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ABTS.+                            2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 

Ac.Ac                              Acétylacétone 

ADP                                Adenosine diphosphate 

AST                                Aspartate transaminase   

ATP                                Adenosine triphosphate 

BAW                               Butanol-Acetic acid- Water 

CAT                                Catalase

CHS                                Chalcone Synthase 

CPK Creatinine Phosphokinase 

CR                                   Carbonyl Reductase 

DMEM Dulbeco’s Modified Eagle’s Medium 

DNA                                Desoxyribonucleic acid 

DNPH                             Dinitrophenylhydrazine 

DOXO                            Doxorubicin 

DPPH°                            1, 1-diphenyl-2- dipicrylhydrazyl 

DTNB                             5, 5’-dithiobis 2-nitrobenzoic acid 

EBV                                Epstein-Barr virus 

EQ                                  Quercetin Equivalent 

FAD                                Flavine-adénine dinucléotide 

FBS                                fetal bovine serum                                   

FL-O°                             Flavonoxy 

GAE   Gallic Acid Equivalent 

GPx                                Glutathione Peroxidase 

G6PD                             Glucose-6-phosphate dehydrogenase 

 



 

GR                                 Glutathione Reductase 

GSH                              Glutathione 

GSSG                            Glutathione disulfide 

GST                               Glutathione transferase 

HBV           Hepatitis B virus 

HClO                            Hypochlorous acid 

HCT-116 Colon carcinoma cells

HCV           Hepatitis C virus 

H&E                              Hematoxylin and eosin 

Hep G2                         Human hepatocarcinoma cell line                            

HIV   Human Immunodeficiency Virus 

HK                                 Hexokinase 

HNE                               4-Hydroxy-2-nonenol 

H2O2                               Hydrogen peroxide 

IL2                                 Interleukin-2

L°                              Alkyl radical 

LD50                              Lethal dose of 50% 

LDL                               Low-density lipoproteins 

LDH                               Lactate dehydrogenase 

LH                              Polyunsaturated fatty acid 

LO°    Alkoxyl radical 

LOO°                              Peroxyl radical 

LOOH                           Organic Hydroperoxide 

MDA                              Malondialdehyde 

MEC                              Méthyléthylcétone 

ME (OH)                       Methanol 

MIC                               Minimum growth Inhibitory Concentration 

 



 

 

MPO                              Myeloperoxidase 

MTT            3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium 

            bromide 

NADH                           Reduced nicotinamide dinucleotide 

NADPH                         Reduced nicotinamide-adenine dinucleotide phosphate 

NO°                                Nitric oxide radical 

NOS                               Nitric oxide synthase 

O2°-                                Superoxide ion radical 
1O2                                  Singlet oxygen 

OH°                                Hydroxyl radical 

ONOO-                          Peroxynitrite 

PC                                 Paper Chromatography  

PH                                 Hydrogen ion concentration 

Redox                   Reduction-Oxidation 

RF                                 Frontal rate 

RNA                              Ribonucleic acid

RNS                               Reactive nitrogen species 

ROS                              Reactive oxygen species 

SH                                 Sulfhydril 

SOD                              Superoxyde dismutase  

TBA                              Thiobarbituric acid 

TCA                              Trichloroacetic acid 

TEP                               Tetraetoxypropane 

TGO                             Glutamic-oxaloacetic transaminase 

TLC Thin Layer Chromatography  

TNF                              Tumor Necrosis factor

TOH                             Tocopherol 



 

Txn                               Thiorédoxin 

UDP-glu                        Uridine diphosphate glucose 

UV  Ultraviolet radiation 

Vit C                             Vitamin C 

Vit E                             Vitamin E  

 XO                             Xanthine oxidase                    
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5(1)

    ADN (2) 

 ROS  

  ADN  

5.4.3) .)

 Surgery،  Chemotherapy 

 Radiotherapy 

(6.)

,(7 )

Cisplatin(8)

MethotrexateVincristinebliomycine

 (12.11.10.9.)

Doxorubicin

Doxorubicin

(15.14.1316..)

1 



(20.19.18.17)

(22.21)

(23)

 Globularia alypum

(24.) 

 alypum  Globularia 

wistar  Doxorubicin عيى

IN VITRO

1

  alypumGlobularia  

  

  

2 



 

 

 

 DPPH°. 

2 

 Doxorubicin   

   CPK, LDH, 

AST 

    GSHMDA 

    

  - Anti-tumor activity- 

alypumGlobularia  

 MTT- MTT Cell Viability Assay 

 (Hep G2) Human     

hepatocarcinoma cell line ,Colon carcinoma cells 

(HCT-116) ٗ (T-lymphocyte cells)  lymphoblastic 

leukemia cells (1301). 
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I.  

(ATP)

  )

 (27.26.25. 28.)

Catalase , Glutathione peoxidase, superoxde dismutase 

caroténe, Vit C, Vit E B-(29.28.)

 

 (32.31.30 )

(34.33.35.) 

4 



1(ROS)

1.1

(ROS)

. 

  

 (40.39.38.37.36.35.25)

1(42.41).

O2°-

OH°

LOO°

LO°

NO°

1O2

H2O2

LOOH

ONOO- 

5 



2.1

;

 ATP (25) , 2-5 %

1(39.)        

 43ثبكتسبة ROSتشكٍل . 1           الشكل 

 

 O2 O2°- 46

O2  + 1é O2°-

6 



Cytochrome oxydase NADPH oxydase

 44.43  xanthine oxydase46.45.40

semiubiquinone(51.46) O2°-

 (50)

 O2°- PH  SOD

 H2O2   O246.44.43.32)

    2 O2
°-+ 2H O2 + H2O2

(SOD)+
 

 
H2O2 

( 38)

(Fe II ,Cu I)  Haber-Weiss . 

OHo + O2 + OH- H2O2 + 2O2
o-

 

Fe IICu I) عبش حفاعو 

 (Fenton réaction).  

Fe (II)/Cu (I) + H2O2 OH° + OH- + FeIII/CuII
 

   Fe3+/Cu+2   

(46.44.43.39.32.)  

 

 

 

7 



 

O2°- + Fe (III)/Cu (II) O2 + Fe II / Cu I

OH° (46) ,

(43)  10-9 

(38) 

RH + OH°  R° + H2O  
 

 

R° + O2                            RO2°

RNSNO° ٗ 

ONOO- . 

 °NO 

 nitric oxide synthases (NOSs) (49.48.47)

O2 + arginine  + NADPH NO°+ citrulline + H2O + NADP+
NOSs

°NO 

 NO° 

 peroxynitrite( ONOO- )(43.40.38.32.)  

NO°+ O2°- ONOO-

PH  ONOOH 

8 



HypochloreHClO) ) 

CL-  myeloperoxidase 

(MPO)   (43.32 .) 

H2O2 + Cl- HClO + OH°
MPO

 

 

2(45). 

3.1ROS 

53.41  .) 

1.3.1.

 ( UV)

X ;

(52.41 .53)  

9 



 

 

3 ROS O2(42.)

  ( 41.)

 Doxorubicin

(41.15 .46.)

 Xenobiotics (DTT)

 paraquat ROS  

 (41.)

  (41.)

 

( Cu, Fe( 41.) 

2.3.1

10 



  

 FADH, NADH 

80

ATP

ROS ;

 I ٗ III ubiquinol cytochrome c ReductaseNADH Coenzyme Q 

reductase   O2 

 O2
°− SODH2O2

Fe II)   (Cu I  OH°  Haber-Weiss 

(56.55.54.51.25)

  

NADPHNADPH oxydase

NADPHO2  إىىO2
°−.  

2O2 + NADPH + H+ 2O2°- +  NADP+ +   2H+           NADPH oxydase

 SOD H2O2 

  OH°Haber-WeissH2O2

11 



myeloperoxidase HClO))

(58.57.53.41.40.28.25.)  

  

ROS O2
°− 

 cytochrome oxydaseNADPH oxydase

(.3559.44.43). xanthine / xanthine oxydase

O2
•−  Xanthine oxydasepurine

xanthineO2(.3559.46.45.40).

Xanthine + O2 + H2O Acide urique   +   2O2o-   + 2H+
xanthine oxydase

 

  (NOSs) nitric oxide synthases°NO 

O2
°− ONOO-

(59.49.48.47)Redox

Cyt P450

 -  xenobiotic (46) ROS 

4.1ROS 
ROS

 ; 

OxydaseNADPHO2
•−  NO synthase, SODٗ 

MPO  H2O2 ,ONOOH  HClO 

(60.58.57.53.41.40.28.25.)

 ;ROSO2
•−    

 chemotactic lipids 
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 Eicosanoids

prostaglandins Thromboxanes H synthase   prostaglandin

cyclooxygenaselipoxygenases 

    (46.32)

 

Mn-SODCATthioredoxin

Cu-Zn SODglutathion peroxydase (61.)

 (28.27 .)

 (46.)

 )46 (O2
°-

 (32.28.)

2

1.2

Redox

 ROS 

 (32.31.3063.62.60.44.40..) 

2.2

(66.65.64.45.39.) 

1.2.2.

OH°lipid peroxydation 

13 



(40.27 .45 .5768.67.:) 

  

(LH) 

 ° (L.)  

LH  +  R° L°   +   RH 

    

(LOO°).  

L + O2 LOO 

O2

(LOOH) 

LOO°   +     LH                                      LOOH     +   L°

LO°LOO°

LOOH  +  Fe II LO°  +  OH-  +   Fe (III)                           

Fe (III)   +   LOOH LOO°  +  H+  +   Fe II

14 



MDA)malondialdéhyde(  HNE (4-hydroxynonenal

 

  

E(68.67.60.39.27.) 

L-LL + L 

 

4

 

  

15 



 

527

 

2.2.2

ROS

Protéase Protéasome(60.39). 

Histidine ,Tryptophane  Tyrosine 

°OH Tyrosine   nitrotyrosine 

Histidine  2-oxohistidine ٗ  Tryptophan 

16 



methionine cysteine(SH) 

methionine methionine sulfoxide 

cysteine disulfides

(S-S)

S-nitrosylationsulfinic  sulfonic .

MDA4-HNE

(methionine sulfoxide ٗdisulfides )

;methionine sulfoxide reductase  methionine sulfoxide  

methionine   thioredoxin 

cysteine(glutathione S-transferase). 

(protein turnover,)

Protéasome

4-HNE

 (70.69).

17 



6

(60).

3.2.2ADN 

ADN 

ADN 23ADN(47.)

 ADN

8oxo guanine, 8 nitro guanine, 8oxo adénine, formamidopyrimidine, 5 hydoxy cytosine, 

hydoxy méthyl uracile, thymine glycol , oxazolone, formimidouracile5( 60.)

OH° guanine8-hydroxyguanine

(44.39.27.)

ADN.

18 



 

 7(60)

ADN

((MDA-guanine  – ADN.

(60)

 8(60) 

3.2

 

 

8- oxo guanine 8- oxo adénine  5-OH methyl uracile Thymine glycol 

19 



(60:)

  ROS 

ADN

.(71.60.33.72) 

 AtherosclerosisROS 

 LDL (60.73.33) 

 B

(.7460.) 

 ;

ROS 

(64.32 .) 

3

1.3.

(39 )

(75.40.3976.)

 SOD , GPx ٗCATGSH, Thioedoxin

EC

(Zn)Se

Cu(31.29.25. 53.77.)

20 



  

  

(76) . 

2.3

1.2.3 

 Superoxide dismutase - SOD  

SOD 1969Mc Cord, Fridovich

 

(40.39.60)  Cu/ZnSOD 

Mn-SODEC-SOD

Cu/Zn

 Fe-SOD (79. 78 .39)

SOD

dismutation

(83.82.81.80.60 ).

SOD-Cu2+   +  O2
.- SOD-Cu1+   +   O2                                    (1)

SOD-Cu+1 + O2
- + 2H+ SOD- Cu+2 + H2O2                                (2)

O2
.-   +   O2

.-   +     2H+
SOD

H2O2    +    O2
(3)

 

21 



SODCATGpxH2O2

(39). 

 Catalase CAT 

240

haem (84.59.41.39)

CAT

Peroxysomes (85.84.)  CAT

;O-OH2O2H2O

Fe(IV)=O,H2O2O2

(41:) 

H2O2  + Fe(III)-E H2O  +  O=Fe(IV)-E 1

H2O2  + O=Fe(IV)-E O2  + Fe(III)-E + H2O 2

2H2O2 O2  + 2H2O
CAT

3

 Glutathion peroxydaseGPxréductase Glutathion GR- 

GPxSe

(LOOH) 

GPx 

 (GSH)  

 (GSSG )( 84.60.5687.:)

22 



H2O2  +  2 GSH 2H2O + GSSG
GPx

LOOH  +2GSH
GPx

LOH  +  H2O  +  GSSG

 GR   GSH 

 (GSSG ) GR H+  NADPH : 

GSSG  + NADPH+H+ 2GSH  +  NADP+GR
 

   NADPH Glucose6-Pdeshydrogénase G6PD) )

(84.6786. ):

NADP+  NADPH
G6PD

2.2.3

 Glutathion 

 GSH

((Glutamique, Cysteine, Glycine(0.5-10µM) 

1000 (0.5-10mM( )90.86 .) GSH

glutamyl cysteine synthetase - 

Cysteine  Glutamique  Glutathion synthetase 

Glycine(88). 

GSH

sulfhydril( SH) ( 90 .) GSH 

( 91.89.39 .)

 

 

 

23 



 

GSH  +  R GS°° + R-H

GS° + GS° GSSG 

GSHGPx(50.39)

GSH

CE (3964..)

 GSH,GSSG 

GR H+  NADPH(86).

 9 (27)

GSH 

xenobiotics  GST 

GSH

GSH

Cysteine(92.)

24 



 

10

 Thiorédoxin 

 Txn(93,)

12105

(SH) Thiorédoxin :Txn1  

 Txn2

Txn3(95.94)Txn1001000

(96). 

Txn(97 .)

TxnPeroxidase Txn

Txn

Thiorédoxin reductase   NADPH( 94 )

)11(Txn (98.) 

 

 

 

 

 

25 



 

 

11Thiorédoxin( 94 .)

3.3

 E 

ETocopérolsAlpha, Béta, Gamma 

,Delta)  (39)Alpha-TocophérolE

Chromanol6-Isoprénoid 16

R1              R2                Tocophérols

CH3        CH3                   alpha

H           CH3                    beta

CH3         H                       gamma

H           H                         delta

CH3
R1

HO
R2

O

CH3 CH3

CH3

12E(86) 

Alpha-Tocophérol

(propagation )

(LO°)(LOO°) (41.29) 

26 



  Chromanol6-

Alpha- Tocophéroxyl( Alpha-TO°) 

Alpha- TOH + LOO°/ LO°                             LOOH + LOH + Alpha-TO°

C (100) ubiquinone

Alpha-TO   Tocophérol- Alpha 

Pro-oxydant

(86.39.)

Tocophérol - Alpha

Alpha- Tocophéroxyl

Tocophérol - Alpha

LO°
LOO°

LOH
LOOH

Vitamin C°

Vitamin C

Ubiquinol

Ubisemiquinone 2GS° GSSG

2GSH

13Alpha-TocophérolAlpha- Tocophéroxyl(86) 

 C 

Ascorbic acid(39.)

(86). 

Proline hydroxylasedopamine-B-hydroxylase(41 .)

C

semidehydroascorbate

ascorbate radicaldehydroascorbate(39)

27 



 semidehydroascorbatedehydroascorbate

OH°O2°-

(41,)GSHAlpha- Tocophéroxyl( Alpha-

TO°)   Alpha-Tocophérol( Alpha- TOH(99.86 .)

 semidehydroascorbate

GSHNADH NADH-

semidehydroascobatereductasedehydroascorbate

GSH(100.41.29).

  

P100

 ROS 

(103.102.101)(VI

 (beta- caroténe) 

A(precursor of vitamin A  ) (75) 

 

600

caroténoidscarotènes

xanthophylleslycopene(104.) 

AE

LOO° OH° ,°O21O2(.2786). 
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ROS

(67.)

 

14ROS

( 32). 
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II

1

9

5(1) ,

126

 

Invasionالأخٍشة

Metastasis 15

(105.2)

(106.)

15(105)

 Carcinoma  -  Epithelial Cells -

 

 Sarcoma  - Connective tissue- 

 Lymphoma  Leukemia   Hemapoietic cells. 

 Gliomes (106.) 

30 



2

1.2 

 ROS  ٗ

 

107ROS  ADN 

  P53 ٗأ

Proto-oncogene ( 113.108.107.33) 

guanineOH°  8-hydroxyguanine

(8-OH-Dg)16 

GC  TA  8OHDg 

(.527111.110.109.) 

ras   p53 

(111)  8-OH-Dg  biomarker of 

carcinogenesis (110).  

 

 guanineOH°(27)أمسذة قاعذة . 16الشكل 

31 



MDA ADN 

 (109.110:) 

 M1G dG [pyrimido[1,2-a]purin-10(3H)-one]  

 M1A dA [N6-(3-oxopropenyl) deoxyadenosine]   

 M1C dC [N4-(3- oxopropenyl) deoxycytidine] 

 MDA 

(109.)

 

17MDA   ADN(110)

2.2 -Génotoxic Agents

(108).

