People's Democratic Republic of Algeria
Higher Education Ministry And Scientific Research
Echahid Hamma Lakhdar El-Oued University
Faculty of Natural Sciences and Life
Department of Cellular and Molecular Biology

Master’s thesis
In order to obtain a diploma of an Academic Master in biological sciences
Specialty: Applied Biochemistry

Theme

Study of risk factors, prognostic value of some biochemical,
hematological and oxidative stress markers and evaluation of the
effect of Proso millet on osteoporosis in postmenopausal women
from Guemar (El Oued, Algeria) region

Presented by:
HADDIG Nour El-Houda
ZERZOUR Aicha

Examining Committee:
President :

Dr. TOUMI Ikram

M.C.A,

El-Oued University

Examiner :

Mrs. MEHELLOU Zineb

M.A.B,

El-Oued University

Supervisor :

Dr. DEROUICHE Samir

M.C.A,

El-Oued University

2019/ 2020

Dedications
First and Foremost, all praise to ALLAH, the Almighty, for giving me the
blessing, the strength and the determination to complete this work.
My deepest gratitude goes to my beloved mother, my sister Amira and my
brothers Fares and Talal for their continuous encouragement, motivation and
aid. A big thank you to all members of my family.
My sincere gratitude goes out to our supervisor Dr. DEROUICHE Samir he
has taught me more than I could ever give him credit for here. I really
appreciate you for believing in me and being such a great inspiration.
I am particularly grateful for the assistance given by CHENGUEL Amani,
thank you for your help and advice.
Last but not least, very special thanks to all my friends for their kindness and
moral support.

Nour El-Houda

إلى من تحت قدميها الجنة ،ومن استند إليها بعد هللا ،و استمد منها قوتي أمي نور عينيا.
إلى من شجعوني كثيرا ومن يؤنسونني في هذه الحياة أخواتي العزيزات فاطمة الزهرة ،صفاء،
حورية ،و سارة و أخي العزيز عبد الرحمان.
إلى جميع أفراد عائلتي من كبيرهم إلى صغيرهم.
إلى من ساعدتني كثيرا في هذا العمل الممرضة نادية حوقة.
إلى كل من ساعد في انجاز هذا العمل.
إلى المتفاني و المجد ،أستاذي و من اشرف على عملنا و أنار لنا الطريق و اخذ بأيدينا إلى انجاز هذا
العمل ،إلى من ال تكفيه ال الكلمات و ال الجمل لتوفيه الشكر و االمتنان ولو جزء الجزء من مجهوده
الذي بذله من أجلنا ،أعانك هللا ووفقك ،أستاذي الدكتور درويش سمير.

عائشة

Acknowledgements
Praise be to Allah the Glorious, who guided us with his compassion and mercifulness
throughout this work.
We would like to pay immense appreciation and gratitude to our supervisor Dr.
DEROUICHE Samir for his guidance, great support and constructive advice. We must say
that his patience, encouragement, and exceptional scientific knowledge were key motivations
throughout this study. Big thank you once again for being a great teacher and a tremendous
mentor.
We wish to express our gratitude to the rest of our examination committee members: Dr.
TOUMI Ikram, we truly appreciate your acceptance to be the president of the committee,
thank you so much for your precious feedback and wise insights, also, Mrs. MEHELLOU
Zineb, we are grateful for your approval to examine our thesis, thank you a lot for such an
honorable contribution with your innovative opinions and suggestions.
We would like to extend our deepest appreciation to all the staff at the Public Health
Corporation of Guemar El-Oued and at the Laboratory Faculty of Natural Sciences and Life of
Echahid Hamma Lakhdar El-Oued University for their time, efforts and skillful help.
Our special thanks to Miss KAOUACHI Aicha for sharing with us her valuable
suggestions and experience.
We are also grateful for each and every one who contributed and supported us during the
making of this modest work.

Abstract

Abstract
The main purpose of this work was to assess some socioeconomic and clinic risk factors
of osteoporosis disease, to analysis some biological and oxidative stress markers to predict
and diagnose this disease and to evaluate the effects of Proso millet aqueous extract against
osteoporosis in postmenopausal women of Guemar El-Oued region. Our socioeconomic and
clinic risk factors study was conducted on 241 postmenopausal volunteers divided into 100
healthy women and 141 women patients with osteoporosis. For biological analysis of
osteoporosis we have chosen 16 healthy women as control and 16 menopausal women have
osteoporosis, we used this second group for Proso millet aqueous extract treatment during
four weeks. The results of risk factors study illustrate the high relationship between some
clinical factors such as hormonal alternatives, menstrual perturbations and vitamin D
deficiency before menopause and thyroid problems are shown to be significant risk factors,
but bone problems before menopause and family history are the most dangerous risk factors
(OR = 65.646; OR= 41.152) respectively, for osteoporosis in postmenopausal women. While,
milk, fish diet, legumes, fresh vegetables and fruits, sunshine exposure, long distance walks
and menopause after 50 years old are protective factors against this disease. Our results of
biological study demonstrate a significant variations (P<0.05) in biochemical parameters,
hematological markers and oxidative stress markers which some of them represented an
important significant specificity (P<0.05) such as MDA in leukocyte (AUC=70.7%), in serum
(AUC=99.6%) and sedimentation rate in both 1st (AUC=69.9%) and 2nd hour (AUC=60.2%).
About phytotherapeutic study, the results of the qualitative and quantitative analysis revealed
that the aqueous extract of the plant is rich in alkaloids, tannins, flavonoids, saponins,
reducing sugars and terpenoids, with a considerable levels of phenols and flavonoids. The
results show also that the plant extract significantly reverse (P<0.05) the change of calcium,
GSH, SOD and ORAC levels induced by osteoporosis which represent the efficiency of the
plant in reducing its severity.
In conclusion, several clinical factors contributed to the evolution of the osteoporosis in
postmenopausal women in Guemar El-Oued region. MDA level in leukocyte and in serum
and the sedimentation rate in both 1st and 2nd hour represent very important predictive factors
for the studied disease. The phytotherapy have beneficial effects on the oxidative stress and
calcium status in case of osteoporosis in postmenopausal women.
Key Words: Osteoporosis; Post-menopause; Risk factors; Oxidative stress; Calcium; Proso
millet.

الملخص

الملخص
الهدف األساسي من ذن ا الدساسنو ذند ر ندض وانل ادامن التمن ا و ااارنو ة ال ن ض ضو لان
رحلر وال الاؤش ات البردلدورو ة مااضر اإلوهاد ال أك دي ل نبؤ ة رشترص ذن ا الان

ذشاشنو الاانا ،

ة كن لت ر رنر ال نأ ر الاالوني

للا تلص الاائي لحبربات نبات الدسع  Proso milletضد ذشاشو الااا اند ن اء في م حلو ما واد ان مناع المان من
منم و قااس ة ضو الدادي .ر إو اء دساسنو ادامن التمن ا و ااارنو ة ال ن ض ضو الن  241م مدانو فني م حلنو منا واند
ان ماع الما مدزاات ال ق ار  100ام أة سلراو ة  141ام أة رااني م ذشاشو الااا  .م أو الدساسو البردلدورو
لهشاشو الااا اخ نا  16ام أة شاذدة ة  16ام أة فني م حلنو منا واند ان مناع المان راناني من ذشاشنو الاانا  ،اسن االنا
الاجاداو الثانرو ل رنر الانال والا ن تلص الانائي لنبنات  Proso milletلاندة أسوانو أسناور  .الن نائ الا حصن الرهنا من
خالل دساسو ادام التم ردضح الاالقو ال دضو ور وال الادامن ال ن ض ضو مثن البندائ اله مدنرنو ،اضنم اوات الندةسة
الشه ضو ة ن ص فر امر  Dقب ان ماع الما ة ك لت مشاك الغدة الدسقرو ةور اإلصاوو وهشاشو الااا اند الن ناء ،لكن
رب ننننننن مشننننننناك الاانننننننا قبننننننن ان مننننننناع الماننننننن ة ال ننننننناسض الانننننننائلي ذانننننننا الانننننننامال األكثننننننن خمننننننندسة و نننننننر
( )OR=65.646;OR=41.152ال ال دالي ،لإلصاوو وهشاشو الااا انند الن ناء .فني حنر ةوندنا أ اسن هال الحلرنب،
األساا  ،الب دلرات ،التض اةات ة الفداكن المازونو ،ال ان
واد س التا ر ذي ادام ةقائرو ضد ذ ا الان

