load correlated
with erythrocyte sedimentation rate (ESR) and CRP levels, disability score, degree of pain,
and number of painful and swollen joints (Chiang et al., 2003; Lopez-Olivo et al., 2006).

Among the other AD, a role for chronic inflammation in the pathogenesis of HHcy has
been demonstrated in patients with Behget's disease (BD), in which a significant and positive
correlation between Hcy and CRP levels was found (Yesilova et al., 2005); additionally,
Chung et al. reported higher concentrations of Hcy and CRP in systemic lupus erythematosis
(SLE) patients with metabolic syndrome (Chung et al., 2007). The mechanisms involved in
the development of HHcy as a consequence of a persistent immuno-inflammatory activation,
although not completely clarified, are probably multiple and intriguing. However, the role of
the depletion in vitamins implicated in the Hcy metabolism, such as folate, B12 and B6 seems

particularly relevant (Schroecksnadel et al., 2003).

12
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I.4. Tumorigenesis

Cancer become the second ranking cause of death worldwide led only by heart
disease. from an immunologic perspective, cancer cells can be viewed as altered self cells that

have escaped normal growth regulating mechanisms (kindt, 2007).
1.4.1. T Cell Lymphoblastic Leukemia

Leukemia is the unchecked proliferation of an abnormal clone of hematopoietic cells.
Typically, leukemic cells respond poorly or inappropriately to regulatory signals, display
aberrant patterns of differentiation, or even fail to differentiate. Furthermore, they sometimes

suppress the growth of normal lymphoid and myeloid cells (kindt, 2007).

Leukemia can arise at any maturational stage of any one of the hematopoietic lineages.
Lymphocytic leukemias display many characteristics of cells of the lymphoid lineage; another
broad group, myelogenous leukemias, have attributes of members of the myeloid lineage.
Aside from lineage, many leukemias can be classified as acute or chronic. Some examples are
acute lymphoblastic leukemia (ALL), the most childhood leukemia; acute myelogenous
leukemia (AML), found more often in adults than in children; and chronic lymphocytic

leukemia (CLL), which is rarely seen in children (kindt, 2007).

T-cell acute lymphoblastic leukemia (T-ALL) is a highly aggressive hematologic
malignancy that represents 10% to 15% of pediatric and 25% of adult acute lymphoblastic
leukemia cases. Compared to B-cell acute lymphoblastic leukemia (B-ALL), patients with T-
ALL commonly present large tumor burdens at diagnosis and invariably poor outcomes even
after intensified chemotherapy. The specific biological and molecular mechanisms that
account for the aggressiveness and poor therapy response in T-ALL remain unclear and T-
ALL cells induced immune tolerance is an important hypothesis. Some reports showed that T-
ALL cells are derived from regulatory T cells (Tregs), which suppress the reaction of
lymphocytes to tumor antigens and induce immune tolerance and malignant neoplasm

progression (Luo, 2013).

13
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1.4.2. Proliferation related proteins NOTCH 1 and ERK

1.4.2.1. NOTCH 1 proteins

T-cell acute lymphoblastic leukemia (T-ALL) is characterized by the malignant clonal
expansion of immature T-cell progenitors. More than 50% of cases of T-ALL involve somatic
activating mutations of NOTCHI1, a potent regulator known to play an oncogenic role in many
malignancies, affecting proliferation, invasion, chemoresistance, angiogenesis and cell fate

determination (Screpanti et al., 2003).

In the NOTCHI1 signaling pathway, NOTCHI1 transmembrane receptors become
activated when ligands bind to their extracellular domains. This ligand binding results in two
consecutive proteolytic cleavage events that liberate the intracellular NOTCHI1 (ICN), which
enters the nucleus and interacts with the DNA-binding protein CSL (CBF1/RBP-J, Su(H),
Lag-1) to regulate expression of downstream genes. In murine models, constitutive activation
of NOTCHI1 signalling induced T-ALL, demonstrating the key role of NOTCHI in the
pathogenesis of T-ALL (Zou et al., 2013).

1.4.2.2. ERK1/2 proteins

The extracellular signal-regulated kinase (ERK) family is MAP kinases which consist
of cytoplasmic protein serine/ threonine kinases that participate in the transduction of signals
from the surface to the interior of the cell. The MAP kinases group includes also the p38
kinase family, and the c-Jun N-terminal kinase. ERK1/2 are related protein-serine/threonine
kinases that participate in the Ras-Raf-MEK-ERK signal transduction cascade. This cascade
participates in the regulation of a large variety of processes including cell adhesion, cell cycle
progression, cell migration, cell survival, differentiation, metabolism, proliferation, and

transcription (Roskoski, 2012).

ERK1/2 can provide anti-apoptotic effects by downregulating pro-apoptotic molecules
via a decrease in their activity or a reduction of their protein expression by transcriptional
repression. ERK1/2 can also promote cell survival by upregulating anti-apoptotic molecules

via enhancement of their activity or activation of their transcription (Lu and Xu, 2006).

14
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I.5. Medicinal plants

Natural products are believed to be important source of new chemical substances
which have potential therapeutic effects. Medicinal plants, one of the important sources, are
extensively investigated both in vitro and in vivo to examine their potential activities (Jalaiah,
2014). It has been estimated that less than 1 — 10% of the large diversity of 250000 — 500000
plant species on the earth have been studied chemically and pharmacologically for their

medicinal properties (Farnsworth and Soejarto, 1991; Verpoorte, 2000).

Numerous medicinal plants extracts and products continue to be useful in the
prevention and control of a wide range of inflammatory disorders. For example, the extract of
Phoenix dactylifera has been shown to possess immunostimulatory effect in
reticuloendothelial system of treated mice (Kehili et al., 2014); Stachys Mialhesi extract
appears to prevent endothelial alteration in vivo (Benmebarek et al., 2013); Aqueous extract of
Carica papaya leaves exhibits anti-tumor activity and immunomodulatory effects (Otsuki et

al., 2010); while Aristolochia Bracteata extract exerts antiarthritic activity in experimental

animals (Chitme and Patel, 2009).

L.5.1. Argania spinosa

L.5.1.1. Description

Argan tree or Argania spinosa (L). Skeels, in arabic ¢/¢ )Y, is a rustic species, xero-
thermophilic, which belongs to the tropical family of Sapotaceae, hence it is the only
Northern representative in the Mediterranean region (Algeria and Morocco) where its

endemism is marked at this region (Kechebar et al., 2013).

The Argan tree is exploited essentially for its fruits. The endosperm seed of the fruit
constitutes a good potential source of edible oil for human consumption and is endowed with

important medicinal properties (Khallouki et al., 2005).
1.5.1.2. Botanical classification
Kingdom Plantae

Sub-division  Angiospermae

15



Chapter 1 Literature Review

Class Dicotylédonae
Sub-class Asteridae

Order Ericales

Family Sapotaceae
Genus Argania

Species Argania spinosa

1.5.1.3. Therapeutic properties

Argan oil is a good ally for protecting the skin from fungal growths and sunburn, as
well as an antiseptic for minor wounds. It is also used to treat skin diseases such as
neurodermatitis and psoriasis, due to its analgesic and antiinflammatory properties. It has
been demonstrated that polyphenols and sterols extracted from virgin argan oil exert an

antiproliferative and pro-apoptotic effect on prostate cancer cell lines (Bennani et al., 2007).

One of the most interesting nutritional properties of argan oil is its ability to reduce
harmful cholesterol levels (LDL) (Drissi et al., 2004) and to treat high blood pressure
(Berrougui et al., 2004).

L.5.2. Citrullus colocynthis

L1.5.2.1. Description

Citrullus colocynthis, in arabic Jhzd] belonging to the family of Cucurbitaceae and
growing in arid areas, is endemic in the South of Tunisia. This medicinal plant popularly
known as Handhal, Hdaj or Dellaa El-Wad, is widely used in Tunisian folk medicine for
treating many diseases such as hypertension and inflammation diseases, including rheumatism

and rheumatoid arthritis (Marzouk et al., 2011).
1.5.2.2. Botanical classification
Kingdom Plantae

Sub-Kingdom Tracheobiontae
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Division Spermatophytae
Sub-Division  Angiospermae
Class Dicotylédonae

Sub-Class Dialypétalae

Order Violales

Family Cucurbitacea

Genus Citrullus

Species Citrullus Colocynthis

1.5.2.3. Therapeutic properties

Some studies have demonstrated the medicinal effect of Citrullus colocynthis as

hypoglycemic agent in alloxan induced diabetic rats (Sangameswaran et al., 2008).

Another study proves that flavonoids extracted from Citrullus colocynthis extract

exhibited significant anti-oxidant effect in (DPPH) assay (Delazar et al., 2006).

Previous investigation demonstrated that Citrullus colocynthis has antitumor effect on

human breast cell cancer (Tannin-Spitz et al., 2007).

1.5.3. Boswellia serrata

1.5.3.1. Description

The family of Burseraceae is represented in the plant kingdom with 17 genera and 600
species, widespread in all tropical regions. The species are often a predominant component of
the vegetation in dry, lowland areas. Some species of the two most important genera of this
family, Commiphora and Boswellia, produce resins that are of considerable commercial value

as raw materials of balm, myrrh and frankincense (Vollesen, 1989).
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Olibanum; gum olibanum (o\<Jdlincense or frankincense, are the common names
given to the oleo-gum resin that exudes from incisions in the bark of trees of Boswellia

(Burseraceae) (Blaschek et al., 1998).

1.5.3.2. Botanical classification
Kingdom Plantae
Division Spermatophyta

Sub-division Angiospermae

Class Anacardiales
Order Sapindales
Family Burseraceae
Genus Boswellia
Species Boswellia serrata

1.5.3.3. Therapeutic properties

Boswellia resin and its individual components have shown various biological
activities; including anti-inflammatory activity (Sharma et al., 1989); leukotriene
biosynthesis- inhibitory activity (Ammon et al., 1991); and anti-tumor activity (Shao et al.,
1998). Another investigation showed that the alcoholic extract of the oleogum resin and
boswellic acids (a mixture of triterpenoids obtained from the oleogum resin Boswellia
serrata), influenced both cellular and humoral immune responses in rats and mice (Sharma et

al., 1988 and 1996).
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Figure 04. Photography of Argania spinosa tree and its fruits -place: la maison forestiére de
Taouref Bouaam, Tindouf, Algeria- (Ould Safi, 2014).

Figure 05. Citrullus Colocynthis.
a = branch ; b = fruit ; ¢ = flower; d = tendril; e = leaf (Zoro et al., 2003).

Figure 06. Boswellia serrata (Aksamija, 2012).
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I1.1. Evaluation of the acute toxicity of the plants extracts
I1.1.1. Used materials
I1.1.1.1. Plant materials

II.1.1.1.a. Collection

Argania spinosa seeds were collected from Tindouf located in South west of Algeria,

in December 2011.

Citrullus colocynthis seeds were collected from Tiguentourine (Ain Amenas) located

in south of Algeria in November 2011.

Boswellia serrata gums were brought from Tiguentourine in December 2011.

I1.1.1.1.b. Preparation

The crude extract of Argania spinosa seeds was obtained by cutting the fruits into
pieces to obtain seeds, and then the seeds were subjected to size reduction to a coarse powder
using a mechanical grinder. The powder (crude extract) was then used for the acute toxicity

test.

The Citrullus colocynthis seeds oil was obtained by extraction with petroleum ether.
200g of the seeds (not grilled) were powdered and extracted in a soxhlet using petroleum

ether. After evaporation of the solvent under reduced pressure, we obtained the respective oil.

The oil extracted from Boswellia serrata gum was obtained by hydrodistillation with

0.8 % yield.

11.1.1.2. Animals

Female Wistar rats weighing between 140-170g were used in this study. The animals
were obtained from Central Pharmacy Institute of Constantine, Algeria. The animals were
housed in polypropylene cages with soft wood shaving as bedding; they were maintained in
the animal house under standard laboratory conditions of temperature and humidity with 12h

light-dark cycle.
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They were fed with normal commercial pellet diet (LA RATION, Bouzeriaa) and
water ad libitum. The animals were acclimatized to laboratory conditions for one week prior

to experiment.

I1.1.1.3. Experimental procedure

v" Up and down method

The present study was conducted according to the guideline proposed by the
Organisation for Economic Cooperation and Development (OECD) revised up-and-down

procedure for acute toxicity testing. This guideline is based on the procedure of (Bruce, 1985).

A dose of 2000 mg/kg of the crude extract of Argania spinosa seeds was used in five
female adult rats, the dose was given to the first rat, and this rat was observed for mortality
and clinical signs (unusual aggressiveness, sedation, somnolence, twitch, tremor, catatonia,
paralysis, convulsion, prostration and unusual locomotion) for the first hour, then hourly for 3
hours and, finally periodically until 48 h. If the animal survived, then four additional animals
were given the same 2000 mg/kg dose. All of the experimental animals were maintained
under close observation for 14 days, and the number of rats that died within the study period

was noted. The LDso was predicted to be above 2000 mg/kg if three or more rats survived.

The same procedure was used to evaluate the acute toxicity of Boswellia serrata and

Citrullus colocynthis extracts.

I1.2. Evaluation of the immunomodulatory activity of the medicinal plants by
carbon clearance rate test

I1.2.1. Evaluation of the immunomodulatory activity of Argania spinosa seeds
I1.2.1.1. Used materials

11.2.1.1.a. Plant material

Crude extract of Argania spinosa seeds obtained by the method previously described

in the up and down test was used in this study.
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11.2.1.1.b. Animals

Adult male Mus Musculus mice (2.5- 3 month old) from central pharmacy Institute,
Constantine, Algeria, weighing between 28 and 35g were used for determination of the

phagocytic activity of Argania spinosa seeds.

The animals were obtained from Central Pharmacy Institute of Constantine, Algeria.
The animals were housed in polypropylene cages with soft wood shaving as bedding; they
were maintained in the animal house under standard laboratory conditions of temperature and
humidity with 12h light-dark cycle. They were fed with normal commercial pellet diet (LA
RATION, Bouzeriaa) and water ad libitum. The animals were acclimatized to laboratory

conditions for ten days prior to experiments.

I1.2.1.1.c. Experimental procedure

v' Macrophages phagocytosis using carbon clearance rate assay in mice

The clearance rate of carbon was measured by the method of (Cheng et al., 2005).

Animals were divided into five groups, consisting of six mice in GI, GII, GIII, GIV
and GV. Group I (control) was given 0,9% Nacl (0,5 ml/mouse i.p.), Groups II-III-VI and V
were administered by intraperitoneal (i.p) injection with different concentrations of Argania

spinosa crude extract (30, 50, 100 and 150 mg/kg/) respectively (table 01).

After 48h of i.p injection of the treatment, the mice were administered with carbon ink
suspension at a dose of (0.1ml/10g) through the tail vein; the mixture consisted of black

carbon ink 3ml, saline 4ml and 3% gelatine solution 4ml.

Table 01. Treatment of mice in carbon clearance rate test

Experimental Treatment Number of Dose
groups mice
GI Nacl 0,9% 6 0,5 ml/mouse
GII Argania spinosa crude extract 6 30mg/kg
GIII Argania spinosa crude extract 6 50mg/kg
GIV Argania spinosa crude extract 6 100mg/kg
GV Argania spinosa crude extract 6 150mg/kg
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v Blood samples

Blood samples were collected from retro-orbital plexus by using glass capillaries at an

interval of 5 min and 15 min after the injection of ink solution.

Blood samples were added to 4ml of 0,1% sodium carbonate solution to lyse the
erythrocytes and the absorbance of the samples was measured at 675 nm using a

spectrophotometer.

After the last blood sampling the animals were sacrificed and the liver and spleen

dissected and weighed immediately in the wet state.

v" Calculation

The phagocytic activity is expressed by the phagocytic index K which measures all the
reticuloendothelial system function in the contact with the circulating blood and by corrected
phagocytic index a which expresses this activity by unit of active weight organs: liver and
spleen. The clearance rate is expressed as the half-life period of the carbon in the blood (t122,

min). These are calculated by means of the following equations

K=1log ODI- logOD2
to-t1

a = YK x Body weight of the animal
liver weight + spleen weight

t12=0,693/K

Where OD1 optical density at time 1 and OD2 optical density at time 2

I1.2.2. Comparative screening of the immunomodulatory activities of the oils
extracted from Argania spinosa, Boswellia serrata, Citrullus colocynthis and the
virgin olive oil

11.2.2.1. Used materials

11.2.2.1.a. Plant materials

The oils extracted from Argania spinosa seeds, Citrullus colocynthis seeds, and

Boswellia serrata gums and the commercial virgin olive oil were used in this study.
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The oil extracted from Argania spinosa seeds was obtained by extraction with
petroleum ether. 200g of the seeds (not grilled) were powdered and extracted in a soxhlet
using petroleum ether. After evaporation of the solvent under reduced pressure, we obtained

the respective oil.

The extraction of oils from Citrullus colocynthis and Boswellia serrata was

precedently demonstrated in the first experiment.

11.2.2.1.b. Animals

Male and female Wistar rats weighing between 150-200g were used in this study.

The animals were obtained from Central Pharmacy Institute of Constantine, Algeria.
The animals were housed in polypropylene cages with soft wood shaving as bedding; they
were maintained in the animal house under standard laboratory conditions of temperature and
humidity with 12h light-dark cycle. Females were non-pregnant and housed separately from
males. They were fed with normal commercial pellet diet (LA RATION, Bouzeriaa) and
water ad libitum. The animals were acclimatized to laboratory conditions for two weeks prior

to experiment.
I1.2.2.1.c. Experimental procedure
v' Macrophages phagocytosis using carbon clearance rate assay in rats
The carbon clearance rate test was performed as described by (Hajra et al., 2011) with
some modifications.

Animals were divided into 9 groups of 5 rats in each group.

Group I animals served as control and received flour (0,5mg/mouse per orally), group
II-IX animals were treated with Argania spinosa, Citrullus colocynthis, Boswellia serrata and

olive virgin oils with two different doses for each oil (table 02).

All the animals were treated as above from day 1 to day 3. On third day of treatment
animals of the entire groups received an intravenous injection via tail vein (0,1ml/10g body
weight) of Indian ink dispersion; the mixture consisted of black carbon ink 3ml, saline 4ml

and 3% gelatine solution 4ml.
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Table 02. Treatment of rats in carbon clearance rate test

Experimental Treatment Number of rats Dose
groups

GI Flour 5 0,5mg/rat
GII Argania spinosa oil 5 100mg/kg
GII Argania spinosa oil 5 200mg/kg
GIV Citrullus colocynthis oil 5 100mg/kg
GV Citrullus colocynthis oil 5 200mg/kg
GVI Boswellia serrata oil 5 100mg/kg
GvIl Boswellia serrata oil 5 200mg/kg
GVIII olive virgin oil 5 100mg/kg
GIX olive virgin oil 5 200mg/kg

v Blood samples
Blood samples were collected from retro-orbital plexus by using glass capillaries at an

interval of 5 min and 15 min after the injection of ink solution.

Blood samples were added to 4ml of 0,1% sodium carbonate solution to lyse the

erythrocytes.

After the last blood sampling the animals were sacrificed and the liver and spleen
dissected and weighed immediately in the wet state.
v Calculation

The phagocytic activity in this test was measured by phagocytic index K, corrected
phagocytic index a and half time of carbon which are calculated with the same equations cited

in the precedent experiment.
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I1.3. Evaluation of the analgesic activity of the plants extracts
I1.3.1. Used materials
I1.3.1.1. Plants materials
The following plants extracts was used in this study

The crude extract of Argania spinosa seeds which was obtained by the same method

described in the up and down test.

The oil extracted from Citrullus colocynthis seeds was obtained by petroleum ether

extraction.
The oil extracted from Boswellia serrata gum was obtained by hydrodistillation.

11.3.1.2. Animals
Male Mus musculus mice weighing between 18-22g were used in this study.
The animals were obtained from Central Pharmacy Institute of Constantine, Algeria.
The animals were housed in plastic cages with saw dust bedding which was changed every

day regularly, they were maintained in the animal house under standard laboratory conditions

of temperature (25 + 2°C) and humidity with 12h light-dark cycle.

Standard mouse diet (LA RATION, Bouzeriaa) and water were given in adequate ad
libitum. The animals were acclimatized to laboratory conditions for five days prior to

experiment.

11.3.1.3. Experimental procedure

v Acetic acid induced pain test (writhing test)
The writhing test in mice was carried out following the methods used by (Adzu et al.,

2003; Ouachrif et al., 2012).

Animals were divided into control, standard and different test groups contain five mice
in each (table 03). The control group received saline 0,9% (i.p.) and standard group was

treated with DL-Lysine Acetylsalicylate (Aspegic) at a dose level of 100 mg/kg (i.p.).
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Test samples (Argania spinosa, Citrullus colocynthis, Boswellia serrata) were administered
orally 30 min before intraperitoneal administration of 0.6% acetic acid but DL-Lysine
Acetylsalicylate (Aspegic) was administered intraperitonially 15 min before injection of

acetic acid.

A period of 5 minutes was given to each animal to ensure bio-availability of acetic
acid, following this period; the total numbers of writhes produced in these animals were
counted for 30 min. For scoring purposes, a writhe is indicated by stretching of the abdomen

with simultaneous stretching of at least one hind limb.

Table 03. Treatment of mice in analgesic test

Experimental groups Treatment Number of mice Dose
GI 0,9%Nacl 6 10ml/kg
GII DL-Lysine 6 100mg/kg
Acetylsalicylate
GIII Argania spinosa 6 100mg/kg
GIvV Argania spinosa 6 200mg/kg
GV Citrullus colocynthis 6 100mg/kg
GVI Citrullus colocynthis 6 200mg/kg
GVII Boswellia serrata 6 100mg/kg
GVIII Boswellia serrata 6 200mg/kg

v" Calculation

The data represent the total numbers of writhes observed during 30 min and are
expressed as writhing numbers. The analgesic activity was expressed as percentage inhibition

of writhing in mice according to the following formula

Inhibition (%) = Number of Writhes [Control] — Number of Writhes [Treatment] x100

Number of Writhes [Control]
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I1.4. Evaluation of the acute anti-inflammatory activity of the plants extracts
I1.4.1. Used materials

11.4.1.1. Plants materials

The anti-inflammatory activity was carried out using the crude extract of Argania
spinosa seeds which was obtained by the same method described in the up and down test, the
oil extracted from Citrullus colocynthis seeds and Boswellia serrata gum obtained by the

same method described in the previous experiment.