1.2.2

 (108 :) 

 benzo[a]pyrène

(108.107 .114.112.) 

32 



 

 ( 112.108.107) 

 nitrosamines   ُا ٍِ فً دخ ح٘ ٍن ْ ٗ ٍشخقاث اى ه  ٘ خ٘اجذة فً اىنح اىَ

  (.114.108.107)اىخبػ

 1  Aflatoxin B  

  (108112..) 

2.2.2

 X (118.108.107) 

 

(108.107.3.) 

3.2

15

 (HBV)

(HCV)EBV Epstein-Barr virus)) 

(115.107116.)

 

 

 

 

 Helicobacter pylori 

(117.) 

33 



 

4.2

 Epigenetic (non-genotoxic)

(27)

TSH 

( 3.)

5.2

DNA

ADN(108.3.)

3

 

ADN

100

(108 :)

  Proto-oncogenes3

108 

  

  

 3

108 

  

  

   ADN 

34 
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Proto-oncogenes  إىى 

 108  

4

Alpha foeto-proteine 1 

  

 

  Hepatomegaly

 

 106.1 

 Biopsy  

1

5 

SurgeryChemotherapyRadiotherapy
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1.5Chemotherapy:

Anticancer Drugs

9.7 

2.5Radiotherapy

External beam radiotherapy 

Branchytheray

 

3.5Surgery-

 

MastectomyProstactomy

Recurrence 

106

6

1.6

Anticancer Drugs

M,G1,G2,S 

M

G0

G0cycle dependent

phase dependent9.

36 
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2.6

  

 DNA 

 120.10 

1.2.6-Antimetabolites-

 Glutamine120.10.9.7

2.2.6DNA

 Alkylating agents 

guanine

DNA, Aziridines Nitrogen mustards

Alkyl sulfonatesmethylhydrazine120.10.9.7 

    :Intercalating agents

DNA( G-C, A-T) . DNA

DNADNA and RNA polymerases

Topoisomerase IIDNA

 

Anthracycline  doxorubicindaunorubicin120.10.9.7 
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3.2.6120.10.9.7 

 tubuline

tubulinemicrotubulines

Vinca 

rosea VinblastineVincristineTaxol 

Taxus brevifolia 

 SOD

Cu-Zn SOD

doxorubicine , streptozotoxine 

3.6

120.12.10.9.7 

1.3.6 

 - Hematological Toxicity : 

 – Leucopenia ,-

– Thrombopenia -

-  medullary aplasia - 

  digestive Toxicity  :- 

 Cutaneo – Mucous Toxicity
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 -Vesical Toxicity 

 Immuno-Depressor Effect

 

 -Gonadic Toxicity

120.12.10.9.7 

2.3.6

 - cardiac Toxicity 

 anthracyclines 

 tachycardia 

  

 Neurological Toxicity 

vincristine 

 pulmonary Toxicity 

bliomycine 

 Renal Toxicity 

creatininemiacisplatin 

 Hepatic Toxicity 

Transaminasesmethotrexate

120.12.10.9.7
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IIIDoxorubicin  

1. Doxorubicin 

1.1

DOXO Adryamycin Adriblastin 

Anthracycline

 Streptomyces peucetius var caesius1960

(121123.122..125.124.)DOXO

(1S, 3S) -3-glycoloyl-1,2, 3, 4, 6,11-hexahydro-3, 5,12-trihydroxy-10-methroxy-6,11-

dioxonaphtacen-1-yl-3-amino-2, 3,6-trideoxy-a-L-lyxopyranoside Hydrochloride.  

C27H29NO11H Cl¯  580

Tetracyclinedaunosamine,

QuinoneHydroquinoneDOXO

(126.)  

 

18Doxo (127 (129.128. 

40 



2.1 .DOXO  

1.2.1DOXO  

   DOXO

75%74% .

DOXOخٌ٘صع 

(130.126.)

2.2.1 .DOXO 

DOXO

 (C=O13DOXO

OHaldo-keto reductase  NADPH-dependent   

C13 hydroxy Doxorubicinedoxorubicinol

 (131.122.125.123132. )

 Carbonyl reductase 

   

DOXO(131.122). 

  déglycosylation NADPH dependent cytochrome 

P450 reductase   Hydroxy aglycones  Deoxy aglycones (128.125.122.)

  

O-sulfation O-B-glucoronidation 

O-Demethylation

DOXO(123.122).

2448DOXOdoxorubicinol48

41 



sulfatesglucoronides10 %

(126.) 

 

19Doxo( 122) 

3.1DOXO 

DOXO(130 ) 

 ADN  

 

 

42 



 

1.3.1ADN  

 DOXOaglyconeADN 

intercalation (148 .124)

 ADNADN polymérase

ARN polymérase ADN ... 

 (126.121.) 

2.3.1  Topoisomérase II 

 II Topoisomérase  ADN 

( 134.) 

 DOXO   ADN - II Topoisomérase  

  DOXO  -ADN - II Topoisomérase   II 

TopoisoméraseADNARN(121

133.125.124 .123148..156.)  

3.3.1 Helicase  

 ADN 

(134.)DOXO

  

DOXO 

ADN

(133.121).  

43 



2DOXO 

DOXO

(138.137.136.135.)

DOXO

( 138.124)

630

26%550248% 7002

DOXOADN

(144,) 

  

 Ca2
+ 

  

  

 (143.140.138.133.15 .156.) 

1.2Doxo  

DOXO

(121)DOXOADN

Topoisomerase II .

DOXO(150.146.124151..152153. )

44 



 DOXOCardiolipine

( .121148.147.136.128160..) 

 GST CAT(…Gpx

 (145.138.136.121.15 .154 .156.)

 (121.) 

  Reductase ٗ Dehydrogenase NADP dehydrogenase 

nitric oxide synthase(NOS) 

(139.128 .) 

 DOXO

(147.145.141.136.15 .) 

1.1.2 

40% 

DOXO(Cardiolipine 

 

DOXO

– quinone- NADPH

Cytochrome P450 reductaseNADHNADH déhydrogénaseComplexe 

I  XanthineXanthine oxidasesemi-

quinone O2

O2°-DOXO(121. 148.142.138.128.124.) 

DOXOquinonesemi-quinone

 O2
°-

H2O2 ,OH° ONOO-20(128.15148. .155.)

45 



 OH°

SHSulfhydryl

ADN( 136.) 

 

20DOXO(138.) 

2.1.2

DOXO

Feritin

(128.)

Fe3+C11C12

DOXOFe3+

Fe2+C14

46 



DOXOFe2+O2
-°O2

 (148.143.138.124.121. 159.)

2.2

DOXO ,

Ca+2

ATPase -2Ca+

 dépendant2Ca+ protéases et lipases(124.15 ) 

Ca+2

(148.136.121.)

3.2

DOXO

Troponine I

 DOXO(136.15.)

4.2- Apoptose 

DOXO

 

(.149148.136.124161.. 162163.).

DOXO

 DOXO

 (157.15 .) 
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 DOXOTNFIL2

15 

 doxorubicinole DOXOCarbonyl 

reductase (CR)( 124.121151.)

ATPase -2Ca+ 

Na+/K+ ATPaseATPase H+(158).
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VI

(164.)

Albert Szent – gyorgyi 1938

  P C (165 .166.)

  1952Geissman

( C6-C3-C6)C6(A ,B)  

 C3(167).flavonoids 

Flavus

)168 .169.)

(170)

(171)

(168 ,)

(172) 

hétérosides

( 173.)

(174.)

250-270

49 



(175.174177.176.)

(178.)

1

15

C6-C3-C61,3-diphenyl propane(179.167181.)

(A ,B)

(C.)

7

5

3

2

3'

4'

5'

4
6

8

6'

1'

2'

B

A C

 

21  (167)

 C 

  pyrone ,pyrane ٗأ pyrylium(  185 .)

O
+

O
O

O

pyronepyrylium pyrane
 

(180:)  

   C  pyrone:   

 2-phénylchromones     
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 - flavones -: 
 A B 

. 

 – flavonols:- 3 

 .

  –flavanones: -  C2-C3 

  –isoflavones:- 
BC32( 171 .

180.182185.183. .)

  C  :pyrane  

        2-phénylchromane     

    

 3,4  – flavan-3,4-diols- 

 3 - flavan -3ols-- 

C3

C4 

3 (flavan -3ols-)  3,4 

 flavan-3,4-diols -(171 .180.182183..) 

  C  pyrylium : 

 2-phénylbenzopyriliums       

ٓ ٍِ حٗخفشع          ٘حذة ٕز  : اى
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  –anthocyanes:-    (anthocyanidine)  

CH3 )
 (171 .180.182183.. 185.) 

   C :  

-   –chalcones, dihydrochalcones:- 

, 

A

B(171. 180.182. 183.185)  

  C  -furane:-   

  -aurones- -2- benzylidène coumaranone:  
 (180 .185) 

2. 

 

C14

(C6-C3-C6)

 (184.) 

1.2 . C6-C3-C6 

1.1.2 .   

Acyanidin 

C 14

A

52 



   Acétyl-CoA أ 
Malonyl-CoA.      

C

HO

CH2 C

O

SCoA

O

C

O

S CoA

+ CO2

ATP ADP
Acéyl CoA Malonyl CoA

CH3

 

22 Malonyl- CoA  Acétyl- CoA CO2 

 

 A  Malonyl- COA    (186). 

2.1.2 .  

 Davis  1955  B 
 Ac.p-coumaric .

  Ac.p-coumaric    4-coumaroyl-CoA  

 Malonyl-CoA  (202 .)

 

OH

HOOC

OH

C

O

CoA

CoA

 

Ac.p-coumaric                                                                      p-coumaroyl CoA 

 

                  23. .p-coumaric acid   p-coumaroyl CoA 
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 malonyl-CoA  A 4-coumaoyl-CoA B 
 C6-C3)   Chalcone synthase( CHS)

(187.167.165). 

O

O

OCoAS

+

OH

CoAS

O

OH

HO OH

OH

OH

HO

OH

O

O

3 X

Malonyl - CoA P-coumaroyl -CoA

Chalcone Flavanone
 

24( 203.185)

2.2 .–  

(102) 25  
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O

OH

HO OH

OH

Chalcone

Chalcone- isomérase

OH

HO

OH

OH

HO

OH

HO

OH

O7

5

O

3

2
2' 4'

1'

Flavone- synthase O

o
Flavanone: Naringénine Flavone: Apigénine

Flavanone-3-hydroxylase

Flavonol-synthase
O

O

OH

OH

O

O
OH

HO

O O

OH

O
O

OH

O-Glu

Dihydroflavonol:2,3-dihydrokaempférol
OH

OH

Flavonol: kaempférol

Dihydroflavonol-4-réductase

OH

OH

OH

OH

OH

Flavan-3,4-diol: Leucopélargonidol
Flavan-3-ol: afzéléchol

HO

OH O

OH

OH

OH

OH

OH
CL HO

OH

Cl
3-O-glucosyl-transférase

Anthocyanidol:pélargonidol Anthocyanoside:pélargonidol-3-O-glu

O

 

25 .(167)  
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3.  

1.3 .  

OH  5 7  A 

 .B ىيحيقت '4 

 3  3' 

 C (204) 

O

O

OH

OH

HO

OH

O

O

OH

OH

HO

OH

OH

 

Lutéoline                                                          Quercétine 

2.3 .  

CH3



AB

8-C- méthylgalangine .

O

O

HO

OH

CH3

OH

 

8-C- méthylgalangine 
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 (O- méthylation)    

O-methyl transférase 26  

O

O

OH

OH

OH

OH O

O

OH

OH

OH

OMe

SAM SAH

Lutéoline Chrysoériol
 

 SAM : S – adénosyl  méthionine 

SAH : S – adénosyl homocysteine  

26 . Lutéoline  Chrysoériol 

 

   C-Me  C-OMe 

  

Sidéroxyline. 

O

O

MeO

OH

OH

Me

Me

 

Sidéroxyline 

3.3.  

  …D-galactose, D-glucose))
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) L-Arabinose ,D-Xylose)... ( 171)  .

 

 

 

C- hétérosidique (171)  C1 

 C6  C8 
 vitexine.     

OHO

OH

OHGlu

Glu

 

                                           6,8-di-C-B-D glucopyranosyl apigénin    

 

 (O-hétérosidique )

(171 )  7  3 

   O-glucosyl transférase  :    UDP-glu( Uridine 

diphosphate glucose ) ( 187.205  .)                              

O

O

HO

OH

OH

OH

OH

O

O

HO

OH

OH

O-Glu

OH

UDP-glu UDP

3-O-glucosyl transférase

Quercétin 3-O- glucosylquecetin

27   quercetin 
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4 

1938Szent Gyorigyi

pC(102,)

 206

1.4 

 ADN

(224)

procarcinogènes

(207)quercetine kaempferolgalangin

apigénineCyt p 450

CYP1 A

ADN (229.)

quercetinnaringinCyp 3A4 

(229.)

2.4

AMP 

cyclique phosphodiesterase  Ca2+ - dépendante ATPase

59 



ATP

quercetin

Cromoglycate de sodium(225) 

3.4.

acid arachidonic   cyclooxygénase    

lipooxygénaseprostaglandines  leucotriènes 

 

quercetin  myricétin 

cyclooxygénase  lipooxygénaselipooxygénase

 apigénin chrysin cyclooxygénase (226.) 

4.4.

HIV (174) 

 

transcriptase revers( 224.208).ADN ARN

(polymérasel’ADN et l’ARN) revers

transcriptase(210.209) 

 HIVglycoprotéine gpl20

(211)

ADN gyrasein vitro(212)

 staphylococcus aureus(213)

  

  

  (214) 

60 



 

5

1.5

  

 

 34 B -ortho dihydroxy –   

cathécol. 

  (C3-C2) 

 4-oxo  C . 

 3 C. 

 5,7 A. 

 quercétin ٔ216.174.171.102 باخٍلام. 

28

O

OOH

HO

OH

OH

A C

B1

2

45
6

7

8 1'

2'
3'

4'

5'

6'
3
OH

 

28( 102) 

 lutéolin cathécol     

 peroxyl, superoxide , peroxynitrite Kaempferol  (228)
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C3-C2  4-oxo 

(228)MDA

quercetin taxifolin

C3-C2 (228) .

 

aglycone

(228)

2.5

(165.101.102.62:)

  

  

  

  

1.2.5

 

flavonoxy (FL-O°)(224  :) 

Fl-OH + R Fl- O + RH
 

: R°,    Fl-OH:  , FL-O°:  

62 



 B  (228,)

  quinone  
  

OH

OH

OH

O

R RH
O

OH

O

O
R RH

quinoneFlavonoids Flavonoxy

   29.(102 )

2.2.5 

 Fe2+ Cu+

HémoprotéinesCofacteurs

Fenton

Fe2++H O2 2 / Cu+ OH + OH - + Fe /3+
Cu2+

 

30

(200.199.165.102).

30.( 165.201.102)
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3.2.5

 Xanthine oxydase, nitrique oxyde synthases (NOS), lipoxygénases, cyclooxygénases        
(165)      

  Xanthine oxydase 

 XO Hypoxanthine  xanthine 

 O2
°- H2O2 

 O2  (224.165.102)  

la goutte   

 XO 

 (196). 

   C3-C2 

(197) 

  

purineXO  A 

 (227)

 nitric oxide synthases NOS 

 NO  

( NADPH)  (FAD)(165) 

 NO 

O2.- 

PeroxinitriteONOO− 

 ((LDL (224) .

(224) NO  

  (ONOO−).    

64 



 

 Lipoxygénases  

  hydroperoxyde 

 leucotriènes  

linoléate  5-lipoxygénase 165 

  3-lipoxygénase protocatéchuique

(198.195.)  

6.  - prooxydation- 

 prooxydant 

  semiquinones ٗ quinones 

ROS(191.190.189.188 .192.)

 C2-C3 4 quinone  quinones méthides 

  31. 
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31   Hester van der Woude et al  

(190)               

  quinones  

quinones méthides     GSH( 194.193.190) .  

Fe3+Fe2+ 

 O2 ٗأ H2O2   OH° 

 ADN (171.) 
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7 

 Hydrolases  

  (222.221.220.219.217.215) : Bacteroides 

distasonis, B. uniformis, B. ovatus    glucosidases 

 (216.) 

(223.216.)

( 224.218.216.)

(171): Catechol-o-methyl transfease, ,  cytochrome P 450 .

3,'4'2,'3,'4'

C(216  .)

 sulfate 

 Acide glucuronique 

36

( 216.171.)

 enterohépatic Cycle . (216.) 
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VL.  Globularia alypum 

 

  Globulariaceae   ,Globularia  Poskea  30 

 (231.230)Globularia 

  Globularia vesceritensis, Globularia eriocephala 

Globularia alypum( 231 ) 

1 .L.    Globularia alypum  

 Globularia  globuleuse 

alypumalypon(232)

(231)(233.) 

30-60 

 (232.) 

(234.)
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32  Globularia alypum 
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2. 