ألشناو الشنام ،الاشني لا نافات ودضلنو ة ان مناع المان

 .ن نائ الدساسنو البردلدورنو أ هن ت رغرن ات كبرن ة فني الااناضر البرند

كرارائرو ة مكدنات الد ة مااضر اإلوهاد ال أك دي ماا أ ه ةودد ماناضر مهانو لل نبنؤ ونالا

مثن  MDAفني ك ضنات

النننننند البرضنننننناء)MDA;(AUC=70.7%فنننننني مصنننننن النننننند ) ;(AUC=99.6%مانننننندل ال سننننننرب لل ننننننااو األةلنننننن
) (AUC=69.9%ة مانندل ال س نرب لل ننااو الثانرننو ) .(AUC=60.2%والن ننبو لدساسننو النبننات أ ه ن ت ن ننائ ال حلرنن
الكرفنننني للنب ننننو أ م تلصننننها الاننننائي ننننني وال لدضنننندات ،ال انرنننننات ،الفالفدندضنننندات ،الصنننناودنر  ،ال ننننك ضات الا واننننو،
ال ورندضننندات ،أمنننا ال حلرننن الكاننني فل ننند أ هننن أ نبنننات الننندسع ضح ننندي الننن كارنننات مهانننو ة ما بننن ة مننن الفرنننند ت ة
الفالفدندضندات .الن ننائ أ هن ت أضضننا أ اسن ااال م ن تلص النب ننو ح ن وشننك كبرن ) (P<0.05ال غرن ات فنني م ن دضات
الكال نرد  SOD ،GSH ،ة  ORACالناوانو ان ذشاشنو الاانا مانا ضاكنم كفناءة النب نو فني رتفنرل شندة الان

اننند

الن اء.
ة خ اما  ،ذنا الادضد م الادام ال

ض ضو ال ي ساذات في رمدس ذشاشو الااا الاصاحب لا حلنو منا واند ان مناع

الما اند الن اء في منم و قااس ة ضو الدادي .كاا أ م دضات  MDAفي ك ضات الد البرضاء ة في مص الد ة ك لت
رحلر س او ال سنرب راثن ماناضر رنبؤضنو لهن ا الان
الكال رد في حالو م
الكلماااال المحيا :ااا
).(Proso millet

 .للانال النبناري رنأ ر ات مفرندة الن اإلوهناد ال أك ندي ة م ن د

ذشاشو الااا اند الن اء الالري في م حلو ما واد ان ماع الما .
ذشاشنننو الاانننا  ،منننا واننند ان مننناع الماننن  ،ادامننن خمننن  ،اإلوهننناد ال أك ننندي ،كال نننرد  ،الننندسع

Abbreviation list

Abbreviation list
25(OH)D: 25-hydroxyvitamin D.
AlCl3: Aluminum chloride.
APX: Ascorbate peroxidase.
ATP: Adenosine triphosphate.
AUC: Area Under Curve.
BMD: Bone Mineral Density.
BMI: Body Mass Index.
BPAL: Bone-specific Alkaline phosphatase.
Ca2+: Calcium.
CaBP9k: 9KDa vitamin D-dependent calcium-binding protein.
CAT: Catalase.
CI: Confidence interval.
COX: Cyclo-oxygenase.
CRP: C-reactive protein.
CuSO4: Copper sulfate.
DEXA: Dual-energy X-ray absorptiometry.
DNA: Deoxyribonucleic acid.
DTNB: 5,5′-Dithiobis-(2-nitrobenzoic acid).
EDTA: Ethylenediaminetetraacetic acid.
ESR: Erythrocyte sedimentation rate.
FCR: Folin-Ciocalteu reagent.
FeCl3: Ferric chloride.

Abbreviation list
FNS: Hematological analysis.
FSH: Follicle-stimulating hormone.
GAE: Gallic acid equivalent.
GI: Glycemic index.
GPx: Glutathione peroxidase.
GSH: Reduced glutathione.
GSSG: Glutathione disulfide.
GST: Glutathione S-transferase.
H2O2: Hydrogen peroxyde.
H2SO4: Sulfuric acid.
HCl: Hydrochloric acid.
HCT: Hematocrit.
HGB: Hemoglobin.
HSCs: Hematopoietic stem cells.
IFN-γ: Interferon gamma.
IGF-1: Insulin-like Grouth Factor 1.
IL-1: Interleukin-1.
K₂HPO4: Dipotassium phosphate.
KH₂PO4: Monopotassium phosphate.
LOX: Lipoxygenase.
LYM: Lymphocytes.
MDA: Malondialdehyde.
Mg+: Magnesium.

Abbreviation list
MHC II: Major histocompatibility complex class II.
MHT: Menopausal Hormone Therapy.
MPO: Myeloperoxidase.
Na2CO3: Sodium carbonate.
Na3C6H5O7: Sodium citrate.
NaCl: Sodium chloride.
NADPH: Nicotinamide adenine dinucleotide phosphate.
NBT: Nitro Blue Tetrazolium.
NCX1: Sodium-Calcium Exchanger.
NF-𝜅B: Nuclear factor-kappa B.
NOS: Nitric oxide synthase.
O2·: Superoxide anion.
OD: Optical Density.
OPG: Osteoprotegerin.
OR: Odds Ratio.
ORAC: Oxygen Radical Absorbance Capacity.
p38MAPK: p38 Mitogen-activated protein kinase.
PAL: Alkaline phosphatase.
PGE2: Prostaglandin E2.
pH: Potential hydrogen.
PLT: Platelets.
PMCA1b: Plasma membrane calcium pump.
PTH: Parathormone.

Abbreviation list
QE: Quercetin equivalent.
RANK: Receptor activator of nuclear factor- κB.
RANKL: Receptor activator of nuclear factor- κB Ligand.
RBC: Red Blood Cell.
RNS: Reactive Nitrogen Species.
ROC: Receiver Operating Characteristics.
ROS: Reactive Oxygen Species.
SD: Standard deviations.
SE: Standard error.
SOD: Superoxide dismutase.
SPSS: Statistical Package for Social Sciences.
T3: Triiodothyronine.
TBA: Thiobarbituric acid.
TBS: Tris buffer Saline.
TCA: Trichloroacetic acid.
TNF-α: Tumor necrosis factor- alpha.
TRPV6: Transient receptor potential vanilloid type 6.
UV-VIS: Ultraviolet-visible.
WBC: White Blood Cell.
WHO: World Health Organization.
XO: Xylo-oligosaccharides.

Figures list

FIGURES LIST
N°
1

Title
Paracellular pathway

2

Transcellular pathway

06

3

A model of the effects of estrogen deficiency on bone loss

16

4

Effect of ROS and antioxidants on the activity of osteoclasts,
osteoblasts and osteocytes in bone remodeling

20

5

Proso millet

22

6

Distribution of Proso millet

23

7

Map of Oued-Souf and Guemar region

26

8

The grains of Proso millet

27

9

43
44-45

11

Hematological parameters levels of control and experimental groups
Serum blood glucose, PAL, calcium, iron and urinary creatinine levels
of control and experimental groups
Lipid peroxidation level of control and experimental groups

12

Reduced glutathione (GSH) level of control and experimental groups

46

13

Catalase activity of control and experimental groups

47

14

Vitamin C level of control and experimental groups

47

15

Superoxide dismutase activity of control and experimental groups

48

16

ORAC level of control and experimental groups

48

17

ROC Curve for biological markers in women with osteoporosis

49

10

Page
05

45

Tabels list

TABELS LIST
N°
1

Title
Diagnostic category for osteoporosis according to BMD and DEXA
values

Page
15

2

Demographic description of control and osteoporosis patients

36

3

Comparison of the socioeconomic features of osteoporosis patients
and control group

37

4

Comparison of the clinico-pathological features of osteoporosis
patients and control group

39

5

Phytochemical essays of Proso millet aqueous extract

41

6

Total phenols and flavonoids concentration in Proso millet aqueous
extract

42

7

Sensitivity, specificity and AUC values of biological markers for
women with osteoporosis

49

8

Correlation between biological markers for women with
osteoporosis

51

9

Comparison of some oxidative stress parameters and biochemical
markers of controls and experimental group

52

10

Multivariate analysis with several predictors (risk factors for
osteoporosis) and oxidative status in the study population

53

Summary

SUMMARY
Dedications
Acknowledgements
Abstract
Figures List
Tables List
Introduction
First part: Bibliographic part
Chapter I : Calcium
I.1. Definition