11.4.1.2. Animals
Male Mus musculus mice weighing between 20-27g were used in this study.
The animals were obtained from Central Pharmacy Institute of Constantine, Algeria.
The animals were housed in plastic cages with saw dust bedding which was changed every

day regularly, they were maintained in the animal house under standard laboratory conditions

of temperature (25 + 2°C) and humidity with 12h light-dark cycle.

Standard mouse diet (LA RATION, Bouzeriaa) and water were given ad libitum.

The animals were acclimatized to laboratory conditions for one week prior to experiment.

11.4.1.3. Experimental procedure

v Xylene induced ear oedema test
The anti-inflammatory effect of the plants extracts was evaluated by slightly
modifying the method described by (Al Amin et al., 2012).

Eight groups of five mice each were used (table 04).

Argania spinosa crude extract at concentrations of 100 and 200mg/kg, Citrullus
colocynthis oil extract at concentrations of 100 and 200mg/kg and Boswellia serrata at
concentrations of 100 and 200mg/kg were administered orally one hour before xylene

application.

Ibuprofen (100 mg/kg) was given as a reference anti-inflammatory drug and saline (10

ml/kg) given to control animals.
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Ear oedema was induced by applying carefully a drop of xylene (0.03 ml) to the

anterior and posterior surfaces of the right ear. The left ear remained untreated and considered

as control.

One hour after xylene application, the animals were killed and both ears were cut off

and weighed.
Table 04. Treatment of mice in xylene induced ear oedema
Experimental groups Treatment Number of mice Dose
GI 0,9%Nacl 5 10ml/kg
GII Ibuprofen 5 100mg/kg
GIII Argania spinosa 5 100mg/kg
GIvV Argania spinosa 5 200mg/kg
GV Citrullus colocynthis 5 100mg/kg
GVI Citrullus colocynthis 5 200mg/kg
GVII Boswellia serrata 5 100mg/kg
GVIII Boswellia serrata 5 200mg/kg

v" Calculation

Oedema size was quantified as the weight difference between the two ears (the right
treated and left untreated ears). The anti-inflammatory activity was evaluated as percent
inhibition of oedema in the treated animals relatively to the control animals using the

following formula

Inhibition (%) =100 [1 — (Et/Ec)],

Where Et and Ec represent average oedema of the treated group and the control group,

respectively.
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I1.5. Evaluation of anti-arthritic and chronic anti-inflammatory activities of
Argania spinosa seeds

I1.5.1. Used material

I1.5.1.1. Plant material
In this study the crude extract of Argania spinosa seeds was used.

11.5.1.2. Animals

Male and female Wistar rats weighing between 220-300g were used in this study.

The animals were obtained from Central Pharmacy Institute of Constantine, Algeria.
The animals were housed in polypropylene cages with soft wood shaving as bedding, they
were maintained in the animal house under standard laboratory conditions of temperature (25
+ 2°C) and humidity with 12h light-dark cycle. Females were non-pregnant and housed
separately from males. They were fed with normal commercial pellet diet (LA RATION,
Bouzeriaa) and water ad libitum. The animals were acclimatized to laboratory conditions for

one week prior to experiment.

I1.5.1.3. Experimental procedure

v" Formalin induced arthritis

Experimental arthritis was induced in rats according to the methods described by

(Vasudevan et al., 2006; Divakar et al., 2010) with some minor modifications.

Five groups were employed in the present anti-arthritic study. Each group consists of

five rats. The treatment of groups is mentioned in (table 05a)
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Table 05a. Treatment of rats in formalin induced arthritis

Experimental groups Treatment Formalin | Number Dose
injection of rats
Group N normal group Flour - 5 0,5mg/rat
Group F untreated control Flour +++ 5 0,5mg/rat
Group FI standard Ibuprofen +++ 5 100mg/kg
Group FP treated Argania spinosa +++ 5 100mg/kg
Group FPP treated Argania spinosa +++ 5 200mg/kg
+++: injection ---: no injection

A sublantar injection of 0,1 ml of 2% formaldehyde was administered to the right paw

on the first and third day of the experiment.

Crude extract of Argania spinosa (100 and 200 mg/Kg) or Ibuprofen as a standard
(100mg/Kg) were administered orally once daily for 10 days.

v" Methionine induced hyperhomocysteinemia associated with
formalin induced inflammation

Five complementary groups were used for this study. Each group consists of five rats
(table 05b).

Table 05b. Treatment of rats in formalin and methionine chronic arthritis

Experimental Treatment Formalin | Methionine | Number Dose
groups injection injection of
rats
Group FM Flour +++ ++ 5 0,5mg/rat

untreated control

Group FMI Ibuprofen +++ +++ 5 100mg/kg
Standard
Group FMP treated | Argania spinosa +++ +++ 5 100mg/kg
Group FMPP Argania spinosa +++ +++ 5 200mg/kg
treated
Group M methionin Flour - -+ 5 0,5mg/kg
+++: injection ---: no injection
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Formalin was administered to group FM, FMI, FMP and FMPP in the same way of the
experience describing above (Formalin induced arthritis by (Vasudevan et al., 2006; Divakar
et al., 2010) and the methionine hyperhomocysteinemia was induced in combination with
formalin administration, the group M serve as methionine induced hyperhomocysteinemia
model. The methionine was administered to rats by intraperitoneal injection at the dose of

400mg/kg body weight diluted in saline (Fukada et al., 2006).
v Blood investigation

At the end of the experiments, animals from the entire groups were fasted overnight
before collection of blood samples. Each rat was anesthetised and blood was withdrawn from
retro orbital plexus. The separated plasma was assayed for hs-C-reactive protein by an
immunoturbidimetric method on a Cobas integra 400 plus analyser (Roche) and total

homocysteine concentration was measured by IMMULITE analyser.
Blood analysis was performed in the laboratory IBN SINA, Constantine.
v Calculation

The paw thickness (mm) of each group was measured every day during the experience

period (10 days) using a digital Vernier Caliper.
Oedema was calculated as follows

AT=Td-To

Where Td is the right hind paw thickness (mm) on day “d”
To is hind paw thickness (mm) before subplantar injection of formalin
Percentage inhibition of arthritis was calculated by the following formula

% Inhibition = Mean paw inflammation of control — mean paw inflammation of test x100
Mean paw inflammation of control

At the end of the experiment, and after sacrifice of animals the inflamed paws (right)

were cut off then immediately weighed.
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v Photography of rats paws

At the end of the experiment, the inflamed paws of each group were photographed using a

digital Photographer Nikon.
v' Histological section procedure

At the end of the experiment (day 10), each rat was sacrified with chloroform and hind
paws were cut off and fixed in 10% formalin for at list 24 hours, and then decalcified in 0,3%
formic acid. The tissues were then embedded in paraffin and cut in 5 pm thick sections after

alcohol dehydratation (details in appendix 01).

I1.6. Evaluation of antiproliferative activity of plants extracts
I1.6.1. Used material

11.6.1.1. Plant material

The antiproliferative activity was carried out using three different oils; the oil
extracted from Argania spinosa seeds, from Citrillus colocynthis seeds and from Boswellia
serrata. The preparation method of the oils was the same described in the precedent

experiments.

11.6.1.2. Cell culture
Three acute lymphoblastic leukemia cell lines (JURKAT, MOLT3 and DND41) were

used in the antiproliferative tests. Four non transformed cell lines (murines thymocytes: pre T
2017 and M31, Human Keratinocytes: Hacat and Human embryonic kidney cells: HEK 293)

were used to confirm the non toxicity of plants extracts on normal cells.

Cell lines were obtained from Laboratory of Molecular pathology, University La

Sapienza, Rome. Cell lines were free from any kind of bacterial and fungal contamination.

JURKAT, MOLT3, DND41, pre T 2017 cell lines were cultured in complete RPMI
supplemented with 10% fetal bovine serum, 2% antibiotic (penicillin/streptomycin) and 1%
Glutamine. M31, HEK 293 and HaCat cells were maintained in Dulbecco’s modified Eagle’s
medium (Gibco) containing 10% fetal bovine serum, 2% antibiotic (penicillin/streptomycin)

and 1% Glutamine.
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11.6.1.3. Antibodies

Mouse monoclonal antibody (mAb) against phospho-ERK (P-ERK) (Cell Signaling),
Rabbit mAb against ERK (ERK) (Cell Signaling), Mouse mAb against NOTCH1 (N1), Goat
anti-mouse IgG secondary antibody and Mouse anti-rabbit IgG secondary antibody from

Santa Cruz Biotecnology were used.

11.6.2. Experimental procedure

11.6.2.1. Trypan blue exclusion assay

Trypan Blue is a blue acid dye that has two azo chromophores group. Trypan blue will
not enter into the cell wall of cells grown in culture. Trypan Blue is an essential dye, use in

estimating the number of viable cells present in a population (Tripathy and Pradhan, 2013).

To assess cell growth, 1x10° cells were incubated for 48h with 100ug/ml of the oils
extracts (4Argania spinosa oil, Citrullus colocynthis oil or Boswellia serrata oil), diluted in

DMSO (dilution 1:10) or with DMSO alone.

In detail, 1x10° cells suspended in 1 ml of medium was treated with 1,1pl of test
samples diluted 1:10 in DMSO and Control cells were exposed to the same volume of DMSO.
The comparison of the number of viable cells incubated in the presence of DMSO versus the
counterpart incubated with medium alone revealed that the concentration of DMSO used in

the assay (1,1ul/ml) did not influence the cell viability.

After incubation, trypan blue dye exclusion assay was performed by mixing 20 pl of
cell suspension with 20 pl of 0.4% trypan blue dye (Sigma Aldrich) before injecting into a
hemocytometer and cell counting. The numbers of cells that exclude the dye (viable cells)

were counted.

11.6.2.2. Microculture Tetrazolium (MTT) assay

The extent of the cell proliferation and cell viability was determined by 3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. Cell proliferation and
viability were determined by MTT (cell growth determination Kit, Sigma Aldrich).

34



Chapter 11 Materials and Methods

This Colorimetric assay is based on the capacity of Mitochondria succinate
dehydrogenase enzymes in living cells to reduce the yellow water soluble substrate 3- (4, 5-
dimethyl thiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) into an insoluble, colored
formazan product which is measured spectrophotometrically. Since reduction of MTT can
only occur in metabolically active cells, the level of activity is a measure of the viability of

the cells (Patel et al., 2009).

Cell proliferation was assessed with Cell Growth Determination Kit MTT Based
(Sigma Aldrich) as previously described by (Kumar et al., 2014).

In brief: cells were seeded at 8x10* cells/ml and incubated with 100pg/ml Argan oil or
vehicle alone for 72h. After that, the culture medium was changed, and the MTT solution
(stock solution: 5 mg/ml) was added in an amount equal to 10% of the culture volume and
incubated for 4 hr. The viable cell number was directly proportional to the production of
formazan, which was solubilized with isopropanol and measured spectrophotometrically at
OD560 with GloMax-Multi Microplate Multimode Reader (PROMEGA). The experiments

were performed in triplicate.

The percentage of cell growth was calculated using the following formula (Patel et al.,

2009)

% cell proliferation =At — Ab x100
Ac - Ab

Where,

At= Absorbance value of test compound (Argan oil)
Ab= Absorbance value of blank (Medium alone)
Ac=Absorbance value of control (DMSO)

I1.6.2.3. Immunoblotting

Total protein extracts preparation was described elsewhere by (Palermo et al., 2012).
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In brief: cell pellets were resuspended in lysis buffer (Tris 20 mM pH 7.5, NaCl 150
mM, NaF 1mM, Triton X-100 1%, Sodium-Orthovanadate 1 mM, PMSF ImM, Sodium
Butyrate 10mM) plus protease inhibitors and incubated for 20 min on ice. After a
centrifugation at 13000 rpm for 20 min, supernatants were boiled for 5 min in Laemmli
sample buffer 1X (Biorad). Concentration of Protein was determined by Bradford assay
(BioRad). 30 pg of protein was separated on 10% SDS-PAGE and transferred to

nitrocellulose membranes (Perkin Elmer).

After the transfer, the blots were incubated for two hours at room temperature with the
following primary antibodies: mouse mAb against phospho-ERK (P-ERK) (Cell Signaling)
(diluted 1:1000 in BSA 5%); rabbit mAb against ERK (ERK) (Cell Signaling) (diluted 1:1000
in BSA 5%); mouse mAb against NOTCH1 (N1) (diluted 1:1000 in Milk 3%); and then
incubated overnight at 4°C with a goat anti-mouse IgG secondary antibody or a mouse anti-
rabbit IgG secondary antibody (both diluited 1:3000 in Milk 3%); The membranes were

visualized by chemiluminescence detection (Western Bright ECL + Western Bright peroxide).

Statistical analysis

Data from in vivo and in vitro studies were analyzed using Statistical Package for

Social Science (SPSS) program, version 20.

In each study the experiment data were presented as mean = SD, and the number of

assays (n) is mentioned under every result.

Results were analyzed by one way analysis of variance (ANOVA) followed by Tukey

-test for multiple comparisons.

The significant difference was considered at P<0.05.
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ITI.1. Up and down test

In the acute toxicity study represented in our study by up and down method, our crude
extract of Argania spinosa at a dose of 2000 mg/kg caused neither visible signs of toxicity nor
mortality. A total of five female rats were treated orally with the same extract at the same

dose and observed for 14 days. All five rats survived until the end of the observation period.

The same observation was found for the test extracts Citrullus colocynthis and

Boswellia serrata.

So we can draw a conclusion that the minimum lethal dose of the plant extracts tested
in our study (Argania spinosa, Citrullus colocynthis and Boswellia serrata) is more than 2000

mg/kg.

The use of herbal medicines as alternative treatments has been increasing worldwide
and gaining popularity in developing countries. Although medicinal plants may have
biological activities that are beneficial to humans, the potential toxicity of these bioactive
substances has not been well established. Thus, the safety and efficacy of these plants must be
studied thoroughly to maximise their benefits. To achieve this objective, a toxicological
evaluation is performed using an experimental animal to provide guidelines for selecting a
“safe” dose for human uses. To evaluate the toxicity of plant extracts, experimental animals,
usually rats are treated at specific doses for a defined period of time. At this period, the rats

are controlled (Almanca et al., 2011).

In the present toxicity test, the up and down method was used. This method consumed
a fewer animals than conventional method. Mortality, signs of toxicity and abnormalities were

observed during the experimental period.

Since the dose 2000mg/kg failed to produce any clinical signs of toxicities such as
convulsion, hyperactivity and sedation, the estimated LDso of the entire test extracts is more
than 2000mg/kg, so our extracts obtained from Argania spinosa, Citrullus colocynthis and

Boswellia serrata are toxically safe by oral administration in rats.
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I11.2. Evaluation of the immunomodulatory activity of medicinal plants extracts
by carbon clearance rate test

II1.2.1. Immunomodulatory activity of Argania spinosa seeds

The immunomodulatory activity of the crude extract of Argania spinosa seeds was

evaluated by carbon clearance rate test in mice.

As shown in the figure 07, there is a highly significantly difference in the means for
the phagocytic index (K) between groups (GI, GII, GIII, GIV and GV) P= 0,000 and the
group V is highly significantly different from groups (GI, GII, GIII and GIV) at P=0,000.

This indicates that Argania spinosa crude extract enhanced the phagocytic activity by

stimulating the reticuloendothelial system in a dose dependant manner.
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Figure 07. Effect of Argania spinosa crude extract on phagocytic activity in mice. Results are
shown as mean + SD (n=6) and significant difference from the control group is shown as
*p<0,05, **p<0,01, ***p<0,001

GI: Control group received saline; GII: group received Argania spinosa crude extract at dose 30mg/kg; GIII:

group received Argania spinosa crude extract at dose 50mg/kg; GIV: group received Argania spinosa crude
extract at dose 100mg/kg; GV: group received Argania spinosa crude extract at dose 150mg/kg.
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As shown also in Figure 08, the half-time of colloidal carbon was highly significantly
faster at 48h, after the administration of Argania spinosa crude extract between groups (P=
0,000) and the clearance rate was decreased highly and significantly in groups (GILGIILGIV
and V) when it is compared to the control group (GI) P=0,000. This indicates that the extract
reduces the elimination time of carbon particles from blood and affirms that Argania spinosa

crude extract enhanced the phagocytic activity.
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Figure 08. Effect of Argania spinosa crude extract on half time ti2 of carbon in blood.
Results are shown as mean = SD (n=6) and significant difference from the control group is
shown as *p<0,05, **p<0,01, ***p<0,001

GI: Control group received saline; GII: group received Argania spinosa crude extract at dose 30mg/kg; GIII:
group received Argania spinosa crude extract at dose 50mg/kg; GIV: group received Argania spinosa crude
extract at dose 100mg/kg; GV: group received Argania spinosa crude extract at dose 150mg/kg.

Figure 09 confirm the phagocytic activity of Argania spinosa seeds including the
carbon clearance from the animals blood versus the weight of their active organs (spleen and

liver), the figure show a significant activity in dose manner.
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Figure 09. Effect of crude extract of Argania spinosa seeds on corrected phagocytic activity
(o). Results are shown as mean + SD (n=6) and significant difference from the control group
is shown as *p<0,05, **p<0,01, ***p<0,001

GI: Control group received saline; GII: group received Argania spinosa crude extract at dose 30mg/kg; GIII:
group received Argania spinosa crude extract at dose S0mg/kg; GIV: group received Argania spinosa crude
extract at dose 100mg/kg; GV: group received Argania spinosa crude extract at dose 150mg/kg.

I1.1.2. Comparative screening of the immunomodulatory activities of
the oils extracted from Argania spinosa, Citrullus colocynthis, Boswellia
serrata and the virgin olive oil

As it shown in figure 10, all the groups treated by both concentrations (100 and
200mg/kg) of the different plants oils presented an increase of the phagocytic activity in dose
manner comparing to the control group (saline) indicating that there was increase in the
clearance of colloidal carbon from the blood after administration of these drugs. However,
this activity is different from one oil to another (groups treated with Boswellia serrata and
olive oil was found to be more effective than the groups treated with Argania spinosa and
Citrullus colocynthis (highly significant increase of phagocytic index in groups BS and OO
comparing to the control p=0,000).

40



Chapter 111 Results and Discussion

0,025 -
%k k ok kk ok kk x
0,02 -
=
>
E
2 0,015 -
=)
o
©
=
5
3 0,01 -
oo
(]
K=
a
- j i i
0 .
SALINE CC1 cc2 BS1 BS2 001 002 AS1 AS2
Treatment groups

Figure 10. Effect of Citrullus colocynthis, Boswellia serrata, olive oil and Argania spinosa
on phagocytic activity. Results are shown as mean + SD (n=5) and significant difference from
the control group is shown as *p<0,05, **p<0,01, ***p<0,001

Saline: Control group received flour at 0,5mg/rat; CC1: group received Citrullus colocynthis extract at dose
100mg/kg; CC2: group received Citrullus colocynthis extract at dose 200mg/kg; BS1: group received Boswellia
serrata extract at dose 100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg; OO1: group
received olive oil at dose 100mg/kg; OO02: group received olive oil at dose 200mg/kg; AS1: group received

Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania spinosa crude extract at dose
200mg/kg.

As seen in Figure 11, the half time of elimination of carbon particles from the blood in
the treated groups is lower than that in normal control it is obviously improved in groups

treated by Boswellia serrata and olive oil (high significantly in groups BS and OO P < 0.001).
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Figure 11. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis and olive oil
on half time of carbon in blood. Results are shown as mean = SD (n=5) and significant
difference from the control group is shown as *p<0,05, **p<0,01, ***p<0,001

Saline: Control group received flour at 0,5mg/rat; CC1: group received Citrullus colocynthis extract at
dose 100mg/kg; CC2: group received Citrullus colocynthis extract at dose 200mg/kg; BS1: group received
Boswellia serrata extract at dose 100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg;
OO1: group received olive oil at dose 100mg/kg; OO02: group received olive oil at dose 200mg/kg; AS1: group
received Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania spinosa crude extract at

dose 200mg/kg.

Figure 12, which mentioned the corrected phagocytic index (phagocytic activity
including spleen and liver weights) confirm the enhancement of the phagocytic function

exerted by the different treatments comparing to the control group.
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Figure 12. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis and olive oil
on corrected phagocytic index a. Results are shown as mean = SD (n=5) and significant
difference from the control group is shown as *p<0,05, **p<0,01, ***p<0,001

Saline: Control group received flour at 0,5mg/rat; CC1: group received Citrullus colocynthis extract at dose
100mg/kg; CC2: group received Citrullus colocynthis extract at dose 200mg/kg; BS1: group received Boswellia
serrata extract at dose 100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg; OO1: group
received olive oil at dose 100mg/kg; O02: group received olive oil at dose 200mg/kg; AS1: group received
Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania spinosa crude extract at dose
200mg/kg.

The first experimental approach in the scope of this thesis was to evaluate the
immunomodulatory activity of the crude extract of Argania spinosa seeds then the
immunomodulatory effect of four oils extracted from: Argania spinosa, Citrullus colocynthis,
Boswellia serrata and olive as comparative study using in vivo carbon clearance assays in

mice and rats.
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Immunomodulation is a procedure which can alter the immune system of an organism
by interfering with its functions; if it results in an enhancement of immune reactions, it is
named as an immunostimulative drug which primarily implies stimulation of specific and non
specific system that is, granulocytes, macrophages, complement, certain T lymphocytes and

different effectors substances (Tilwari et al., 2011).

There are a number of natural agents from medicinal plants which are used for the
enhancing of the body’s response to disease. In recent time a large number of drugs extracted
from the plants are coming in to the marked by proper clinical trials. When taking any of

these agents take proper advice on dose and length of treatment (Singh et al., 2011).