2Globularia alypum (231) 

 Plantes Règne الوولكخ

 Tracheobiontes Sous-règne تحت الوولكخ

 Spermatophytes Embranchement الفرع

 Angiospermes Sous-embranchement تحت الفرع

 Magnoliophytes Division القسن

 Magnoliopsides Classe الصنف

 Asteridae Sous classe تحت الصنف

 Scrophulariales Ordre الرتجخ

 Globulariaceae Famille العبئلخ

 Globularia Genre الجنس

 Alypum Espèce النىع

 

3

 AlypumGlobularia

phenylethanoids

Iridoïds Cyclopentan 

( (cycles pyraniques 236.235

70 



 

 

3  Alypum Globularia 

 

 

  
Cinnamic  acid 
Pyrocatechuic acid 

 

 
( 237 )

 
Globulain                           Cinnamic acid  
Catalpol                             Caffeic acid 
Rutin                                  Ferulic acid 
Luteolin 7-glucoside          p-coumaric acid 
Chlorogenic  acid 
 

(238) 

 
 Globularimin                   Globularin 
Globularinin                     Catalpol                    
 Globularidin                     Liriodendrin 
 Globularicisin                  Syringin  

 

 
( 240-239) 

 
4’,7-dihydoxyflavone 
Apigenin -7-glucoside 
Quercetol 
Luteolin-7-glucoside 
8-C-glucosyl-4’,7-dihydroxyflavone 
Rutoside 
Cyanidine 
Peonidin 
Vanillic  acid 
Syringic acid   
Caffeic  acid 
Sinapic  acid 
p-coumaic acid 
Ferulic  acid 
b-resorcylic  acid 

( 241) 

 
Globularin 

 
( 242) 

 
Globulariosid 

 
(236) 
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F = flavonoids, I = iridoids, P = phenylethanoids 

 

33   Globularia alypum 
(235) 
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4

234

243 236.235.234

 phenylethanoids

Iridoïds( 235.233.) 

  

 

infusion 

(. 

(245.244.) 

  (246.236).

IN VITRO

(247)

50%((LD50

14.5(245.)
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.I  

1

Globularia alypum 2008

1779

2(249.248)

  

3/748

47.°

74 



  

  

 

13

40,°

40,°

 

1/3

70,°

.C-glycoside

75 



 

 

13:7 

 

2 

45°

 

                                                   1  

   2

 

 

 

 

 

                   40°                                        

 

 

 

                                                                                      

40° 

                        

شٍ عْذ   ° 70حبخ

 

34   Globularia alypum 
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.II

1

1.1

5

  .(250)

2.1

(AlCl3 1%) 
 (250.)

2

polyphénols Globularia alypum 

bleu de Prusse  (251.) 

  

ferricyanide de potassium (K3Fe[CN]6)

(Fe2+) ,

(FeCl3)  bleu de Prusse  700 nm . 

  

0.5 ,1 ,1.5 ,2

0.1 31

K3Fe(CN) 6 (0.016 M)   1(FeCl3 (0.02 M   HCl( N0.1( 
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1155

301% 3085%90

700

(Gallic acid)

(Gallic acid)(0-200 μg / ml)   

 (mg EAG / g E). 

 

35 . Gallic acid 

 n=3.  

 

 

 

 

 

  

78 



3

Globularia alypum 

AlCl3) 252.) 

  

AlCl3

C4C3C5

AlCl3  orthoB

430

O

OOH

Al+3 O

OO

Al
+2

O
OH

Al+2
OH

OH

 

O

O

Al+3 O

O Al+2

O
OH

Al
+2

OH O

OH
OH

36      Al3+ 

 

 

10.5 ,1 ,1.5 ,2 

1AlCl3  2%

10430 

((40µg/ml-0فالفونويد الكرستين   

79 



 

(mg EQ / g E). 

 

 

 
 

37  Quercetin .

 n=3 
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4

  - stationary phase - rétention

 

 -phasemobile -

 

 

1.4-PC- 

  

UV (248.)

Arches, Durieux, Schull, Schleider, Whatman  ;

Iٗ III أ

(254.205.185.)

81 



 

 

I 

2

ِ ٍ :

(B.A.W )

5 :1 :4

1618

365

 

2.4TLC-- 

253

  

 – adsorption -

 

  

 (185).  

 

 

 

 
82 



 

 

0.25

20205010

Etaleur5

  -

1.5

  -   

(H2O / MeOH / méthyléthylcétone / Acétyl acetone) 

 13 :3 :3 :1  

 

1

90

Toluène / méthyléthylcétone / ME(OH)  

  :4:3:3       

74

365  

   

 

83 



 

3.4

1.3.4

UV

Isoflavone

 

 

 

 

 

 

 

 

 

84 



 4-UV - 

 

 

 

(183) 

 

 

3 

 OH

5 

 3

OH5

(248)

(168) 

 

 OH

3OH5

(248), (168) 

 (248)

(168)

 (248)

(168)

 
(255) 

 

365.
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2.3.4 RF

(185) .

RF

RF

      .

    5–RF(256(257.

–RF

         RF

         RF

        RF

OHCH3 
  RF 

        

1

1

UVRF
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5

Chromophores)

- OHCH3O).

(205.186.166   .)

1.5

 I300385

CinnamoylC4

BB

C. 

 II 250280

Benzoyl A 

(205.186) 
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I                                                  II

38.AB

I 

(166.)305350350385

  

6III(248)

I  II 

310-350 250-280 
330-360 250-280 OH3
350-385 250-280 OH3
310-330 
300-330  

245-275 
275-295 (5-dioxy-6,7 dioxygéné) 

340-390 230-270 

340-380 230-270 

360-465 270-280 

III DPPH° 

(258) 

 2,2-diphényl-1-picrylhydrazyl DPPH°

 

O
A C

B

O

Benzoyle Cinnamoyle

88 



  

DPPH° 

DPPH° 

  DPPH-H 

517

 DPPH°. 

NO2 NH

NO2

NO2

N

 

 ( DPPH-H)     (DPPH°)

39 .DPPH°( 182) 

   

C1 =5

  C2 = 3  ,= C3  2 , C4 = 1 , C5 =0.5  ,C6 = 0.25 

C70.125

  15µl 

1.5DPPH°  100  

((100µM ,15

517

305

QuercetinQuercetin

NO2 N

NO2

NO2

N

89 



Globularia alypum ٍعلى السوٍخ القلجخ 
 Doxorubicinلـ 

I

1

Wistar strain

180±30

25±512

2

NaCl 0.9% 5

64

100

64

 Doxorubicin: NaCl 0.9%5

4DOXO , 

2022

Doxorubicin  DOXO 

 20100

64

 
90 



3

48DOXO DOXO 

600015

(LDH, CPK, AST  (. 

 dislocation -- cervical

NaCl 0.9%  

 Formol10 %   

 ; KCl

1.15%4.50.5Ultra-Turrax homogenizer T 25

400010

 GSH   MDA  

II

CPK LDH ASTAutomatique Analyzer 

(Architect Abbott ci 8200)

1CPK

  

  creatine phosphokinase  ADPPhosphate creatine

ATPhexokinaseHK 

phosphate dehydrogenase  glucose 6( G6P-DH). 

 

 

91 



 

Phosphocreatine + ADP
CPK

creatine + ATP    

ATP + Glucose ADP + Glucose-6- phosphateHK

G6P + NADP+ G6P-DH
6- Phosphogluconate + NADPH + H +

NADPH2CPK

2LDH

  

LDHPyruvate  NADH2Lactate

Pyruvate + NADH + H+ L- lactate + NAD+LDH

 NADH2 LDH

3AST -TGO-

  

ASTAspartate2-oxoglutarateoxaloacetate

glutamateASToxalate

2,4- dinitrophenylhydrazineDNPH

III 

1MDA 

 MalondialdehydeMDA 

92 



(259) .

H H

O O

H H

HO O

40Malondialdehyde( MDA ) 27

 

MDATBA

(Thiobarbituric acid)PH23100

15Pink pigment product

n-butanol 

535

  

0.50.5

trichloracetic TCA20% 1TBA 1%  

 

 15ً ىذَة 100° 

ٍو ٍِ 4   n-butanol

ٍط 300015 اىخي

n-butanoln-butanol

535

MDA

Tetraetoxypropane(TEP) بــ n mole/l    

MDA
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2GSH

 

  (260)  

(Ellman’s reagent) DTNB5,5'- dithio-bis- [2- nitrobenzoic acid ]

DTNBSH

2-nitro-5-mercaptobenzoic acid

S

S

NO2

HOOC

HOOC
NO2

GSH

HOOC

NO2

DTNB

+
+

S
S
G

COOH

NO2

SH

Disulide derivative of
 2-nitro-benzoic acid

2- nito-5-mercaptobenzoic acid

 

41GSHEllman

Nitromercaptobenzoic

412nm

 

2000 rpm50.2

1.7((PH 7, 0.1M0.1 0.396 100

412nm

GSH

 GSHبــ µmol/ml
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IV.

1

Formol 10 % ج  ساعت 24-12ىذَة  ؼسي

ٗ ذٍا باىَاء  Deshydrationxylène) ) ج

Eclaircissementparaffin5254° 12

 (paraffin Inclusion in)

Leica EG 1160paraffin

Microtome5

.paraffinXylene

Rehydratation 100

topographic Coloring Hematoxylin and Eosin  

Hematoxylin  Hemalun1020

Eosin  5

100Xylene 

Eukit

2

x40x100immersion 

oil.

 

95 



 

Globularia alypum

IN VITRO

Iaqueous extract -alypum Globularia

50500

30

20lyophilised( FreeZoneR Dry 4.5, USA)

20284

50500

30 

20

- lyophilisation - 

42   Globularia alypum 

 

decoction-

aqueous extract -

96 



 

II . النشبط الوبد لألورام للوستخلص - Anti-tumor activity- 

(cytotoxic effect  )Globularia

alypum 

 (Hep G2) Human hepatocarcinoma cell line. 

 Colon carcinoma cells (HCT-116). 

 (T-lymphocyte cells)  lymphoblastic leukemia cells 

(1301). 

1Cell Culture  -

EagleDulbeco (DMEM) 

(Dulbeco’s Modified Eagle’s Medium) ٗ 

 100 ( 100 units/ml penicillin G sodium )

 100 (100 units/ml streptomycin sulphate   ) 

  

 250(250 ng/ml amphotericin B)  

2 -2 mM L-glutamine- ٗ10%  

fetal bovine serum (FBS)   

Antiprotéase  Attachements factor.... ,

375CO2 .
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2Cell Proliferation Assays - Cell Viability Assay-

MTT Cell Viability Assay (285.) 

 

MTT(3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide) عيى قذسة 

  Dehydrogenase   Tetrazolium ىَشمب MTT 

Formazan  

Formazan 

MTT  570 

  

microplate96(well)

0.5X105 (0.5X105 cells/ well)  DMEM  

10FBS ,   DMSO (<0.5%)       20µl 

 12.5µg/mlµg/ml25 µg/ml50 

µg/ml100(DMSO)  dimethyl sulphoxide 

0.1%V/V(295)48 

375CO2 .  

µl40  MTT(0.9% NaCl )  5 

4formazan180µl 

180 µl of acidified isopropanol / well (isopropanol   ً0.4فN  HCl )

37570

percentage of viability   

]  [×100                                   

[Absorbance of treated cells/ Absorbance of control cells)] X 100         

  50 % (IC50)   
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± 

 Student’s t test SPSS  . 

 Least significant difference ( LSD )   

95% > P)  0.05. (

 < P0.05

 P >0.05

 P >0.01

 P>0.001
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.  

I 

alypum Globularia 

 

 

  

  

  

7alypumGlobularia

.II

alypumGlobularia

 

 

 

1779
 % 0.11 غ2 

 %0.31 غ5.56 

 %13.39 غ238.31 

100 



1

(AlCl3 1%)  
alypumGlobularia.

2

(251)

 (Gallic acid) 

 

 

Y      :

X       :   

    
 

  

 -Gallic Acid Equivalents/g dry weight -  (mg GAE / g extrait) ٗ 

 

     (µg/ml) 

    : Y  

C

           (GAE) (µg/ml)

101 



  (mg GAE/ g): 

8alypumGlobularia

 

  alypumGlobularia 

 

 

C=103.81 ± 3.65 mg GAE / g dry weight 

 

3

  (252)  

  Quercetin- 

Y      : 

  X       :(µg/ml) 

 

 

 
 

 

 

(mg GAE/ g extrait) 

  

198108

2105.25104

102 



 

  

 

(mg QE / g extrait) – Quercetin Equivalents/ g dry weight  - ٗ

 

 

  : Y   

 C   

         (QE)  (µg /ml)

(mg QE / g extrait):

9alypumGlobularia

 

  alypumGlobularia 

 

C=21.55 ± 1.51 mg QE / g dry weight 

(mg QE / g extrait)

121.3723.2523.87

219.7520.3720.68
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4 

1.4. 

I

BAW4:1:5

UV365

:MFb :V   

bc j 

43

 alypumGlobularia 

MF 

b 

j 

bc 

V
 

V 

104 



 

 

 - -RF 
: 

10  

 

2.4.   -TLC- 

 

 

H2O2 / MeOH / MEC / Ac.Ac:  (13/3/3/1)  

Toluéne  / MEC / MeOH: (4 / 3 / 3) 

365

 

 

 -RF-0.190.410.480.720.86

UV--

105 



 

:VjVF

b bc 

 

44 

alypumGlobularia 
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 - -RF 
: 

ٍاح٘ؼشافً. 11 ٗ ٘ك اىنش  TLC – خّائج اىسي

UV--

  -RF-0.090.110.080.160.090.770.79

BAW4:1:5

 RF0.19

RFBAW

OH256

(183) 

 UV 

(255) 

 OH3

OH5168248. 

 OH

5OH5OH3 

 RF((OCH3  ُأي أ

RF0.86,اىَشمب ؼشٍ قطبً

BAW
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5 

alypumGlobularia 

 

45 .

alypumGlobularia 

 I300385

cinnamoylC4

B305350

- Flavones 

 II250280 

Benzoyl A 

alypumGlobularia

108 



 

III DPPH°

- IN VITRO –  DPPH° 

  ٍِ ذٌ اىخجاسي اىنشسخ ٘ ّ ٘ .Quercetin- اىفالف

53  , 2 , 

1 , 0.5  ,0.25 0.125

DPPH° 

5

xx

5     x 0.01515µlx1.515 

0.0495

DPPH°  

 1246

109 



12DPPH° alypum

Globularia

%° DPPH

50.0594.890.17

30.0380.170.09

20.0257.06 1.49 96.060.04

10.0120.040.195.91

0 50.00518.4395.810.13

0.250.002512.111.7894.720.3

0.1250.0012 5.470.5346.451.78
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46DPPH°

 

 

 

111 



 50- IC50-

47 ° DPPH    

 n=3 

 50%% 

DPPH°  

 

50% IC50

 

alypumGlobularia50%DPPH°بـ :

 mg/ml 
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alypumGlobularia

DPPH°  94.89 بـ  %  

0.05

0.00125.4750-IC50-

0.021 

0.02

DPPH°57.06

96.06 

 

 

 

 

 

 

 

 

 

 

 

 

113 



 Globularia alypum ٍعلى السوخ 
 Doxorubicinالقلجخٍ لـ 

I

CPK 

LDHAST

1CPK

CPK

1348

13CPK

 

CPKفً اجالزهــــــبــ   
(U/L) 

361 1628.35

336.6620.33

DOXO 603.548.77

 DOXO 444.6653.51 

114 



48CPK

(mean ± S.E), n = 6ع٘ت راُ ىنو ٍجَ ج ,  جش حَ

 ٍِ ع٘خ ىَجَ   DOXO   DOXO ٍقاسّت ا

 -DOXO , Least 

significant difference ( LSD )   95%  > P)  0.05( Student’s t test  (* * ) 

  (p < 0.01) .(*** )(0.001 p <)  .

 CPKDOXO   603.5 ± 48.77

361.16±28.35

(0.001 p <). 

  CPK444.66±  53.51 , 

 (p < 0.01.) 

115 



2LDH 

LDH14

49

 14LDH

 

 

 

 

 

 
 LDH  

(U/L) 

  24.96 ± 389.66 

306.83 ±41.90

DOXO 522.16 ±35.4

 DOXO 400.16±43.65 

116 



 

 

 49 LDH

(mean ± S.E), n = 6  ,

 DOXO   DOXO  

 -DOXO , Least 

significant difference ( LSD )   95%  > P)  0.05 ( Student’s t test (*) 

 (p < 0.05) .(** )(0.01 p <) .

 DOXO   LDH

522.16  ±35.4  24.96 ± 389.66

(0.01 p <). 

 (0.01 p <)  

 400.16 ±  43 65  DOXO.
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3AST

AST15

50

15AST

 
  ASTفً اجالزهــــــبــ  

(U/L) 

18.8  ± 122   

122.66 ± 31.91 

DOXO 184±  56.88 

 DOXO 114.16 ± 7.57 
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50AST

(mean ± S.E), n = 6ع٘ت راُ ىنو ٍجَ ,  جش

 DOXO   DOXO  

 -DOXO , Least 

significant difference ( LSD )   95%  > P)  0.05 ( Student’s t test (* ) 

 (p < 0.05) .(ns) (P> 0.05) .

 AST

(P> 0.05). 