05

I.2. Calcium metabolism

05

I.2.1. Absorption

05

I.2.2. Distribution

07

I.2.3. Elimination

08

I.3. Regulation of calcium metabolism

08

I.4. Physiological role of calcium

09

I.5. Pathology associated with calcium

10

I.5.1. Hypercalcemia

10

I.5.2. Hypocalcemia

10

I.6. Calcium and menopausal women

11

I.6.1. Definition of menopause

11

I.6.2. Symptoms

12

I.6.3. Treatment

12

I.6.4. Relation between calcium and menopause

12

Chapter II : Osteoporosis
II.1. Definition

14

II.2. Risk factors

14

II.3. Symptoms

14

II.4. Diagnostic

14

II.5. Calcium and osteoporosis

15

II.6. Pathophysiology

15

II.7. Complications

16

II.8. Treatment

17

II.9. Prevention

17

Summary
II.10. Osteoporosis and menopausal women

17

II.11. Oxidative stress

18

II.11.1. Definition

18

II.11.2. Free radicals

18

II.11.3. Sources of free radicals

18

II.11.4. Antioxidants

19

II.11.5. Oxidative stress and osteoporosis

19

II.11.6. Oxidative stress and menopausal women

20

Chapter III : Proso millet (Panicum miliaceum L.)
III.1. Definition

22

III.2. Botanical description and Taxonomy

22

III.3. Distribution in the world and in Africa

22

III.4. Biological interest of Proso millet

23

Second part: Experimental part
I. Materials and methods
I.1. Materials
I.1.1. Patients risk factors study

26
26

I.1.1.1. Population and period of study

26

I.1.1.2. Description of study region

26

I.1.2. Prognostic and phytotherapeutic study

27

I.1.2.1. Plant material and aqueous extract preparation

27

I.1.2.2. Patients study design

27

I.1.2.3. Reagents

28

I.2. Methods
I.2.1. Plant in-vitro analysis

28
28

I.2.1.1. Phytochemical analysis

28

I.2.1.2. Quantitative analysis of total phenolic and flavonoids compounds

29

I.2.1.2.1. Total Phenolic

29

I.2.1.2.2. Total flavonoids

29

I.2.2. Patients study interventions

30

I.2.3. Measurement of serum biochemical and hematological markers

30

I.2.4. Estimation of oxidative stress parameters

30

I.2.4.1. Preparation of erythrocyte samples

30

I.2.4.2. Leukocyte separation

30

I.2.4.3. Determination of malondialdehyde (MDA) level

31

Summary
I.2.4.4. Determination of Reduced glutathione (GSH) level

31

I.2.4.5. Determination of catalase activity

31

I.2.4.6. Plasma vitamin C assay

32

I.2.4.7. Determination of superoxide dismutase (SOD) activity assay

32

I.2.4.8. Measuring of total antioxidant capacities (ORAC)

32

I.2.5. Statistical analysis

34
II. Results

II.1 Study of predictors factors of osteoporosis

36

II.1.1. Description of the study population

36

II.1.2. Study of socioeconomic and clinic factors

36

II.2. In vitro essays of Proso millet

41

II.2.1. Phytochemical study

41

II.2.1.1. Qualitative phytochemical analysis of Proso millet

41

II.2.1.2. Total phenols and flavonoids concentration

42

II.3. Biological markers study

42

II.3.1 Hematological parameters

42

II.3.2. Biochemical markers

44

II.3.3. Oxidative stress parameters

45

II.4. Predictive factors study

49

II.5. Correlation between biological markers

50

II.6. Study of Odds ratio values of biochemical and oxidative stress markers
II.7. Multivariate analysis with several predictors (risk factors for osteoporosis)
and oxidative status
III. Discussion

52
52

III.1. Study of predictors factors of osteoporosis

54

III.2. Qualitative and quantitative phytochemical analysis of Proso millet

56

III.3. Biological marker study

57

III.4. Correlation between biological markers

63

III.5. Study of Odds ratio values of biochemical and oxidative stress markers
III.6. Multivariate analysis with several predictors (risk factors for osteoporosis)
and oxidative status
Conclusion and prospects

64

References

70

Annexes

93

65
67

Introduction

Introduction

Introduction
Menopause signifies the permanent cessation of menstruation and the end of
reproductive potential. It is the culmination of some 50 years of reproductive aging a process
that unfolds as a continuum from birth through ovarian senescence to the menopausal
transition and the postmenopause. A result of aging changes in the ovary and in
hypothalamic-pituitary-ovarian axis function (Weiss et al., 2004), the menopausal transition
encompasses a period of dynamic changes in reproductive and non-reproductive tissues. The
menopausal transition is known to play a major role in the etiology of symptoms such as hot
flashes, night sweats, uterine bleeding problems, and vulvovaginal atrophy (NIH, 2005).
Mood changes, in addition to the osteoporosis, defined as a skeletal disorder characterized by
compromised bone strength predisposing to an increased risk of fracture, is a major public
health problem throughout the world (Genant et al., 1999 ; Schmidt, 2005). The social and
economic burden of osteoporosis is increasing steadily because of the aging of the world
population (Cummings & Melton, 2002). Currently affecting more than 10 million people in
the United States, osteoporosis is projected to impact approximately 14 million adults over the
age of 50 by the year 2020 (National Osteoporosis Foundation, 2002). Worldwide,
approximately 200 million women have osteoporosis. Although the likelihood of developing
osteoporosis currently is greatest in North America and Europe, it will increase in developing
countries as population longevity in these countries continues to increase (Genant, 1999).
Many of recent land marks in scientific research have shown that in human beings, oxidative
stress is an important factor causing metabolic and physiological alterations and various
diseases in the body (Derouiche et al., 2019).
Several in vitro and animal studies have shown that oxidative stress diminishes bone
formation by reducing the differentiation and survival of osteoblasts .While ROS also activate
osteoclasts and thus, enhance bone resorption (Baek, 2010). Clinical studies have also
suggested that the involvement of ROS and/or antioxidant systems may play a role in the
pathogenesis of bone loss (Abdollahi, 2005).
Minerals play an important role in the building of bones, clotting of blood, sending and
receiving signals, keeping normal heart beat, cell energy production, transportation of oxygen,
metabolize and synthesize fats and proteins, act as coenzymes, provide immunity to the body
and help nervous system work properly (Soetan et al., 2010).

Introduction
Calcium content of finger millet is about eight times higher than wheat and being the
richest source of calcium (348 mg/100 g) it has the ability to prevent osteoporosis (Chandel et
al., 2014).
In light of these data, the aim of our work is based on the realization of three following
complementary aspects:
The first part: is to study the risk factors associated with osteoporosis in menopausal women
that several types of factors are studied in this context: socioeconomic, environmental and
clinical factors.
The second part: is a biological study concerns the determination of the variation and
specificity of some biochemical, hematological and oxidative stress markers in the prediction
and diagnosis following up on osteoporosis in menopausal women of Guemar El-Oued
population.
The third part: is to study the effect of millet extract against osteoporosis in volunteer
menopausal women.

First part
Bibliographic part

Chapter I
Calcium

Chapter I

Calcium

I. Calcium
I.1. Definition
Calcium is an alkaline-earth metal with symbol Ca and atomic number 20, located in the
fourth period of the periodic table in Group II (Perrone & Monteiro, 2016). In living cells,
calcium is a divalent cation (Ca2+), it is one of the essential minerals for conducting cell
functions. In mammals, calcium is present in all cells and accounts for up to 4% of total body
weight (Victor, 2016).
In humans, it ranks fifth after oxygen, carbon, hydrogen, and nitrogen and it makes up
1.9% of the body weight. Approximately 99% of calcium is contained in bones and teeth as
calcium hydroxyapatite (Ca10[PO4]6[OH]2), a mineral composed of different calcium salts,
and the remainder is inside the cells (0.9%) and extracellular fluid (0.1%) (Victor, 2016 ;
Perrone & Monteiro, 2016).

I.2. Calcium metabolism
I.2.1. Absorption
Most of calcium absorption occurs in the duodenum and jejunum, but minor amounts
can also be absorbed in the colon. Intestinal calcium absorption occurs by two general
mechanisms: passive (paracellular) and active (transcellular) transport (Robert, 2007):
a. Passive transport
The paracellular transfer (80%) occurs throughout the entire length of the intestine, it
depends on the concentration gradient of calcium between the lumen and plasma, it is
facilitated by proteins, called claudins, such as claudin-16 (paracellin-1) and claudin-19
(Banerjee, 2005 ; Shifrin, 2019). This pathway predominates at high intraluminal calcium
concentrations (Domschke et al., 1999).