The carbon clearance test was done to evaluate the effect of drugs on the
reticuloendothelial system. The reticuloendothelial system is a diffuse system consisting of
phagocytic cells. In fact, the role of phagocytic cells is primarily the removal of
microorganisms and foreign bodies, but also the elimination of dead or injured cells.
Phagocytic defects are associated with varied pathological conditions in humans. In view of
the pivotal role played by the phagocytic cells and particularly macrophages in coordinating
the processing and presentation of antigen to B-cells, our plants extracts were evaluated for its
effect on macrophage phagocytic activity. When colloidal carbon particles in the form of ink
are injected directly into the systemic circulation, the rate of clearance of carbon from the

blood by macrophage is governed by an exponential equation (Gokhale et al., 2003).

It is known that plants are rich in a variety of secondary metabolites such as tannins,
terpenoids, alkaloids, flavonoids, phenols, steroids, glycosides and saponins. Many biological
activities including modulation of the immune system have been assigned to these compounds

in plants (Banso and Adeyemo, 2006).

Argania spinosa is a plant characterised by the presence of triterpenoids, sterols and
saponins (El Monfalouti et al., 2010), these compounds might be involved in the modulation
of the immune system caused by Argania spinosa extract, while Citrullus colocynthis
presented phytosterols, saponins, tanins and alcaloids as secondary metabolites (Uma and
Sekar, 2014) and the water extract from the fruit of Citrullus colocynthis were found to

possess immunostimulant activity (Bendjeddou et al., 2003).
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Boswellia serrata in its turn present as main active constituents terpenoids and are
composed of boswellic acids which may exhibit immunomodulatory properties (Kumar et al.,
2011). In the same context, olive oil is rich of polyphenols, sterols and tocopherols, these
compounds have been presented as responsible for the pharmacological effects of the oil

including immunomodulatory effect (Garcia-Gonzalez et al., 2008).

Both studies showed remarkable augmentation in the phagocytic index after extracts
treatment due to the ability of these compounds to increase the activity of the

reticuloendothelial system.

Results of the first study using carbon clearance assay in mice clearly indicate that the
crude extract of Argania spinosa activates the process of phagocytosis and this activation is

increased when increase the dose.

In the second part of the study using carbon clearance assay in rats we observed that
the rats administered with the different oils stimulate the phagocytic index at two different

concentrations (100 and 200mg/kg).

Treatment by the different extracts used in these studies enhanced the rate of carbon
clearance from the blood when it is compared to the control group. This reflects the
enhancement of the phagocytic activity of phagocytes and non specific immunity, which
includes opsonisation of the foreign particulate matter with antibodies and complement C3b,
leading to a more rapid clearance of foreign particulate matter from the blood (Singh et al.,

2012).

Another mechanism by which the extracts used in these studies may show an
immunostimulant effect is the fact to influence the role of neutrophils, digestive enzyme in
phagocytic vesicle, and the synthetic processes in the cytoplasm. In treated animal,
hypergranulation of white blood cells is the evidence of it. The secretory material appeared in
the cytoplasm is to meet the necessity of the cell to phagocytose and digest the antigen,
stimulation of pagocytosis was influenced by the macrophages, these secret a number of

cytokines such as IL-1, IL-2 (Rastogi et al., 2008).
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Considering the results of the present studies, when all extracts exhibited the
stimulatory effect on the reticuloendothelial system depending on dose, the compounds of this
herbal extracts may influence the function of enzyme system that is involved in the immune
response. The metabolic activation of phagocytes during phagocytosis causes the activation of
NADPH oxidase: a complex enzymatic system that catalyses NADPH oxidation to produce
superoxide radical and other reactive products of oxygen. An alternative pathway in
macrophages and granulocytes leads to the production of hypochlorous acid that has a potent

antimicrobial activity (Rainska-Giezek et al., 2011).

It is well evident, that the results of both studies using in vivo immunomodulatory
activity showed a stimulation of the phagocytic index at different concentrations.
Accordingly, these results agrees with those of (Shuklaa et al., 2009) and (Benmebarek et al.,
2013) who reported that the oral administration of ethanolic extraction of Caesalpinia
bonducella and Stachys mialhesi respectively in the mouse increased the phagocytic index at

different concentrations.

Numerous other studies have shown the immunostimulant effect of plants extracts,
(Gaoa et al., 2004) have reported that the extract of Curcumin from Curcuma longa inhibited
the IL-2 induced proliferation of spleen cells completely at concentrations of 25mmol/L. The
study of (Subhadip et al., 2012) confirmed that the methanolic extract of Swietenia mahagoni
seeds has therapeutic potential and could be served as an effective immunomodulatory
candidate without any side effects. Another study of Algerian Phoenix dactylifera recorded by
(Kehili et al., 2014) revealed its immunostimulatory effect on the reticuloendothelial system

with higher effect by the administration of 50 mg/kg.

IIL.3. Analgesic activity by acetic acid induced writhing

The effects of Argania spinosa, Citrullus colocynthis and Boswellia serrata extracts
on acetic acid induced writhing in mice were summarized in figure 13 and figure 14.Oral
administration of the extracts at doses of 100 and 200mg/kg significantly decreased the
number of writhings and stretchings when compared to the control (14+0,89 vs 8,83+0,75,
7,83+0,16 vs 7,33+1,21, 5,16+1,16 vs 5,66+1,86, 4,66+0,81, respectively). This activity was

dose-related.
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The reference drug Aspegic at the dose of 200mg/kg significantly decreased the
number of writhings when compared to the control (7,5+1,37 vs 14+0,89) and the percentage
of inhibition was 46,06. The results indicated that Boswellia serrata at both doses 100 and
200mg/kg and Citrullus colocynthis at dose 200mg/kg showed more effective analgesic effect
comparing to reference drug, while Argania spinosa extract at both doses (100 and 200mg/kg)
showed an analgesic activity which could be comparable to the standard Aspegic at the dose

of 100mg/kg.
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Figure 13. Effect of Argania spinosa, Citrullus colocynthis and Boswellia serrata on the
writhing number in acetic acid induced pain in mice. Results are shown as mean + SD (n=6)
and significant difference from the control group is shown as *p<0,05, **p<0,01, ***p<0,001

CTR: Control group received saline; STD: reference group received DL-Lysine Acetylsalicylate at dose
100mg/kg; AS1: group received Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania
spinosa crude extract at dose 200mg/kg CC1: group received Citrullus colocynthis extract at dose 100mg/kg;
CC2: group received Citrullus colocynthis extract at dose 200mg/kg; BS1: group received Boswellia serrata
extract at dose 100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg.
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Figure 13 showed the numbers of the abdominal writhing episodes evoked by
intraperitoneal injection of acetic acid in mice as well as the anti-nociceptive effect of
Argania spinosa, Citrullus colocynthis and Boswellia serrata comparing to control group. It
can be seen that treatment with the different plant extracts could dose-dependently reduce the
number of writhing of mice in comparison with that of control animals; while the standard

drug Aspegic which showed quite similar analgesic effect in this nociceptive model.
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Figure 14. Effect of Argania spinosa, Citrullus colocynthis and Boswellia serrata on the
percentage of inhibition of oedema in acetic acid induced pain in mice. Results are shown as
mean + SD (n=6) and significant difference from the control group is shown as *p<0,05,
**p<0,01, ***p<0,001

CTR: Control group received saline; STD: reference group received DL-Lysine Acetylsalicylate at dose
100mg/kg; AS1: group received Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania
spinosa crude extract at dose 200mg/kg CC1: group received Citrullus colocynthis extract at dose 100mg/kg;
CC2: group received Citrullus colocynthis extract at dose 200mg/kg; BS1: group received Boswellia serrata
extract at dose 100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg.
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Acetic acid-induced writhing model represents pain sensation by triggering localized
inflammatory response. Such pain stimulus leads to the release of free arachidonic acid from
tissue phospholipid. The acetic acid induced writhing response is a sensitive procedure to
evaluate peripherally acting analgesics. The response is thought to be mediated by peritoneal

mast cells, acid sensing ion channels and the prostaglandin pathways (Shaikh et al., 2012).

In fact, acetic acid causes pain and localized inflammation by the action of
prostaglandins production (mainly, prostacyclines and prostaglandin-E (PG-E)) which have
been reported to stimulate the Ay-fibres that cause a sensation of sharp well localized pain.
There are various peripherally acting analgesic drugs such as ibuprofen, aspirin, diclofenac
sodium and indomethacin that have been reported to inhibit acid induced writhing by

inhibition of prostaglandin synthesis (Khadem et al., 2012).

Therefore the result of the plants extracts in acetic acid-induced writhing method
suggests that the reduction of pain presented by reduction of number of writhing might be
occurred due to the presence of analgesic properties in the entire extracts via inhibition of

prostaglandin synthesis.

The research group of (Deraedt et al., 1980) described the quantification of
prostaglandins by radioimmunoassay in the peritoneal exudates of rats, obtained after
intraperitoneal injection of acetic acid. They found high levels of prostaglandins PGE2a and
PGF2a during the first 30 min after acetic acid injection. Nevertheless, it was found that the
intraperitoneal administration of acetic acid induces the liberation not only of prostaglandins,

but also of the sympathetic nervous system mediators (Hokanson, 1978; Duarte et al., 1988).

The results of the present study confirm previous data of literature by demonstrating
that Aspegic cause significant inhibition of acetic acid-induced pain. Furthermore, the oil
extract of Boswellia serrata at both doses 100 and 200mg/kg and Citrullus colocynthis at dose
200mg/kg were more potent and efficacious than Aspegic. Thus, the result of the present
study demonstrates that Argania spinosa extract possesses, at least partly, the same

bioavailability comparing to Aspegic when administered to mice in the acetic acid test.
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Recently, (Ribeiro et al., 2000) have demonstrated that the nociceptive activity of
acetic acid may be due to the release of cytokines, such as TNF a, IL-1 and IL-8, by resident
peritoneal macrophages and mast cells. So, the previous findings and these results presented
here might indicate that the antinociceptive action of the entire extracts used in the acetic
acid-induced writhing test could be due to inhibition of the release of TNF a, IL-1 and IL-8 by

resident peritoneal cells.

The results of our study agrees with other studies; the group of Hosseinzadeh
demonstrated that saffron stigma and petal aqueous and ethanolic maceration extracts have
antinociceptive effect in acetic acid induced pain in mice, The analgesic effect of these
extracts may be due to their content of flavonoids, tannins, alkaloids and saponins

(Hosseinzadeh and Younesi, 2001).

II1.4. Anti-inflammatory activity in acute inflammation by xylene induced ear

oedema

The plant extracts exhibited a significant inhibition on ear edema formation. the
oedema size was high significantly decreased in the treated groups comparing to the control
group (Figure 15), the extracts caused 52.61% (P<0.001) and 50.25% (P<0.001) at the doses
of 100 and 200 mg/kg body weight respectively in groups treated with Argania spinosa in
comparison with the standard drug Ibuprofen where the inhibition was 56.48% (P<0.001) at
the dose of 100 mg/kg body weight (Figure 16).
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Figure 15. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis on oedema
induced by xylene in mice. Results are shown as mean = SD (n=5) and significant difference
from the control group is shown as *p<0,05, **p<0,01, ***p<0,001

CTR: Control group received saline; STD: reference group received Ibuprofen at dose 100mg/kg; AS1: group
received Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania spinosa crude extract at
dose 200mg/kg CC1: group received Citrullus colocynthis extract at dose 100mg/kg; CC2: group received
Citrullus colocynthis extract at dose 200mg/kg; BS1: group received Boswellia serrata extract at dose
100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg.

Also, Citrullus colocynthis and Boswellia serrata extracts at doses 100, 200 mg/kg
administered 30 min before the injection of xylene inhibited the formation of edema by 57.09,
51.10, 51.15 and 47.24%, respectively, 3 h after injection of the inflammatory stimulus. This
result is quite similar to the one observed for Ibuprofen at 100 mg/kg, which inhibited the
oedema by 56.48%. All results were statistically significant (Figure 15, p <0.001). Moreover,

there was no dose response correlation for the tested concentrations in the ear oedema test.
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Figure 16. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis on the
percentage inhibition of oedema induced by xylene in mice. Results are shown as mean + SD
(n=5) and significant difference from the control group is shown as *p<0,05, **p<0,01,
**%p<0,001

CTR: Control group received saline; STD: reference group received Ibuprofen at dose 100mg/kg; AS1: group
received Argania spinosa crude extract at dose 100mg/kg; AS2: group received Argania spinosa crude extract at
dose 200mg/kg CC1: group received Citrullus colocynthis extract at dose 100mg/kg; CC2: group received
Citrullus colocynthis extract at dose 200mg/kg; BS1: group received Boswellia serrata extract at dose
100mg/kg; BS2: group received Boswellia serrata extract at dose 200mg/kg.

Xylene-induced ear oedema is an acute inflammation model which may involve
inflammatory mediators such as histamine, serotonin and bradykinin. These mediators induce
ear oedema and an increase of the ear thickness by promoting vasodilation and increasing

vascular permeability (Birari et al., 2009).

In the present investigation, the plant extracts used significantly inhibited the xylene-
induced increases in ear weight but not in a dose related manner. This inhibition capacity of
the plant extracts can be regarded as the evidence of anti-inflammatory efficacy through

reducing vasodilatation and so that improving oedematous condition.
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The effectiveness of our plant extracts in this model probably provides the active
principles present in the extracts which interfere with the action of the inflammatory

mediators -previously cited- to produce its anti-inflammatory effect.

The preliminary phytochemical analysis of the plant extracts showed the presence of
reducing sugars, alkaloids, flavonoids, tannins, steroids, gums and glycosides (EIManfalouti
et al., 2010; Kumar et al., 2011; Uma and Sekar, 2014). The previous scientific studies have
been reported that alkaloids, flavonoids and tannins are known to inhibit prostaglandin
synthetase that is responsible for its antinociceptive and anti-inflammatory effects (Khadem et
al., 2012). Therefore this anti-inflammatory effect of the extracts may be due to the presence

of flavonoids, tannins, and alkaloids either singly or in combination in the entire extracts used.

The results of the anti-inflammatory activity of our plants extracts corroborate several
other studies which indicate the key role of plants extract as anti-inflammatory drugs, in this
context we can mentioned the recent studies of Khadem and Hosseinzadeh confirming the
anti-inflammatory activity of the saffron extracts and the extract of Typhonium trilobatum in

xylene induced ear oedema in mice (Khadem et al., 2012; Hosseinzadeh and Younesi, 2001).

ITL.5. Anti-arthritic and anti-inflammatory activities in chronic inflammation

induced by hyperhomocysteinemia and formalin using in vivo induced arthritis

Signs of arthritis appeared after one day and reached its maximum level on three day
(after 3 hours of the second injection of formalin). Symptoms include redness, swelling and
deformity in hind paws and these symptoms were prominent in non treated arthritic groups
(group F and group FM). No such symptoms appeared in case of normal group (N) and
methionine group (M). Symptoms were less in case of treated groups (group FP, group FPP,
group FMP and group FMPP), also the standard drug (Ibuprofen) show moderate arthritis as
compared with the arthritic groups. The group received the formalin and methionine (FM)

was the most affected with much more symptoms of arthritis.

Arthritic signs were reduced day after day during the experiment period until the 10™
day as seen in Figure 17, when the group received Argania spinosa at the dose 200mg/kg
(FPP) at the end of the experiment was quite identical comparing to the normal (N) or the

group received Ibuprofen (FI).
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Figure 17. Photographic representation of the right (oedematous) hand paw of rats in
formalin induced arthritis and on formalin/methionine induced inflammation (after 10 days of
treatment)

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.
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As seen in figure 18 and 19 representing the size of the inflamed paw in day 1, 4, 7
and 10 during the experiment period which showed that the formalin injection caused increase
of the paw diameter in all groups received formalin, on day 4 so after the second injection of
formalin there was modest increase in paw diameter for all groups received formalin, but on
day 7 and 10 we obtained a decrease in the paw size for all the groups receiving formalin or
formalin and methionine and this diminution of paw size was most important in groups
treated with Argania spinosa and Ibuprofen comparing to the normal. Group received
formalin and methionine without treatment was the group with the largest diameter of

inflamed paw at the end of the experiment.

The table 06 summarized the effect of Argania spinosa administred orally at the doses
100 and 200 mg/kg and Ibuprofen administred at the dose 100mg/kg during an experiment
period of 10 days on formalin induced arthritis (which concern group F, FI, FP and FPP) and
on formalin/methionine induced inflammation (which concern group FM, FMI, FMP and
FMPP). Argania spinosa treatment significantly suppressed the joint oedema when compared
with control between day 1 and day 10 post formalin injection or formalin and methionine

injection.

The result obtained from these models for each of the two doses of extract tested (100
and 200 mg/kg) show that paw sizes of the animals were significantly reduced as from the 1%
day of test. Ibuprofen which is a reference anti-inflammatory drug showed a lower inhibitory

effect after formalin administration comparing to the effect of both doses.

In formalin/methionine induced inflammation, it was found that the plant extract
exhibited a significant inhibition on oedema formation in a dose-related manner. It caused
44,47% (P<0,01) and 46,89% (P<0,01) at the doses of 100 and 200 mg/kg body weight
respectively in comparison with the standard drug Ibuprofen where the inhibition was 37,56%

(P<0.001) at the dose of 100 mg/kg body weight.

The maximum inhibition (45.26%) in the end of the experiment was recorded by the

crude extract of Argania spinosa at 200mg/kg.
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Figure 18. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis in paw
diameter on day 1 and day 4 of the experiment

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.
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Figure 19. Effect of Argania spinosa, Boswellia serrata, Citrullus colocynthis in paw
diameter on day 7 and day 10 of the experiment

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.
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Table 06 . Effect of the oral administration of Argania spinosa crude extract on paw diameter,

AT and on percentage inhibition of arthritis in formalin induced arthritis and on
formalin/methionine induced inflammation. Results are shown as mean + SD (n=5) and
significant difference from the control group is shown as *p<0,05, **p<0,01, ***p<0,001

Group Average Average Average Average AT (mm) Inh%
diameter day 1 | diameter day 4 diameter day 7 diameter day 10
Group N 00 --
2.50+0.14 2.50+0.14 2.50+0.14 2.50+0.14
Group F 1.63 0.00
6.16 +0.52 9.01 £ 051 6.21+0.54 5.15+0.39
Group FI 0.61 33.93
6.72+0.45 8.07+0.42 526+ 1.11 3.65+£0.71%**
Group FP 0.45 42.87
6.48 £0.39 7.78 £0.28 4.50+0.44 3.15£0.22%*
Group 0.31 45.26
FPP 6.75+0.51 7.84 +0.81 4.61+0.71 3.02 + (.43
Group FM 2.77 0.00
6.76 £ 0.20 9.22 +£0.81 7.32+0.61 5.78 +£0.47
Group 1.06 37.56
FMI 6.40 + 0.49 8.94+0.37 5.71 £ 0.64 3.61 + 0.54**
Group 0.77 44.47
FMP 6.48 +0.39 8.21+0.42 5.42+0.48 3.21 +£0.38%*
Group 0.57 46.89
FMPP 6.76 + 0.52 7.93+£0.66 4.75+ 091 3.07 £ 0.13%*
Group M 00 --
2.56+0.14 2.56+0.14 2.56+0.14 2.56+0.14

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.

The changes in the paws weight at the end of the experience (figure 20) have also been
used to assess the course of the disease and the response to the therapy of anti-inflammatory
drugs., The group (FM) received formalin subplantar injection (0,2%) and methionine
intraperitoneal administration (400mg/kg) present the high significant increase in the arthritic

paws weight comparing to the other groups.
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Figure 20. Effect of the oral administration of Argania spinosa crude extract in the weight of
the right (inflamed) paw at the end of the experiments formalin induced arthritis and
formalin/methionine induced inflammation. Results are shown as mean + SD (n=5) and
significant difference from the control group is shown as *p<0,05, **p<0,01, ***p<0,001

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.

At the end of the experimental period, as the incidence and severity of arthritis
decreased, the inflamed paws from the groups treated by Argania spinosa and reference drug
either in groups received formalin injection alone (FP, FPP and FPI) or received formalin and
methionine injection (FMP, FMPP and FMI) are quite comparable to the normal group (N), so
except for the group received formalin and methionine the weight of animals inflamed paws

at the end of the experiment of the entire treated groups was quite comparable to normal
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animals due to the decrease in the severity of arthritis. Group received single administration of

methionine at dose 400mg/kg did not show increased in paws weight.

In the blood investigation, and concerning the change caused by formalin injection,
formalin and methionine injection and plant extract administration in some inflammatory
parameters. Firstly, change of plasma CRP level was measured and the results are shown in
figure 21 comparing to the normal group, the group received formalin subplantar injection (F)
present an increase in hs-CRP level while groups received formalin in combination of
Ibuprofen or Argania spinosa treatment showed a decrease in hs-CRP level. While the group
received formalin subplantar injection in association with methionine administration showed a
highly significant increase in plasma hs-CRP comparing to normal (N) and arthritic (F)

groups.

The results also showed that treatment by crude extract of Argania spinosa seeds at
two doses (100 and 200mg/kg) or by Ibuprofen decrease the level of hs-CRP in the blood and
the action of the plant at the dose of 200mg/kg was more effective than the dose 100mg/kg
and its action was similar to standard drug at dose 100mg/kg. The group received methionine

alone presented also a high significant increase in hs-CRP comparing to normal group.

Homocysteine blood level was also measured as inflammation parameter in the study

of the anti-arthritic effect of Argania spinosa seeds (figure 22).

A high dose (400mg/kg) of methionine administration for 10 days was sufficient to
induce hyperhomocysteinemia in rats notable by high significant increase of plasma
homocysteine compared to the normal group (Group M: HCY = 17,82+1,85 vs Group N:
HCY=10,26+1,07) ; Argania spinosa seeds crude extract supplementation to the rats injected

with the high-methionine dose prevented an elevation of Homocysteine levels in the blood.
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Figure 21. Effect of the treatment by Argania spinosa seeds on inflammatory marker (CRP
blood level) during formalin induced arthritis and formalin/methionine induced arthritis
experiments. Results are shown as mean + SD (n=5) and significant difference from the

control group is shown as *p<0,05, **p<0,01, ***p<0,001

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.
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Figure 22. Effect of the treatment by Argania spinosa seeds on Homocysteine (Hcy) blood
level during formalin induced arthritis and formalin/methionine induced arthritis experiments.
Results are shown as mean + SD (n=5) and significant difference from the control group is
shown as *p<0,05, **p<0,01, ***p<0,001

N: normal group; F: formalin inflammation group; FI: formalin inflammation treated Ibuprofen
group; FP: formalin inflammation treated Argania spinosa 100 mg/kg group, FPP: formalin
inflammation treated Argania spinosa 200 mg/kg group; FM: formalin/methionine inflammation
group; FMI: formalin/methionine inflammation treated Ibuprofen group; FMP: formalin/methionine
inflammation treated Argania spinosa 100 mg/kg group; FMPP: formalin/methionine inflammation
treated Argania spinosa 200 mg/kg group; M: methionine inflammation group.
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Histology of the rat joint of arthritic rats belonging to arthritic groups (group F
received subplantar injection of formalin and group FM received subplantar injection of
formalin + intraperitoneal injection of 400mg/kg of methionine) showed necrotic and
degenerative changes while in case of normal group no such signs are observed in histology

analysis (figures 24 and 28) respectively.