 DOXO (p < 0.05 ) U/l  184±  

56.88   18.8  ± 122  , 

  (p < 0.05 )قذس بـ ِ ٌ  .U/l      114.16 ± 7.57 أ
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II

alypumGlobularia100

 Doxorubicin20

1.MDA 

100MDA 

Doxorubicin201651

16 MDA 

 

  MDA تركٍس 
( nmole/g tissue )

 ± 8.07 128.95

116.51  ± 14.30 

DOXO 146.98 ± 10.57 

 DOXO 130.84 ± 5.12 

120 



 

           51 MDA 

 

(mean ± S.E), n = 6ع٘ت راُ ىنو ٍجَ ,  جش

 DOXO   DOXO  

 -DOXO , Least 

significant difference ( LSD )   95%    (p < 0.05) . Student’s t  

test (* )  (p < 0.05) . 

(p < 0.05)  ًفMDA 

DOXO 

 DOXO.

121 



2GSH زولً للقلت  السٍتى

100GSH

Doxorubicin201752

17 GSH

 

 

 

 

 

 

 

 

 

 GSH  تركٍس 
(nmole /g tissue  )

0.19 ± 2.5 

2.54   ±0.11

DOXO 1.63±  0.16

 DOXO 2.02± 0.13

122 



 

 

52  .GSH 

(mean ± S.E), n = 6  

 DOXO   DOXO  

 -DOXO , Least 

significant difference ( LSD )   95%  > P)  0.05 ( Student’s t test (** ) 

 (p < 0.01) .(ns) (P> 0.05).

GSH (p < 0.01)

DOXO 

 DOXO( p < 0.01 .)

123 



III

100 H&E) ×(

A1, A2. 

 (B1, B2, B3, B4, B5, B6) 

 DOXO  

 Myocytes Deformed (

( 

  

Numerous Intercellular Spaces.

  necrosis partial  

Myocytolysis Nuclear Pyknosis  

  Condensed Nuclei. 

 Vacuolization  

 Edema 

  --Infiltration of Inflamatory Cells 

Globularia alypum

(  C1,C2,C3,C4,C5 (. 

 (D1, D2).

 

124 



 

 

A1 .x 40 H&E)) 

 

A2 (100 × H&E) 
  

N : nucleus  

N 

N 
N 

N 

N 

125 



 

 

 

 

 

 

 

 

 

B1 

 

 

 

 

 

 

 

      B2  

            DOXO (100 × H&E) 

PN: partial necrosis                                              CN: Condensed  Nuclei                                                         

   DM: Deformed Myocytes                               

 

PN 

 

       DM 

 

CN  

PN
PN
PN
PN 

IS 

126 



 

 

 

 

 

 

 

 

      B3 

 

      

 

 

 

 

 

 

 

        B4 

  DOXO  (100 × H&E)

PN:   partial necrosis    IS : Intercellular Spaces      

   E : Edema                                             

 

 

       

IS 

 

IS 

 

 

E 
PN 

127 



 

 

 

 

 

 

B5 

 

 

 

 

 

      

 

 

B6 

  DOX  (100 × H&E) 

NP : Nuclear Pyknosis                                                 IS : Intercellular Spaces 

V : Vacuolization                                                         IC: Inflamatory Cells                              

 

 

 

 

NP 

V 

V IS 

IS 

 IS 

 

IC 

IS 

NP 

128 



 

  

   

      

 

 

 

 

 C1 

 

 

 

 

 

 

 

 

 

 C2

  DOXO -ٍسخخيص   (100 × H&E) 
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C3 

 

 

 

 

 

 

 

 

        

 C4 

  DOXO(100 × H&E) 
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 .C5   DOXO 

x 40 H&E)) 

 

 

 

 

 

 

 

 

 

 

 D1 .   

       x 40 H&E))
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 D2 .   

                  (100 × H&E)                    
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Globularia alypum

IN VITRO

  Globularia alypum

Human hepatocarcinoma cell line Hep-G2 , 

(HCT-116) Colon carcinoma cells   lymphoblastic (1301) 

leukemia cells MTT Cell Viability Assay 18

52 

18Globularia alypum 

, Hep-G2HCT-116  1301 cells.

 

 

 

 Globularia alypum( µg/ml) 

 

%-  of cell viability    %- 

 

Hep-G2

 

HCT-1161301 cells 

12.5± 69.084.525.18 ± 91.116.27 ± 108.41

25± 53.375.14.34 ± 83.8812.01 ± 127.66

50± 45.893.673.77 ± 75.1010.32 ± 144.11

100± 26.143.353.71±65.5813.57 ± 197.23 
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 53Hep-G2 HCT-116 

1301 Globularia alypum.

 n=3 

50%  19. 

19alypumGlobularia 50

IC50  Hep-G2 ,HCT-116  1301  

 50% 

(µg/ml) - IC50 - 

Hep-G2 43.82 

HCT-116 151.40   <(100 )

1301 cells                                                

134 



   alypum Globularia  

Human hepatocarcinoma cell line Hep-G2  

 µg/ml 43.82 (HCT-116) بـ    % 50 

Colon carcinoma cells IC50µg/ml 151.40  

 lymphoblastic (1301) 

leukemia cells

 Lymphostimulatory activity
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ADN(32.31.30)

(34.33.35)

catalase .Glutathione peoxidase, superoxde 

dismutase,caroténe, Vit C, Vit E 

B-(29.28.)

 (53.41.)

 Daunorubicin, Epirubicin , Idarubicin 

Doxorubicin (147.15 .)

Doxorubicin  

(16)  

 - Cytochrome P450 reductase   NADPH  , 

… Xanthine oxidase(121. 148.142.138.128.124.) 

alypumGlobularia 

 (234)IN 

VITRO(Hep G2) ,

 (HCT-116)   (1301cells)   

doxorubicin

136 



wistar  

 (62)

xanthine oxidase

cyclooxygenase, lipoxygenase

 

Doxo  

alypumGlobularia  

 ,

(243 236.235.234) 

(237 ,238 ,241 ,236)

(IN VITRO )(233 )

PhenylethanoidsIridoids (235 )

IN VIVO مَا ىٌ حسجو أي

50%((LD5014.5

ج (, 245 )  أثبخ

(246.236). 

DOXO

ِ ٍ ٍِ ع٘ ّ  

7- luteolin diglycoside   (235) Apigenin-7-glucoside

137 



 

8-C-glucosyl-4’,7, dihydroxyflavone241  Bu(OH)

13.39%  

 %0.31 قذسث بـ

٘ىً   ّ .  اىبخٍا

 Hep 

G2 ,HCT- 116 ٗ 1301(246.236).

 DOXO  

 

PCTLC 

350385250280

 

21.55 ± 1.51 mg QE / g extrait 

103.81 ± 3.65 mg GAE / g  extrait 

 

Globularia 

alypummg RE/g extrait 4.54 ± 0.09  

 21.54 ± 0.81 mg GAE/g dry weight( 261 )

Doxo

138 



(CP TLC )

 3  Apigenine-7-

glucoside ٗ Luteoline-7-glucoside 8-C-glucosyl-4’,7-dihydroxyflavone 241

 

30 alypum   

Globularia(235) ٗ Rutin 

 عيى (. 238)

RF 256  

 4’,7-dihydoxyflavone241 

Vanillic  acid( 241)

Globularia 

alypum    DOXOIN 

VIVO IN 

VITRODPPH° 

 Globularia 

alypum DPPH°  100µmol 

 DPPH°  

94.89 %  0.05

0.00125.47%

50-IC50-0.021

0.02 DPPH°57.06

96.06

(236)الىٖا  
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alypumGlobularia  DPPH° , 

 , phenylethanoidsٗ  Iridoids  

(235)30 alypum   Globularia 

DPPH° 

BHT  

phenylethanoids  Iridoids( 235.) 

  Equivalent 

Antioxidant Capacity (TEAC)TroloxABTS.+  

 2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) 20.31 mmol TEAC/g dry 

weight  (261.) 

IN VITRO     catéchin   

70DPPH°100µM0.10.5

80262quercetin0.01

50DPPH°  100µM263  ,   

  alypumGlobularia (235) 

Glucosyl-(1→2)-glucosyl 7- luteolin , Glucosyl-(1→3)-glucosyl 7- luteolin  7- Glucosyl 

luteolin   7-

diglycoside Flavanone .50(IC50) DPPH°

 µM  7.8µM6.67.1µM 12.2µM7.8µM

30µMBHT 

    Luteoline 7-Glucosyl-(1→3)-glucosyl   (IC50= 6.6 µM) 

    (

IC50=7.8 µM) 

Luteoline 7-Glucosyl-(1→2)-glucosyl    (IC50=7.8 µM)  

 Luteoline 7-Glucosyl  (IC50=7.1µM ) ٗ7-diglycoside Flavanone  (IC50=7.1µM )

140 



 

 BHT . alypum   Globularia  

   

OH

OH

OH

O

R RH
O

OH

O

O
R RH

quinoneFlavonoids Flavonoxy

(102) 

 

  flavonoxy (FL-O°)  R
.

 flavonoxy  (102 ,224)

َْارج اىَخبشٌت  خً أجشجٌ عيى اى د اى ج IN VITRO الأبحا خَ خً إ ٗاى  

  

  3,'4' 

B -Ortho Dihydroxy –    -cathécol-  

flavonoxy (C3-C2) 
 "4-oxo"  C , 3 C.

5,7 A 216.174.171.102 

DPPH°
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alypumGlobularia 

IN VITROIN VIVO

DOXO

WistarDOXO20

 CPK, LDH 

AST  

 GSHMDA 

  

LDH, CPKٗ AST   

DOXO 267.266.265.264.21

 100 

LDH, CPKٗ AST ًف 

 اىبلاصٍا

DOXO20

 48

LDH, CPKٗ AST. 

  268.267.265.16DOXO

30 48

LDH, CPK16 

DOXO20

(267)LDH, CPKٗ AST

15DOXO265

7.5mg/kg268. 
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LDH, CPKٗ  AST

DOXO

268) .)

100

DOXO20

LDH, CPKٗ   AST 

  DOXO

alypum   Globularia

 DOXO إىى

proanthocyanidins 

100DOXO20

CPK( 270)

Phyllanthus maderaspatensis200

4006007

DOXO15LDH, CPK 

 (21)(propolis)

DOXO100 

10

CPKAST269

271.268.146

LDH, CPKٗ AST 

  DOXO
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MDA,GSH

 (SOD, CAT, GPx)DOXO

(272.271.270.21 .)

 MDA

MDA

ADN

MDA

. (275 .274) 

MDA100

DOXO20 MDA

MDA

DOXO

DOXO

DOXOCardiolipine

 (.121148.147.136.128160.)

GST CAT(…Gpx  

(145.138.136.121.15 .154 .156)(121,)

 Reductase ٗ Dehydrogenase NADP dehydrogenase 
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nitric oxide synthase(NOS)

(139.128 )   CR

DOXOdoxorubicinol

(124.121151.) 

DOXO

Cytochrome P450 réductasedéhydrogénase NADHxanthine 

oxidasesemi-quinoneO2

-°O2H2O2OH°( 121.15 

.148.142.138.128.124 .155 ,)

Fe3+DOXO 

 DOXOFe2+O2

.-O2  (148.143.138.124.121. 159)

  ° OH

° OH

LO°ٗ  LOO° . MDA

(cell 

lysis) (276.171.68.67.57.45.40.27)

LDH, CPKٗ AST   DOXO 

100

DOXO20

MDA

DOXO

MDA

 DOXO
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B4-OXO 3-OHC4-OXO5-OHAC

(200.199.165.102) 

 

DOXOO2OH° 

LO°ٗ  LOO° 

(278)MDA 

Vit E (Alpha-Tocophérol )Alpha-TO° .  Vit E 

(propagation )

(LO°)(LOO° )

 Alpha-TO°. 
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GSH))Glutamique, Cysteine, Glycine

 (90.86) 

sulfhydril( SH )

   (90)GSH H2O2OH°LO°

LOO°O2
°- (44)GPx

GSH(50.39)

(GSSG )٘د ٗج  GR ٗاىزيٌ شجع ف٘سا فً 

  NADPH (86)GSH 

 E  C (3964..86.) 

GSH

GSHDOXO

GSHGSSG  

  

GSH  

 

Globularia alypum100

4DOXO20

GSH 

 

GSH  

DOXO

GSH 

GSH 
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 GSSG حٗحٌ٘ئ إىى اىصس٘ة اىَشجعت (GSH ) 

DOXO

GSH.

DOXO

 

arjuna TerminaliaDOXO

MDAGSH 

DOXO20

0.425

0.851.73.46.8 MDA

GSH زٕا   DOXO(22) 

Phyllanthus maderaspatensis

DOXO15

GSH (21.) 

 p- coumaric 

DOXO

15

MDA

1.76  nM /g protein± 86.31.22 nM /g protein  57.7 ± 

GSH 0.08 µmol/g tissue   2.7 ± 

 4.2 ±0.09 µmol/g tissue.

DOXO100

MDAGSH
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nM /g protein 1.36 ±55.6   µmol/g tissue0.153.5 ±ٍب  عيى اىخشح

 (271)  

 DOXO20

)H&E100× (

LDH, CPKAST

  

; 20

100×

(270) 

 

DOXO20265

273.268.267.152

Globularia alypum

DOXO

 Terminalia arjuna

DOXO20 

  proanthocyanidin ٍسخخيص (22)

100DOXO

149 



20(270)

 DOXO

Rutin luteolin 100 µmole/kg

DOXO

GSHpx 

DOXO

(279) Catechin (280) 

(semisynthetic) 7-

monohydroxyethylrutoside  DOXO

(281 .282)

DOXO

carbonyl reductase

DOXOdoxorubicinol

 DOXO(131.122)

ATPase -2Ca+ Na+/K+ ATPaseATPase 

H+(158) .QuercetinRutin283

IN VITRO - IN  VIVO-  

Globularia alypum 

effects growth-inhibitory  - - IN 

VITRO Human hepatocarcinoma cell line(Hep-G2 ,)

Colon carcinoma cells  (HCT-116)ٗ

lymphoblastic (1301) leukemia cells  MTT Cell 

Viability   Hep-G2 ٗ HCT-116 

Hep-G2 
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µg/ml43.82IC50HCT-116   

<(µg/ml 100)IC50 151.40 µg/ml

 1301 cells

Lymphostimulatory activity.

Globularia alypum

antileukemic (246.236.) 

  

Hep-G2 HCT-116

 Cell cycle arrest-  . 

  Apoptosis -( .287.286288290.289291 

Hemerocallis fulva, Ipomoea batatas, Curcuma longa  Nasturium officinale   

HCT116, SW480, CaCo2)HT29  SW837 ) 

IC50µg/ml10-80Hemerocallis 

fulva   Ipomoea batatasG1

HCT116 48

Curcuma longaNasturium officinale

48 (288)

 Curcuma zedoaria, Derris scandens, Dioscorea membranacea,  

Nardostachys jatamansi Bridelia ovata,  nasutusRhinacanthus

lung carcinoma cell(CORL-23)

 prostate cancer cell lines (PC3)  (IC50 < 30µg/ml) . 

(Mia Pa Ca-2) 

pancreatic , hepatocellular carcinoma( HepG2)  ( HCT-116 )289.
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Ursolic officinalis Salvia

human prostate cancer cells

 (PC-3 )LNCaP cells  زٕٗا باسخعَاه اخخباس MTT 50 

55µM ٗ 45µM  293  silibinin 

 Silybum marianum  

Human Colon Cancer( Fet ,Geo ٗ HCT116)  MTTIC50   

Geo ٗ Fet  75 بـµg/ml   40 ug/mL   HCT116  ,

 cell-cycle arrest , Geo   Fet 

 G2   HCT116     G1   (294.) 
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 (IN VITRO) .

 - Anti-tumor activity- 
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IN VITRO 

DPPH°. 
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 DOXO20

CPK, LDH 

AST

 

 DOXO

MDA   GSH  

 alypumGlobularia

DOXO

100

CPK, 

LDH ASTMDA  GSH 

 

 

Human hepatocarcinoma cell line Hep-G2   50 % - IC50  -    بـ

µg/ml 43.82IC50  (HCT-116) 

Colon carcinoma cells  µg/ml100 

. Lymphostimulatory activity
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 Iron chelation

DOXO – Fe2+ 

 O2OH° DOXO
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  Vit E (Alpha-Tocophérol) 
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 Carbonyl reductase 
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Hep-G2 HCT-116

 Cell cycle arrest-  . 

 

 

 

 

 

158 



alypumGlobularia  Doxo

 

 

 

 Doxo 

 

 

Doxo  (structure – activity relationship.) 

 

 Doxo  

Doxo 

 

 alypumGlobularia. 

  

159 



 



 

1. Lahouel M. Interaction flavonoides-mitochondrie et rôle de la propolis dans la prévention 
de l’apoptose induite par certains médicaments anticancéreux. Thése de doctorat de 
l’université de Mentouri de constantine, Algérie. 2005; pp 1. 

2. Turner PC, McLennan AG, Bates AD, White MRH. L’Essentiel en Biologie  
moleculaire. Berti éds, Paris, 1999: 52-329. 

3. Tubiana   M. Généralités sur la cancérogenèse. C. R. Biologies. 2008; 331: 114–125.  

4. Valko M, Izakovic M, Mazur M, Rhodes CJ, Telser J. Role of oxygen radicals in DNA 
damage and cancer incidence. Molecular and Cellular Biochemistry. , 2004 ;  266: 37–56. 