Figure 01: Paracellular pathway (Victor, 2016).
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b. Active transport
The transcellular process (20%) is located largely in the duodenum and upper jejunum
and regulated by vitamin D (Bronner, 2003 ; Banerjee, 2005).
Calcium entering the entyrocyte via the transient receptor potential vanilloid type 6
(TRPV6) channel becomes tightly associated with the calbindin 9k (CaBP9k). The
calbindin/calcium complex then diffuses across the cytosol to the basolateral membrane. Free
calcium then dissociates into the low-cytosolic calcium environment maintained immediately
subjacent to the basolateral membrane by high-affinity membrane calcium-stimulated
magnesium-dependent ATPase ((Ca2+ + Mg+)-ATPase) and sodium calcium exchanger
(NCX1) that extrude Ca2+out of the enterocyte to the bloodstream (Harrihar, 1980 ; Jameson
& De Groot, 2015 ; De Barboza et al., 2015).
Calcitriol is the principal mediator of transcellular Ca2+ transport, inducing the
expression of TRPV6, calbindin-D9k, and the plasma membrane calcium pump (PMCA1b)
(Martin et al., 2013). The active transport is characterized as the main mechanism of calcium
absorption when the intake of this nutrient is low (Dawson-Hughes et al., 1995).

Figure 02: Transcellular pathway (Victor, 2016).

Factors involved in calcium absorption
Several factors can enhance or inhibit the calcium absorption:
a. Enhancing factors: Proteins enhance calcium absorption, such as casein that
stimulates circulating IGF-1 which promotes bone formation (Hoppe et al., 2009 ;
6
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Gropper & Smith, 2012), IGF-1 stimulate the expression and activity of the 1-αhydroxylase in the kidney, increasing in 1,25-dihydroxyvitamin D levels, that
stimulates intestinal Ca2+ absorption (Ameri et al., 2013), therefore, low protein diets
decrease this process (Kerstetter et al., 2018). Also, the acidic environment of the
upper digestive tract facilitates the solubility of Ca2+ (Barasi, 2003). During
pregnancy, Ca2+ absorption is higher than normal because of the increased demand
from the fetus for skeletal growth (Prentice, 2000).
b. Inhibitory factors: A ratio of dietary calcium to phosphorus of at least 1 is desirable to
maintain balance (Staggers et al., 1974). If phosphorus intakes are very high it binds
calcium in the intestine, limiting absorption and leading to increased urinary excretion
of calcium (Mangels et al., 2004 ; Blackburn, 2007).
Ca2+ absorption may be reduced by phytic acid, or by oxalic acid, owing to the
formation of insoluble calcium phytate and calcium oxalate salt. Unabsorbed dietary
fatty acids will combine with Ca2+ to form soaps, removing it from the body (Barasi,
2003). Fibers such as cellulose bind calcium in the intestines and make it unavailable
for absorption (Gropper et al., 2004). High sodium concentrations may also decrease
Ca2+ absorption (Mangels et al., 2004 ; Blackburn, 2007).
Alcohol, caffeine and smoking have been found to contribute to reduced
endogenous Ca2+ absorption (Heaney & Recker, 1982 ; Massey & Whiting, 1993).

I.2.2. Distribution
The vast majority of total body calcium (>99%) is present in the skeleton primarily as
hydroxyapatite (Peacock, 2010). Both quantitative and qualitative changes in bone tissue and
in bones themselves occur not only during growth and development but also during aging
(Kiebzak, 1991).
Nonbone calcium represents <1% of total body calcium (~10 g in an adult). However, it
is responsible for a wide range of essential functions (Peacock, 2010). In plasma 45% of
calcium is found in ionized form, 45% bound to proteins that occur predominantly in albumin,
and 10% is complexed with anions such as citrate, sulfate and phosphate (Upadhyay, 2017).
Serum calcium is tightly maintained within a physiologic range of ~8.8 to10.4 mg/dl (2.2 to
2.6 mM) in healthy subjects (Peacock, 2010).
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I.2.3. Elimination
Calcium leaves the body mainly in urine and feces, but also in other body tissues and
fluids, such as sweat (Hoenderop et al., 2000). The glomerular filtrate contains 9 to 10 g of
calcium∕24 hours and 98% of this is reabsorbed in the renal tubule (Walls, 2012).
Approximately 60% to 70% of the filtered calcium is reabsorbed in the proximal convoluted
tubule, 20% in the loop of Henle, 10% by the distal convoluted tubule, and 5% by the
collecting duct (Blaine, 2014).
Calcium excretion is affected by a variety of hormones, ions, nutrients, and drugs.
Among these, PTH is the principal physiologic regulator of renal tubular transport (Epstein,
1968 ; Torikai et al., 1981) it increases the tubular reabsorption of calcium. In the other hand,
increases in dietary sodium will cause an increase in calcium excretion (Walls, 2012). Also,
diuretics such as thiazide diuretics act in the distal tubule, are associated with hypocalciuria
(Felsenfeld et al., 2013 ; Blaine, 2014), because it inhibits Na reabsorption (Edwards et al.,
1973), and enhance Ca reabsorption (Costanzo & Windhager, 1978).

I.3. Regulation of calcium metabolism
Maintenance of normal calcium homeostasis is generally controlled by Parathyroid
hormone (PTH), vitamin D and calcitonin, occurring at the levels of three major organ
systems: intestine, bone, and kidney (Porat & Sherwood, 1986 ; Ferrari et al., 2006).
I.3.1. Parathormone: The parathyroids gland produces parathormone (PTH), which has
the key role in the regulation of serum calcium level (Mutschler & Derendorf, 1995 ;
Summers & Macnab, 2017). It inhibits the reabsorption of phosphate in the proximal and
distal tubule, and increases the reabsorption of calcium and magnesium in the distal tubule of
the kidney. PTH also effect indirectly by facilitating the hydroxylation of 25hydroxycholecalciferol to 1,25-dihydroxycholecalciferol, the active form of vitamin D3, in
the kidney (Mutschler & Derendorf, 1995).
I.3.2. Vitamin D: 1,25-dihydroxyvitamin D (or calcitriol) directly stimulate intestinal
calcium absorption throughout the entire length of the intestine (Garabedian et al., 1972 ;
Lips, 2006). Also it induces the formation and activation of the osteoclast to function in the
mobilization of calcium from bone (Suda et al., 1992 ; Yasuda et al., 2005). In addition,
calcitriol together with PTH stimulates the renal distal tubule reabsorption of calcium,
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ensuring retention of calcium by the kidney when it is needed (Sutton et al., 1976 ;
Yamamoto et al., 1984).
I.3.3. Calcitonin: Calcitonin is a hormone secreted by the parafollicular cells of the
thyroid (C cells), it increase calcium absorption into bones and inhibit the active transport
from the bone cells to the circulation to lower blood calcium in case of high calcemia
(Sturkie, 1981).

I.4. Physiological role of calcium
Calcium has many important functions in the body, it plays a key role in many
fundamental biologic processes (Higgins, 2007 ; Upadhyay, 2017). It is the major structural
element in vertebrate skeleton (bones and teeth) in the form of calcium phosphate
(Ca10[PO4]6[OH]2) known as hydroxyapatite. Calcium also has important role in bone
remodeling and tooth re-mineralization, where it provides hard tissue with its strength
(Upadhyay, 2017). In addition, the calcium in bone is a reservoir of calcium that is important
for maintaining plasma calcium concentration regardless of its intake (Power et al., 2000 ;
Higgins, 2007).
However, calcium’s role in health and performance extends beyond the skeleton (Fink
et al., 2011), most of its physiologic functions carried out by ionized calcium (Williams &
Wilkins, 2007), it plays a very imperative role in many biochemical reactions, which are
essential for normal functioning of cells (Upadhyay, 2017) including:
 Blood clotting: Calcium serves as cofactor for blood-clotting factors involved in the
production of fibrin, the protein responsible for the structure of blood clots (Higgins,
2007 ; Fink et al., 2011 ; Herndon, 2012).
 Nerve transmission: Calcium is required for proper nerve function, releasing
neurotransmitters that facilitate the perpetuation of nerve signals and activation (Fink
et al., 2011).
 Muscle contraction: Calcium is pumped into and out of muscle cells to initiate both
muscle contraction and relaxation in smooth muscle, skeletal muscle, and the heart
(Fink et al., 2011).
 Transients or local gradients in the [Ca2+] contribute to different events including
nuclear envelope breakdown and reformation, cellular proliferation and synthesis of
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DNA through the regulatory nature of this elemental mineral (Hepler, 1994 ; Micozzi,
2006).
 Membrane rigidity, permeability and viscosity are partly dependent on local calcium
concentration (Upadhyay, 2017) and it is essential for the maintenance of the electrical
potential difference across cellular membranes (Perrone & Monteiro, 2016).
 Calcium has a vital function as a second messenger transmitting signals between the
plasma membrane and the intracellular machinery’s cascades (Power et al., 2000),
such as process that results in hormone secretion by endocrine tissue cells, and
intracellular processes, including cell division, depend on calcium signaling (Higgins,
2007).