In normal group, there was a normal vascular supply and intact cells including
chondroblasts, also the synovium was not disrupted. In contrast, rats treated with Argania
spinosa at both doses 100mg/kg (FP, FPP, FMP and FMPP) and standard groups (FI and
FMI) in the both inflammatory models showed moderate destruction and less degenerative

changes as compared to arthritic groups (Figures 26, 27, 30 and 31).

Histological assessment of the inflamed paws from group (F) received subplantar
injection of formalin and group (FM) received subplantar injection of formalin and
intraperitoneal injection of 400mg/kg of methionine showed only foci of mild chronic
inflammatory change characterized by fibrosis, damaged articular cartilage with scattered
lymphocytes. Tissue from the animals paws of the groups treated by Argania spinosa at both
doses 100mg/kg (FP, FPP, FMP and FMPP) and standard groups (FI and FMI) in the both
inflammatory models showed mild inflammatory changes dominated by lymphocytes with
scattered plasma cells. The paws from untreated groups (formalin group F and formalin and
methionine group FM) showed foci of intense inflammatory changes dominated by

neutrophils, plasma cells, lymphocytes and focus of pus collection with necrotic debris.
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Figure 23. Histological section of rat normal joint 10 days oral flour application H.E staining
(X400).

RF. Reticulin Fiber ON. Oval Nuclei
CH. Chondroplast IM. Intact Matrix
ICH. Intact Chondroblasts

Figure 24. Histological section of rat joint 10 days flour + Formalin application H.E staining
(X40).

DG. Degeneration of articular cartilage = NC. Necrosis
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Figure 25. Histological section of rat joint 10 days oral Ibuprofen (100mg/kg) + formalin
application H.E staining (X100).

MD. Moderate destruction NC. Normal chondroblasts

OS. Osteoblasts

D

Figure 26. Histological section of rat joint 10 days oral plant extract (100mg/kg) + formalin
application H.E staining (X100).

NJ. Normal joint with intact chondroblasts and osteoblasts
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Figure 27. Histological section of rat joint 10 days oral plant extract (200mg/kg) + formalin
application H.E staining (X400).

PR. Perichondrium ON. Oval Nuclei
CH. Chondroplast IM. Intact Matrix

Figure 28. Histological section of rat joint 10 days methionine (400mg/kg) + formalin
application H.E staining (X400).

ICA. Inflammatory cells accumulation = RCI. Replacement of cartilage by
inflammatory cells
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PR

Figure 29. Histological section of rat joint 10 days oral Ibuprofen (100mg/kg) + methionine
(400mg/kg) + formalin application H.E staining (X100).

PR. Perichondrium MD. Moderate degeneration

Figure 30. Histological section of rat joint 10 days oral plant extract (100mg/kg) +
methionine (400mg/kg) + formalin application H.E staining (X100).

MD. Moderate degeneration NC. Normal cells
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Figure 31. Histological section of rat joint 10 days oral plant extract (200mg/kg) +
methionine (400mg/kg) + formalin application H.E staining (X100).

NS. Necrosis MD. Moderate degenaration

Figure 32. Histological section of rat joint 10 days oral flour + methionine (400mg/kg) application
H.E staining (X100).

SCD. Superficial cartilage damage
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Inflammation is the immune system’s response to infection and injury and has been
implicated in the pathogeneses of arthritis, cancer and stroke, as well as in neurodegenerative

and cardiovascular disease (Littlefield et al., 2014).

The experimental models of inflammation are produced by different agents by
releasing different types of inflammatory mediators. Each is known to elicit distinct
mechanisms of action for producing inflammation by increased in vascular permeability, the
infiltrations of leukocytes from the blood into the tissue or granuloma formation and tissue
repair. Among the many methods used for screening of anti-inflammatory drugs, one of the
most commonly employed techniques is based upon the ability of such agents to inhibit hind
paw edema of the rat after the injection of a phlogistic (irritants) agent such as formaldehyde,

carrageenan or xylene (Shaikh, 2011).

For evaluating the most effective and widely used model for inflammation formalin
induced paw edema was used, this test is one of the most commonly used acute model for
assessing anti-arthritic and anti-inflammatory potential of plant extract as it closely resembles

human arthritis (Shastry et al., 2011).

Rheumatoid arthritis is a chronic inflammatory disease affecting about 1 % of the
population in developed countries. The acute stage of arthritis is characterized by signs of
hyperalgesia, lack of mobility and a pause in body weight gain; during the acute period, the
hind and fore paw joint diameters increase. In chronic stages of the disease rats with arthritis

are often relatively immobile due to the severity of paw swelling (Desai et al., 2012).

The development of arthritis in the rat paw after the injection of formalin is -as
previously described- a biphasic event. The initial phase of the oedema is due to the release of
histamine and serotonin and the edema is maintained during the plateau phase by kinin-like
substance (Chauhan et al., 1998) and the second accelerating phase of edema formation may
be due to the release of prostaglandin-like substances. Inhibition of edema observed in the
formalin model may be due to the ability of bioactive substances present in Argania spinosa
to inhibit these chemical mediators of inflammation. The results of the formalin induced
arthritis ruled out a possible effect of the crude extract of Argania spinosa on formalin

induced cell damage and accordingly, arthritic conditions (Firdous and Kineri, 2012).
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Additionally, hyperhomocysteinemia, defined by elevated circulating blood levels of
homocysteine, is associated with several pathologies including cardiovascular disease stroke
(Refsum et al., 1998), neural tube defects in offspring (Van Der Put et al., 1997), certain
cancers (Ueland et al., 2001), and rheumatoid arthritis (Wallberg-Jonsson et al., 2002).

Elevated homocysteine may be indicative of an underlying dysregulation of
folate/Homocysteine metabolism. Several of the pathologies that are associated with

folate/Homocysteine dysregulation have inflammatory components (Hammons et al., 2009).

The molecules and cellular mediators of inflammation such as tumor necrosis factor
TNF a, IL-1, IL-6, intercellular cell adhesion molecule ICAM-1 and E-Selectin, which have
roles in the inflammation of rheumatoid arthritis, can also play key roles in the development

of atherosclerosis (Tiftikci et al., 2006).

The major molecular mechanisms of Hyperhomocysteinemia involve endothelial cell
dysfunction (Austin et al., 2004), smooth muscle cell proliferation (Lee et al., 2002), and
mononuclear cell activation (Silverman et al., 2002). Also Homocysteine may induce
oxidative stress leading to impaired synthesis of nitric oxide (Upchurch et al., 1997; Romerio
et al., 2004) and resulting in endothelial dysfunction (Stamler et al., 1993; Zhang et al., 2000).
In addition, homocysteine-induced oxidative stress favors lipid peroxidation (Ferreti et al.,
2004) and induces production of inflammatory factors such as monocyte chemoattractant
protein-1, interleukin-8 (Mathiesen et al., 2001; Zeng et al., 2003), and tumor necrosis factor

o (Hofmann et al., 2001; Bai et al., 2007), thus accelerating atherosclerosis.

Although results from in vitro studies suggest that Homocysteine, at
pathophysiological concentrations, stimulates chemokine expression in vascular cells (Li et
al., 2006), it is unknown whether hyperhomocystinemia can accelerate arthritis, leading to
enhanced inflammatory response in vivo. On the basis of the pathogenic role of homocysteine
in atherogenesis and arthritis, the objective of our study was to investigate whether
hyperhomocysteinemia may accelerate arthritis in vivo using the combination between the
subplantar injection of formalin which cause arthritis and intraperitoneal administration of

high dose of methionine which lead to hyperhomocysteinemia.
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In other-side C-reactive protein (CRP), a major systemic marker of inflammation, the
plasma concentration of which is regulated by cytokines such as IL-6, have been used to
predict the risk of cardiovascular events. Furthermore, it was recently demonstrated that CRP
induces adhesion molecule expression in human endothelial cells, supporting the hypothesis
of a direct role of CRP in promoting an inflammatory component in the atherosclerotic

process (Bekpinar et al., 2003).

Our results showed that methionine induced hyperomocysteinemia in arthritic rats can
accelerate and aggravate the pathogenesis of arthritis presented by a highly significant
increase of CRP when comparing the formalin arthritic group (F) and the formalin/
methionine associated inflammation group (FM) and confirmed by histological study of the
inflamed joints. Also, the results of this study mentioned the role of the treatment using
Argania spinosa seeds extract in combating the inflammation caused either by formalin or
formalin and methionine and this was quite similar to the action of Ibuprofen the reference

anti-inflammatory drug.

Thus, the previous findings and these results presented here might indicate that the
anti-inflammatory and antiarthritic activities of Argania spinosa could be due to the presence
of a variety of antioxidant molecules such as sterols, polyphenols, and tocopherols (Cadi et
al., 2013) which may have beneficial effects against inflammatory disorders including

atherosclerosis and arthritis.

Our results confirm the study of the group of Schroecksnadel K. who suggested after a
clinical study that immune activation could be involved in the development of
hyperhomocysteinaemia because they found that the higher homocysteine concentrations and
lower folate concentrations coincide with increased concentrations of immune activation

markers in patients with RA (Schroecksnadel et al., 2003).

The results of the antiarthritic effect exerted by our crude extract of Argania spinosa
agree with those of Kaithwas G. and his group who studied and confirmed the antiarthritic

effect of Ajuga bracteosa in formalin induced arthritis (Kaithwas et al., 2012).
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I11.6. Antiproliferative activity
I11.6.1. Effect of plants extracts on cell proliferation

I11.6.1.1. Effect of Argan oil extracted from Argania spinosa seeds

As shown in Figures 33 and 34, Argan oil treatment strongly reduced the proliferation

and the viability of all the three T-ALL cell lines in both tests MTT assay and Trypan blue

assay.
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Figure 33. Effect of Argan oil on cell proliferation of JURKAT, MOLT3 and DND41 by
trypan blue exclusion assay. Cell growth of JURKAT, MOLT3 and DND41 after 48h of
treatment with 100 pg/ml of Argan oil (Argan oil) compared to the DMSO vehicle exposed
cells (Ctr) as shown by the cell counts by using trypan blue staining. Results shown in the
figures are expressed as the means average deviations of three separate experiments and bars
indicate SD *P<0.05.
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Figure 34. Effect of Argan oil cell viability of JURKAT, MOLT3 and DND41 in MTT assay.
The Argan oil cytotoxicity was determined in JURKAT, MOLT3 and DND41 by MTT assay
and calculated as percentage of inhibition of cell proliferation after 48h of treatment with 100
png/ml of Argan oil (Argan oil) compared to the DMSO vehicle exposed cells (Ctr). Results
shown in the figures are expressed as the means average deviations of three separate
experiments and bars indicate SD *P<0.05.

On the other hand the Argan oil was evaluated in the growth and survival of four non
tumor cell lines including murine preT 2017 and M31 immature T cell lines, human HEK 293
and HaCat-keratinocytes. The same treatment by Argan oil did not affect neither the growth
of murine preT 2017 and M31 immature T cell lines nor of human HEK 293 and HaCat-
keratinocytes (figure 35).
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Figure 35. Effect of Argan oil on cell proliferation of M31, PreT, HEK and Hecat by trypan
blue exclusion assay. The cell growth of M31, preT 2017, HEK and HaCat cell lines was not
affected by 48h of exposure with 100 pug/ml of Argan oil (Argan oil) when compared with the
DMSO treated counterpart cells (Ctr) and as shown by the cell counts by using trypan blue
staining. Results shown in the figures are expressed as the means average deviations of three
separate experiments.

I11.6.1.2. Effect of the oil extracted from Citrullus colocynthis

The in vitro assay of Citrullus oil showed strong decrease in the proliferation and the
viability of all the three T-ALL cell lines but didn’t affect the proliferation of the normal cells
in Trypan blue assay (Figure 36 and 37).

73



Chapter 111 Results and Discussion

250 -
200 -
E
3 150 i
= T
] m DMSO
]
§ 100 - Citrullus oil
3
(O]
N . .
T T
0
JURKAT MOLT3 DND41

Figure 36. Effect of Citrullus oil on cell proliferation of JURKAT, MOLT3 and DND41 by
trypan blue exclusion assay. Cell growth of JURKAT, MOLT3 and DND41 after 48h of
treatment with 100 pg/ml of Citrullus oil compared to the DMSO vehicle exposed cells (Ctr)
as shown by the cell counts by using trypan blue staining. Results shown in the figures are
expressed as the means average deviations of three separate experiments and bars indicate SD

*P<0.05.
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Figure 37. Effect of Citrullus oil on cell proliferation of M31, PreT, HEK and Hecat by
trypan blue exclusion assay. The cell growth of M31, preT 2017, HEK and HaCat cell lines
was not affected by 48h of exposure with 100 pg/ml of Argan oil (Argan oil) when compared
with the DMSO treated counterpart cells (Ctr) and as shown by the cell counts by using
trypan blue staining. Results shown in the figures are expressed as the means average
deviations of three separate experiments.
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111.6.1.3. Effect of the oil extracted from Boswellia serrata

The treatment using Boswellia oil decreased the proliferation of T-ALL cell lines and

presented no effect in normal cell lines (figure 38 and 39).
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Figure 38. Effect of Boswellia oil on cell proliferation of JURKAT, MOLT3 and DND41 by
trypan blue exclusion assay. Cell growth of JURKAT, MOLT3 and DND41 after 48h of
treatment with 100 pg/ml of Boswellia oil compared to the DMSO vehicle exposed cells (Ctr)
as shown by the cell counts by using trypan blue staining. Results shown in the figures are
expressed as the means average deviations of three separate experiments and bars indicate SD
*P<0.05.

All the data and the observations mentioned in the in vitro antiproliferative test
concerning our oils revealed a specificity of action of Argan oil, Citrullus oil and Boswellia

oil in malignant (tumor) cells and especially in T-ALL context.
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Figure 39. Effect of Boswellia oil on cell proliferation of M31, PreT, HEK and Hacat by
trypan blue exclusion assay. The cell growth of M31, preT 2017, HEK and HaCat cell lines
was not affected by 48h of exposure with 100 pg/ml of Boswellia when compared with the
DMSO treated counterpart cells (Ctr) and as shown by the cell counts by using trypan blue

staining. Results shown in the figures are expressed as the means average deviations of three
separate experiments.

I11.6.2. Effect of plants extracts on signaling proteins expression

I11.6.1.2. Effect of the oil extracted from Argania spinosa

The anti-proliferative activity of Argan oil on T cell lymphoblastic leukemia cell lines
was confirmed by testing the change in the expression/activity levels of the known

proproliferative signaling NOTCH1 and ERK (Figure 40).

As shown in Figure 40, NOTCH and ERK signaling were differentially modulated by

the Argan oil treatment in the three human T-ALL cell lines analysed.

The expression of the active intracellular domain of NOTCH1 (NOTCHI1-IC) was
strongly decreased by the Argan oil exposure both in MOLT3 and in DND41 while resulted
increased in JURKAT T cells. On the other hand, the phosphorylation of ERK1/2 was
impaired by Argan oil in JURKAT and MOLT3 while was not affected in DND41.
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Interestingly, ERK1/2 expression was not modulated by the treatment thus suggesting
that the decreased phosphorylation in JURKAT and MOLT3 is not done by a deregulated

expression, but by the inhibition of the post-translational mechanism.

Figure 40. Effect of Argan oil in expression of proteins NOTCH1 and ERK1/2. Total cell
extracts from JURKAT, MOLT3 and DND41 treated with DMSO (CTR) or with Argan oil
(Argan) were subjected to western blot by using antibodies against NOTCH-1 (NOTCH1-IC),
ERK1/2 (ERK1/2) and pospho-ERK1/2 (p-ERK1/2). The a- tubulin and B-actin expression
were used as loading control.

+ With oil treatment
- Without oil treatment

I11.6.2.2. Effect of the oil extracted from Citrullus colocynthis

The anti-proliferative activity of Citrullus oil on T cell lymphoblastic leukemia cell
lines was tested in the expression of the proliferative signaling NOTCH1 and ERK, and as
shown in Figure 41, NOTCH and ERK signaling were not modulated by the Citrullus oil

treatment in the three human T-ALL cell lines.
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Figure 41. Effect of Citrullus oil in expression of proteins NOTCH1 and ERK1/2. Total cell
extracts from JURKAT, MOLT3 and DND41 treated with DMSO (CTR) or with Citrullus oil
were subjected to western blot by using antibodies against NOTCH-1 (NOTCH1-IC), ERK1/2

(ERK1/2) and pospho-ERK1/2 (p-ERK1/2). The a - tubulin and B -actin expression were
used as loading control.

+ With oil treatment
- Without oil treatment

111.6.2.3. Effect of the oil extracted from Boswellia serrata

Boswellia oil was used to quantify the anti-proliferative activity in lymphoblastic
leukemia in the molecular level using the estimation of the expression level of the
proliferative signaling NOTCH1 and ERK, and as shown in Figure 42, there is no seen

modulation in the expression of these proteins in the three human T-ALL cell lines.
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Figure 42. Effect of Boswellia oil in expression of proteins NOTCH1 and ERK1/2. Total cell
extracts from JURKAT, MOLT3 and DND41 treated with DMSO (CTR) or with Boswellia
oil were subjected to western blot by using antibodies against NOTCH-1 (NOTCHI1-1C),
ERK1/2 (ERK1/2) and pospho-ERK1/2 (p-ERK1/2). The a - tubulin and 3 -actin expression
were used as loading control.

+ With oil treatment
- Without oil treatment

The expression of the active intracellular domain of NOTCH1 (NOTCHI1-IC) was
strongly decreased by the Argan oil exposure both in MOLT3 and in DND41 while resulted
increased in JURKAT T cells. On the other hand, the phosphorylation of ERK1/2 was
impaired by Argan oil in JURKAT and MOLT3 while was not affected in DND41.
Interestingly, ERK1/2 expression was not modulated by the treatment thus suggesting that the
decreased phosphorylation in JURKAT and MOLTS3 is not done by a deregulated expression,

but by the inhibition of the post-translational mechanism.

Currently applied radiation therapy and standard chemotherapeutic drugs using in
cancer treatment kill some tumor cells through induction of apoptosis. Unfortunately,
however, the majority of human cancers are resistant to these therapies. It is therefore urgent

to look for novel natural compounds as candidate antitumor agents (Kazi et al., 2003).
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Inhibition of proliferation has been a continuous effort in tumor treatment.
Suppression of cell growth and induction of cell death are two major means to inhibit cancer
growth (Huang et al., 2003).Natural antioxidants in vegetable food such as tea and olive oil

are believed to reduce the risk of cancer (Paschka et al., 1998; Norrish et al., 1999).

A cell cycle arrest mediated by up-regulation of the p27 cell cycle regulatory protein
may explain the observed physiological activity of the tocopherols, which is an important
fraction present in Argan, Citrullus and Boswellia oils. Many epidemiologic studies using a y-
tocopherol-enriched diet have confirmed the beneficial effects of y-tocopherol on prostate
cancer prevention in humans (El Monfalouti et al., 2010). Consequently, these results have
encouraged the study of the antiproliferative effects of the three oil extracts obtained from
Algerian Argania spinosa seeds, Citrullus colocynthis seeds and Boswellia serrata found to
inhibit cell growth and proliferation selectively in human tumor and transformed (JURKAT,
MOLT3 and DND41), but not normal and non-transformed cells (M31, PreT, HEK and
Hacat).

Our data indicated that Argan oil, Citrullus oil and Boswellia oil exerted an inhibitory
effect on the proliferation of JURKAT, MOLT3 and DND41 cell lines, independently on their

phenotypic or molecular differences.

The exploration of Argan oil, Citrullus oil and Boswellia oil on the proliferation of
three T-ALL cell lines (JURKAT, MOLT3 and DND41), characterized by distinct immune-
phenotype and molecular features. According to the characterization by markers expression
proposed by Burger and colleagues, JURKAT resemble a mature T cell stage by expressing
CD3, CD4 and TCR, while losing the CD1 antigen; MOLT3 have features of early cortical T
stage characterized by CD1 and low CD3 co-receptor expression; and DND41 represent the
transition stage from the cortical to the mature T-stage by expressing CD3 and TCR, while
still bearing the CD1 antigen (Burger et al., 1999). In addition, although the three cell lines
analyzed display the constitutive activation of NOTCH]1 signaling, MOLT3 and DND41 cells
carried NOTCHI1 gain of function mutations that generate an activated form of NOTCH,
while JURKAT cells bear un-mutated NOTCHI. Interestingly, while MOLT3 and JURKAT
are resistant to the treatment with the y-Secretase Inhibitors (GSI), DND41 cells are GSI-
sensitive (O'Neil et al., 2007).
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Moreover, our results showed that Argan oil could influence in T-ALL the
expression/activity of the oncogenic NOTCH1 and ERK pathways whose over activation is
known to be a key event in the pathogenesis of several both solid and hematologic cancers.
However Citrullus oil and Boswellia oil didn’t influence the expression of NOTCHI1 and ERK

pathways.

We speculated that changes in ERK activity could be responsible for the growth
inhibitory effects, given that many plant-derived components modulate ERK activities to
elicit their antineoplastic actions (Hollosy, 2004). In addition, considering that activation and
over-expression of Notch signaling was reported to have a high relevance in T-cell
leukemogenesis (Screpanti et al., 2003; Ferrando, 2009), the decreased expression of
NOTCHI induced by Argan oil suggest further studies to evaluate its potential-anti-leukemic

therapeutic action.