5. Loft S, Moller P, Cooke MS, Rozalski R, Olinski R. Antioxidant vitamins and cancer 
risk: is oxidative damage to DNA a relevant biomarker?. Eur J Nutr.  2008;  47: 19–28. 

6. Baguley BC, Kerr DJ. Anticancer Drug Development. Elsevier Inc, 2002; 1-11. 

7. Carraz G, Calop J. Pharmacodynamie spéciale. Marketing éd, Paris, 1988 : 180-225. 

8. Ginsberg JP, Womer RB. Preventing organ-specific chemotherapy toxicity. European 
Journal of Cancer. 2005 ; 41:  2690–2700. 

9. Pieri F, Kirkiacharian S. Pharmacologie et thérapeutique. Marketing éd, Paris, 1986 : 
457-488. 

10. Elghozi JL, Duval D. Aide mémoire de pharmacologie. Flammarion Médecine-Science, 
2éme éd, paris, 1992 : 282-289. 

11. Calabresi P, Robert E, Parks JR. Alkylating agents, antimetabolites, hormones and 
other antiprolifeative agents. In: the pharmacological basis of therapeutics. Goodman LS, 
Gilman A, éds. The Macmillan company, 4thedition, 1970: 1344-1348. 

12. Pinkerton CR, Philip T. Treatement strategies in paediatric cancer. Consultant 
series.1996; 7: 1-5. 

13. Richard S, Heide V, L’Ecuyer T J. Molecular basis of anthracycline induced 
cardiotoxicity. Heart Metab. 2007; 35:1–4. 

14. Jain Diwakar. Cardiotoxicity of doxorubicin and other anthracycline derivatives. J Nucl 
Cardiol. 2000; 7: 53-62. 

15. Petit T. Toxicité cardiaque des anthracyclines. Bull Cancer. 2004 ; 91 : 59-65. 
 
16. Assiri AMA, Abdel-wahab AFI. Carnosine protects against doxorubicin-induced 

cardiotoxicity. Saudi Pharmaceutical Journal. 2003; 11: 23-31. 
 
17. Kaneshiro T, Suzui M, Takamatsu R, Murakami A, Ohigashi H, Fujino T, Yoshimi 

N. Growth Inhibitory Activities of Crude Extracts Obtained from Herbal Plants in the 
Ryukyu Islands on Several Human Colon Carcinoma Cell Lines. Asian Pacific Journal of 
Cancer Prevention. 2005; 6 : 353-358.   

 
 

160 



 
 
 
 
18. Gol’dberg ED, Amosova EN, Zueva EP, Razina TG, Krylova SG, Reikhart DV.  

Effects of Extracts from Medicinal Plants on the Development of Metastatic Process. 
Bulletin of Experimental Biology and Medicine. 2004; 3: 288- 294. 

 
19.Saetung  A, Itharat A, Dechsukum C, Wattanapiromsakul C, Keawpradub N,  

Ratanasuwan P. Cytotoxic activity of Thai medicinal plants for cancer treatment. J. Sci. 
Technol.  2005; 27:  469-478. 

 
20. Ait Mbarek L,  Ait Mouse H,  Elabbadi N, Bensalah M, Gamouh  A, Aboufatima  R, 

Benharref A, Chait  A,  Kamal  M, Dalal A, Zyad  A. Anti-tumor properties of 
blackseed(Nigella sativa L.) extracts. Brazilian Journal of Medical and Biological 
Research. 2007; 1-9. 

 
21. Bommu P, Nanjan CMJ, Joghee MN, Nataraj SM, Bhojraj S. Phyllanthus 

maderaspatensis, a dietary supplement for the amelioration of adriamycin-induced toxicity 
and oxidative stress in mice. J Nat Med. 2008; 62: 149-154.  

 
22. Singh G, Singh AT, Abraham A, Bhat B, Mukherjee A, Verma R, Agarwal SK, Jha 

S,  Mukherjee R, Burman AC. Protective effects of Terminalia arjuna against 
doxorubicin induced cardiotoxiciy. Jounal of Ethnopharmacology. 2008; 1-26.  
       

23. Halliwell B. Reactive oxygen species in living systems : source, biochemistry and role in 
human disease.Am.j.Med. 1991; 14-22. 

 
24. Es-Safi NE, Kollmann A, Khlifi S, Ducrot PH. Antioxidative effect of compounds 

isolated from Globularia alypum L. structure–activity relationship. LWT. 2007; 40 : 1246–
1252. 

 
25.  Wu D, Cederbaum AI, Alcohol, Oxidative Stress, and Free Radical Damage. Alcohol 

Research & Health. 2003; 27: 277-284. 
 
26. Allen RG, Ballin AK. Oxidative influence on development and differenciation on 

overview of free radical theory development. Free.Radic.Biol.Med. 1989; 6: 631-661. 
 
27. Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free radicals, metals and 

antioxidants in oxidative stress-induced cancer. Chemico-Biological interaction. 2006; 
160: 1-40. 

 
28. Seifried HE, Anderson  DE, Fisher EI, Milner JA. A review of the interaction among 

dietary antioxidants and reactive oxygen species. Journal of Nutritional Biochemistry. 
2007; 1-13. 

 
29. Comhair SAA,  Erzurum SC. Antioxidant responses to oxidant-mediated lung diseases. 

Am J Physiol Lung Cell Mol Physiol. 2002;  283:246-255. 
 
30. Bulger EM, Maier RV. Antioxidant in critical illness. Arch Surrg. 2001; 136: 1201-

1207. 
 
 
 
 161 



 
 
 
31. Pincemail J, Bonjean K, Cayeux K,  Defraigne JO. Mécanismes physiologiques de la 

défense antioxydante Physiological action of antioxidant defences. Nutrition clinique et 
metabolism.  2002; 16:  233–239. 

 
32. Sorg O. Oxidative stress: a theoretical model or a biological reality?. C. R. Biologies.  

2004;  327: 649–662. 
 
33. Trilling JS, Jaber R. Selections from current literature : the role of free radicals and 

antioxidants in disease. Fam. Pract. 13: 322-326. 
 
34. Hwang ES, Kim GH. Biomarkers for oxidative stress status of DNA, lipids, and 

proteins in vitro and in vivo cancer research. Toxicology. 2007 ; 229 : 1-10. 
 

35.  Cai H, Harrison DG. Endothelial Dysfunction in Cardiovascular Diseases: The Role of 
Oxidant Stress. Circ. Res. 2000; 87: 840-844. 

 
36. Younes M. Free radicals and Reactive Oxygen Species. Toxicology.1999; 111-125. 
 
37. Sikka  SC.  Oxidative stress and role of antioxidants in normal and abnormal sperm 

function. Frontiers in Bioscience.1996; 1: 78-86. 
 
38.  Aruoma OI, Free Radicals, Oxidative Stress, and Antioxidants in Human Health and 

Disease. JAOCS. 1998 ; 75 : 199-212. 
 
39. Ré DB, Nafia I, Nieoullon A, Le Goff  LK, Had-Aissouni L. Stress oxydatif cérébral :  

les astrocytes sont-ils vulnérables aux faibles concentrations intracellulaires de glutamate ? 
Implications sur la survie neuronale. Annales Françaises d’Anesthésie et de 
Réanimation.2005; 24 : 502-509. 

 
40. Fontaine E, Barnoud D, Schwebel C, Leverve X. Place des anti-oxydants dans la 

nutrition du patient septique. Réanimation.  2002 ; 11 : 411-20. 
 
41. Kohen  R, Nyska  A. Oxidation of Biological Systems: Oxidative Stress Phenomena, 

Antioxidants, Redox Reactions, and Methods for Their Quantification. Toxicologic 
Pathology. 2002; 620-650. 
 

42.  Stark G. Functional Consequences of Oxidative Membrane Damage. J. Membrane Biol. 
2005 ; 205 : 1-16. 

 
43. Genestra M. Oxyl radicals, redox-sensitive signalling cascades and antioxidants. Cellular 

Signalling. 2007; 19: 1807-1819.  
 
44. Gardès-Albert M, Rousselot DB, Abedinzadeh Z, Jore D. Comment l’oxygène peut-il 

devenir toxique ?. l’actualité chimique. 2003 ; 91-96. 
 
45. Ramonatxo  CK. Oxygène, stress oxydant et supplémentations antioxydantes ou un 

aspect différent de la nutrition dans les maladies respiratoires. Nutrition clinique et 
métabolisme. 2006; 20: 165-177. 

 
 
 
 
 
 

162 



 
 
  
 

46. Al-Omar  MA, Beedham C, Alsarra IA. Pathological role o reactive oxygen species 
and their defence mechanisms. Saudi Pharmaceutical Journal. 2004; 12: 1-18. 

 
47. Servais S, Altération mitochondriales et stress oxydant pulmonaire en réponse à l’ozone : 

Effet de l’age et d’une supplémentation en oméga-3. Thése de doctorat de l’université de 
Claude Bernard-lyon 1, France. 2004;  pp 19-35. 

 
48. Haton C, Effets des rayonnements ionisants sur la structure et la fonction de la cellule 

épithéliale intestinale. Thése de doctorat de l’université de paris VI, France.2005 ; pp43-
58.   

 
49. Xia Y, Tasai AL, Berka V. Zweier JL. Superoxide generation from endothelial nitric-

oxide synthase. A ca2+/calmodulin-dependent and tetrahydrobiopterin regulatory process. J 
Biol Chem. 1998; 273: 25804-25808. 

 
50.  Hill MF. Role of oxidative stress in heart failure subsequent to myocardial infraction. 

Thesi of doctor of philosophy of the University of Manitoba, Canada. 1998; pp 
24.29. 

 
51. Turrens JF. Mitochondrial formation of reactive oxygen species. J Physiol. 2003 ; 

552.2 : 335-344.  
 
52. Schrِder P, Krutmann J. Environmental Oxidative Stress Environmental Sources of 

ROS. The Handbook of Environmental Chemistry. 2005 ; 2 :19-31. 
 
53. Sasaki Y. Does oxidative stress participate in the development of hepatocellular 

carcinoma?. J Gastroenterol . 2006; 41:1135–1148. 
 
54. Sas K, Robotka H, Toldi J, Vécsei L. Mitochondria, metabolic disturbances, oxidative 

stress and the kynurenine system, with focus on neurodegenerative disorders. Neurological 
Sciences. 2007 ; 257 : 221–239. 

 
55. Fariss MW,  Chan CB, Patel M , Houten BV, Orrenius S. Role of Mitochondria in 

Toxic oxidative stress.  Molecular Interventions. 2005; 5: 94- 111. 
 
56. Andreyev AY, Kushnareava YE, Starkov AA. Mitochondrial Metabolism of Reactive 

Oxygen Species. Biochemistry. 2005; 70: 246-264. 
 
57. Aurousseau B. les radicaux libres dans l’organisme des animaux D’élevage : 

Conséquences sur la reproduction, la physiologie et la qualité de leurs produits. INRA 
Prod. 2002 ; 15 : 67-82. 

 
58. Rahman I, Morrisson D, Donaldson K, Maccnee W. Systemic oxidative stress in 

asthma, COPD, and smokers. Am. J. Respir. Crit. Care Med. 1996; 154: 1055-1060. 
 
59. Szasz T, Thakali K, Fink GD, Watts SW. A Comparison of Arteries and Veins in 

Oxidative Stress: Producers, Destroyers, Function, and Disease. Experimental Biology and 
Medicine. 2007; 27- 37. 

 
 
 

163 



 
 
 
 
60. Favier A, Le stress oxydant Intérêt conceptuel et expérimental dans la compréhension 

des mécanismes des maladies et potentiel thérapeutique. l’actualité chimique. 2003 ; 108-
115. 

61. Gardner RR. Aconitase.Sensitive target and measure of superoxide. Meth Enzymol. 
2002 ; 349 : 9-23. 
 

62. Halliwell B, Gutteridge JM. Oxygen free radicals and iron in relation to biology and 
medicine: some problems and concepts. Arch. Biochem. Biophys.1986; 246: 501-514. 

 
63. Soares AF. Effets du stress oxidant sur le fonctionnement des adipocytes : Adiponectine 

et prostaglandines. Thése de doctorat de institut national des sciences appliquées de lyon. 
2005 ; pp35-36. 

 
64. Singh RP, Sharad S, Kapur S. Free Radicals and Oxidative Stress in Neurodegenerative 

Diseases: Relevance of Dietary Antioxidants. JIACM. 2004; 5(3): 218-25. 
 
65. Boots AW, Haenen GRMM, Bast A. Health effects of quercetin: From antioxidant to 

nutraceutical. European journal of pharmacology. 2008; 585: 325-337. 
 
66. Min K, Ebeler SE. Flavonoid efects on DNA oxidation at low concentrations relevant to 

physiological levels. Food and Chemical Toxicology. 2008; 46: 96-104. 
 
67. Brunet S. Vue sur les mécanismes de contrôle du cholestérol hépatique suite au stress 

peroxidatif induit par le fer. Thése de doctorat de l’université de Montréal canada.1999 ; 
pp4-24. 

 
68. Pre J. Lipid peroxidation.Path Biol.1991 ; 39 : 716-736. 
 
69. Bertrand F. Le vieillissement moléculaire et cellulaire et ses futures enjeux. Actualité 

Chimique.2003 ; Review. 
 
70. Friguet B, Szwed LI. Inhibition of the multicatalytique proteinase (protéasome) by 4-

hydroxyl-2-nonenal-Gross linked protein. FEBS Lett.1997; 405: 21. 
 
71. Hengarther NO. The biochemistry of apoptosis. Nature. 2000; 407: 770-776. 
 
72. Vaux DL, Korsmeyer SJ. Cell death in development. Cell; 1999; 96: 245-54. 
 
73. Heistad D D. Oxidative Stress and Vascular Disease. Arterioscler Thromb Vasc Biol. 

2006; 26: 689-695. 
 
74. Evans JL, Goldfine ID, Maddux  BA, Grodsky GM. Are Oxidative Stress_Activated 

Signaling Pathways Mediators of Insulin Resistance and Cell Dysfunction?. 
DIABETES. 2003; 52 :1-8.  

 
75. Clark SF. The Biochemistry of Antioxidants Revisited. Nutr Clin Pract.  2002; 17 : 5-17. 
 
76. Suntres  ZE, Omri A. The role of liposomal antioxidants in oxidative stress. Frontiers of 

Nanotherapy. 2006 ; 191–205. 
 
 



 
 
 
77. Scandalis  JG. Oxidative stress: molecular perception and transduction of signals 

triggering antioxidant gene defenses. Braz J Med Biol Res. 2005; 38(7): 995-1014. 
 
78. Scandalis JG. Oxygen stress and superoxide dismutase. Plant physiol. 1993; 101: 7-12. 
 
79. Georgeson GD, Szony BJ, Streitman K, Varga ISz, Kovacs A,  Kovacs L, Laszlo A. 

Antioxidant enzyme activities are decreased in preterm infants and in neonates born via 
caesarean section. European Gournal of Obstetrics and Gynecology and Reproductive 
Biology. 2002; 103: 136-139. 

 
80. Laguerre M, Lecomte J, Villeneuve P. Evaluation of the ability of antioxidants to 

counteract lipid oxidation: Existing methods, new trends and challenges. Progress in Lipid 
Research. 2007; 46: 244-282. 

 
81. Annabi BA, Nehdi A, Hajjaji N, Gharbi N, El-Fazaa S. Antioxidant enzymes activities 

and bilirubin level in adult rat treated with lead. Comptes Rendus Biologies. 2007; 330: 
581-588. 

 
82. Maggi-Capeyron MF, Cases J, Badia E, Cristol JP, Rouanet JM, Besançon P, Leger 

CL, Descomps B. A diet high in cholesterol and deficient in vitamin E induces lipid 
peroxidation but does not enhance antioxidant enzyme expression in rat liver. Journal Of  
Nutritional Biochemistry. 2002; 13: 296-301. 

 
83. Menvielle-Bourg FJ. La superoxyde dismutase, puissant antioxydant naturel, désormais 

disponible par voie orale. Phytothérapie. 2005;  3: 118-121. 
 
84. Cossette C. Role de la glutathion peroxydase dans la réponse cellulaire aux rayons 

ultraviolets B. Thése pour l'obtention du grade de maître des sciences de l’université de 
Laval canada. 1997; PP 23-25. 

 
 
85. Ho YS,  Xiong Y, M a W, Spector A, Ho DS. Mice laking catalase developed normally 

but  slow differencial sensitivity to oxidant tissue injuy. J Biol Chem. 2004; 297: 32804-
32812.  

 
86. Jannuel C. Stress oxydant au niveau des plaquettes sanguines Humaines dans le contexte 

du diabete, Etude du glutathion et de la glutathion peroxidase.  Thése de doctorat,Institut 
National des sciences Appliquées de Lyon. 2003; PP 41.57. 

 
87. Stehbens WE. Oxidative stress, toxic hepatitis, and antioxidants with particular 

emphasis on zinc. Experimental and Molecular Pathology. 2003; 75: 265-276. 
 