I.5. Pathology associated with calcium
I.5.1. Hypercalcemia
I.5.1.1. Definition
Hypercalcemia are a common and heterogeneous group of disorders, ranging from the
occasional detection of a high level of serum calcium (> 13 mg/dL) (Francesca et al., 2012),
during routine laboratory assessment to a life-treating condition (Pellitteri, 2010).
I.5.1.2. Etiology of hypercalcemia
I.5.1.2.1. Hypercalcemia PTH dependent
A severe symptomatic hypercalcemia with high-normal PTH level due to the
coexistence of primary hyperparathyroidism and hypercalcemia (Francesca et al., 2012).
I.5.1.2.2. Hypercalcemia PTH independent
PTH-independent

mechanisms

include

most

cases

of

malignancy-associated

hypercalcemia, vitamin D intoxication, granulomatous diseases, vitamin A intoxication,
thyrotoxicosis, milk-alkali syndrome and immobilization (Shane & Dinaz, 2006).
I.5.1.3. Effect of Hypercalcemia
Excessive calcium ions are toxic to cells, and increased serum Ca 2+ concentration
decreases cellular function by causing alterations in cell membrane permeability and cell
membrane calcium pump activity (Schenck et al., 2006).
I.5.2. Hypocalcemia
I.5.2.1. Definition
Hypocalcemia is a common biochemical abnormality that can range in severity from being
asymptomatic in mild cases to presenting as an acute life-threatening crisis. Serum calcium
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levels are regulated within a narrow range (2.1 to 2.6 mmol/L) by 3 main calcium-regulating
hormones—parathyroid hormone (PTH), vitamin D, and calcitonin—through their specific
effects on the bowel, kidneys, and skeleton (Fong & Khan, 2012).
I.5.2.2. Etiology of hypocalcemia
I.5.2.2.1. Hyperphosphatemia
Phosphate modifies calcium efflux from bone in animal and human studies. In
parathyroid-ectomized rats given a normal phosphate diet and a fixed replacement dose of
PTH sufficient to maintain normal serum calcium and phosphorus values, changing to a high
phosphate diet resulted in hypocalcemia and hyperphosphatemia (Levine et al., 2014).
I.5.2.2.2. Hypovitamin D
Lower levels of 25(OH)D can lead to severe hypocalcemia, which is considered one of
the side effects of bisphosphonates (Elena et al., 2012).
I.5.2.2.3. Hypomagnesemia
Hypomagnesemia impairs the function of the parathyroid glands, which are small
hormone-producing glands located in the neck. Normally, the parathyroid glands release a
hormone that increases blood calcium levels when they are low (Genetics Home Reference,
2020).

I.6. Calcium and menopausal women
I.6.1. Definition of menopause
Menopause (as defined by the World Health Organization) is the permanent cessation of
menstruation due to loss of ovarian follicular activity (World Health Organization, 1981).
And as the last menstrual period followed by at least twelve months of amenorrhea (no
menstrual bleeding) (Shailendra, 2011). Usually occurs between the ages of 45 and 55 years
(Southern, 2019). There are three stages:
 Perimenopause is the transitional time that starts before menopause and includes the
12 months that follow a person’s last period;
 Menopause starts either 12 months after the last period or when menstruation has
stopped for a clinical reason, such as the removal of the ovaries;
 Postmenopause refers to the years after menopause, although it can be difficult to
know when menopause finished and postmenopause starts (Carolyn, 2020).
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I.6.2. Symptoms
 Hot flushes (occurring in approximately 60% of women);
 Sweats (often at night);
 Tiredness;
 Joint and bone pain;
 Thinning hair;
 Dry skin;
 Unusual skin sensations;
 Vaginal dryness;
 Depression (Southern, 2019).
I.6.3. Treatment


Menopausal Hormone Therapy (MHT)
Involves replacing hormones previously produced by the ovaries and relieving the

symptoms, also help to reduce the risk of osteoporosis following menopause (Southern,
2019).


Diet
Women need a higher intake of calcium and vitamin D after menopause to help reduce

the risk of osteoporosis (Southern, 2019).


Exercise
Regular weight-bearing exercise such as walking, tennis, aerobics and golf helps in

maintaining a healthy weight, fitness and general wellbeing (Southern, 2019).
I.6.4. Relation between calcium and menopause
Calcium levels remains stable until menopause, when the bone resorption rate increases
in association with the decrease in ovarian estrogen production that effect the intestinal
calcium absorption (North American Menopause Society, 2006).
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II. Osteoporosis
II.1. Definition
The National Institutes of Health has defined osteoporosis as “a skeletal disorder
characterized by compromised bone strength predisposing a person to an increased risk of
fracture.” (Gullberg et al., 1997). Osteoporosis is generally a disease of older adults because
the cumulative effects of slow bone mineral loss take time to deplete the skeleton (Power et
al., 2000).

II.2. Risk factors
Physical inactivity and low weight shows good evidence that, among both women and
men, they are risk factors for osteoporosis as well as for fractures (Cummings, 1955 ; Brot et
al., 1977). Previous fractures are a major risk factor for new fractures (Kanis, 2004). Also,
smoking decreases bone density and increases the risk of fractures (Forsen, 1994), and low
exposure to sunlight leads to poor uptake of vitamin D (Johnell & Hertzman, 2006).
Treatments with cortisone reduce bone density and increase the risk of fractures
(Espallargues, 2001).

II.3. Symptoms
There typically are no symptoms in the early stages of bone loss. But once the bones
become weak by osteoporosis, signs and symptoms might appear, including:
 Back pain, caused by a fractured or collapsed vertebra;
 Loss of height over time;
 A stooped posture;
 Bones that breaks much more easily than expected (Clarke, 2019).

II.4. Diagnostic
Osteoporosis is a silent disease without obvious symptoms and evidence until a fracture
occurs, table (01) shows some diagnostic category for osteoporosis.
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Table 01: Diagnostic category for osteoporosis according to BMD and DEXA values (Kanis,
1994).
Diagnostic Category
Normal bone mass

DEXA BMD Values
T score >-1.0 S.D

Definition
BMD above 1 SD below the
average young adult value.

Osteopenia

T scorebetween–1.0

BMD between1.0 and 2.5SD

and–2.5 SD

below the average young
adult value.

Osteoporosis

T score<-2.5 SD

BMD more than 2.5 SD
below the average young
adult value.

Severe osteoporosis

T score<-2.5 SD

BMD more than 2.5 SD
below the average young
adult value and at least 1
osteoporotic fracture.

Bone mineral density (BMD), dual energy X-ray absorptiometry (DEXA).

II.5. Calcium and osteoporosis
Calcium is essential in maintaining total body health (Micozzi, 2006). When blood Ca2+
levels drop too low, it is borrowed from the bones and returned to the bones from Ca2+ supply
through the diet (Pravina et al., 2013). Thus, the effects of calcium deficiency may escape
notice for a considerable time, until they manifest as skeletal weakness or fractures (Power et
al., 2000). In fact, low dietary calcium intake is associated with low bone density, and
calcium deficiency cause age-related bone loss, therefore, osteoporosis (Kim et al., 2014).

II.6. Pathophysiology
Once the peak bone mass is achieved, bone regulation takes place by local remodeling
which is regulated by RANK (or receptor activator of nuclear factor-kb), RANKL (or RANK
Ligand) and OPG (or Osteoprotegerin). RANK is present in the osteoclasts and causes the
increase in their activity. RANKL is synthetized by osteoblasts and it binds with the RANK
receptor on the osteoclasts. OPG is also synthetized by the osteoblasts and prevents the
binding of the RANK to the RANK Ligand by itself binding to the RANKL. Hence, the
activity of the osteoclasts and in turn the bone remodeling depends upon the interplay
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between the RANK and the OPG. This interplay is controlled by hormonal and local factors.
Imbalance in bone remodeling lead to decreased skeletal mass. In most individuals, bone mass
peaks in the third decade, after which bone resorption exceeds bone formation. Failure to
reach a normal peak bone mass or acceleration of bone loss can lead to osteoporosis
(Varacallo & Fox, 2014 ; Vikram et al., 2017).