The results from this study showed a change in the levels of p-ERK and NOTCH1-IC
expression suggesting that ERK and NOTCH signaling pathways could be intracellular targets
for the biological activity by Argan oil in leukemia cells but the results from the other oils
extracted from Citrullus colocynthis and Boswellia serrata did not affect these two pathways

and may be implicated in another signaling pathway.

Algerian Argan oil represent a potential preventive and therapeutic plant derived agent
recommended as anti-proliferative against human leukemia. It should be noted that as a plant
extract, Argan oil contains a variety of compounds that may act on different pathways of

tumor cell growth and survival, such as Inhibition of ERK and NOTCH pathways.

Thus, the previous findings and the results presented here might indicate that the anti-
proliferative activity of Argan oil could be due to the presence of a variety of antioxidant
molecules such as sterols, polyphenols, and tocopherols (Cadi et al., 2013), which may have
beneficial effects against leukemia and may affect several oncogenic pathways including ERK

and NOTCH pathways.

However, further investigations on a cellular or molecular level are necessary to
describe the exact mechanisms that cause the anti-leukemic and anti-cancer effects of Argan
oil extracts and their bioactive compounds responsible for these activities and further research
should be used to evaluate the possible effect of Citrullus and Boswellia oils in another

signaling pathway including other proliferation or apoptotic related proteins.
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Conclusion and Perspectives

Our series of studies provide the evidence that Algerian Argania spinosa seeds,
Citrullus colocynthis seeds and Boswellia serrata are immunomodulatory agents and act

immunostimulant activities in the reticuloendothelial system.

The analgesic test support the use of these medicinal plants as analgesic drugs against
pain, while the anti-inflammatory study allow us to conclude the potential effect of these

plants against inflammation and oedema.

Considering the results obtained from the in vitro study we can conclude that the
extracts used from Argania spinosa seeds, Citrullus colocynthis seeds and Boswellia serrata
have an antiproliferative effect against cancer cell lines and precisely against leukemia, and

this appears by affecting the tumor cell growth.

A novel aspect of our study that we found an upregulation caused by the treatment
with Argania spinosa extract on the expression of proliferation-related proteins NOTCHI1 and
ERK which might be discussed by the involvement of our plant extract in signaling

mechanisms.

Through the in vivo study of the anti-arthritic effect of Argania spinosa seeds, we are
able to conclude that this plant possesses potential anti-arthritic and anti-inflammatory

activities.

On the basis of our findings and data from the literature we developed a model for
describing the role of hyperhomocysteinemia in the alteration and aggravation of
inflammation; this model involves formalin induced arthritis and methionine induced
hypehomocysteinemia in rats. In fact, our experiment consists of the administration of
methionine in high doses, its degradation product, homocysteine initiates an inflammatory
process determined by the elevation of the plasma CRP and homocysteine levels, and
confirmed by the increase of the inflammation process observed in paw thickness and
histological study. About the role of the treatment by Argania spinosa seeds in this model,

this plant shows its effect in the generation of anti-arthritic and anti-inflammatory response.
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topics:

Based on the present results, our future work and perspectives can evaluate many

Purification of the bioactive molecules presented in the plants extracts.

The possible effect of Algerian Argania spinosa seeds, Citrullus colocynthis
seeds and Boswellia serrata on the action of pro-inflammatory cytokines such

as IL-1, IL-6, TNFa and MCP-1.

Evaluation of the possible Interaction between hyperhomocysteinemia and

other inflammatory diseases such as inflammatory bowel disease.

Future studies need to characterize the role of Argania spinosa, Citrullus
colocynthis and Boswellia serrata on the regulation of some pro-apoptotic and
anti-apoptotic proteins and other signaling pathways in solid cancer cell lines

including breast cancer and colon cancer.

Test of the effect of our extracts in endothelial cell culture and rheumatoid
arthritis synovial cells then the dosage of the enzyme Methionine
aminopeptidase (MeAP). In fact this enzyme accelerates endothelial cell
proliferation and the inhibition of this enzyme can reduce rheumatoid arthritis.
So we can compare the inhibitory effect of our extracts to the known inhibitor

of this enzyme which is PPI-2458 inhibitor.

83



References




References

10.

1.

Adzu B., Amos S., Kapu S.D., Gamaniel K.S. (2003). Anti-inflammatory and anti-
nociceptive effects of Sphaeranthus senegalensis. Journal of Ethnopharmacology. 84:
169-173.

Aksamija A. (2012). Etude Chimique des Matériaux Résineux : Oliban, Dammar et
Mastic. Application a des Prélévements Artistiques et Archéologiques. Doctorat

Thesis, Universite d’Avignon et des Pays de Vaucluse.

. Al Amin Md., Chowdhury I.A., Mahbub K. M.M., Sattar M., Shahriar M.,

Kuddus Md. R., Rashid M.A. (2012). Anti-inflammatory and Analgesic Activities of
Asteracantha longifolia Nees. Bangladesh Pharmaceutical Journal. 15(2): 171-176.
Allenspach E.J., Maillard L., Aster J.C., Pear W.S. (2002). Notch signaling in
cancer. Cancer Biology and Therapy. 1(5):466-76.

Almanc¢a C.C.J., Saldanha S.V., Sousa D.R., Trivilin L.O., Nunes L.C., Porfirio
L.C., Marinho B.G. (2011). Toxicological evaluation of acute and sub-chronic
ingestion of hydroalcoholic extract of Solanum cernuum Vell. in mice. Journal of
Ethnopharmacology. 138: 508-512.

Ammon H.P.T. (2006). Boswellic acids in chronic inflammatory diseases. Planta
Medica. ISSN 0032-0943.

Ammon H.P.T., Sineh T. and Safayhi H. (1991). Inhibition of leukotriene B4
formation in rat peritoneal neutrophils by an ethanoloc extract of the gum resin
exudates of Boswellia serrata. Planta Medica. 57: 203-207.

Anh Thuy Do M. (2012). Isolation and Characterization of Anti-inflammatory
Compounds from Marine Organisms: FEucratea loricata and Echinus esculentus.
Master thesis for the degree Master of Pharmacy. Spring University of Tromso.

Asako H., Kubes P., Baethge B. A., Wolf R. E., Granger D. N. (1992). Colchicine
and methotrexate reduce leukocyte adherence and emigration in the rat mesenteric
venules. Inflammation. 16: 45-56.

Austin R.C., Lentz S.R., Werstuck G.H. (2004). Role of hyperhomocysteinemia in
endothelial dysfunction and atherothrombotic disease. Cell Death & Differentiation.
11: 56-64.

Bai Y.P., Liu Y.H., Chen J., Song T., You Y., Tang Z.Y., Li Y.J., Zhang G.G.
(2007). Rosiglitazone attenuates NF-kappaB-dependent ICAM-1 and TNF-alpha
production caused by homocysteine via inhibiting ERK1/2/p38MAPK activation.
Biochemic & Biophysic Research Communications. 360: 20-26.

84


http://www.ncbi.nlm.nih.gov/pubmed/?term=Allenspach%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=12496471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maillard%20I%5BAuthor%5D&cauthor=true&cauthor_uid=12496471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aster%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=12496471
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pear%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=12496471
http://www.ncbi.nlm.nih.gov/pubmed/12496471

References

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Banso A., Adeyemo S. (2006). Phytochemical screening and antimicrobial assessment
of Abutilon mauritanum, Bacopa monnifera and Datura stramonium. Biokemistriz. 18:
39-44.

Bekpinar S., Ko¢ak H., Unliigerci Y., Geng¢ S., Akdag-Kose A., Gogiis F. (2003).
The evaluation of C-reactive protein, homocysteine and vitamin B6 concentrations in
Behget and rheumatoid arthritis disease. Clinica Chimica Acta. 329: 143-145.
Bendjeddou D., Lalaoui K., Satta D. (2003). Immunostimulating activity of the hot
water-soluble polysaccharide extracts of Anacyclus pyrethrum, Alpinia galanga and
Citrullus colocynthis. J. of Ethnopharmacol. 88:155-160.

Benmebarek A., Zerizer S., Laggoune S., Kabouche Z. (2013). Inmunostimulatory
activity of Stachys mialhesi de Noé. Allergy Asthma & Clinical Immunology. 9: doi:
10.1186/1710-1492.

Bennani H., Drissi A., Giton F., Kheuang L., Fiet J., Adlouni A. (2007).
Antiproliferative effect of polyphenols and sterols of virgin argan oil on human
prostate cancer cell lines. Cancer Detection and Prevention. 31: 64-69.

Berrougui H., Alvarez S., Perez-Guerrero C., Ettaib A., Hmamouchi M.,
Marhuenda E., Herrera MD. (2004). Argan (Argania spinosa) oil lowers blood
pressure and improves endothelial dysfunction in spontaneously hypertensive rats.
British Journal of Nutrition. 92: 921-929.

Bhitre, M.J., Fulmali, S., Kataria, M., Anwikar S., Kadri, H. (2008).
Antiinflammatory activity of the fruits of piper longum Linn. Asian Journal of
Chemistry. 20(6): 4357-4360.

Birari R.B., Jalapure S.S., Changrani S.R., Shid S.L., Tote M.V., Habade B.M.
(2009). Anti-inflammatory, Analgesic and Antipyretic effect of Hibiscus rosa sinesis
linn flower. Pharmacologyonline. 3: 737-747.

Blaschek W., Hiinsel R., Keller K., Reichling J., Rimpler H., Schneider G. (1998).
(Hrsg.), 5. Auflage, Springer Verlag, Berlin-Heidelberg.

Brennan F.M., Chantry D., Jackson A., et al. (1989). Inhibitory effect of TNF alpha
antibodies on synovial cell interleukin-1 production in rheumatoid arthritis. Lancet.

2(8657): 244-247.

85



References

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bruce R.D. (1985). An Up-and-Down Procedure for Acute Toxicity Testing.
Toxicology Science. 5 (1): 151-157. IN OECD, Organisation for Economic Co-
Operation and Development, (2001). Guidance Document on Acute Oral Toxicity
Testing. ENV/JIM/MONO 4.

Burger D., Dayer J.M., Palmer G., et al. (2006). Is IL-1 a good therapeutic target in
the treatment of arthritis? Best Practice Research Clinical Rheumatology. 20(5):879-
896.

Burger R., Hansen-Hagge T.E., Drexler H.G., Gramatzki M. (1999).
Heterogeneity of T-acute lymphoblastic leukemia (T-ALL) cell lines: Suggestion for
classification by immunophenotype and T-cell receptor studies. Leukemia Research.
23:19-27.

Cadi R., Mounaji K., Amraoui .F, Soukri A. (2013). Protective and antioxidant
potential of the argan oil on induced oxidative stress in Tetrahymena pyriformis.
Journal of Medicinal Plants Research. 7: 1961-1968.

Carey M.C., Donovan D.E., FitzGerald O., McAuley F.D. (1968). Homocystinuria.
I. A clinical and pathological study of nine subjects in six families. American Journal
of Medicine. 45:7-25.

Chauhan O., Godhwani J.L., Khanna N.K., Pendse V.K. (1998). Anti-
inflammatory activity of muktashukti bhasma. Indian Journal of Experimental
Biology. 36: 985-989.

Cheng W., Li J., You T., Hu C. (2005). Anti-inflammatory and Immunomodulatory
activities of the extracts from the inflorescence of Chrysanthemum indicum Linn.
Journal of Ethnopharmacology. 101: 334-337.

Chiang E.P., Bagley P.J., Selhub J., Nadeau M., Roubenoff R. (2003). Abnormal
vitamin B6 status is associated with severity of symptoms in patients with rheumatoid
arthritis. American Journal of Medicine. 114: 283-7. IN Lazzerini P.E., Capecchi
P.L., Selvi E., Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L. (2007).
Hyperhomocysteinemia, inflammation and autoimmunity. Aufoimmunity Reviews. 6:
503-509.

Chitme H.R., Patel N.P. (2009). Antiarthritis Activity of Aristolochia Bracteata
Extract in Experimental Animals. The Open Natural Products Journal. 2: 6-15.

86



References

31.

32.

33.

34.

35.

36.

37.

38.

39.

Chung C.P., Avalos 1., Oeser A., Gebretsadik T., Shintani A., Raggi P., et al.
(2007). High frequency of the metabolic syndrome in patients with systemic lupus
erythematosus: association with disease characteristics and cardiovascular risk factors.
Annual of Rheumatism Diseases. 66: 208-14. IN Lazzerini P.E., Capecchi P.L., Selvi
E., Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L. (2007).
Hyperhomocysteinemia, inflammation and autoimmunity. Aufoimmunity Reviews. 6:
503-509.

Cuomo G., Di Micco P., Niglio A., et al. (2004). Atherosclerosis and rheumatoid
arthritis: relationships between intima-media thickness of the common carotid arteries
and disease activity and disability. Reumatismo. 56(4):242-246.

Del Rincén L., O’Leary D.H., Freeman G.L., Escalante A. (2007). Acceleration of
atherosclerosis during the course of rheumatoid arthritis. Atherosclerosis. 195: 354-
360.

Del Rincon L.D., Williams K., Stern M.P., et al. (2001). High incidence of
cardiovascular events in a rheumatoid arthritis cohort not explained by traditional
cardiac risk factors. Arthritis and Rheumatism. 44(12):2737-2745.

Delazar A., Gibbons S., et al. (2006). Flavone C-glycosides and cucurbitacin
glycosides from Citrullus colocynthis. Daru J. Fac. Pharm., Tehran University of
Medicine and Sciences. 14(3): 109-114.

Deraedt R., Jouquey S., Delevallee F., Flahaut M., (1980). Release of
prostaglandins E and F in an algogenic reaction and its inhibition. European Journal
Pharmacology. 61: 17-24.

Desai N.V, Patkar A.A., Shinde S.S., Arwade A.S. (2012). Protective effect of
aqueous extract of Aegle marmelos against formaldehyde induced arthritis in rats.
International Research Journal of Pharmaceutical and Applied Sciences. 2: 66-72.
Divakar C.M., Sheela S., Sandhya S., Vinod K.R., Pillari N.R., Rao S.B. (2010).
Anti-inflammatory and Antioxidant activities of Polyscias filicifolia saponins. Der
Pharmacia Lettre. 2: 41-47.

Drissi A., Girona J., Cherki M., Godas G., Derouiche A., EIMessal M., et al.
(2004). Evidence of hypolipemiant and antioxidant properties of argan oil derived

from the argan tree (Argania spinosa). Clinical Nutrition. 23: 1159-1166.

87



References

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Duarte J.D.G., Nakamura M., Ferreira S.H. (1988). Participation of the
sympathetic system in acetic acid induced writhing in mice. Brazilian Journal
Medicinal and Biological Research. 21: 341-343.

Duke J.A. (1978). The quest for tolerant germplasm. In: ASA Special Symposium 32,
Crop tolerance to suboptimal land conditions. American Society of Agronomic
Madison. WI: 1-61.

Eikelboom J.W., Hankey G.J., Anand S.S., Lofthouse E., Staples N., Baker R.I.
(2000). Association between high homocyst(e)ine and ischemic stroke due to large-
and small-artery disease but not other etiologic subtypes of ischemic stroke. Stroke.
31:1069-75.

El Monfalouti H., Guillaume D., Denhez C., Charrouf Z. (2010). Therapeutic
potential of argan oil — A review. Journal of Pharmacy and Pharmacology. 62: 1669—
1675.

Farnsworth N.R., Soejarto D.D. (1991). Global importance of medicinal plants. IN
Manigaunha A., Ganesh N., Kharya M.D. (2010). Morning glory: A new thirst in-
search of de-novo therapeutic approach. International Journal of Phytomedicine. 2:
18-21.

Farragher T.M., Goodson N.J., Naseem H., et al. (2008). Association of the HLA-
DRBI1 gene with premature death, particularly from cardiovascular disease, in patients
with rheumatoid arthritis and inflammatory polyarthritis. Arthritis and Rheumatism.
58(2):359-369.

Ferrando A.A. (2009). The role of NOTCHI1 signaling in T-ALL Hematology.
American Society of Hematology Education Program. 353-361.

Ferrero-Miliani L., Nielsen O.H., Andersen P.S., Girardin S.E. (2007). Chronic
inflammation: importance of NOD2 and NALP3 in interleukin-lbeta generation.
Clinical Experimental Immunology. 147 (2): 227-235.

Ferretti G., Bacchetti T., Moroni C., Vignini A., Nanetti L., Curatola G. (2004).
Effect of homocysteinylation of low density lipoproteins on lipid peroxidation of
human endothelial cells. Journal of Cellular Biochemistry. 92: 351-360.

Firdous S.M., Koneri R. (2012). Antiinflammatory and Membrane-Stabilizing
Activity of Ethanolic Extract and its Ethylacetate and N-Butanol Fractions of Ipomoea
staphylina. Asian Journal of Pharmacy & Clinical Research. 5: 50-53.

88



References

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

Fukada S., Shimada Y., Morita T., Sugiyama K. (2006). Suppression of
Methionine-Induced Hyperhomocysteinemia by Glycine and Serine in rats.
Biosciences Biotechnology and Biochemistry. 70(10): 2403-2409.

Fukagawa N.K., Martin J.M., Wurthmann A., Prue A.H., Ebenstein D.,
O'Rourke B. (2000). Sexrelated differences in methionine metabolism and plasma
homocysteine concentrations. American Journal of Clinical Nutrition. 72:22-29.

Gaoa X, Kuoa J, Jiangb H, Deeba D, Liua Y, Divinec G, Chapmand R A,
Dulchavskya S A, Gautama S C. (2004). Biochem Pharmacol. 68, 51-61 IN Kumar
S.V., Kumar S.P., Rupesh D., Kumar N.J. (2011). Immunomodulatory effects of
some traditional medicinal plants. Journal of Chemical and Pharmaceutical Research.
3:675-684.

Garcia-Gonzalez D.L. et al. (2008). Virgin olive oil- Chemical implications on
quality and health. European Journal of Lipid Science and technology. 110: 602-607.
Gokhale A.B., Damre A.S., Saraf M.N. (2003). Investigations into the
immunomodulatory activity of Argyreia speciosa. Journal of Ethnopharmacology. 84:
109-114.

Hajra S., Mehta A., Pandey P. (2011). Immunostimulating Activity of Methanolic
Extract of Swietenia Mahagoni Seeds. International Journal of Pharmacy and
Pharmaceutical Sciences. 4(1): 442-445.

Hammons A.L., Summers C.M., Woodside J.V., et al. (2009). Folate/homocysteine
phenotypes and MTHFR 677C>T genotypes are associated with serum levels of
monocyte chemoattractant protein-1. Clinical Immunology. 133: 132-137.

Hannawi S., Haluska B., Marwick T.H., et al. (2007). Atherosclerotic disease is
increased in recent-onset rheumatoid arthritis: a critical role for inflammation.
Arthritis Research and Therapy. 9(6):R116.

Highleyman L. (2011). HIV and inflammation. GMHC Treatment Issues.

Hofmann M.A., Lalla E., Lu Y., Gleason M.R., Wolf B.M., Tanji N., Ferran L.J.,
Kohl B., Rao V. Kisiel W. Stern D.M., Schmidt A.M. (2001).
Hyperhomocysteinemia  enhances  vascular inflammation and accelerates
atherosclerosis in a murine model. Journal of Clinical Investigations. 107: 675-683.
Hokanson G.C., (1978). Acetic acid for analgesic screening. Journal of Natural

Products. 41: 497-498.

89



References

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Hollosy F., Keri G. (2004). Plant-derived protein tyrosine kinase inhibitors as
anticancer agents: current medicinal chemistry. Current Medicinal Chemistry-
Anticancer Agents. 4: 173-197.

Hosseinzadeh H., Younesi H.M. (2002). Antinociceptive and anti-inflammatory
effects of Crocus sativus L. stigma and petal extracts in mice. BMC Pharmacology. 2:
1-8.

Huang S.T., Yang R.C., Yang L.J., Lee P.N., Pang J.H. (2003). Phyllanthus
urinaria triggers the apoptosis and Bcl-2 down-regulation in Lewis lung carcinoma
cells. Life Sciences. 72: 1705-1716.

Jain P.S., Bari S.B. (2010). Anti-inflammatory activity of Abelmoschus manihot
extracts. International Jornal of Pharmacology. 6: 505-509.

Jalaiah M., Mohan Kumar U., Avinash R., Swathi D. (2014). Analgesic Activity of
Diospyros Chloroxylon.Roxb. International Journal of Inventions in Pharmaceutical
Sciences. 2(3): 786-789.

Jimenez-Boj E., Redlich K., Turk B., et al. (2005). Interaction between synovial
inflammatory tissue and bone marrow in rheumatoid arthritis. Journal of Immunology.
175(4):2579-2588.

Kaithwas G., Gautam R., Jachak S. M., Saklani A. (2012). Antiarthritic effects of
Ajuga bracteosa Wall ex Benth. in acute and chronic models of arthritis in albino rats.
Pacific Journal of Tropical Biomedicine. 185-188.

Kazi A., Urbizu D.A., Kuhn D.J., Acebo A.L., Jackson E.R., Greenfelder G.P.,
Kumar N.B., Dou Q.P. (2003). A natural musaceas plant extract inhibits proteasome
activity and induces apoptosis selectively in human tumor and transformed, but not
normal and non transformed, cells. International Journal of Molecular Medicine. 12:
879-887.

Kechebar M.S.A., Karoune S., Belhamra M., Rahmoune C. (2013).
Characterization of the argan tree of southwestern Algeria. International Journal of
Current Microbiology and Applied Sciences. 2: 117-126.

Kehili H.E. Zerizer S., Kabouche Z. (2014). Immunostimulatory Activity of
Phoenix Dactylifera. International Journal of Pharmacy and Pharmaceutical

Sciences. 6: 73-76.

90



References

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Khadem A., Ashraf A., Biswas N.N. (2012). Analgesic, anti-inflammatory and anti-
diarrheal activities of ethanolic leaf extract of Typhonium trilobatum L. Schott . Asian
Pacific Journal of Tropical Biomedicine. 2(9): 722-726.

Khallouki F., Spiegelhalder B., Bartsch H., Owen R.W. (2005). Secondary
metabolites of the argan tree (Morocco) may have disease prevention properties.
African Journal of Biotechnology. 4: 381-388.