88. Williamson G, Plumb GW, Uda Y, Price  KR, Rhodes MJC. Dietary quercetin 

glycosides: antioxidant activity and induction of the anticarcinogenic phase II marker 
enzyme quinine reductase in Hepal clc 7cells. Carcinogenesis. 1996; 17: 2385-2387. 

 
89. Scheibmeir HD, Christensen K, Whitaker SH, Jegaethesan J, Clancy R, Pierce JD. A 

review of free radicals and antioxidants for critical care nurses. Intensive and Critical Care 
Nursing. 2005; 21: 24-28. 

 
 
 

164 



 
 
 
 
90. Peter N, Campbell A, Anthony D.  Biochimie illustrée. Maloine éd, 2002 : 213-238. 
 
91. Mialocq P, Oiry J,  Puy JY,  Riamaniol AC, Imbach JL, Dormont D, Clayette P. 

Métabolisme oxydatif dans les macrophages infectés par le VIH: role du glutathione et 
approche pharrmacologique. Pathol. Biol. 2001; 49 : 567-571. 

 
92. De Ann J, Liska. The detoxification Enzyme systems. Alternative medicine Review.2001; 

3: 187-198.  
 
93. Gasdaska GR, Kirkpatrick DL, Montfort W, Kuperus M, Hill SR, Berggren M, 

Powis G. Oxidative inactivation of thioredoxin as a cellular growth factor and protection 
by a Cys7 Ser mutation. Biochem Pharmacol. 1996 ; 5 : 1741-1747. 

      
94. Haton C. Effets des rayonnements ionisants sur la structure et la fonction de la cellule 

épithéliale intestinale. Thése de doctorat de l’université paris VI. 2005 ; pp 43-58. 
 
95. Watson WH, Yang X,  Eun Choi Y, Jones DP, Kehrer JP. Thioredoxin and Its Role in 

Toxicology. Toxicological sciences. 2004; 78: 3-14.  
 
96. Cotgreave IA. Stress response. Toxicology in Vitro. 1998; 12: 569-573. 
 
97. May JM, Mendiratta S, Hill KE, Burk RF. Reduction of dehydroascorbate to ascorbate 

by the selenoenzyme thioredoxin reductase. J Biol Chem. 1997; 272: 22607-22610. 
 
98. Raja S, Nazeer Ahamed KFH, Kumar V, Kakali M, Bandyopadhyay A, Pulok KM. 

Antioxidant effect of Cytisus scoparius against carbon tetrachloride treated liver injury in 
rats. Journal of Ethnopharmacology. 2007; 109: 41-47. 

 
99. Alexandrova ML, Bochev PG. Oxidative stress during the chronic phase after stroke. 

Free Radical Biology & Medicine. 2005;  39: 297 – 316. 
 
100. Atanasiu RL. Etude du mecanisme de cardioprotection de la Ceruloplasmine. Thèse du 

grade de Philosophiae Doctor de l’université de Montréal. 1996 ; pp  
 
101. Ishige K, Schubert D, Sagara Y. Flavonoids protect neuronal cells from oxidative 

stress by three distinct mechanisms. Free Radic. Biol.Med. 2001; 30: 433-446. 
 
102. Marfak A. Radiolyse gamma des flavonoides : Etude de leur réactivité avec les radicaux 

issus des alcools : formation des depsides. Thése de doctorat de l’université de Limoges. 
2003 ; 30-35. 

 
103. Halliwell B. Free Radical and antioxidants: apersonal view. Nutr Rev. 1994; 52: 253-

265. 
 
104. Valko M, Izakovic M, Mazur M, Rhodes CJ, Telser J. Role of oxygen radicals in 

DNA damage and cancer incidence. Molecular and Cellular Biochemistry. 2004; 266: 37–
56. 

 
105. Béliveau R, Gingras D. Role of nutrition in preventing cancer. Can Fam Physician. 

2007; 53:1905-1911. 
 

165 



 
 
 
 
106. Yaker A. Cancérologie générale. Anatomie pathologique. Office des publications 

universitaires, Alger, 1983; 17-63. 
  
107. Mena   S, Ortega A, Estrela JM. Oxidative stress in environmental-induced 

carcinogenesis. Mutation Research. 2009;  674 :36–44. 
 
108. Christian M. Biologie moléculaire. Biochimie des communications cellulaires. de boeck 

éd, 2005 ; 283-295. 
 
109. Bont RD, Larebeke NV. Endogenous DNA damage in humans: a review of quantitative 

data. Mutagenesis. 2004 ; 19(3) : 169-185. 
 
110. Valko M, Izakovic M, Mazur M, Rhodes CJ, Telser J. Role of oxygen radicals in 

DNA damage and cancer incidence. Molecular and Cellular Biochemistry. 2004; 266: 37-
56.   

 
111. Cooke MS, Evans MD, Dizdaroglu M, Lunec G. Oxidative DNA damage: 

mechanisms, mutation, and disease. FASEB Journal. 2003; 17: 1195- 1214.  
 
112.  Miller JA,  Miller EC.  Natural and Synthetic Chemical Carcinogens in the Etiology of 

Cancer. Cancer Research. 1965; 25: 1292- 1304. 
 
113. Kakizoe T. Chemoprevention of Cancer – Focusing on Clinical Trials. Jpn J Clin Oncol 

2003; 33(9): 421–442. 
 
114. Berwick   M, Schantz S. Chemoprevention of aerodigestive cancer. Cancer and 

Metastasis Reviews. 1997; 16: 329–347. 
 
115. Zur Hausen H. Viruses in human cancers. Science. 1991; 254 (5035): 1167-1173. 
 
116. Franceschi S. Strategies to reduce the risk of virus-related cancers. Annals of Oncology. 

2000; 11: 1091-1096.  
 
117. Peter S, Beglinger C. "Helicobacter  pylori and gastric cancer: the causal relationship. 

Digestion. 2007; 75(1): 35-25. 
 
118. Kim GJ, Chandrasekaran K, Morgan WF. Mitochondrial dysfunction, persistently 

elevated levels of reactive oxygen species and radiation-induced genomic instability. 
Mutagenesis. 2006 ; 21(6) : 361–368. 

 
119. Fisher B. From Halsted to prevention  and beyond: advances in the management of 

breast cancer during the twentieth century . Eur J Cancer.1999; 73: (14); 1963-1973    
 
120. Scotté F, colonna P, Andrieu JM. Cancérologie. Ellipses éd, Paris, 2002; 72-93. 
 
121. Quiles JL, Huerta JR,  Battino M,  Mataix J,  Ramirez-Tortosa MC. Antioxidant  

nutrients and adriamycin toxicity. Toxicology. 2002; 180: 79-95.  
 
 
 
 

166 



 
 
 
122. Zhou Q, Chowbay B. Determination of doxorubicin and its metabolites in rat serum and 

bile by LC: application to preclinical pharmacokinetic studies. Journal of Pharmaceutical 
and Biomedical Analysis. 2002 ; 30 : 1063-1074. 

 
123. Maluf FC, Spriggs D. Anthracyclines in the Treatment of Gynecologic Malignancies.   

Gynecologic Oncology .2002; 85: 18-31. 
 
124. Outomuro D, Grana DR, Azzato F, Milei J. Adriamycin-induced myocardial toxicity: 

New solutions for an old problem. International journal o cardiology. 2007; 117: 6-15. 
 
125. Association Française des Enseignants de chimie thérapeutique (AFECT). 

Médicaments antitumoraux et perspectives dans le traitement des cancers.Technique and 
Documentation éd, paris, 2004 ; 363.397. 

 
126. Abidli N. effect of verapamil on resistance to doxorubicin in mice bearing Ehrlich 

Ascites Carcinoma cells.Its influence on dox-induced cardiotoxicity and hepatotoxicity. 
Thése de doctorat de l’université de Mentouri de constantine, Algérie. 2004 ; pp : 28-39. 

 
127. Hand KR. Clinical applications of anticancer drugs targeted to topoisomerase II. 

Biocimica et Biopysica Acta.1998; 1400: 173-184. 
 
128. Chen Y, Jungsuwadee P, Vore M, Butterfield DA, Clair DKS. Collateral Damage in 

cancer Chemoterapy: Oxidative stress in Nontargeted Tissues. Molecular interventions. 
2007; 7 (3): 147-156. 

 
129. Uchegbu IF, double JA, Turton JA, Florence AT. Distribution, Metabolism and 

Tumoricidal Activity of Doxorubicin Administred in Sorbitan Monostearate (Span60) 
Niosomes in the Mouse. Pharmaceutical Research. 1995; 12(7): 1019-1024. 

 
130. Li T.  Early changes in myocardial antioxidant enzymes due to adriamycin and 

modulation by probucol. Thesis of doctor of philosophy of the University of Manitoba, 
Canada. 2000; pp: 4-6.   

 
131. Gambliel  HA, Burke BE,  Cusack BJ,  Walsh GM, Zhang YL, Mushlin PS, Olson 

RD. Doxorubicin and C-13 Deoxydoxorubicin Effects on Ryanodine Receptor Gene 
Expression. Biochemical and Biophysical Research Communications. 2002 ; 291 : 433-
438.   

 
132.  Mross K, Mayer U, Hamm K, Burk K, Hossfeld DK. Pharmacokinetics and 

metabolism of iodo-doxorubicin and doxorubicin in humans. EurJ Clin Pharmacol. 1990 ; 
39 : 507-513. 

 
133.  Fajardo G, Bernstein D. Endocannabinoid Inhibition A New Cardioprotective Strategy 

against  Doxorubicin Cardiotoxicity. American College of Cardiology Foundation. 2007 ; 
50 (6) : 537-539. 

 
134. Hames BD, Hooper NM, Houghton JD. L’essentiel en biochimie. Berti éds. 1999: 155-

160. 

 
 
 
 

167 



 
 
 
 
135.  Jiang B, Zhang L, Li M, Wu W, yang M, Wang J, Guo D. Salvianolic acids prevent 

acute doxorubicin cardiotoxicity in mice through suppression of oxidative stress. Food and 
chemical toxicology. 2008; 46: 1510-1515. 

 
136. Jain D. Cardiotoxicity of doxorubicin and other anthracycline derivatives. Nuclear 

cardiology. 2000; 7:53-62. 
 
137. Mitra MS, Donthamsetty S, White B, Latendresse JR, Mehendale HM. Mechanism 

of protection of moderately diet restricted rats against doxorubicin-induced acute 
cardiotoxicity. Toxicology and Applied Pharmacology. 2007; 90-101.  

 
138. Liu  X. Protection of Pifithrin-α and Melatonin against Doxorubicin-Induced 

Cardiotoxicity. Thesis of doctor of philosophy. East Tennessee State University. 2003; pp: 
13-24. 

 
139. Green PS, Leeuwenburgh C. Mitochondrial dysfunction is an early indicator of 

doxorubicin- induced apoptosis. Biochimica et Biophysica Acta. 2002; 1588: 94-101. 
 
140. Ichihara S, Yamada Y, Kawai Y, Osawa T, Furuhashi K, Duan Z, Ichihara G. 

Roles of oxidative stress and Akt signaling in doxorubicin cardiotoxicity. Biochemical and 
Biophysical Research Communications. 2007; 359: 27-33. 

 
141.  DeAtley SM, Aksenov MY, Aksenova MV, Jordan B, Carney JM, Butterfield DA. 

Adriamycin-induced changes of creatine kinase activity in vivo and in cardiomyocyte 
culture. Toxicology. 1999;  134: 51–62. 

 
142. Den Hartog  GJM, Haenen GRMM, Boven E, van der Vijgh WGF, Bast A. 

Lecithinized copper,zinc-superoxide dismutase as a protector against doxorubicin-induced 
cardiotoxicity in mice. Toxicology and Applied Pharmacology. 2004; 194: 80-188. 

 
143. Liu   X, Chen Z, Chua CC, Ma YS, Youngberg GA, Hamdy R, Chua BHL.   

Melatonin as an effective protector against doxorubicin-induced cardiotoxicity. Am J 
Physiol Heart Circ Physiol. 2002; 283: 254-263. 

 
144. Xu X, Persson HL, Richardson DR. Molecular Pharmacology of the Interaction of 

Anthracyclines with Iron. Mol Pharmacol. 2005 ; 68 : 261-271.  
 
145.  Kelishomi RB, Ejtemaeemehr S, Tavangar SM, Rahimian R, Mobarakeh JI, 

Dehpour AR.  Morphine is protective against doxorubicin- induced cardiotoxicity. 
Toxicology. 2008; 243: 96-104. 

 
146. Al-Nasser IA. In vivo prevention of adriamycin cardiotoxicity by cyclosporin A or FK 

506. Toxicology. 1998; 131: 175-181. 
 
147. Vander Heide RS, L’Ecuyer TJ. Molecular basis of anthracycline-induced 

cardiotoxicity. Heart Metab. 2007; 35:1-4. 
 
148. Tokarska-Schlattner M, Zaugg M, Zuppinger C, Wallimann T, Schlattner U. New 

insights into doxorubicin-induced cardiotoxicity: The critical role of cellular energetic. 
Journal o Molecular and Cellular cardiology. 2006; 41: 389-405. 

 

168 



 
 
 
 
149. Singhal PK, Iliskovic N, Li T, Kumar D. Adriamycin cardiomyopathy : 

pathophysiology and prevention. FASEB J. 1997; 11: 931-6. 
 
150. Al-Bekairi AM, Osman AMM,  Hafeez MA, Al-Gharably NM, Al-Shabanah OA, 

Al-Harbi MM. Effect of desferrioxamine on the hepatotoxicity of adriamycin in normal 
Mice. Drug development research. 1993; 29: 56-62.   

 
151. Cao Y, Kennedy R, Klimberg VS. Glutamine protects against doxorubicin-induced 

cardiotoxicity. Journal of Surgical Research. 1999; 85: 178-182. 
 
152. Dziegiel P, Jethon Z, Suder E, Sopel M, Rabczynski J, Surowiak p, Zable M. Role of 

exogenous melatonin in reducing the cardiotoxic effect of daunorubicin and doxorubicin in 
the rat. Exp Toxic Pathol. 2002; 53: 433-439. 

 
153. Oliveira PJ, Bjork JA, Santos MS, Leino RL, Froberg MK, Moreno AJ, Wallace 

KB. Carvedilol-mediated antioxidant protection against doxorubicin-induced cardiac 
mitochondrial toxicity. Toxicology and Applied Pharmacology. 2004; 200: 159-168. 

 
154. Chakrabarti KB, Hopewel JW, Wilding D, Plowman PN. Modification of 

doxorubicin-induced cardiotoxicity: effect of essential fatty acids and ICRF-187( 
dexrazoxane). European Journal of cancer. 2001; 37: 1435-1442. 

 
155. Beillerot A, Rodriguez Dominguez JC. Kirsch G, Bagrel D. Synthesis and protective 

effects of coumarin derivatives against oxidative stress induced by doxorubicin. 
Bioorganic Medicinal Chemistry Letters. 2008; 1-4. 

 
156. Andrieu-Abadie N, Levade T, Laurent G, Hatem S, Mercadier J. Le céramide à 

l’origine de la cardiotoxicité de la doxorubicin?. Médecine/sciences. 1999 ; 15 : 1322-4. 
 
157. Arnolda L, Mc Grath B, Cocks M, Sumithran E, johnston C. Adriamycin 

cardiomyopathy in the rabbit an animal model of low output cardiac failure with activation 
of vasoconstrictor mechanisms. Cardiovasc. Rec. 1985; 19: 378-382. 

 
158. Olson RD, Mushlin PS, Brenner DE, Fleischer C, change BK, bancek RJ. 

Doxorubicin cardiotoxicity may be caused by its metabolite, doxorubicinol. Proc. Natl. 
Acad.Sci. USA. 1988; 85: 3585-3589. 

 
159. Barnabé N, Zastre JA, Venkataram S, Hasinoff BB. Deferiprone protects against 

doxorubicin-induced myocyte cytotoxicity. Free radical biology and Medicine. 2002; 33 
(2): 266-275. 

 
160. Goormaghtigh E, Ruysschaert J-M. 1984. Role of the cardiolipin-adriamycin complex 

in mitochondrial toxicity. Colloids and Surfaces. 1984; 10: 239-247. 
 
161. Jackson TL. Intracellular accumulation and mechanism of action of doxorubicin in a 

spatio-temporal tumor model. j. theor.biol. 2003; 220: 201-213. 
 
 
 
 
 

169 



 
 
 
 
 
162. Mizutani H, Toda-oikawa S, Hiraku Y, Kojma M, Kawanishi S. Mechanisme of 

apoptosis induced by doxorubicin through the generation of hydrogen peroxide. Life 
Sciences. 2005; 76: 1439-1453. 

 
163. Han X, Ren D, Fan P, Shen T, Lou H. Protective effects of naringenin-7-O- glucoside 

on doxorubicin-induced apoptosis in H9C2 cells. European journal of pharmacology. 
2008; 581: 47-53. 

 
164. Hodek P, Trefil P, Stibovora M. Flavonoids- potent and versatile biologically active 

compounds interacting with cytochromes. Chem.biol.interact. 2002; 139: 1-21. 
 
165. Fioruccis S. Activités biologiques de composés de la famille des flavonoïdes : 

Approches par des méthodes de chimie quantique et de dynamique moléculaire. Thése de 
doctorat de l’université de  Nice –Sophia Antipolis. 2006 ; pp : 14-29. 