Figure 03: A model of the effects of estrogen deficiency on bone loss (Wolfgang et al.,
2009).

II.7. Complications
 Hip and vertebral fracture: Hip and vertebral fractures in osteoporotic individuals
affect multiple aspects of daily life;
 Functional limitations: Functional limitations associated with osteoporosis can have
an extensive impact on the daily life. When subsequent vertebral fractures or a hip fracture
occur, the functional outlook changes substantially for osteoporotic patients;
 Pain: Pain from osteoporosis challenges the patient’s coping skills, often in a way
that causes a decline in physical and psychological well-being. Two types of osteoporotic pain
exist: (1) acute pain that accompanies a fracture and (2) chronic pain that develops over time;
 Psychological dysfunction: The psychological impact on osteoporosis patients,
although not visible, can be as serious and debilitating. Low self-esteem and depression are
the two most frequent psychological disabilities resulting from osteoporosis and fractures
(Gold et al., 1998).
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II.8. Treatment
 Bisphosphonates: Oral bisphosphonates inhibit osteoclastic activity and are potent
antiresorptive agents (Black et al., 1996).
 Raloxifene (evista): a selective estrogen receptor modulator, it is approved for the
treatment of postmenopausal osteoporosis (Sweet et al., 2009).
 Calcitonin nasal spray (Miacalcin):

is an antiresorptive agent approved for the

treatment of postmenopausal osteoporosis at a dosage of 200 UI in alternating nostrils each
day (Sweet et al., 2009).
 Teriparatide (Forteo): is a recombinant human parathyroid hormone with potent bone
anabolic activity (Sweet et al., 2009).
 Hormone therapy: The women’s health initiative confirmed that estrogen, with or
without progesterone, slightly reduces the risk of hip and vertebral fractures (Sweet et al.,
2009).

II.9. Prevention
 Ensure a healthy diet which includes enough calcium and protein, two key nutrients for
bone health;
 Get enough vitamin D: made in the skin after exposure to sunlight, the average young
adult needs about 15 minutes of daily sun exposure. Also, some foods like oily fish, eggs,
mushrooms, and fortified dairy foods or juices can boost vitamin D intake;
 Maintain a healthy body weight: being too thin (BMI under 19) can damage bone
health;
 Keep active: Take regular weight-bearing and muscle strengthening exercise;
 Stop smoking and heavy drinking (Cooper & Ferrari, 2019).

II.10. Osteoporosis and menopausal women
A decline in estrogen has been shown to play a major role in the decreasing bone mass
during the menopause, especially because it has a variety of protective effects on bone
marrow and bone cells. This hormone allows for increased bone formation by reducing the
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production and function of the osteoclasts as well as increasing osteoclast apoptosis. This
effect on the osteoclastic cells of the bone is facilitated via estrogen’s inhibition of a signaling
molecule, RANKL, which is involved in osteoclast differentiation and survival. However, due
to the estrogen deficiency during menopause, this beneficial effect on the bone is lost causing
osteoporosis (Doshi & Agarwal, 2013).
Also, menopause has been linked to an increase in inflammatory cytokines within the
serum specifically tumor necrosis factor (TNF‑α), which negatively impacts the bone by
contributing to increased osteoclast formation. Additionally, the high levels of FSH during
menopause stimulate osteoclast differentiation and TNF‑α production, both of which play an
important role in osteoporotic bone loss (Doshi & Agarwal, 2013).

II.11. Oxidative stress
II.11.1. Definition
Oxidative stress is defined as “an imbalance between oxidants and antioxidants in favor
of the oxidants, leading to a disruption of redox signaling and control” (Sies, 2018). The
overproduction of free radicals can cause oxidative damage to biomolecules (lipids, proteins,
DNA), eventually leading to many chronic diseases such as cancer, diabetics, cardiovascular
diseases, chronic inflammation, aging and osteoporosis (Uttara et al., 2009 ; Tan et al., 2018).

II.11.2. Free radicals
Free radicals can be defined as atoms or molecules or molecular fragments containing
one or more unpaired electrons in their atomic or molecular orbitals (Qazi & Molvi, 2018).
The free radicals, both the reactive oxygen species (ROS) and reactive nitrogen species
(RNS), have central roles in various physiological conditions (Phaniendra et al., 2015).

II.11.3. Sources of free radicals
Free radicals are generated from both endogenous and exogenous sources (Pizzino et
al., 2017). Endogenous sources include mitochondria, nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase, myeloperoxidase (MPO), xanthine oxidases (Liguori et al.,
2018 ; Ping et al., 2020), inflammation, ischemia, infection, cancer, excessive exercise,
mental stress and aging (Pizzino et al., 2017).
However, exogenous sources of free radicals are air and water pollution, tobacco,
alcohol, heavy or transition metals, drugs (e.g., cyclosporine, tacrolimus and gentamycin),
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industrial solvents, cooking (e.g., smoked meat, waste oil, and fat), ultraviolet rays and
radiation (Liguori et al., 2018 ; Ping et al., 2020).

II.11.4. Antioxidants
An antioxidant is a molecule which has the ability to prevent or slow the oxidation of
macromolecules. Their role is to lower or terminate these chain reactions by removing free
radicals or inhibiting other oxidation reactions by being oxidized themselves. The antioxidant
systems in the human body consist of powerful non-enzymatic and enzymatic antioxidants
(Adwas et al., 2019).
The enzymatic antioxidant defense systems consist of three major classes of antioxidant
enzymes which are the catalases, superoxide dismutases (SOD), and glutathione peroxidases
(GPx), all of these, play crucial roles in maintaining homeostasis into cells. The nonenzymatic antioxidant defense system, exist in many dietary natural sources such as
vegetables, fruits, and beverages, include vitamins C (ascorbic acid), E (α-tocopherol) A, and
glutathione. In addition, medicinal plants and herbs have an antioxidant effects due to the
presence of flavonoids, alkaloids, carotenoids, glycosides, terpenoids, saponins, polyphenols
and other essential dietary constituents (e.g., copper, iron, zinc, and magnesium) (Adwas et
al., 2019 ; Yeung et al., 2019 ; Montoya-Estrada et al., 2020).

II.11.5. Oxidative stress and osteoporosis
Oxidative stress activates the differentiation of osteoclasts which led to a significant
increase in the number and activity of these cells. Also, ROS induce the apoptosis of
osteoblasts and osteocytes, by activating numerous signaling pathways. The oxidative stress
blocks the activation of osteoblasts and thus the production of OPG, under this condition, the
action of RANKL prevails, and the differentiation and activity of osteoclasts are induced.
Thereafter, the turnover of the bone remodeling process increases due to increased resorption
rate without adequate and proper bone formation, this event has been related to osteoporosis
(Domazetovic et al., 2017).
Antioxidants have opposing effects, they contribute to the differentiation of osteoblasts
and bone formation, while reduce the osteoclast differentiation and their activity
(Domazetovic et al., 2017).
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Figure 04: Effect of ROS and antioxidants on the activity of osteoclasts, osteoblasts and
osteocytes in bone remodeling. ROS activate osteoclast differentiation and osteocyte
apoptosis(+), while inhibit osteoblast activity(-) inducing bone resorption; antioxidants
activate osteoblast differentiation(+) and inhibit osteoclast activity and osteocyte apoptosis(-)
inducing bone formation (Domazetovic et al., 2017).

II.11.6. Oxidative stress and menopausal women
Menopause creates a redox imbalance and subsequent oxidative stress due to the decline
of the natural antioxidant hormone estrogen (Sankar et al., 2017). Specifically, at high
concentrations, estrogen tends to have a beneficial antioxidant effect by inhibiting the
8‑hydroxylation of guanine DNA bases (Amrita et al., 2016), also by increasing the activities
of antioxidant enzymes, such as glutathione peroxidase, and causing an increase in
antioxidant vitamin levels (Montoya-Estrada et al., 2020).
However, at low concentrations, this hormone has pro-oxidant like effects, including
breaks in genetic material, formation of DNA adducts, oxidation of bases and changes in the
lipid profile and the increase of lipoperoxidation (Amrita et al., 2016 ; Montoya-Estrada et al.,
2020).
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III. Proso millet (Panicum miliaceum L.)
III.1. Definition
Proso millet (Panicum miliaceum L.) is the oldest used cereal by humans besides wheat
and barley. It was domesticated in Manchuria and introduced to Europe ~3000 years ago,
followed by its introduction in the Near East and India. Because of its short growing seasons
(60–90 days after planting), low water and nutrient requirements, it grows across wide
environments up to 548 N/S latitude and also adapts well to plateau conditions and high
elevations (Theisen et al., 1978).