Khallouki F., Younos C., Soulimani R. Oster T., Charrouf Z., Spiegelhalder B., et
al. (2003). Consumption of argan oil (Morocco) with its unique profile of fatty acids,
tocopherols, squalene, sterols and phenolic compounds should confer valuable cancer
chemopreventive effects. European Journal of Cancer Prevention. 12: 67-75.

Kindt T.J., Goldsby R.A., Osborne B.A., Kuby J. (2007). Immunology. WH
Freeman and Company, New York. 574 pages.

Kittner S.J., Giles W.H., Macko R.F., Hebel J.R., Wozniak M.A., Wityk R.J.,
Stolley P.D., Stern B.J., Sloan M.A., Sherwin R., Price T.R., McCarter R.J.,
Johnson C.J., Earley C.J., Buchholz D.W., Malinow M.R. (1999). Homocyst(e)ine
and risk of cerebral infarction in a biracial population : the stroke prevention in young
women study. Stroke. 30:1554-60.

Klareskog L., Catrina A.L., Paget S. (2009). Rheumatoid arthritis. Lancet. 373: 659-
72.

Koelink P.J., Overbeek S.A., Braber S., Kruijf P., Folkerts G., Smit M.J.,
Kraneveld A.D. (2012). Targeting chemokine receptors in chronic inflammatory
diseases: An extensive review. Pharmacology & Therapeutics. 133: 1-18.

Kumar S., Gupta P., Sharma S., Kumar D. (2011). A review on immunostimulatory
plants. Journal of Chinese Integrative Medicine. 9: 117-128.

Kumar V., Palermo R., Talora C., Campese A.F., Checquolo S., Bellavia D.,
Tottone L., Testa G., Miele E., Indraccolo S., Amadori A., Ferretti E., Gulino A.,
Vacca A., Screpanti 1. (2014). Notch and NF-kB signaling pathways regulate miR-
223/FBXW7 axis in T cell acute lymphoblastic leukemia. Leukemia. 28: 2324-2335.
Lazzerini P.E., Capecchi P.L., Selvi E., Lorenzini S., Bisogno S., Galeazzi M.,
Pasini F.L. (2007). Hyperhomocysteinemia, inflammation and autoimmunity.

Autoimmunity Reviews. 6: 503—509.

91



References

81.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

Lee H.Y., Chae I.H., Kim H.S., Park Y.B., Choi Y.S., Lee Y.W., Park S.J., Cha
Y.J. (2002). Differential effects of homocysteine on porcine endothelial and vascular
smooth muscle cells. Journal of Cardiovascular Pharmacology. 39: 643-651.

Leung K.K. (2007). Longitudinal analysis of MRI images in rheumatoid arthritis.
Doctorat thesis of Philosophy. University of London. Centre for Medical Image
Computing.

Li M., Chen J., Li Y.S., Feng Y.B., Gu X., Shi C.Z. (2006). Folic acid reduces
adhesion molecules VCAM-1 expression in aortic of rats with hyperhomocysteinemia.
International Journal of Cardiology. 106: 285-288.

Libby P. (2008). Role of inflammation in atherosclerosis associated with rheumatoid
arthritis. American Journal of Medicine.121:521-31.

Lin C.P., Chen Y.H., Leu H.B., Lin S.J., Chen Y.L., Huang S.L., Chen J.W.
(2009). Anti-inflammatory strategies for homocysteine-related cardiovascular disease.
Frontiers in Biosciences. 1: 3836-3845.

Littlefield M.J., Teboul 1., Voloshyna I., Reiss A.B. (2014). Polarization of Human
THP-1 Macrophages: Link between Adenosine Receptors, Inflammation and Lipid
Accumulation. International Journal of Immunology and Immunotherapy. 1: 2378-
3672.

Lopez-Olivo M.A., Gonzalez-Lopez L., Garcia-Gonzalez A.l., Villa- Manzano A.,
Cota-Sanchez A.R., Salazar-Paramo M., et al. (2006). Factors associated with
hyperhomocysteinemia in Mexican patients with rheumatoid arthritis. Scandinavian
Journal of Rheumatology. 35:112—6. IN Lazzerini P.E., Capecchi P.L., Selvi E.,
Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L. (2007). Hyperhomocysteinemia,
inflammation and autoimmunity. Autoimmunity Reviews. 6: 503-509.

Lu Z. and Xu S. (2006). ERK1/2 MAP Kinases in Cell Survival and Apoptosis,
IUBMB Life. 58(11): 621 — 631.

Luo X. Tan H., Zhou Y., Xiao T., Wang C., Li Y. (2013). Notchl signaling is
involved in regulating Foxp3 expression in T-ALL. Cancer Cell International. 13:34.
M.Saleh S., Zangor J.R., (2009). Proinflammatory cytokines profile in patients with
Rheumatoid arthritis. Journal of Faculty of Medicine Baghdad. 51: 57-59.

92


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=19273314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=19273314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leu%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=19273314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=19273314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=19273314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=19273314
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=19273314

References

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Marzouk B., Marzouk Z., Fenina N., Bouraoui A., Aouni M. (2011). Anti-
inflammatory and analgesic activities of Tunisian Citrullus colocynthis Schrad.
immature fruit and seed organic extracts. European Review for Medical and
Pharmacological Sciences. 15: 665-672.

Mathiesen E.B., Bonaa K.H., Joakimsen O. (2001). Echolucent plaques are
associated with high risk of ischemic cerebrovascular events in carotid stenosis: the
tromso study. Circulation. 103: 2171-2175.

McCully K.S. (1969). Vascular pathology of homocysteinemia: implications for the
pathogenesis of arteriosclerosis. American Journal of Pathology. 56:111-28.
Medzhitov R. (2008). Origin and physiological roles of inflammation. Nature.
454(24): 428-435.

Meune C., Touzé E., Trinquart L., Allanore Y. (2009). Trends in cardiovascular
mortality in patients with rheumatoid arthritis over 50 years: a systematic review and
meta-analysis of cohort studies. Rheumatology (Oxford). 48: 1309-1313.

Mudd S.H., Finkelstein J.D., Refsum H., Ueland P.M., Malinow M.R., Lentz S.R.,
Jacobsen D.W., Brattstrom L., Wilcken B., Wilcken D.E., Blom H.J., Stabler
S.P., Allen R.H., Selhub J., Rosenberg I.H. (2000). Homocysteine and its disulfide
derivatives: a suggested consensus terminology. Arteriosclerosis Thrombosis and
Vascular Biology. 20:1704-1706.

Muller W.A. (2003). Leukocyte—endothelial-cell interactions in leukocyte
transmigration and the inflammatory response. Trends in Immunology. 24 :6.

Nathan, C. (2002). Points of control in inflammation. Nature. 420, 846—852.
Nishimoto N., Kishimoto T. (2006). Interleukin 6: from bench to bedside. Nature
Clinical Practice Rheumatology. 2(11):619-626.

Norrish A.E., Skeaff C.M. Arribas G.L., Sharpe S.J., Jackson R.T. (1999).
Prostate cancer risk and consumption of fish oils: a dietary biomarker-based case-
control study. British Journal of Cancer. 81: 1238-1242.

O'Neil J., Grim J., Strack P., Rao S., Tibbitts D., Winter C., et al. (2007).
FBW7 mutations in leukemic cells mediate NOTCH pathway activation and resistance
to gamma-secretase inhibitors. Journal of Experimental Medicine. 204: 1813-182.
Otsuki N., Dang N.H., Kumagai E., Kondo A., Iwata S., Morimoto C.
(2010). Aqueous extract of Carica papaya leaves exhibits anti-tumor activity and

immunomodulatory effects. Journal of Ethnopharmacology. 127: 760-767.

93



References

103. Ouachrif A., Khalki H., Chaib S., Mountassir M., Aboufatima R., Farouk
L., Benharraf A., Chait A. (2012). Comparative study of the anti-inflammatory and
antinociceptive effects of two varieties of Punica granatum. Pharmaceutical Biology.
1-10.

104. Ould Safi M. (2014). Caractérisation et état sanitaire de [’arganeraie de
Tindouf. Université Abou Bakr Belkaid. Tlemcen (62p).

105. Palermo R., Checquolo S., Giovenco A., Grazioli P., Kumar V., Campese
AF., Giorgi A., Napolitano M., Canettieri G., Ferrara G., Schinina M.E.,
Maroder M., Frati L., Gulino A., Vacca A., Screpanti 1. (2012). Acetylation
controls Notch3 stability and function in T-cell leukemia. Oncogene. 31: 3807-3817.

106. Palmblad J.E.W., Lerner R. (1992). Leukotriene B4-induced
hyperadhesiveness of endothelial cells for neutrophils: relation to CD54. Clinical
Experimental Immunology. 90:2, 300-304.

107. Paschka A.G., Butler R., Young C.Y. (1998). Induction of apoptosis in
prostate cancer cell lines by the green tea component, (-) epigallocatechin-3- gallate.
Cancer Letters. 130: 1-7.

108. Patel S., Gheewala N., Suthar, A., Shah, A. (2009). /n-vitro cytotoxicity
activity of solanum nigrum extract against Hela cell line and Vero cell line.

International Journal of Pharmacy and Pharmaceutical Sciences. 1: 38-46.

109. Phillipson M., Kubes, P. (2011). The neutrophil in vascular inflammation.
Nature Medicine. 17:1381-1390.
110. Rainska-Giezek T., Mccisz A., Pawlik A. (2011). The phagocyte-stimulatory

properties of plant extracts from Compositae family. Herba Botanica. 57: 45-50.
111. Rastogi B. Tiwari U., Dubey A., Bawara B., Chauhan N.S., Saraf D.K.
(2008). Immunostimulant Activity of Cocculus Hirsutus on Immunosuppressed Rat.

Pharmacologyonline. 3: 38-57.

112. Refsum H., Ueland P.M., Nygard O., Vollset S.E. (1998). Homocysteine and
cardiovascular disease. Annual Rev Med. 49, 31-62.
113. Ribeiro R.A., Vale M.L., Thomazzi S.M., Paschoalato A.B.P., Poole S.,

Ferreira, S.H., Cunha, F.Q., (2000). Involvement of resident macrophages and mast
cells in the writhing nociceptive response induced by zymosan and acetic acid in mice.

European Journal of Pharmacology. 387: 111-118.

94



References

114. Romerio S.C., Linder L., Nyfeler J., Wenk M., Litynsky P., Asmis R.,
Haefeli W.E. (2004). Acute hyperhomocysteinemia decreases NO bioavailability in
healthy adults. Atherosclerosis. 176: 337-344.

115. Roskoski Jr. R. (2012). ERK1/2 MAP kinases: Structure, function, and
regulation. Pharmacology Research. 66(2):105-143.

116. Safayhi H., Sailer, E.R. (1997). Antiinflammatory actions of pentacyclic
triterpenes. Planta Medica. 63: 487-493.

117. Sangameswaran B., Balakrishnan B. R., et al. (2008). Oral hyporglycaemic
activity of extracts of leaves of Citrullus colocynthis (Schrad). Journal of
Pharmaceutical Research. 7(3): 138-140.

118. Schroecksnadel K., Frick B., Kaser S., Wirleitner B., Ledochowski M.,
Mur E., Herold M., Fuchs D. (2003). Moderate hyperhomocysteinaemia and
immune activation in patients with rheumatoid arthritis. Clinica Chimica Acta. 338:
157-164.

119. Schroecksnadel K., Frick B.,Wirleitner B.,Winkler C., Schennach H.,
FuchsD. (2004). Moderate hyperhomocysteinemia and immune activation. Current
Pharmaceutical Biotechnology. 5:107-18. IN Lazzerini P.E., Capecchi P.L., Selvi
E., Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L. (2007).
Hyperhomocysteinemia, inflammation and autoimmunity. Autoimmunity Reviews. 6:
503-5009.

120. Scott D.L., Shipley M., Dawson A. (1998). The clinical management of
rheumatoid arthritis and osteoarthritis: Strategies for improving clinical effectiveness,
British Journal of Rheumatology. 37: 546- 554.

121. Screpanti L., Bellavia D., Campese A.F., Frati L., Gulino A. (2003). Notch,
a unifying target in T-cell acute lymphoblastic leukemia? Trends in Molecular
Medicine. 9: 30-35.

122. Serhan C. N. (2004). A search for endogenous mechanisms of anti-
inflammation uncovers novel chemical mediators: missing links to resolution.
Histochemistry and Cell Biology. 122: 305-321. IN Hidalgo E. (2010). T cells in
Rheumatoid Arthritis. Doctorat Thesis of Philosophy. Institute of Biomedical

Research, Medical school, University of Birmingham.

95



References

123. Serhan C. N., Brain S. D., Buckley C. D., Gilroy D. W., Haslett C., O'Neill
L. A., Perretti M., Rossi A. G., and Wallace J. L. (2007). Resolution of
inflammation: state of the art, definitions and terms. FASEB Journal. 21: 325-332. IN
Hidalgo E. (2010). T cells in Rheumatoid Arthritis. Doctorat Thesis of Philosophy.
Institute of Biomedical Research, Medical school, University of Birmingham.

124. Shaikh M.ML.A., Jesmin M., Azad M.A.K., Islam M.K., Zahan R. (2012).
Anti-inflammatory and analgesic activities of acetophenone semicarbazone and
benzophenone semicarbazone. Asian Pacific Journal of Tropical Biomedicine. 1036-
1039.

125. Shaikh P.Z. (2011). Study of anti-inflammatory activity of ethanolic extract of
Hemidesmus indicus roots in acute, subchronic & chronic inflammation in
experimental animals. International Journal of Pharmacy & Life Sciences. 2: 1154-
1173.

126. Shao Y., Ho C.T., Chin C.K., Badmaev V., Ma W., Huang M.T. (1998).
Inhibitory activity of boswellic acids from Boswellia serrata against human leukemia
HL-60 cells in culture. Planta Medica. 64: 328-331.

127. Sharma M.L., Bani S., Singh G.B. (1989). Antiarthritic activity of boswellic
acid in bovine serum albumin-induced arthritis. [International Journal of
Immunopharmacology. 11: 647-652.

128. Sharma M.L., Kaul A., Khajuria A., Singh S., Singh G.B. (1996).
Immunomodulatory activity of boswellic acids (Pentacyclic Triterpene Acids) from
Boswellia serrata Roxb. Phytotherapy Research. 10: 107-112.

129. Shastry V. M., Patil V. R., Chaudhari R. Y. (2011). Acute and Chronic
Antiinflammatory Activity of Pergularia Daemia Whole Plant in Various
Experimental Animal Models. International Journal of Pharmacy and Pharmaceutical
Sciences. 3: 241 244.

130. Shuklaa S., Mehtaa A., Johna J., Mehtaa P.SP., Vyasb Shuklac S. (2009).
Immunomodulatory activities of the ethanolic extract of Caesalpinia bonducella
seeds. Journal of Ethnopharmcology. 125: 252-256.

131. Silverman M.D., Tumuluri R.J., Davis M., Lopez G., Rosenbaum J.T.,
Lelkes P.I. (2002). Homocysteine upregulates vascular cell adhesion molecule-1
expression in cultured human aortic endothelial cells and enhances monocyte

adhesion. Arteriosclerosis Thrombosis & Vascular Biology. 22: 587-592.

96



References

132. Singh S., Yadav C.P.S., Malleshappa N., Noolvi. (2012).
Immunomodulatory activity of butanol fraction of Gentiana olivieri Griseb on Balb/C
mice. Asian Pacific Journal of Tropical Biomedicine. 433-437.

133. Singh V.K., Sharma P.K., Dudhe R., Kumar N. (2011). Inmunomodulatory
effects of some traditional medicinal plants. Journal of Chemical and Pharmaceutical
Research. 3 (1): 675-684.

134. Sosa S., Balicet M.J., Arvigo R., Esposito R.G., Pizza C., Altinier
G.A.(2002). Screening of the topical anti-inflammatory activity of some Central
American plants. Journal of Ethnopharmacology. 8:211-215.

135. Stajszczyk M., Gminski. J. (1993). Lipoxins--new arachidonic acid-derived
molecules. Postepy Higieny i Medycyny Doswiadczalnej. 47: 137-147. IN Hidalgo E.
(2010). T cells in Rheumatoid Arthritis. Doctorat Thesis of Philosophy. Institute of
Biomedical Research, Medical school, University of Birmingham.

136. Stamler J.S., Osborne J.A., Jaraki O., Rabbani L.E., Mullins M., Singel
D., Loscalzo J. (1993). Adverse vascular effects of homocysteine are modulated by
endothelium-derived relaxing factor and related oxides of nitrogen. Journal of Clinical
Investigations. 91: 308-318.

137. Subhadip H., Archana M., Pinkee P. (2012). Immunostimulating activity of
methanolic extract of Swietenia mahagoni seeds. International Journal of Pharmacy
and Pharmaceutical Sciences. 4(1): 442-445.

138. Sueki D., Brechter J. (2009). Orthopedic Rehabilitation Clinical Advisor.
Elsevier Health Sciences, 984 pages.

139. Tannin-Spitz T. (a), Bergman M., et al. (2007). Cucurbitacin glucosides:
Antioxidant and free-radical scavenging activities. Biochemical and Biophysical
Research Communications. 364(1): 181-186.

140. Tannin-Spitz T. (b), Grossman S., et al. (2007). Growth inhibitory activity of
cucurbitacin glucosides isolated from Citrullus colocynthis on human breast cancer
cells. Biochemical Pharmacology. 73(1): 56-67.

141. Tiftikci A., Ozdemir A., Tarcin O., Tarcin O., Inanc N., et al. (2006).
Influence of serum folic acid levels on plasma homocysteine concentrations in patients

with rheumatoid arthritis. Rheumatology International. 26: 191-194.

97



References

142. Tilwari A., Shukla N.P., Uma Devi P. (2011). Effect of five medicinal plants
used in Indian system of medicines on immune function in Wistar rats. African
Journal of Biotechnology. 10 (73):16637-16645.

143. Tripathy D., Grammas P. (2009). Acetaminophen inhibits neuronal
inflammation and protects neurons from oxidative stress. Journal of
Neuroinflammation, 6:10.

144. Tripathy G., Pradhan D. (2013). Evaluation of /n-Vitro Anti-Proliferative
Activity and In-Vivo Immunomodulatory Activity of Beta Vulgaris. Asian Journal of
Pharmaceutical and Clinical Research. 6: 127-130.

145. Ueland P.M., Hustad S., Schneede J., Refsum H., Vollset S.E. (2001).
Biological and clinical implications of the MTHFR C677T polymorphism. Trends in
Pharmacological Sciences. 22: 195-201.

146. Ueland P.M., Refsum H. (1989). Plasma homocysteine, a risk factor for
vascular disease: plasma levels in health, disease, and drug therapy. Journal of
Laboratory and Clinical Medicine. 114:473-501.

147. Uma C., Sekar K.G. (2014). Phytochemical analysis of a folklore medicinal
plant citrullus colocynthis L (bitter apple). Journal of Pharmacognosy and
Phytochemistry. 2: 195-202.

148. Ungvari Z. (2001). Hyperhomocysteinemia-induced dysfunction of the
arteriolar endothelium. Ph.D. thesis. Semmelweis University.

149. Upchurch G.R., Welch G.N., Fabian A.J., Freedman J.E., Johnson J.L.,
Keaney J.F., Loscalzo J. (1997). Homocyst(e)ine decreases bioavailable nitric oxide
by a mechanism involving glutathione peroxidase. Journal of Biological Chemistry.
272:17012- 17017.

150. Van Boxel J.A., Paget S.A. (1975). Predominantly T-cell infiltrate in
rheumatoid synovial membranes. New England Journal of Medicine. 293(11):517-
520.

151. Van der Put N.M., Thomas C.M., Eskes T.K., Trijbels F.J., Steegers-
Theunissen R.P., Mariman E.C., De Graaf-Hess A., Smeitink J.A., Blom H.J.
(1997). Altered folate and vitamin B12 metabolism in families with spina bifida
offspring. OJM. 90: 505-510.

98



References

152. Van Vlierberghe P., Ferrando A. (2012). The molecular basis of T cell
acute lymphoblastic leukemia. Journal of Clinical Investigations. 122(10): 3398—
3406.

153. Vasudevan M., Gunnam K.K., Parle M. (2006). Antinociceptive and Anti-
inflammatory Properties of Daucus carota seeds Extract. Journal of Health Science.
52: 598-606.

154. Verpoorte R. (2000). Pharmacognosy in the New Millennium: Lead find and
Biotechnology. Journal of Pharmacy and Pharmacology. 52: 253-262. IN
Manigaunha A., Ganesh N., Kharya M.D. (2010). Morning glory: A new thirst in-
search of de-novo therapeutic approach. International Journal of Phytomedicine. 2:

18-21.

155. Vollesen K. (1989). The Flora of Ethiopia, Vol. 3, I. Hedberg, S. Edward
(editors), Addis Ababa University: Addis Ababa. 442-478.
156. Wallberg-Jonsson S., Cvetkovic J.T., Sundqvist K.G., Lefvert A.K.,

Rantapaa-Dahlqvist S. (2002). Activation of the immune system and inflammatory
activity in relation to markers of atherothrombotic disease and atherosclerosis in
rheumatoid arthritis. Journal of Rheumatology. 29:875-82. IN Lazzerini P.E.,
Capecchi P.L., Selvi E., Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L. (2007).
Hyperhomocysteinemia, inflammation and autoimmunity. Autoimmunity Reviews. 6:
503-509.

157. Wallberg-Jonsson S., Johansson H., Ohman M.L., et al. (1999). Extent of
inflammation predicts cardiovascular disease and overall mortality in seropositive
rheumatoid arthritis. A retrospective cohort study from disease onset. Journal of
Rheumatology. 26(12):2562-2571.

158. Wang G., Woo C.W.H., Sung F.L., Siow Yaw L., Karmin O. (2002).
Increased Monocyte Adhesion to Aortic Endothelium in Rats With
Hyperhomocysteinemia Role of Chemokine and Adhesion Molecules.
Arteriosclerosis, Thrombosis, and Vascular Biology. 22: 1777-1783.

159. Wilcken D.E., Wilcken B. (1976). The pathogenesis of coronary artery
disease. A possible role for methionine metabolism. Journal of Clinical Investigations.
57:1079-82.