 
166.  Mabry TJ, Thomas MB, Markham KR. The systhematic identification of flavonoids. 

Springer-Verlag, Berlin éds. 1970; pp:13.  
 
167. Bruneton J. Pharmacognosie et phytochimie des plantes médicinales (3éme édition). Tec 

& Doc Lavoisier éds, Paris, 1999 : 1120. 
 
168. Harborne JB. The flavonoids. Tome I,  Academic press, London, 1975. 
 
169.  Sanni C, Sauvin H. les couleurs des Fleurs et des fruits, Anthocyannes et flavones. 

Editeurs du museum, Paris, 1952 : 220.   
 
170. Jurd L, Horowitz L.Spectral.  properties of flavonoid compounds. In Gers sman, T. T., 

the chemistry of the flavonoids. Editeur Pergaman Press Oxord, 1962: 107. 
 
171.Milane H. La quercetine et ses derives: molecules à caractére pro-oxydant ou capteurs de 

radicaux libres; etude et applications thérapeutiques. Thése de doctorat de l’université de 
louis pasteur, Strasbourg I. 2004 ; pp : 22-36. 

 
172. R- Geyon JB. The  phenolic Compounds of vegetals. Dunod éds, paris, 1968. 
 
173. Harborne JB. Flavonoids in phytochemistry. Lawrence, p.L. Litton Educational 

Publishing inc éds, 1973; 344. 
 
174. Harborne JB. Williams CA. Advances in flavonoid research since 1992. 

Phytochemistry. 2000; 55: 481-504.  
 
175. Mc.Lure JW. Physiology and Fonction of flavonoids. Chapmann and Hall éds, London, 

1975: 970-1055. 
 
176. Pourcel L, Routaboul JM, Cheynier V, Lepiniec L, Debeaujon I. Flavonoid oxidation 

in plants: from biochemical properties to physiological functions. TRENDS in Plant 
Science. 2006 ;  12 (1) : 29-36. 

 
177. Winkel-Shirley B. Biosynthesis of flavonoids and effects of stress. Current Opinion in 

Plant Biology. 2002;  5:218–223. 

170 



 
 
 
 
178. Middleton E, Kandaswami C, Theoharides TC. The Effects of Plant Flavonoids on 

Mammalian Cells: Implications for Inflammation, Heart Disease, and Cancer. Pharmacol 
Rev. 2000, 52 : 673-571. 

 
179. Rice-Evans CA,  Miller NJ, Paganga G.  Structure-Antioxidant activity relationships of 

flavonoids and phenolic acid. Free Radical Biology & Medicine. 1996 ; 20(7): 933-956.  
 
180. Bruneton J. Pharmacognosie et phytochimie des plantes médicinales (2ème édition). Tec 

& Doc Lavoisier éds, Paris, 1993: 200-311. 
 
181. Duarte J, Perez-Vizcaino F, Jimenez J, Tamarago J, Zarzuelo A. Flavonoids and 

cardiovascular diseases. Studies in Natural Products Chemistr. 2001 ; 25 : 565-605. 
 
182. Dragan A, Dusanka D-A, Drago B, Nenad T. Structure-radical scavenging activity 

relationships of flavooids. Croat. Chem.Acta. 2003; 76(1): 55-61. 
 
183. Harborn JB. Phytochemical methods, a guide to modern techniques of plant analisis. 

(2ème édition).Chapman and Hall eds, 1984: 37-85. 
 
184. Jensen SR. Franzyk H, Wallander W. Phytochemistry. 2002; 60: 213-231. 
 
185. Vermerris W, Nicholson R. Phenolic compound biochemistry. Springer , 2006 : 7-15.  
 
186.  Jurd L, Horowitz L. Spectral properties of flavonoid compounds. In Geissman, T.T., 

the chemistry of flavonoids. Editeur Pergaman Press Oxford. 1962: 107. 
 
187. Harborne JB. In biology and chemistry of compositae. 1977. Heywood, V. H. 
 
188. Metodiewa D,  Jaiswal AK,  Cenas N, Dickancaite E,  Segura-Aguilar J. Quercetin 

may act as a cytotoxic prooxidant after its metabolic activation to semiquinone and 
quinoidal product. Free Radical Biol. Med. 1999; 26(1-2): 107-116. 

 
189. Awad HM, Boersma MG, Vervoort J, Rietjens IM C M. Peroxidase-Catalyzed 

Formation of Quercetin Quinone Methide-Glutathione Adducts. Arch. Biochem. Biophys. 
2000; 378(2): 224-233. 

 
190. Van der Woude H,  Alink GM, Van Rossum  BEJ, Walle K, Van Steeg H, Walle  T, 

Rietjens IMCM. Formation of Transient Covalent Protein and DNA Adducts by 
Quercetin in Cells with and without Oxidative Enzyme Activity. Chem. Res. Toxicol. 
2005; 18(12):1907-1916. 
 

191. Galati G, Chan T, Wu B,  O'Brien PJ. Glutathione-Dependent Generation of Reactive 
Oxygen Species by the Peroxidase-Catalyzed Redox Cycling of Flavonoids. Chem. Res. 
Toxicol. 1999 ; 12(6) : 521-525. 

 
192. Awad HM, Boersma MG, Boeren S, van der Woude H, van Zanden J, van Bladeren  

PJ, Vervoort J, Rietjens IMCM. Identification of o-quinone/quinone methide metabolites 
of quercetin in a cellular in vitro system. FEBS Lett. 2002; 520(1-3): 30-34.  

 
 
 

171 



 
 
 
 
193. Awad HM,  Boersma MG,  Boeren S,  Van Bladeren  PJ, Vervoort J,  Rietjens 

IMCM. The Regioselectivity of Glutathione Adduct Formation with Flavonoid 
Quinone/Quinone Methides Is pH-Dependent. Chem. Res. Toxicol. 2002 ; 15(3) : 343-351. 

 
 
194. Awad HM, Boersma MG, Boeren S, Van Bladeren PJ, Vervoort J, Rietjens IMCM. 

Quenching of Quercetin Quinone/Quinone Methides by Different Thiolate Scavengers: 
Stability and Reversibility of Conjugate Formation. Chem. Res. Toxicol. 2003 ;  16(7) : 
822-831. 

 
195. Borbulevych OY, Jankun J, Selman SH,  Skrzypczak-Jankun E. Lipoxygenase 

interactions with natural flavonoid, quercetin, reveal a complex with protocatechuic acid in 
its X-ray structure at 2.1 A resolution. Proteins. 2004; 54(1): 13-19.  

 
196. Hanasaki Y, Ogawa S, Fukui S. The correlation between active oxygens scavenging 

and antioxidative effects of flavonoids. Free Radic. Biol. Med. 1994 ; 16: 845-850. 
 
197. Cos P, Ying L, Calomme M,  Hu  JP, Cimanga K,  Van-Poel B, Pieters L, 

Vlietinck AJ, Vanden Berghe D. Structure-activity relationship and classification of 
flavonoids as inhibitors of xanthine oxidase and superoxide scavengers. J. Nat. Prod. 
1998 ; 61: 71-76. 

 
198. Landolfi R,  Mower RL,  Steiner M. Modification of platelet function and arachidonic 

acid metabolism by bioflavonoids. Structure-activity relations. Biochem Pharmacol. 
1984 ; 33:1525-1530. 

 
199. Morris CJ,  Earl JR, Trenam CW, Blake DR. Reactive oxygen species and iron--a 

dangerous partnership in inflammation. Int. J. Biochem. Cell Biol. 1995, 27: 109-122.  
 
200. Brown J E,  Khodr H,  Hider RC, Rice-Evans C. Structural dependence of 

flavonoid interactions with Cu2+ ions: implications for their antioxidant properties. 
Biochem. J. 1998;  330 : 1173-1178. 

 
201. Van Acker SABE,  van den Berg DJ,  Tromp MNJL,  Griffioen DH, van 

Bennekom WP, van der Vijgh WJF,  Bast A. Structural aspect of antioxidant 
activity of flavonoids. Free Rad. Biol. Med. 1996; 20: 331-342. 

 
202. Davis BD. Advanced in enzymology. 1955; 16:227. 
 
203.  Richtre G. Métabolisme des végétaux ( physiologie et biochimie). Presses 

polytechniques et universitaires romandes, Lausanne. 1993. 
 
204. Grise bach. In chemistry and biochemistry of plant pigments. T.W. Godd Win Editeur 

Academic Press, New York. 1965. 
 
205. Harborne JB. Comparative biochemistry of the flavonoids. Editeur Academic press 

London. 1967. 
 
 
206.  Havsteen BH. The biochemistry and medical significance of the flavonoids. 

Pharmacology & Therapeutics. 2002; 96: 67– 202.   

172 



 
 
 
 
207. Obermeier MT, White RE, Yang CS. Effects of bioflavonoids on hepatic P450 

activities. Pharm. Res.1995; 25(6): 575-84. 
 
208. Spedding G, Ratty A, Middleton E. J. Inhibition of reverse transcriptases by 

flavonoids. Antivir. Res. 1989; 12(2) : 99-110. 
 
209. Ono K,  Nakane H, Fukushima M, Chermann JC,  Barre-Sinoussi F. Differential 

inhibitory effects of various flavonoids on the activities of reverse transcriptase and 
cellular DNA and RNA polymerases. Eur. J. Biochem. 1990; 190(3): 469-76. 

 
210. Ono K, Nakane H.  Mechanisms of inhibition of various cellular DNA and RNA 

polymerases by several flavonoids. J. Biochem. 1990; 108(4) : 609-13.  
 
211. Mahmood N,  Pizza C,  Aquino R,  De Tommasi N, Piacente S,  Colman S, Burke A, 

Hay A J. Inhibition of HIV infection by flavanoids. Antivir. Res. 1993; 46(7): 1257-71.  
 
212. Ohemeng  K A,  Schwender  C F,  Fu K P,  Barrett J F. DNA gyrase inhibitory and 

antibacterial activity of some flavones. Bioorg. Med. Chem. Lett. 1993; 3(2): 225-30. 
 
213. Sato M, Tsuchiya H,  Takase I,  Kureshiro H, Tanigaki S, Iinuma M. Antibacterial 

activity of flavanone isolated from Sophora exigua against methicillin-resistant 
Staphylococcus aureus and its combination with antibiotics. Phytother. Res. 1995; 9(7): 
509-12. 

 
214. Mila I, Scalbert   A. Tannin antimicrobial properties through iron deprivation: a new 

hypothesis. International Symposium on Natural Phenols in Plant Resistance. 1994; 
381(2): 749-755. 

 
215. Hollman PCH,  Katan MB. Bioavailability and health effects of dietary flavonols in 

man. Arch. Toxicol.suppl. 1998; 25:237-239. 
 
216. Manach C, Regerat F, Texier O, Agullo G, Demigne C, Remesy C. Bioavailability, 

Metabolism and physiological impact of 4- oxo-Flavonoids. Nutrition Research. 1996; 
16(3): 517-544. 

 
217. Milde J, Elsttner EF, Grabmann J. Synergistic inhibition of Low-density lipoprotein 

oxidation by rutin, terpinene, and ascorbic acid. Phytomedicine. 2004; 11: 105-113. 
 
218. Hollman PCH, De Vries JHM, van Leeuwen SD, Mengelers MJB, Hatan MB. 

Absorption of dietary quercetin glycosides and quercetin in health ileostomy volunteers. 
Am. J. Clin. Nutr. 1995; 62: 1276-1280. 

 
219. Hollman PCH, Bijsman MN, Van- Gameren V, Gnossen EP, De Vries JHM, Hatan 

MB. The suguar moiety is a major determinant of the absorption of dietary flavonoids 
glycosides in man. Free radic Res.1999; 31: 569-573. 

 
220. Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. Polyphenols: Sources and 

Bioavailability. Amj Chin Nutr. 2004; 79(5): 727-747. 
 
 
 

173 



 
 
 
 
221. Day AJ, Dupont MS, Ridley S, Rhodes MTC, Morgan MRA, Williamson G. 

Deglycosylation of flavonoid and isoflavonoid glycosides by human small intestine and 
liver beter glucosidase activity. FERS Lett. 1998; 436: 71-75. 

 
222.  Manach C, Morand C, Demigne C, Texier O, Regerat F, Remesy C. Bioavailability 

of rutin and quercetin in rats. FERS Lett. 1997; 409: 12-16. 
 
223. Williams RL, Spencer JP, Rice-Evans C. Flavonoids: Antioxidants or signaling 

molecules. Free Radic Biol Med. 2004; 36(7): 838-849. 
 
224. Nijveldt RJ, Nood EV, EC van Hoorn D, Boelens PG, Norren KV, Leeuwen PAV. 

Flavonoids: a review of probable mechanisms of action and potential applications. Am J 
Clin Nutr.  2001; 74:418–25. 

 
225. Di Carlo G,  Mascolo  N,  Izzo AA,  Capasso F. Flavonoids: old and new aspects of a 

class of natural therapeutic drugs. Review. Life Sci. 1999 ;  65: 337-53. 
 
226. Landolfi  R,  Mower RL, Steiner M. Modification of platelet function and arachidonic 

acid metabolism by bioflavonoids. Structure-activity relations. Biochem Pharmacol. 
1984 ;  33:1525-1530. 

 
227. Lin CM, Chen CS, Chen CT, Liang YC, Lin JK. Molecular modeling of flavonoids 

that inhibits xanthine oxidase. Biochem. Biophys. Res. Commun. 2002 ; 294(1) :167-172. 
 

228 Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid antioxidants: Chemistry, metabolism 
and structur-activity relationships. Nutrition Biochemistry. 2002; 13: 572-584. 

 
229. Le Marchand  L. Cancer preventive effects of flavonoids-a review. Biomed 

Pharmacother. 2002; 56 : 296–301. 
 
 
230.  Gaussen H, Leroy HF. Précis de botanique (Végétaux supérieures), 2ème édition, 1982 : 

412. 
 
231. Quezel P, Santa S. Nouvelle Flore de l’Algérie et des régions désertiques et 

méridionales, tomeII. CNRS, Paris, 1963 : 860. 
 
232. Boutiti A. Etude Phytochimique de l’espèce Globularia alypum. Thése de Magister de  

l’université de Mentouri de constantine, Algérie. 2006 ; 30-54. 
 
233. Khlifi S, El Hachimi Y, Khalil A, Es-Safi N, El Abbouyi A. In vitro antioxidant effect 

of  Globularia alypum hydromethanolic extract. Indian J Pharmacol. 2005; 37(4): 227-
231. 

 
234. Elbetieha A, Oran SA, Alkofahi A, Darmani H, Raies AM. Fetotoxic potentials of 

Globularia arabica and Globularia alypum (Globulariaceae) in rats. Journal of 
Ethnopharmacology. 2000 ; 72 : 215-219.  

 
 
 
 

174 



 
 
 
 
 
235. Es-Safi N, Kollmann A, Khlifi S, Ducrot PH. Antioxidative effect of compounds 

isolated from Globularia alypum L. structure–activity relationship. LWT. 2007;  40: 
1246–1252.   

 
 
236. Es-Safi N, Khlifi S, Kollmann A, Kerhoas L, El Abbouyi A, Ducrot PH. Iridoid 

glucosides from the aerial parts of Globularia alypum L. (Globulariaceae). Chem Pharm 
Bull (Tokyo). 2006; 54(1):85-8.  

 
237. Sanchez JV, Anales soc. Espan. Fis quim. 1933 ; 31 : 361-3. 
 
238. Bernard P, Lallemand MM, Blansard G. plantes médicinales et  phytothérapie. 1974 ; 

8(3) : 174-179. 
 
239. Chaudhuri  RK, Sticher O, winker T. Tetrahedron Lett. 1979. 34:  3149-3152. 
 
240. Chaudhuri  RK., Sticher O., Helv. Chim. Acta. 1979; 62: 644-646. 
 
241. Ben Hassine B,  Bui AM,  Mighri Z, Cavé A. Journal de la société chimique de tunisie. 

1982 ; 7: 3-10. 
 
242. Louis S, Danghouth – Kesraoui F, Baghdikian B, Elias R, Boukef K, Blausard. 

Pharmaszie. 1999; 54(4):309-310. 
 
243. Bellakhdar J, Claisse R, Fleurentin J, Younos C. Repertory of standard herbal drugs 

in the Moroccan pharmacopoeia. Journal of Ethnopharmacology, 1991; 35:123–143. 
 
244. Skim F, Kaaya A, Jaouhari TJ, Lazrek HB, Jana M, El Amri H. Hypoglycaemic 

activity of Globularia alypum leaves in rats. Fitoterapia. 1999; 70: 382-389. 
 
245. Jouad H, Maghrani M, Eddouks M. Hypoglycaemic effect of Rubus fructicosis L. and 

Globularia alypum L. in normal and streptozotocin-induced diabetic rats. J 
Ethnopharmacol. 2002 ; 81(3): 351-6.  

 
246. Caldes G, Prescott B, King JR. A potential antileukemic substance present in 

Globularia alypum. Planta Med. 1975; 27(1):72-6.  
 
247. Bello R, Moreno L, Primo-Yúfera E, Esplugues J. Globularia alypum L. extracts 

reduced histamine and serotonin contraction in vitro. Phytother Res. 2002 Jun; 
16(4):389-92.  