III.2. Botanical description and Taxonomy
Proso millet is a short-day plant and usually an erect annual, reaching to a height of 90
to 120 cm. with a shallow adventitious rooting system. The stems are slender, glabrous or
slightly hairy, with hollow internodes. The plant has long, soft, narrow, pointed leaves
expanded from leaf sheaths. The inflorescence is a drooping panicle varying in the degree of
compactness, and often one-sided. The spikelets are pointed, about half a centimetre long and
contain two flowers (Tonapi et al., 2015).

Kingdom: Plantae
Clade:

Angiosperms

Clade:

Monocots

Clade:

Commelinids

Order:

Poales

Family:

Poaceae

Genus:

Panicum

Species:

P. miliaceum (USDA & NRCS, 2006).

Figure 05: Proso millet (Dayakar et al., 2017).

III.3. Distribution in the world and in Africa
Proso is produced throughout the central and northern Great Plains of the US including
Nebraska, Kansas, Colorado, North Dakota, South Dakota, and Minnesota (Baltensperger,
2002). Asia (48%) and Africa (48%) dominate the production of millet compared to Europe
(3%) and America (1%) (Saurav et al., 2019).
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Figure 06: Distribution of Proso millet (Saurav et al., 2019).

III.4. Biological interest of Proso millet
Nutritional quality is the key element that determines the dietary importance of a grain
and its importance towards human health.
►

P. millet is known for several health benefits. It has high nutritive value and is

comparable to major cereal grains (Saleh et al., 2019).
► P. millet is a good source of minerals like calcium, phosphorus, potassium, sodium,
magnesium, manganese, iron and zinc (Saleh et al., 2019).
► P. millet has all the essential amino acids such as methionine, phenylalanine,
tryptophan, valine, etc. (Saleh et al., 2019). The limiting amino acid in P. millet is lysine,
which is only 189 mg/g. The essential amino acid index was found to be higher (51%) in P.
millet compared to wheat (Kalinova & Moudry, 2006). Major nutritional component protein,
carbohydrate, and energy values are comparable to popular cereals like rice, wheat and barley
(Devi et al., 2014).
► P. millet has 11% (which may range from 11.0% to 14.0%) of protein per 100 g of
grains, compared to that of wheat (14.4%) and rice (7.5%) (Devi et al., 2014).
► P. millet has a low glycemic index (GI) compared to rice, wheat, and barley, which
makes it an ideal food for people with type-2-diabetes mellitus and cardiovascular disease
(Mcsweeney, 2014).
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I. Materials and methods
I.1. Materials
I.1.1. Patients risk factors study
I.1.1.1. Population and period of study
Our study was organized over a period of 7 months (from the beginning of September
2019 to the end of March 2020). Faculty of Natural Sciences and Life at the University of
Echahid Hamma Lakhdar El-Oued. In this study, we used the questionnaire (Annex 01) and
asked 241 volunteers divided into 100 healthy menopausal women as a control and 141
menopausal women patients with osteoporosis from the origin of Guemar El-Oued region.
Each volunteer submitted the questionnaire including social and clinical data that can give us
different factors associated with osteoporosis.
I.1.1.2. Description of study region
The region of Oued-Souf is a valley located in the North east of the Algerian Sahara,
approximately 700 km from south-east of Algiers and 350 km from west of Gabes (Tunisia).
It is a group of discontinuous oases. The two main groups are EL-OUED–GUEMAR and
ZGOUM-BEHIMA, accompanied by small secondary oases in the East and West (Khechana,
2014 ; Rosso, 2015).
Our study was conducted in Guemar, a commune located 16 km northwest of El Oued
on the national road linking Oued-Souf to Biskra (Rosso, 2015) (figure 07).

Figure 07: Map of Oued-Souf and Guemar region (Khechana, 2014).
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I.1.2. Prognostic and phytotherapeutic study
I.1.2.1. Plant material and aqueous extract preparation
In this study, the grains of Proso millet were obtained from the herbalist. These grains
were powdered by mechanical grinder until a fine powder was obtained. The powders of
Proso millet are stored at room temperature in airtight containers protected from bright light
until the beginning of the experiment (figure 08). Aqueous extracts were prepared by putting
10 g of homogenized dried grains in 100 ml of water during 24h then the extract was filtered
(Derouiche & Kaouachi, 2018).

Figure 08: The grains of Proso millet (original photo).
I.1.2.2. Patients study design
This work was applied on 32 volunteers women of age between 45-55 years, they
were divided into two groups; a group of 16 healthy control women with mean age
49,234±0,341 year, a group of 16 menopausal women have osteoporosis with mean age
49,972±0,112 year, and after supplementing the group of women have osteoporosis with
powdered grains of Proso millet for four weeks their results considered to be the third group.
With regard to the distribution of groups, it was according to the aim of the work,
where in the prognostic study, we relied on a comparison between the results of the first and
second groups, and about phytotherapeutic study, we relied on the comparison between the
second and third group.
Inclusion criteria
 Voluntary women live in Guemar El-Oued region.
 Women suffering from osteoporosis aged from 45 to 55.
 Control women are not at menopause, in good health and do not have any pathology.
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Exclusion criteria
 Women are suffering from other acute or chronic pathology.
 Women using drugs during menopausal periods.
I.1.2.3. Reagents
Mayer’s reagent, Hydrochloric acid (HCl), Ferric chloride (FeCl3), Sulfuric acid
(H2SO4), Fehling's liquor, Chloroform, Sulfuric acid, Folin-Ciocalteu reagent (FCR), Sodium
carbonate (Na2CO3), Methanol, Aluminum chloride (AlCl3), Sodium citrate (Na3C6H5O7),
Ethylenediaminetetraacetic acid (EDTA), Tris, Trichloroacetic acid (TCA), Thiobarbituric
acid (TBA), Hydrogen Peroxyde (H2O2), Phosphate-buffer (KH₂PO4, K₂HPO4), Salicylic
acid, Sodium chloride (NaCl), DTNB (5,5′-Dithiobis (2-nitrobenzoic acid )), Copper sulfate
(CuSO4), Ascorbic acid, NBT, Riboflavin.

I.2. Methods
I.2.1. Plant in-vitro analysis
I.2.1.1. Phytochemical analysis
According to (Harborne, 1998 ; Evans, 2009 ; Wadood et al., 2013) six phytochemical
analysis assays were used to identify:
 Phenolic compounds
 Alcaloids
To 1 ml extract with few drops of Mayer’s reagent were added, after acidifying the
medium with a few drops of HCL. Formation of white precipitate indicates the presence of
alkaloids.
 Tannins
To 5 ml extract, add 1 ml of 2% FeCl3 solution. The presence of tannins is indicated
by a greenish or bluish-blackish coloration.
 Flavonoids
To 5ml extract, add 5 ml of diluted ammonia and 1ml of H 2SO4. The appearance of a
yellow color indicates the presence of flavonoids.
 Saponins
5 ml of extract was mixed with 5ml of distilled water and shaken vigorously. The
formation of stable foam was taken as an indication of the presence of saponins.
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 Reducing sugars
To 2 ml of extract, add 0.5 ml of Fehling's liquor (1ml of reagent A and 1ml of reagent
B) and incubate the whole in a boiling water bath. The appearance of a brick-red precipitate
indicates the presence of sugar reducers.
 Terpenoids
To 5ml of extract, add 2 ml of chloroform and 3ml of concentrated sulfuric acid. The
formation of a reddish brown color indicates the presence of terpenoids.
I.2.1.2. Quantitative analysis of total phenolic and flavonoids compounds
I.2.1.2.1. Total phenolic
The quantitative analysis of total phenols in phenolic extracts was carried out
according to (Slinkard & Singleton, 1977): 125 μL of the extract are mixed with 500 μL of
distilled water and 125 μL of Folin-Ciocalteu reagent (FCR), the mixture was stirred well.
After 5 min, 1250 μL of sodium carbonate (Na2CO3; 7.5 g/l) are added and completed with
distilled water to 3 ml then the stirred reaction mixture is kept in the dark and incubated for 2h
at room temperature. The absorbance of each solution is measured at 765 nm using a UV-VIS
spectrophotometer.
Calibration curve is carried out by gallic acid at different concentrations (50-100150-200μg/ ml) under the same conditions and the same steps of the assay. The results are
thus expressed in milligrams of gallic acid per gram of dry extract (mg of GAE/g). All
measurements are repeated 3 times.
I.2.1.2.2. Total flavonoids
The determination of total flavonoids was carried out according to the method
described by Ahn et al. (Ahn et al., 2007). 1 ml of each sample and standard (prepared in
methanol) is added to 1 ml of the AlCl3 solution (2% dissolved in methanol). After 10
minutes, the absorbance was measured relative to the blank prepared from reagent at λ max =
430 nanometers.
The results are expressed in mg equivalent quercetin / g of dry vegetable material
with reference to the quercetin calibration curve. The quercetin calibration curve is performed
by quercetin at different concentrations (10-20-30-40 μg/ml) under the same conditions and
the same steps of the assay.