160. Winyard P.G., David R., Blake D.R., Evans C.H. (2000). Free radicals and
inflammation. Birkhduser. ISBN 3-7643-5851-3.

99


http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Vlierberghe%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrando%20A%5Bauth%5D

References

161. Wiseman H., Halliwell B. (1996). Damage to DNA by reactive oxygen and
nitrogen species: role in inflammatory disease and progression to cancer. Biochemical
Journal. 313: 17-29.

162. Woolf K. (2008). Elevated Plasma Homocysteine and Low Vitamin B-6 Status
in Nonsupplementing Older Women with Rheumatoid Arthritis. Journal of the
American Dietetic Association. 108:443-453.

163. Wu J.T. (2008). Circulating Homocysteine Is an Inflammation Marker and a
Risk Factor of Life-Threatening Inflammatory Diseases. Journal of Biomedical
Science. 19 (4): 107-112.

164. Yamanishi Y., Boyle D.L., Rosengren S., Green D.R., Zvaifler N.J,.
Firestein G.S. (2002). Regional analysis of p53 mutations in rheumatoid arthritis
synovium. Proceedings of the National Academy of Sciences. 99: 15, 10025-10030.

165. Yesilova Z., Pay S., Oktenali C.,Musabak U., SaglamK., Sanisoglu S.Y., et
al. (2005). Hyperhomocysteinemia in patients with Behcet's disease: is it due to
inflammation or therapy? Rheumatology International. 25:423-8. IN Lazzerini P.E.,
Capecchi P.L., Selvi E., Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L. (2007).
Hyperhomocysteinemia, inflammation and autoimmunity. Autoimmunity Reviews. 6:
503-509.

166. Yoo J.H., Chung C.S., Kang S.S. (1998). Relation of plasma homocyst(e)ine
to cerebral infarction and cerebral atherosclerosis. Stroke.29: 2478-2483.

167. Yxfeldt A.,Wallberg-Jonsson S., Hultdin J., Rantapaa-Dahlqvist S. (2003).
Homocysteine in patients with rheumatoid arthritis in relation to inflammation and B-
vitamin treatment. Scandinavian Journal of Rheumatology. 32:205-10. IN Lazzerini
P.E., Capecchi P.L., Selvi E., Lorenzini S., Bisogno S., Galeazzi M., Pasini F.L.
(2007). Hyperhomocysteinemia, inflammation and autoimmunity. Autoimmunity
Reviews. 6: 503-509.

168. Zeng X., Dai J., Remick D.G., Wang X. (2003). Homocysteine mediated
expression and secretion of monocyte chemoattractant protein-1 and interleukin-8 in
human monocytes. Circulation Research. 93: 311-320.

169. Zhang X., Li H., Jin H., Ebin Z., Brodsky S., Goligorsky M.S. (2000).
Effects of homocysteine on endothelial nitric oxide production. American Journal of

Physiology & Renal Physiology. 279: F671-F678.

100



References

170. Zoro A.B.IL, Koffi K.K., Djé Y. (2003). Caractérisation botanique et
agronomique de trois especes de cucurbites consommées en sauce en Afrique de
I’Ouest : Citrullus sp., Cucumeropsis mannii Naudin et Lagenaria siceraria (Molina)
Standl. Biotechnology, Agronomy, Society and Environment. 7: 189-199.

171. ZouJ., Li P, Lu F., Liu N, Dai J., Ye J., Qu X., Sun X., Ma D., Park J., Ji
C. (2013). Notchl is required for hypoxia-induced proliferation, invasion and
chemoresistance of T-cell acute lymphoblastic leukemia cells. Journal of Hematology

& Oncology. 6: 3.

101



Appendices




Appendix 1

I.1. Histological section procedure

» Tissue fixation

- The joint tissues are immersed into a fixative (10 % formol) for a period of time
(minimum 24 hours) to allow the fixative to diffuse into the tissue.

- The joints are decalcified in 5% formic acid for three days; this step is to facilitate the
sectioning.

- The tissues are then dehydrated by bathing through a graded series of mixtures of
ethanol ethanol solution (50%, 70%, 96%), each step is placed for 30 min.

- The tissues are finally kept in small containers filled with butanol for one week, after

that they are immersed in xylene solution for 10 min.

» Embedding in paraffin

The tissue are immersed in paraffin and the sectioning is performed with a microtome (Leica

RM213, Laboratory El-yassemine, Constantine).
» Staining

Paraffin slices, Sum thick were stained with hematotoxylin eosin staining.

I1.2. Hematoxylin eosin staining

Dip slides in alcohol for Sminutes;

Rinse with water;

Stain slides in hematoxylin for 4 minutes;
After rinsing stain with eosin for 10 minutes;
Rinse with water;

Dip slides in alcohol for 1 minutes

A N N N N

After rinsing and drying, the editing is done using xylene
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1.3. PBS preparation

Nacl: 0,8¢g

Kcl: 0,2g

Na2POs: 1,15g
KH2PO4: 0,2¢g
Mgcl26H20: 0,1g
Cacl22H20: 0,137¢g

AN N N N NN

QS: 1 liter of water

I.4. Treatment dose calculation
v" Plant extracts given dose (100mg/kg)
0,lg —  1000g

Xg ——  Mouse weight (g)

Plant extract given dose = 0,05g x Mouse weight (g)
1000

L.5. Protein extract preparation
L.5.1. Cell pellet preparation

Resuspend the cells and take the flask content in falcon;
Centrifuge the falcon at 1200 r.p.m. for 7 minutes;
Throw the supernatant;

Was with 1 ml/pellet of PBS;

Resuspend the pellet and pass it to eppendorf;
Centrifuge at 1800 r.p.m. for 5 minutes;

Remove the supernatant;

AN NN Y N N NN

Centrifuge again at 1800 r.p.m. for 3 minutes;
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v
v

Remove the remaining supernatant;

Store the pellet at -80°c

I.5.2. Total extraction

AN N NN

Add to the pellet Q.S. of Laemmli Buffer (volume depending on pellet quantity);
20 minutes in ice;

Sonication to mix very well;

centrifuge at 13000 r.p.m. for 20 minutes;

Take the supernatant in new eppendorf

1.6. Bradford method

We need Iml of Bradford solution to measure the protein concentration for each sample.

Iml of Bradford solution = 200ul Bradford + 800u1 H20.

v

v

Put 1ml Bradford solution + 1ul from each sample in the cuve and mix the solution,
one cuve serve as blanc and consists of mixing 1ml Bradford solution + 1pul Laemmli
Buffer;

Measure the absorbance of samples using spectrophotometer at 595 nm

1.7.10 % SDS-PAGE gel preparation

For preparing 20 ml of the gel we need

v

7,9ml H20

V' 6,7ml 30% Acrylamide mix

D N N NN

5ml 1,5M Tris (PH 8,8)
0,2ml 10% SDS

0,2ml 10% APS
0,008ml TEMED
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For preparing 8 ml of the STACK solution (specific for the wells of the gel) we need

AN N NN

5,5ml H20

1,3ml 30% Acrylamide mix
Iml 1,0M Tris (PH 6,8)
0,08ml 10% SDS

0,08ml 10% APS

0,008ml TEMED

1.8. Samples preparation for gel running

NN N N SR NN

Choose the volume (30 pg) for each sample for loading in the gel;
Put the samples in 37°c for 10 minutes;

Vortex the preparations;

Add the B Mercapto in dose 1:20ul;

Put the samples at 100°c for 5 minutes;

Vortex again;

load the protein marker (7ul) then the samples

L1.9. Cell treatment

1.9.1. Suspension cells (JURKAT, MOLT3, DND41, PreT, M31)

AN N N N N SN

Take the flask solution after pipetting well in falcon;
Count the cells by trypan blue method;

Centrifuge at 1200 r.p.m. for 7 minutes;

Remove the supernatant;

Add the needed volume of medium;

Put the cells in multiwell;

Treat the cells
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1.9.2. Adherent cells (HEK, Hacat)

Take off the medium from the dish by pipette;

Wash with 2ml PBS;

Put 1ml of Trypsine and incubate 5 minutes in incubator;
Stop Trypsine action by adding 9ml of Medium;

Split the cells in new dish and plate cells for 24 hours;
After check under the microscope cell growth take off the medium;
Wash with 2ml PBS;

Add Iml of Trypsine and incubate 5 minutes in incubator;
Add 9ml of Medium;

Count cells by trypan blue method;

Take the volume needed from each cell line;

Pellet and remove the supernatant;

Resuspend in new medium,;

Incubate the cells over night;

AN N N N N Y N N N U N N NN

Treat the cells
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ABSTRACT

Objective: Various compounds of medicinal plants have been widely investigated since ancient times for their possible immunomodulatory

properties in the body’s immune system.

Methods: In the present study, the immunostimulatory effect of Argania spinosa crude extract was evaluated in vivo. The immunostimulant potential
of crude extract on the phagocytic activity was measured by the carbon clearance rate test.

Results: Our research revealed that at different doses (30,50, 100 and 150 mg/kg), Argania spinosa crude extract increased the phagocytic activity
in a dose dependant manner when compared with the control and thus the clearance rate of carbon was faster after the administration of the plant

extract P=0,000.

Conclusion: Argania spinosa crude extract exhibited a dose-dependent immunostimulant effect on the reticuloendothelial system, which could be

attributed to the presence of active principles in this crude extract.

Keywords: Inmunomodulatory, Argania spinosa seeds, Phagocytic activity, Carbon Clearance rate, Reticuloendothelial system.

INTRODUCTION

The immune system is the most complex biological systems in the
body. At the time of infection immune system go under the attack of
a large number of viruses, bacteria and fungi[1]. There are two
branches of immunity response: humoral immunity and cellular
immunity [2].

Immunity disorders may affect both cellular and humoral
components. An important role in the cellular immunity is played by
reticuloendothelial system which mainly comprise of phagocytic
cells whose function is to ensure elimination of senescent cells,
pathogenic microorganisms and immune complex from blood and
tissues and participate in inflammation. This way they contribute to
non-specific immunity. These cells also participate in specific
immunity by way of antigen presentation and cytokine secretions

[3].

In order to perform phagocytic function, cells of reticuloendothelial
system must be transformed to the active state. This specific ability
is significantly suppressed by the action of physiological and
pathological factors in nature. However, it is possible to influence
this ability using certain immunomodulating agents [4, 5]

Immunomodulation is a procedure which can alter the immune
system of an organism by interfering with its functions [6]. In the
innate immune the nature Killer cell plays an important role to the
defiance against virus - infected and malignant cell to destroy the
abnormal cell [7]

Medicinal plants which are used as immunomodulatory effect to
provide alternative potential to conventional chemotherapy for a
variety of diseases, especially in relation to host defense mechanism.
The use of plant product like polysaccharides, lectines, peptides,
flavonoids and tannins has been the immune response or immune
system in various in -vitro modals [8].

Argan tree (Argania spinosa (L.) Skeels) belongs to the Sapotaceae
family and it is the only species of this tropical family, is endemic in
South-western Morocco [9] and Algerian region of Tindouf [10, 11].

The fruit of the argan tree is a stone-fruit (as for walnut tree or
almond tree); with pulp covering a lignified endocarp (the nut)
containing one to three kernels (the seeds) which furnish edible and
marketable oil [12].

Pharmacological studies have confirmed that Argania spinosa have
several biological effects including: antiproliferative [13, 14, 15, 16]
Hypolipidemic, hypocholesterolemic [17], antiatherogenic [18, 19,
20] antiradical [21, 22] and anti-inflammatory activities [23].

The present investigation was undertaken to evaluate the
immunostimulatory effect of the crude extract obtained from
Argania spinosa seeds using phagocytic responses by carbon
clearance test in vivo experimental model.

MATERIALS AND METHODS
Plant Material

Seeds of Argania spinosa were collected from Tindouf (South -west
of Algeria).

The fruits were cut into pieces to obtain seeds, and then the seeds
were subjected to size reduction to a coarse powder using a
mechanical grinder. The powder (crude extract) was then used for
treatment preparations by dissolving it in normal saline (0.9%).

Animals

Adult male Mus Musculus mice ( 2.5- 3 month old ) from central
pharmacy Algeria, weighing(28- 35) were used for determination of
the phagocytic activity.

The animals were kept under standard laboratory conditions of
humidity, temperature (25+ 1°C) and light (12h day :12h night), and
allowed free access to food and water. The animal studies were
conducted after obtaining clearance from Institutional Animal Ethics
Committee and the experiments were conducted in strict compliance
according to ethical principles and provided by Committee for the
Purpose of Control and Supervision of Experiments on Animal(
CPCSEA).

Phagocytic index
The clearance rate of carbon was measured by the method of [24].

Animals were divided into five groups, consisting of six mice in GI,
GII, GIII, GIV and GV. Group I (control) was given 0,9% Nacl (0,5
ml/mouse i.p.), Groups II-III-VI and V were administered by i.p
injection with different concentrations of Argania spinosa crude
extract (30, 50, 100 and 150 mg/kg/) respectively.
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After 48h of i.p injection, the mice were administered with carbon
ink suspension at a dose of ( 0.1ml/10g through the tail vein ; the
mixture consisted of black carbon ink 3ml, saline 4ml and 3%
gelatine solution 4ml.

Blood samples were taken from the retro orbital vein by using glass
capillaries, at 5 and 15 min. Blood sample drops (14) were mixed
with 0.1% sodium carbonate solution (4ml) for the lysis of
erythrocytes and the absorbance measured at 675 nm using a
spectrophotometer.

The animals were sacrificed and the liver and spleen dissected and
weighed immediately in the wet state.

The phagocytic activity is expressed by the phagocytic index K which
measures all the reticuloendothelial system function in the contact
with the circulating blood and by corrected phagocytic index a
which expresses this activity by unit of active weight organs: liver
and spleen. The clearance rate is expressed as the half-life period of
the carbon in the blood (ti/2, min). These are calculated by means of
the following equations [25, 26]:

K=In OD1-ln OD2
12 -t1

phagocyticactivity

0'02 _J
D -
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Where OD: and OD: are the optical densities at times t: and tz
respectively.

Statistical Analysis

Results were analysed for differences between the groups across
dietary treatments by one -way ANOVA test and Tukey’s multiple
comparison tests (SPSS version 9).

RESULTS

The present data showed that there is a highly significantly
difference in the means for the phagocytic index (K) between groups
(GI, GII, GIII, GIV and GV) P= 0,000 and the group V is Highly
significantly different from groups ( GI,GILGIII and GIV) at P=0,000.

This indicates that Argania spinosa crude extract enhanced the
phagocytic activity by stimulating the reticuloendothelial system in a
dose dependant manner (Figure 1).

L

control Gl Gl

G GIv GV

treatmentgroups

Fig. 1: Effect of Argania spinosa crude extract on phagocytic activity.

As shown in Figure 2, the half-time of colloidal carbon was highly
significantly faster at 48h, after the administration of Argania
spinosa crude extract between groups P= 0,000 and the clearance
rate was decreased highly and significantly in groups (GIIGIILGIV

and V) when it is compared to the control group(GI) P=0,000. This
indicates that the extract reduces the elimination time of carbon
particles from blood and affirms that Argania spinosa crude extract
enhanced the phagocytic activity.

30
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Fig. 2: Effect of Argania spinosa crude extract on half time t1/2 of carbon in blood.

The results of this study showed that there is a highly significantly difference in the means for the corrected a between groups (GI, GIL,GIII, GIV and
GV) P= 0,000 and the corrected o was increased highly and significantly in groups ( GII,GIIL,GIV and V) when it is compared to the control group
(GI)P=0,000. Figure 3
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Fig. 3: Effect of crude extract of Argania spinosa seeds on corrected phagocytic index

DISCUSSSION

Due to high cost of antiretroviral drugs have caused researchers to
turn to plants as prospective therapies in the search of alternative
anti HIV or immunomodulatory compounds [27].

There are a number of natural agents (herbs) which are used for the
enhancing of the body’s response to disease. In recent time a large
number of drugs extracted from the plants are coming in to the
marked by proper clinical trials. When taking any of these agents
take proper advice on dose, length of treatment [1].

In this study we observed that the animals administered with the
crude extract of Argania spinosa stimulates the phagocytic index at
different concentration. So, this result agrees with those of Shuklaa
et al. [28] and Benmebarek et al. [29] who reported that the oral
administration of ethanolic extraction of Caesalpinia bonducella and
S. mialhesi respectively in the mouse are increased the phagocytic
index at different concentration.

Also Gaoa et al. Have reported that the extract of Curcumin from
Curcuma longa is inhibited the IL-2 induced proliferation of spleen
cells completely at concentrations of 25mmol/L [30]. The study of
[31] confirmed that the methanolic extract of S. mahagoni seeds has
therapeutic potential and could be served as an effective
immunomodulatory candidate without any side effects

Treatment by Argania spinosa crude extract enhanced the rate of
carbon clearance from the blood when it is compared to the control
group. This reflects the enhancement of the phagocytic activity of
phagocytes and non specific immunity, which includes opsonisation
of the foreign particulate matter with antibodies and complement
C3b, leading to a more rapid clearance of foreign particulate matter
from the blood [32].

[33] Showed the immunomodulatory activity of Isoprinosine on
chicken infected by three different viruses : Newcastle disease, fowl
plague and avian infectious bronchitis. A stimulatory influence on
primary anti-Newcastle disease virus antibody response was
observed. In the avian model the Isoprinosine antiviral effect
appears as due mainly to the enhancement of interferon production
and to a synergistic interferon -isoprinosine interaction.

CONCLUSION

In vivo investigations showed that the crude extract of Argania
spinosa at concentrations of 150mg/kg increased the phgocytic
index, corrected a and decreased the rate of carbon clearance this
immunomodulatory effect of Argania spinosa could be attributed to
its interesting chemical composition. It is essentially characterized
by the presence of unsaturated fatty acids, antioxidant compounds
(Vitamin E family), phenolic compounds, triterpenoids, sterols and
saponins [34, 35].
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ABSTRACT ARTICLE HISTORY

The Argan tree, called Argania spinosa (L.) Skeels, is a tropical plant, Received 21 November 2014
which belongs to the Sapotaceae family, it is exploited essentially for Accepted 17 September 2015
its fruits. The endosperm seed of the fruit constitutes a good

potential source of edible oil for human consumption and is Areania spi .

e F .. . .. rgania spinosa oil extract;
enc!owed.wnh |mportant _medllcmal prop.ertles such as ant|OX|dan_t, anti-proliferative effect;
antimalarial and anti-proliferative. The aim of the present work is leukemia cell lines; Notch1;
to evaluate the anti-proliferative effect of the oil extracted from ERK1/2
seeds of A. spinosa in T-cell acute lymphoblastic leukemia human
(T-ALL) context. The activity was assessed through an in vitro test
on three T-ALL cell lines: JURKAT, MOLT3 and DND41. The
cytotoxicity effects of A. spinosa oil extract were checked by MTT
assay and the change in the activity levels of two T-ALL
proliferation-related proteins (Notch1 and ERK) was investigated
by Western blot, the results demonstrate that treatment with A.
spinosa oil extract at the dose of 100 ug/mL inhibited the growth
of JURKAT, MOLT3 and DND41 cells, and reduced the expression
levels and the activity of proliferation-related proteins such as
ERK1/2 and Notch1 intracellular domain. A. spinosa oil extract
could be a potential preventive and therapeutic approach
recommended as anti-proliferative against leukemia.

KEYWORDS

Introduction

Cancer is the second leading cause of death in the world. It mainly relies in an uncontrolled
growth and spread of cells that can affect almost any part of the body. T-cell acute lympho-
blastic leukemia (T-ALL) is a highly aggressive hematologic malignancy characterized by
the malignant clonal expansion of immature T-cell progenitors. T-cell transformation is
a multi-step process in which different genetic alterations cooperate to alter the normal
mechanisms that control cell growth, proliferation, survival and differentiation during thy-
mocyte development. In this context, constitutive activation of Notch1 signaling is the most
prominent oncogenic pathway in T-cell transformation (Vlierberghe & Ferrando, 2012).
Notch signaling plays a key role in the normal development of many tissues and cell
types, through diverse effects on differentiation, survival and proliferation that are
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highly dependent on signal strength and cellular context. Because perturbation in the
regulation of differentiation, survival and proliferation underlie malignant transformation,
pathologic Noch signals potentially contribute to cancer development (Allenspach, Mail-
lard, Aster, & Pear, 2002).

Furthermore, ERK1/2 is an important subfamily of mitogen-activated protein kinases
that control a broad range of cellular activities and physiological processes. ERK1/2 can
provide anti-apoptotic effects by down-regulating pro-apoptotic molecules via a decrease
in their activity or a reduction of their protein expression by transcriptional repression.
ERK1/2 can also promote cell survival by up-regulating anti-apoptotic molecules via
enhancement of their activity or activation of their transcription (Lu & Xu, 2006).

Developing antitumor drugs from natural products is receiving increasing interest
worldwide due to limitations and side effects of conventional therapy strategies for
cancer (Cochrane, Nair, Melnick, Resek, & Ramachandran, 2008).

Argan tree or Argania spinosa (L). Skeels, is a rustic species, xero-thermophilic, which
belongs to the tropical family of Sapotaceae, hence it is the only Northern representative in
the Mediterranean region (Algeria and Morocco) where its endemism is marked at this
region (Kechebar, Karoune, Belhamra, & Rahmoune, 2013).

The Argan tree is exploited essentially for its fruits. The endosperm seed of the fruit
constitutes a good potential source of edible oil for human consumption and is
endowed with important medicinal properties such as antioxidant, antimalarial and
anti-proliferative (ElBabili et al., 2010).

The aim of the present investigation was to evaluate the anti-proliferative activity of the
Argan oil on JURKAT, MOLT3 and DND41 human T-ALL cell lines and its effect on,
Notchl and ERK1/2 activity/expression levels.

Materials and methods
Reagents

The Argan oil was extracted from Algerian A. spinosa seeds by a traditional method. Cell
growth determination Kit from Sigma Aldrich was used for MTT assay. Trypan blue from
Sigma Aldrich was used for trypan blue exclusion assay and DMSO from Sigma Aldrich
was used in both cell viability assays (trypan blue exclusion assay and MTT assay).