 
248. Markham KR. Techniques of flavonoids identification. Academic press, London. 1982. 
 
249. Bronner WE, Beecher GR. Extraction and measurement of prominent flavonoids in 

orange and grape fruits juice concentrates. J. Chromatogr. 1995; 705: 247-256. 
 
250. Edeoga Ho, Okwu DE, Mbaebie BO. Phytochemical constituents of some nigerian 

medicinal plants. Afr.J.Biotecnol. 2005; 4(7): 685-688. 
 
 

175 

file:///F:\pubmed\16394555
file:///F:\pubmed\12127236
file:///F:\pubmed\1161880
file:///F:\pubmed\12112300


 
 
 
251. Price MP, Butler LG. Rapid visual estimation and spectrophotometric determination of 

tannin content of sorghum grain. Journal of Agricultural and Food Chemisty.  1977; 25: 
1268-1273.  

252. Boharun T, Gressier B, Trotin F, Bruner C, Dine T, Vasseur J, Gazin JC, Pinkas 
M, Luyckx M, Gazin M. Oxygen species scavenging activity of phenolic extract from 
howthorn fresh plant organs and pharmaceutical preparation. Arzneim Forsh / Drug Res. 
1996; 1-6.  

253. Vanhaelen M, Vanhaelen-Fasté R. High performance liquid gas and thin layer 
chromatography of naturally occurring flavonoids, phenolic and related compounds. 
Journal of chromatography. 1980; 187: 255-260. 

254. Chopin J. Actualité de phytochimie fondamentale. Masson éd, 2émeSerie, Paris, 1966. 

255. Wagner H. Bladt S, Zgainski EM. Plant drug analisis. Springer-Verlag. 1984: 164. 

256. Ribireau-Gayon. Les composés phenoliques des vegetaux. Dunod éd, paris. 1968. 

257. Loiseleur j. Techniques de laboratoire. Chimie, physique, Chimie biologique. Tome I, 
Fascicule I, Masson et Cie éd. 1963. 

258. Koleva II, Van Beek TA, Linssen JPH, de Groot A, Evstatieva LN. Screening of 
plant Extracts for antioxidant activity: a comparative study on three testing methods. 
Phytochemical Analysis. 2002; 13: 8-17. 

259. Ohkawa H, Ohishi N, Yagi K. Assay of lipid peroxides in animal tissue by 
thiobarbituric reaction. Analytical Biochemistry. 1979; 95(2): 351-358. 

260. Ellman GL. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 1959; 82: 70-77. 

261. Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocker P, Vidal N. Antioxidant 
activity of some Algerian medicinal plants extracts containing phenolic compounds. Food 
Chemistry. 2005; 97: 654-660. 

262. Hsu C-Y. Antioxidant activity of extract from polygonum aviculare L. Biologycal 
Research. 2006; 39: 281-288. 

263. Pourmorad F, Hosseinimehr SJ, Shahabimagd N. Antioxidant activity, phenol and 
flavonoid contents of some selected Iranian medicinal plants. Afr. j. Biotechnol. 2006; 
5(11): 1142-1145. 

264. Kamoun P, Lavoinne A, de Verneuil H. Biochimie et biologie moléculaire. Médecin-
sciences Flammarion éds. 2003: 114-115. 

265. Andreadou I, Sigala F, Iliodromitis EK, Papaefthimion M, Sigalas C, Aligiannis 
N,Savvari P, Gorgoulis V, Papalabros E, Kremastinos DT. Acute doxorubicin 
cardiotoxicity is successfuly treated with the phytochemical oleuropein through 
suppression of oxidative and nitrosative stress. Journal of nuclear and cellular 
cardiology. 2007; 42: 549-558. 

176 



 

 

 

266. Al-Majed AA. Gado AM, Al-Shabanah, Mansour MA. Alpha-lipoic acid 
Ameliorates Myocadial Toxicity induced by doxorubicin. Pharmacological Research. 
2002; 46: 449-503.  

267. Mohamed HE, El-swefy SE, Hagar HH. The protective effect of glutathione 
Administration on adriamycin-induced Acute cardiac toxicity in rats. Pharmacological 
Research. 2000; 42: (2): 115-121. 

268. Deepa PR, Varalakshmi P. Protective effect of low molecular weight heparin on 
oxidative injury and cellular abnormalities in adriamycin-induced cardiac and hepatic 
toxicity. Chemico-biological interactions. 2003; 146: 201-210. 

269. Chopra S, Pillai KK, Husain SZ, Giri DK. Propolis protect against doxorubicin-
induced Myocardiopathy in rats. Experimental and Molecular Phatology. 1995; 62: 190-
198.  

270. Bagchi D, Sen CK, Ray SD, Das DK, Bagchi M, Preuss HG, Vinson JA. 
Molecular mechanisms of cardioprotection by a novel grape seed proanthocyanidin 
extract. Mutation Research. 2003; 523–524: 87–97. 

271. Abdel-wahab MH, El-Mahdy MA, Abd-Ellah MF, Helal GK, Khalifa F, Hamada 
FMA. Influence of p-coumaric acid on doxorubicin-induced oxidative stress in rat’s 
heart. Pharmacological Research. 2003; 48: 461-465. 

272. Yilmaz S, Atessahin A, Sahna E, Karahan I, Ozer S. Protective effect of lycopene on 
adriamycin- induced cardiotoxicity and nephrotoxicity. Toxicology. 2006; 218: 164-171. 

273. Mohan IK, Kumar KV, Naidu MUR, Khan M, Sundaram C. Protective effect of 
CardiPro against doxorubicin-induced cardiotoxicity in mice. Phytomedicine. 2006; 13: 
222-229. 

274. Flouri F, Arab K, Rossary A, Steghens J-P. A model of OH-mediatedin vitro lipid 
peroxidation: application to the evaluation of four antioxidants. Immunoanalyse et 
biologie spécialisée. 2006; 21: 229-233. 

275. Dalle-Donne I, Rossi R, Colombo R, Giustarini D, Milzani A. Biomarkers of 
oxidative damage in human disease. Clinical Chemistry. 2006; 52:4601–4623.  

276. Mullr K, Ziereis K, paper DH. Aquifolium: protection against enzymatic and non-
enzymatic lipid peroxidation. Planta. Med. 1998.64: 536-540. 

277. Ratty AK, Das NP. Effects of flavonoids on non enzymatic lipid peroxidation ; 
structure-activity relation ship. oncology. 1988; 39: 69-79. 

 

 

177 



 

 

 

278. Saija A, Scalese M, Lanza, M, Marzullo D, Bonina E, Castelli F. Flavonoids as 
antioxidant agent’s importence of their interaction with biomembranes. Free. Radic. Biol. 
Meb. 1995; 19:481-486. 

279. Sadzuka Y, Sugiyama T, Shimoi K, Kinae N, Hirota S. protective effect of flavonoids 
on doxorubicin-induced cardiotoxicity. Toxicology Letters. 1992; 1-7. 

280. Kozluca O, Olcay E, Surucu S, Guran Z, Kulaksiz T, Uskent N. Prevention of 
doxorubicin induced cardiotoxicity by catechin. Cancer Letters. 1999; 1-6. 

281. Van Acker SABE, Kramer K, Grimbergen JA, Van den Berg DJ, Van derVijgh 
WJF, Bast A. Monohydroxyethylrutoside as protector against chronic doxorubicin-
induced cardiotoxicity.Br j Pharmacol. 1995; 115: 1260-4. 

282. Van Acker SABE, Boven E, Kuiper K. Monohydroxyethyl-rutoside, a dose dependent 
activity of doxorubicin. Clin Cancer Res. 1997; 3:1747-54. 

283. Forrest GL, Gonzalez B. Carbonyl reductase, Chem. Biol. Interact. 2000; 129: 21-40. 

284. El Hilaly J, Israili ZH, Lyoussi B. Acute and chronic toxicological studies of Ajuga iva 
in experimental animals. Ethnopharmacology. 2004; 91:43-50. 

285. Hansen MB, Nielsen SE and Berg K. Re-examination and further development of a 
precise and rapid dye method for measuring cell growth/cell kill. J. Immunol. Methods 
1989; 119:203-10. 

286. Ait Mbarek L, Ait Mouse H, Elabbadi N, Bensalah M, Gamouh A, Aboufatima R, 
Benharref A, Chait A, kamal M, Dalal A, Zyad A. Anti-tumor properties of 
blackseed (Nigella sativa L.) extracts. Brazilian journal of medical and biological 
Research. 2007; 40: 839-847.  

287. Kampa M, Nifli AP, Notas G, Castanas E. Polyphenols and cancer cell growth. 
Physiology, Biochemistry and Pharmacology. 2007.  

288. Kaneshiro T, Suzui1 M, Takamatsu R, Murakami A, Ohigashi H, Fujino T, 
Yoshimi1 N. Growth Inhibitory Activities of Crude Extracts Obtained from Herbal 
Plants in the Ryukyu Islands on Several Human Colon Carcinoma Cell Lines. Asian 
Pacific Journal of Cancer Prevention. 2005; 353- 358. 

289. Beltz LA, Bayer DK, Moss AL, Simet IM. Mechanisms of cancer prevention by green 
and black tea polyphenols. Anticancer Agents Med Chem. 2006; 6:389–406. 

291. Kampa M, Nifli AP, Notas G, Castanas E. Polyphenols and cancer cell growth. Rev 
Physiol Biochem Pharmacol . 2007; 159:79 –113. 

290. Mans RAD, da Rocha AB, Schwartsmann G. Anti-Cancer Drug Discovery and 
Development in Brazil: Targeted Plant Collection as a Rational Strategy to Acquire 
Candidate Anti-Cancer Compounds. The Oncologist. 2000; 5:185-198. 

178 



 

 

 

292. Saetung A, Itharat A, Dechsukum C, Wattanapiromsakul  C, Keawpradub N, 
Ratanasuwan P. Cytotoxic activity of Thai medicinal plants for cancer treatment.  
Songklanakarin J. Sci. Technol. 2005; 27: 469- 478. 

 
293.  Kassi E, Papoutsi Z ,  Pratsinis H,  Aligiannis N, Manoussakis M, P. Moutsatsou. 

Ursolic acid, a naturally occurring triterpenoid, demonstrates anticancer activity on 
human prostate cancer cells. J Cancer Res Clin Oncol.  2007, 133:493–500. 

294. Hogan SF, Krishnegowda NK, Mikhailova M, Kahlenberg MS. Flavonoid, Silibinin, 
Inhibits Proliferation and Promotes Cell-Cycle Arrest of Human Colon Cancer.  
Surgical Research. 2007 ;  143 : 58–65.  

 
295. Susanti D,  Sirat H M, Ahmad F, Ali R M, Aimi N,  Kitajima M. Antioxidant and  
         cytotoxic flavonoids from the flowers of Melastoma malabathricum L. Food Chemistry.  

2007,  103. 710–716. 

 

 

 

 

 

 

 

 

 

 

 

179 



 

 

 

 

 

 

 

 

 

 

 

180 



 

 

 

alypumGlobularia

DOXO 

  

UV

PCTLC103.813.65 

21.551.51

 

DPPH50% IC500.021

Globularia alypum

DOXO100  

CPK, LDH,ASTMDAGSH

DOXO20 

DOXO

 



alypumGlobularia

DOXODOXO

 

Hep G2  HCT-116    50%  43.82µg/ml   µg/ml151.40    

1301Cells.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Abstract 

 Anticancer therapy results in acute and chronic toxicity. Doxorubicin is an anthracycline 

antibiotic, widely used in the chemotherapy of many human cancers. The use of this drug 

however, continues to be limited by its dose-related cardiotoxicity. Free radicals are 

hypothesized to be a major factor in the toxicity of doxorubicin.  

The aim of this work was to investigate the effect of the aerial parts butanolic extract of 

Globularia alypum, witch is known for their medicinal properties in traditional medicine such 

as the treatment of cardiovascular and renal diseases, on the acute cardiac toxicity induced by 

doxorubicin in rats. 

 The analytical chemical study (identification tests, estimation of flavonoids content and total 

phenolic compound, The UV absorbance spectrum in the methanolic solution and also the 

analytical chromatography (PC, TLC) carried out on the butanolic extract of this plant showed 

the phenolic nature of this extract (103.81 ± 3.65 mg GAE / g dry weight), the presence of 

flavonoids (21.55 ± 1.51 mg QE / g dry weight) belongs to a group of flavonols and Flavones 

glycosides and the very probable presence of methyl flavonoids and Coumarins. IN VITRO 

the extract exhibited a significant antioxidant activity (radical scavenging effect), based on the 

scavenging activity of the stable free radical DPPH  where the amount of the extract needed 

for 50% inhibition (IC50) was 0.021 mg/ml.  

The results indicate that Globularia alypum butanolic extract exhibited significant protection 

against DOXO induced cardiac toxicity, where the pretreatment with the extract at a dose of 

100mg/kg for a month resulted in a decrease in the plasma enzymatic cardiac injury (CPK, 

LDH and AST), reduction in cardiac cytosolic MDA and maintenance of cardiac cytosolic 

GSH level as compared to DOXO treated animals at a dose of 20 mg/kg intraperitoneall. The 

biochemical study were confirmed with histological study; The results showed that 

doxorubicin alone produced evident histological alterations (edema, areas of necrosis, 

prominent inflammatory cells, Condensed Nuclei and other alterations) Its concluded that 

butanolic extract of Globularia alypum treatment can protect against acute doxorubicin-

induced cardiotoxicity. Thus butanolic fraction of this plant may be a useful candidate in the 

combination therapy with doxorubicin to limit free-radical-mediated cardiac injury. 

 



 

 

The aqueous extract of Golobularia alypum  showed antiproliferative effect against Human 

hepatocarcinoma cell line (Hep G2) and Colon carcinoma cells (HCT-116), The IC50 were 

43.82 µg/ml and 151.4 µg/ ml respectively, while this same extract increase the cell 

proliferation of 1301 cells (T-lymphocyte cells). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Résumé 

 

La doxorubicine, un antibiotique appartenant à la famille des anthracyclines est responsable 

de toxicités sévère notamment une cardiotoxicité dose dépendante qui limite l’usage clinique 

de cette agent chimiothérapeutique. 

Tasselgha- Globularia alypum- une plante médicinale utilisé traditionnellement pour le 

traitement de pathologies cardiovasculaires et rénales. L’objectif de cette étude consiste on 

l’exploration d’effets cardioprotecteurs présumés de l’extrait butanolique de la partie aérienne 

de cette plante contre les effets cardiotoxiques de la doxorubicine chez le rat wistar albinos. 

L’analyse phytochimique de la fraction butanolique à travers des tests de révélation ; dosage 

des polyphenoles  et des flavonoides ; spectre d’absorption UV dans un milieu méthanolique ; 

chromatographie analytique (TLC,  PC) indique une présence phénolique (103.81±3.65mg 

EAG/g extrait ; ainsi que de flavonoides (21.55±1.51mg EQ/g poids sec) telle que les 

flavonols, les flavones glycosylés et très probablement des flavonoides méthylés et des 

coumarines. 

Les tests in vitro réalisés sur le radical stable DPPH°  attestent d’un pouvoir antioxydant 

(capture des radicaux libres) prononcé de l’extrait, ce dernier réduit  50% du DPPH° à une 

concentration de 0.021mg/ml. D’après cette étude l’extrait présente une action 

cardioprrtectrice contre les effets nocifs de la doxorubicine : le gavage des animaux par 

l’extrait – à raison de 100mg/kg durant un mois avant l’administration de la doxorubicine à 

une seul dose de 20mg/kg par voie intrapéritoniale – a pour conséquences la diminution de 

l’activité des biomarqueurs sériques de la cardiotoxicité (CPK ,LDH,AST) ; un abaissement 

des taux de l’MDA ; une préservation du GSH cytosolique au niveau de l’homogénat du cœur 

comparés à ceux du groupe traité  uniquement par la doxorubicine à une seule dose de 

20mg/kg par voie intrapéritoniale. 

Les coupes histopathologiques appuient les conclusions tirées à partir des tests biochimiques, 

et c’est ainsi que chez les animaux traités par la doxorubicine seul, on observe : des nécroses, 

des œdèmes, infiltration de cellules inflammatoires, les noyaux apparaissent comme des 

masses condensés et bien d’autres changements. Cependant le traitement préalable par 

l’extrait s’est traduit par une amélioration des coupes des tissus cardiaques. 



 

 

En conclusion la fraction butanolique de l’extrait hydroalcoolique des partie aériennes de 

Globularia alypum présente des propriétés antioxydants qui pourrait être à l’origine de 

l’action cardioprotectrice contre la cardiotoxicité de la doxorubicine ce qui suggère une 

possibilité de prescrire cet extrait comme traite adjuvant lors d’une chimiothérapie par 

doxorubicine. 

L’extrait aqueux de Globularia alypum manifeste une action antiproliférative contre les 

cellules cancéreuses hepatiques et intestinales humaines ; Hep G2 et HCT-116. Ansi ses 

concentrations inhibitrices IC50  sont 43.8 µg/ml et 151.40 µg/ml respectivement. Cependant 

l’extrait aqueux montre un effet stimulant de la multiplication des lymphocytes (1301 Cells). 
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