Cell culture

JURKAT, MOLT3, DND41 and pre T 2017 cell lines were cultured in complete RPMI sup-
plemented with 10% fetal bovine serum, 2% antibiotic (penicillin/streptomycin) and 1%
Glutamine. M31, HEK 293 and HaCat cells were maintained in Dulbecco’s modified
Eagle’s medium (Gibco) containing 10% fetal bovine serum, 2% antibiotic (penicillin/
streptomycin) and 1% Glutamine.

Trypan blue exclusion assay

To assess cell growth, 1 x 106 cells were incubated for 48 h with 100 ug/mL of Argan
oil diluted in DMSO (dilution 1:10) or with DMSO alone. In detail, 1x10° cells
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suspended in 1 mL was treated with 1.1 uL of Argan oil diluted 1:10 in DMSO and
control cells were exposed to the same volume of DMSO. After incubation, trypan
blue dye exclusion assay was performed by mixing 20 pL of cell suspension with
20 pL of 0.4% trypan blue dye (Sigma Aldrich) before injecting into a hemocytometer
and cell counting. The numbers of cells that exclude the dye (viable cells) were
counted.

MTT assay for cell proliferation

Cell proliferation was assessed with Cell Growth Determination Kit MTT Based (Sigma
Aldrich) as previously described (Kumar et al., 2014). In brief, cells were seeded at 8 x
10* cells/mL and incubated with 100ug/mL Argan oil or vehicle alone for 72 h. After
that, the culture medium was changed, and the MTT solution (stock solution: 5 mg/
mL) was added in an amount equal to 10% of the culture volume and incubated for 4
h. The viable cell number was directly proportional to the production of formazan,
which was solubilized with isopropanol and measured spectrophotometrically at OD560
with GloMax-Multi Microplate Multimode Reader (PROMEGA). The experiments were
performed in triplicate.

The percentage of cell growth was calculated using the following formula (Patel, Ghee-
wala, Suthar, & Shah, 2009):

— Ab

t
— x 100,
Ac — Ab x

% cell proliferation =

where At is the absorbance value of test compound (Argan oil), Ab is the absor-
bance value of blank (Medium alone) and Ac is the absorbance value of control
(DMSO).

Total protein extracts, inmunoblotting and antibodies

Total protein extracts preparation was described elsewhere (Palermo et al., 2012). In brief,
cell pellets were resuspended in lysis buffer (Tris 20 mM pH 7.5, NaCl 150 mM, NaF 1
mM, Triton X-100 1%, sodium-orthovanadate 1 mM, PMSF 1 mM, sodium butyrate
10 mM) plus protease inhibitors and incubated for 20 min on ice. After a centrifugation
at 13,000 rpm for 20 min, supernatants were boiled for 5 min in Laemmli sample buffer
1x (Biorad). Concentration of protein was determined by Bradford assay (BioRad).
Thirty microgram of protein was separated on 10% SDS-PAGE and transferred to nitro-
cellulose membranes (Perkin Elmer).

After the transfer, the blots were incubated for 2 h at room temperature with the fol-
lowing primary antibodies: mouse mAb against phospho-ERK (P-ERK) (Cell Signaling)
(diluted 1:1000 in BSA 5%); rabbit mAb against ERK (ERK) (Cell Signaling) (diluted
1:1000 in BSA 5%); mouse mAb against Notchl (N1) (Santa Cruz Biotecnology)
(diluted 1:1000 in Milk 3%); and then incubated overnight at 4°C with goat HRP-conju-
gated anti-mouse IgG serum or a mouse HRP-conjugated anti-rabbit IgG serum as sec-
ondary antibodies. (Santa Cruz Biotecnology) (both diluted 1:3000 in Milk 3%); The
membranes were visualized by chemiluminescence detection.
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Statistical analysis

Results were expressed as the mean + SD of n experiments as indicated in the figure
legends. Statistical analysis was performed between t-test and ANOVA at a significance
level of 0.05.

Results

In order to study the influences of Argan oil on T-ALL survival and proliferation, the pro-
liferation and viability rate on JURKAT, MOLT3 and DND41 human T-ALL cell lines
after 48 h of exposure to Argan oil was evaluated. As shown in Figure 1(a) and in
Figure 2 Argan oil treatment strongly reduced the proliferation and the viability of all
the three T-ALL cell lines. On the other hand, the same treatment did not affect neither
the growth of murine preT 2017 and M31 immature T-cell lines nor of human HEK
293 and HaCat-keratinocytes (Figure 1(b)). Overall, these observations reveal a specificity
of action of Argan oil in T-ALL context. The anti-proliferative activity of Argan oil on T-
cell lymphoblastic leukemia cell lines was confirmed by testing the change in the
expression/activity levels of the known pro-proliferative signaling Notchl and ERK
(Figure 3). As shown in Figure 3, Nocht and ERK signaling were differentially modulated
by the Argan oil treatment in the three human T-ALL cell lines analyzed. The expression
of the active intracellular domain of Notchl (Notch1-IC) was strongly decreased by the
Argan oil exposure both in MOLT3 and in DND41 while resulted increased in
JURKAT T cells. On the other hand, the phosphorylation of ERK1/2 was impaired by
Argan oil in JURKAT and MOLT3 while was not affected in DND41. Interestingly,
ERK1/2 expression was not modulated by the treatment thus suggesting that the decreased
phosphorylation in JURKAT and MOLTS3 is not done by a deregulated expression, but by
the inhibition of the post-translational mechanism.

Discussion

In order to investigate the possible therapeutic effects of Argan oil on leukemia, we eval-
uated the effect of Argan oil on the proliferation of JURKAT, MOLT3 and DND41 T-ALL
cell lines, characterized by distinct immune-phenotype and molecular features.

According to the characterization by markers expression proposed by Burger and col-
leagues, JURKAT resemble a mature T-cell stage by expressing CD3, CD4 and TCR, while
losing the CD1 antigen; MOLT3 have features of early cortical T-stage characterized by
CD1 and low CD3 co-receptor expression; and DND41 represents the transition stage
from the cortical to the mature T-stage by expressing CD3 and TCR, while still bearing
the CD1 antigen (Burger et al., 1999). In addition, although the three cell lines analyzed
display the constitutive activation of Notchl signaling, MOLT3 and DND41 cells
carried Notchl gain of function mutations that generate an activated form of Notch,
while JURKAT cells bear un-mutated Notchl. Interestingly, while MOLT3 and
JURKAT are resistant to the treatment with the y-Secretase Inhibitors (GSI), DND41
cells are GSI-sensitive (O’Neil et al., 2007).

Inhibition of proliferation has been a continuous effort in tumor treatment. Suppres-
sion of cell growth and induction of cell death are two major means to inhibit cancer
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Figure 1. Effect of Argan oil on cell count by trypan blue exclusion assay. (a) Cell growth of JURKAT,
MOLT3 and DND41 after 48 h of treatment with 100 pg/mL of Argan oil (Argan oil) compared to the
DMSO vehicle exposed cells (Ctr) as shown by the cell counts by using trypan blue staining. Results
shown in the figures are expressed as the means average deviations of three separate experiments
and bars indicate SD *P < .05. (b) The cell growth of M31, preT 2017, HEK and HaCat cell lines was
not affected by 48 h of exposure with 100 pg/mL of Argan oil (Argan oil) when compared with the
DMSO treated counterpart cells (Ctr) and as shown by the cell counts by using trypan blue staining.
Results shown in the figures are expressed as the means average deviations of three separate
experiments.

growth (Huang, Yang, Yang, Lee, & Pang, 2003). Natural antioxidants in vegetable food
such as tea and olive oil are believed to reduce the risk of cancer (Norrish, Skeaff,
Arribas, Sharpe, & Jackson, 1999; Paschka, Butler, & Young, 1998).

Our data indicated that Argan oil exerted an inhibitory effect on the proliferation of
JURKAT, MOLT3 and DND41 cell lines, independent of their phenotypic or molecular
differences.

Moreover, our results showed that Argan oil could influence in T-ALL the expression/
activity of the oncogenic Notch1 and ERK pathways whose over activation is known to be
a key event in the pathogenesis of several both solid and hematologic cancers.
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Figure 2. Effect of Argan oil cell viability in MTT assay. The Argan oil cytotoxicity was determined in
JURKAT, MOLT3 and DND41 by MTT assay and calculated as percentage of inhibition of cell proliferation
after 48 h of treatment with 100 ug/mL of Argan oil (Argan oil) compared to the DMSO vehicle exposed
cells (Ctr). Results shown in the figures are expressed as the means average deviations of three separate
experiments and bars indicate SD *P < .05.

Figure 3. Total cell extracts from JURKAT, MOLT3 and DND41 treated with DMSO (—) or with Argan oil
(+) were subjected to western blot by using antibodies against pospho-ERK1/2 (p-ERK1/2), ERK1/2
(ERK1/2) and Notch1 (Notch1-IC). The a-Actin and B-Tubulin expressions were used as loading controls.

We speculated that changes in ERK activity could be responsible for the growth inhibi-
tory effects, given that many plant-derived components modulate ERK activities to elicit
their antineoplastic actions (Hollosy & Keri, 2004). In addition, considering that activation
and over-expression of Notch signaling were reported to have a high relevance in T-cell
leukemogenesis (Ferrando, 2009; Screpanti, Bellavia, Campese, Frati, & Gulino, 2003),
the decreased expression of Notch1 induced by Argan oil suggests further studies to evalu-
ate its potential-anti-leukemic therapeutic action.
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The results from this study showed a change in the levels of p-ERK and Notch1-IC
expression suggesting that ERK and Notch signaling pathways could be intracellular
targets for the biological activity by Argan oil in leukemia cells.

Algerian Argan oil represents a potential preventive and therapeutic plant-derived
agent recommended as anti-proliferative against human leukemia. It should be noted
that as a plant extract, Argan oil contains a variety of compounds that may act on different
pathways of tumor cell growth and survival, such as Inhibition of ERK and Notch
pathways.

Thus, the previous findings and the results presented here might indicate that the anti-
proliferative activity of Argan oil could be due to the presence of a variety of antioxidant
molecules such as sterols, polyphenols and tocopherols (Cadi, Mounaji, Amraoui, &
Soukri, 2013), which may have beneficial effects against leukemia and may affect
several oncogenic pathways including ERK and Notch pathways.

However, further investigations on a cellular or molecular level are necessary to
describe the exact mechanisms that cause the anti-leukemic and anti-cancer effects of
Argan oil extracts and their bioactive compounds responsible for these activities.

Conclusion

These findings showed the interest to elucidate the principle bioactive molecules of Alger-
ian Argan oil and the exact mode of action and to evaluate their effectiveness in the treat-
ment of leukemia in man. Taken together, our data are promising for the future use of
Argan oil in patients developing leukemia.
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Abstract

Abstract

Inflammation is an immune response that underlies a wide variety of physiological and
pathological processes; there is growing evidence suggesting that inflammation plays a key
role in the pathogenesis of rheumatoid arthritis, cardiovascular diseases and cancer. In
addition, some chronic inflammatory diseases are recently found to be associated with an
increased level of homocysteine (hyperhomocysteinemia). In fact, a link seems to connect
homocysteine (Hcy) and the immuno-inflammatory activation, when inflammatory activation
may contribute to Hcy increase, Hcy, in its turn, may act as a pro-inflammatory molecule
cooperating to the injury. Natural products from medicinal plants play a crucial role in drug
discovery; the investigation of medicinal plants products has resulted in wide number of

compounds with promising biological activities.

In the present study we evaluated in vivo the effect of three Algerian medicinal plants namely
Argania spinosa, Citrullus colocynthis, and Boswellia serrata harvested in Tindouf
andTiguentourine respectively on the toxicity, immunostimulatory activity and pain. Another
work was about a comparative screening of the immunomodulatory activity of the three oils

which were compared with virgin olive oil.

The toxicity assessment was performed using up and down test in Albinos rats , the
immunomodulatory activity was assessed in the reticulo-endothelial system using carbon
clearance assay, the analgesic effect was studied by acetic acid induced writhing test in Mus
musculus mice. The results obtained showed that the extracts of medicinal plants did not
present any toxic effect with the administration of the dose 2000mg/kg; also increased
significantly the phagocytic activity in dose dependent manner and have analgesic effect by
reducing significantly the writhing in mice induced by acetic acid. Also we have obtained
that the phagocytic activity was increased very highly significantly in the groups of rats
treated with Boswellia serrata (200mg/kg) and olive oil (100mg/kg) P<0,001.

Another study was carried on the anti-inflammatory activity of the three plants extracts which
was assessed using an acute model of inflammation which is xylene ear oedema and other was
carried with only Argania spinosa seeds on arthritis which was assessed in two chronic
models of inflammation consisting of formalin induced arthritis and formalin induced arthritis
associated with L- methionine induced hyperhomocysteinemia. The results obtained

demonstrated that there was significant inhibition of ear oedema caused by the three extracts



Abstract

treatment. Our research also revealed that administration of L- methionine at dose 400mg/kg
caused aggravation of inflammation presented by very high significantly increase of C-
reactive proteins (CRP) P<0,001 and high significantly increase of homocysteine (Hcy)P
<0,01 in addition , necrosis, degeneration and inflammatory cells accumulation were observed

in the articular cartilage.

But the treatment by crude extract of Argania spinosa seeds at doses of 100 and 200 mg/kg
attenuate this effect reducing the paw thickness in both models of chronic arthritis and this
also was confirmed by normal histological sections. Moreover, in the present thesis, we
conducted a study in vitro to evaluate the anti-proliferative effect of the three oils on the T-
cell acute lymphoblastic leukemia cell lines and on signaling proteins (NOTCH 1 and
ERK1/2).The results revealed that treatment with the different oils at the dose of 100ug/ml
inhibited the growth of tumor cells, but the Argania spinosa oil only reduced the expression

levels of signaling proteins ERK1/2 and NOTCHI.
Keywords

Inflammation, rheumatoid arthritis, hyperhomocysteinemia, cancer, analgesic, anti-
inflammatory, antiarthritic, antiproliferative, immunomodulatory activity, Argania spinosa,

Citrullus colocynthis, Boswellia serrata.
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Résumé

L’inflammation est une réponse immunitaire importante impliquée dans plusieurs processus
physiologiques ou pathologiques ; diverses ¢études confirment que I’inflammation joue un
réle clef dans la pathogenése de plusieurs maladies inflammatoires tel que la polyarthrite

rhumatoide, les maladies cardiovasculaires et le cancer.

Des investigations récentes soulignent une relation entre certaines maladies inflammatoires
chroniques et 1’augmentation du taux d’homocystéine plasmatique (hyperhomocystéinémie).
En fait, il semble y avoir une association entre 1’hyperhomocystéinémie et I’activation
immuno-inflammatoire ; quand I’activation inflammatoire contribue a [’¢lévation
d’homocystéine plasmatique, [’homocystéine, a son tour, agit comme une molécule pro-

inflammatoire en altérant les tissus cibles et aggravant ainsi I’inflammation.

Dans la présente étude, nous avons évalué in vivo, ’effet de trois plantes médicinales Argania
spinosa, Citrullus colocynthis et Boswellia serrata récoltées en Algérie a Tindouf et
Tiguentourine respectivement sur la toxicité en utilisant la méthode up and down, ’activité
immunomodulatrice des extraits utilisant le test de I’épuration sanguine d’une dose de
carbone colloidale et I’activité antalgique qui a été évaluée par le test de la douleur induite par
I’acide acétique chez des souris Mus musculus. En outre, une autre étude comparative a été
effectuée sur 1’activité immunostimulante des trois plantes indiquées ci-dessus et 1’huile

d’olive vierge.

Nos résultats montrent que les extraits des plantes ne présentent aucun effet toxique a la
dose de 2000mg/kg ; en revanche a d’autres doses, nous avons constaté que les extraits
ont augmenté 1’activité phagocytaire du systeéme réticulo-endothélial et ce d’une maniére dose
dépendante, cette activité phagocytaire s’exprime d’une facon hautement significative dans
les groupes des rats traité par Boswellia serrata (200mg/kg) et I’huile d’olive vierge
(100mg/kg) par rapport aux autres groupes P<0,001. Par ailleurs, les extraits de plantes
étudiés révelent une activité antalgique présentée par une diminution significative du nombre
de contorsions chez les souris mus Musculus induites par I’acide acétique par rapport aux
témoins.Une autre étude a été effectuée sur I’activité anti-inflammatoire des extraits sur
I’cedéme de Ioreille induit par le xyléne et d’autres ont été réalisées avec |’ Argania spinosa
seulement sur I’arthrite et a été évaluée dans deux modeles chroniques d’inflammation

consistant a induire I’arthrite par le formol et 1’arthrite induite par le formol associées a



Résumé

I’hyperhomocysteinémie . Nos résultats démontrent une inhibition significative de I'cedéme de
l'oreille causée par le traitement des extraits. Notre recherche révele également que
I'administration de L- méthionine a 400 mg / kg a provoqué une aggravation de l'inflammation
présentée par une augmentation fortement significative de protéine C réactive (CRP)
P<0,001 et une augmentation significative de ’homocysteine (Hcy) P<0,01; en plus, une
nécrose, une dégénérescence et une accumulation des cellules inflammatoires ont été
observées au niveau du cartilage articulaire. Nous avons constaté que le traitement par
I’extrait brut des grains d’Argania spinosa a des doses de 100 et 200 mg / kg a un effet

atténuant ’inflammation et I’arthrite, ceci est confirmé par 1’étude histologique.

En outre, dans la présente thése, nous avons mené une étude in vitro pour évaluer l'effet
antiprolifératif des huiles d’Argania spinosa, de Citrullus colocynthis et de Boswellia serrata
sur les lignées cellulaires de la leucémie des cellules T aigués lymphoblastiques et sur les
protéines de signalisation (NOTCH 1 et ERK1/2). Les résultats révelent que le traitement
avec les différentes huiles a la dosede100 pg/ml a inhibé la croissance des cellules tumorales;
en revanche, 1'huile d'Argania spinosa réduit seulement les niveaux d'expression de protéines

de signalisation ERK1 /2 et NOTCHI.

Mots clés

Inflammation, arthrite rhumatoide, cancer, hyperhomocystéinémie, activité
immunomodulatrice, Argania spinosa, Citrullus colocynthis, Boswellia serrata, huile olive

vierge, protéines de signalisation ERK1 /2 et NOTCHI.
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Inflammation is an immune response that underlies a wide variety of physiological and pathological processes;
there is growing evidence suggesting that inflammation plays a key role in the pathogenesis of rheumatoid
arthritis, cardiovascular diseases and cancer. In addition, some chronic inflammatory diseases are recently found
to be associated with an increased level of homocysteine (hyperhomocysteinemia). In fact, a link seems to
connect homocysteine (Hcy) and the immuno-inflammatory activation, when inflammatory activation may
contribute to Hey increase, Hey, in its turn, may act as a pro-inflammatory molecule cooperating to the injury.
Natural products from medicinal plants play a crucial role in drug discovery; the investigation of medicinal
plants products has resulted in wide number of compounds with promising biological activities.

In the present study we evaluated in vivo the effect of three Algerian medicinal plants namely Argania spinosa,
Citrullus colocynthis, and Boswellia serrata harvested in Tindouf andTiguentourine respectively on the toxicity,
immunostimulatory activity and pain. Another work was about a comparative screening of the
immunomodulatory activity of the three oils which were compared with virgin olive oil.

The toxicity assessment was performed using up and down test in Albinos rats , the immunomodulatory activity

was assessed in the reticulo-endothelial system using carbon clearance assay, the analgesic effect was studied by
acetic acid induced writhing test in Mus musculus mice. The results obtained showed that the extracts of
medicinal plants did not present any toxic effect with the administration of the dose 2000mg/kg; also increased
significantly the phagocytic activity in dose dependent manner and have analgesic effect by reducing
significantly the writhing in mice induced by acetic acid. Also we have obtained that the phagocytic activity was
increased very highly significantly in the groups of rats treated with Boswellia serrata (200mg/kg) and olive oil
(100mg/kg) P<0,001.

Another study was carried on the anti-inflammatory activity of the three plants extracts which was assessed
using an acute model of inflammation which is xylene ear oedema and other was carried with only Argania
spinosa seeds on arthritis which was assessed in two chronic models of inflammation consisting of formalin
induced arthritis and formalin induced arthritis associated with L- methionine induced hyperhomocysteinemia.
The results obtained demonstrated that there was significant inhibition of ear oedema caused by the three
extracts treatment. Our research also revealed that administration of L- methionine at dose 400mg/kg caused
aggravation of inflammation presented by very high significantly increase of C-reactive proteins (CRP) P<0,001
and high significantly increase of homocysteine (Hcy) P <0,01, in addition , necrosis, degeneration and
inflammatory cells accumulation were observed in the articular cartilage, but the treatment by crude extract of
Argania spinosa seeds at doses of 100 and 200 mg/kg attenuate this effect reducing the paw thickness in both
models of chronic arthritis and this also was confirmed by normal histological sections.

Moreover, in the present thesis, we conducted a study in vitro to evaluate the anti-proliferative effect of the three
oils on the T-cell acute lymphoblastic leukemia cell lines and on signaling proteins (NOTCH 1 and ERK1/2).The
results revealed that treatment with the different oils at the dose of 100pg/ml inhibited the growth of tumor cells,
but the Argania spinosa oil only reduced the expression levels of signaling proteins ERK1/2 and NOTCHI1.

Keywords
Inflammation, rheumatoid arthritis, hyperhomocysteinemia, cancer, analgesic, anti-inflammatory, antiarthritic,
antiproliferative, immunomodulatory activity, Argania spinosa, Citrullus colocynthis, Boswellia serrata.

14/01/2016




	1page de garde new
	Dedication
	Acknowledgements
	Table of contents
	List of publications
	List of abbreviations
	List of figures
	List of tables
	Introduction
	10CH1
	Chapter I                                                                                                         Literature Review
	12CH2
	Chapter II                                                                                               Materials and Methods
	14CH3
	Chapter III                                                                                             Results and Discussion
	Conclusion and Perspectives
	17REF
	References
	19APP
	Appendix I
	21PAPER
	22paper1
	23PAPER
	untitled
	25GRD RSM
	ملخص
	Abstract
	Résumé
	ملخص
	30derniere pge