29

Chapter I

Materials and methods

I.2.2. Patients study interventions
Performed blood sampling for both groups is done morning fasting. It is performed in
the vein of the end of the elbow. After the blood sampling, the blood is collected in three
types of tubes:
 In anticoagulant tube (EDTA), for hematological (FNS) and oxidative stress (MDA,
GSH, SOD and CAT activity) parameters assays.
 In sodium citrate tube, used to detect inflammatory markers.
 In dry tubes, samples are centrifuged at 3000 rpm for 10 minutes and then recover the
serum to achieve the dosage of biochemistry parameter: Glucose, calcium, iron, PAL, vitamin
C and total antioxidant ORAC.
Urine samples are collected in sterile containers over a 24-hour period and stored in the
freezer until the urinary creatinine dosage.
I.2.3. Measurement of serum biochemical and hematological markers
Serum glucose, calcium, iron, PAL and urinary creatinine were determined by the Semiauto Analyzer Mindray BA-88A and measured using commercial kits from Biomaghreb,
(Biomaghreb: glucose-20121, calcium-20051, iron-20064, PAL-20015 and creatinine-20151).
Hematological analysis (FNS) was performed by the hematology Auto analyzer (Mindray).
I.2.4. Estimation of oxidative stress parameters
I.2.4.1. Preparation of erythrocyte samples
Blood EDTA tubes contents are centrifuged at 2000 rpm for 10 min and removed the
plasma. The cap of EDTA tube was lysis with 50 ml of TBS buffer (EDTA 2.92M; tris
1.21M; pH=7) and incubated 30 min in Freezer. After incubation centrifuged at 2500 rpm for
10 min and the obtained supernatant (erythrocyte homogenate) was used for the determination
of antioxidant activity (Miller et al., 1988).
I.2.4.2. Leukocyte separation
After separation of erythrocytes, the rest of EDTA tube contents centrifuge at 2000
rpm for 10 min. Wash pellet with lysis buffer and shake incubate in Freezer for 30 min. After
incubation centrifuged at 2500 rpm for 10 min. followed this step by washing with lysis
buffer until the Leukocyte pairing and then recovered to make the dosage of stress tests
(Miller et al., 1988).
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I.2.4.3. Determination of malondialdehyde (MDA) level
MDA was measured according to the method described by Sastre et al. (Sastre et al.,
2000). In brief, mix 100 μl of sample, 400 μl of TBA reagent into the glass and screw test
tubes and seal. Heat the mixture in the Marie bath at 100 ° C for 15 minutes. Then cool in a
cold-water bath for 30 minutes leaving the tubes open to allow evacuation of the gases formed
during the reaction. Centrifuge at 3000 rpm for 5 minutes and read the absorbance of the
supernatant at 532 nm using a spectrophotometer.
I.2.4.4. Determination of Reduced glutathione (GSH) level
The level of reduced Glutathione is determined according the Weak and Cory (1988),
by measuring the optical density results from the formation of 2-nitro-5-mercocapturic acid
from the reduction of dithio-bis-2-nitrobenzoic acid, which is called Ellman reagent with SH
groups exist in GSH briefly.
 800μl of homogenate (or serum) samples are added to 200μl of salicylic acid (0.25%).
 The mixture was centrifuge at 1000 rpm for 5 min.
 Take 500 ml of supernatant and mixed with 1000μl of tris buffer (tris 0.4mol, 0.02mol
NaCl, pH =8.9) and 25 μl of DTNB (0.01 mol/L).
 Read the absorbance at 412 nm after 5 min of incubation.
𝐺𝑆𝐻(𝑛𝑀⁄𝑚𝑔 𝑜𝑓𝐻𝑏) =

(OD × 1 × 1.525)
13133 × 0.8 × 0.5 × mg of pr

I.2.4.5. Determination of catalase activity
The catalase activity consists in measuring the catalase-induced loss of H2O2
contained in the sample by measuring the absorbance of H2O2 at 560 nm using a UV/visible
spectrophotometer according the method of Aebi (1984). Briefly in test tubes mix 1 ml of
phosphate buffer (KH2PO4, 0.1 M, pH 7.2), 0.975 ml of freshly prepared H2O2 (0.091 M) and
0.025 ml of the enzyme source (homogenate). The absorbance is read at 560 nm each minute
for 2 minutes.
((
𝐶𝐴𝑇(𝑈𝐼 ⁄𝑔) =

logA1
2.3033
T ) × (logA2))
g of protin

A1: Absorbance at the first minute.
A2: Absorbance at the second minute.
T: Time interval in minutes.
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I.2.4.6. Plasma vitamin C assay
The plasma vitamin C is measured according to the method of Jagota & Dani (1982)
using the Folin reagent and a range of ascorbic acid. Briefly, add one ml of plasma to 0.5 ml
of the TCA solution (10%). Vortex then places the tubes in an ice bath for 30 min. Centrifuge
at 3000 rpm for 10 min. Take 0.75 ml of the supernatant to which 0.75 ml of distilled water
and 150 μl of Folin (1/10) are added. Vortex and incubate for 15 min at room temperature.
Read the OD using a blank spectrophotometer at 769 nm and determine the vitamin C
concentration (μg / ml) from the standard curve.
I.2.4.7. Determination of superoxide dismutase (SOD) activity assay
The assay method of SOD activity using the NBT by the superoxide anion (O2·), is
used as a basis for detecting of presence of SOD by measuring the Spectrophotometrically
absorbance at 560 nm (Beauchamp & Fridovich, 1971).
Collect in tubes

Blank

Sample

1000μL

1000Μl

892,2μL

892,2μL

Sample

0

50

Phosphate buffer

1000μL

950μL

NBT (75μM)

85,2μL

85,2μL

Riboflavin (2μM)

22,6μL

22,6μL

EDTA-Met
0,1mM EDTA-13mM Met
Phosphate buffer
(50Mm)

Expression of results:
𝑆𝑂𝐷 =

DO blanc − DO sample
DO blanc

I.2.4.8. Measuring of total antioxidant capacities (ORAC)
a. principle
The total antioxidant power of the serum, its capacity to absorb free oxygen radicals
(ORAC: Oxygen Radical Absorbance Capacity), is estimated by the ability of red blood cells
to resist free radical-induced hemolysis in vitro in the presence of plasma according to the
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method of Oyaizu (1986). This method is based on the time-dependent monitoring of red
blood cell hemolysis induced by a free radical generator.
b. Treatment of red blood cells
• Centrifuge donor blood at 2000 rpm for 10 min and remove plasma.
• Wash gently 1 volume of the pellet with 2 volumes of physiological saline (without lysing
the RBCs), then centrifuge again at 2000 rpm for 5 min.
c. Operating mode
 Control tube
• Add 1 ml of RC: 20 μl of CuSO4 (2 mM), 20 μl of H2O2 (30%) and 2 ml of physiological
saline, then stir gently.
Incubate for 5 min at room temperature, centrifuge for 5 min at 2000 rpm.
• Read the OD at 450 nm from the supernatant and put it back into the tube and stir gently.
• Repeat this operation every 10 minutes for 1 hour.
 Standard tube
• To 1 ml of GR are added: 20 μl of CuSO4 (2 mM), 20 μl of H2O2 (30%) and 2 ml of
physiological saline, and 20 μl of vitamin C (400 μM) and then stir gently.
Incubate for 5 min at room temperature, centrifuge for 5 min at 2000 rpm.
• Read the OD at 450 nm from the supernatant and put it back into the tube and stir gently.
• Repeat this operation every 10 minutes for 1 hour.
 Test tube
• To 1 ml of RC are added: 20 μl of CuSO4 (2 mM), 20 μl of H2O2 (30%) and 2 ml of
physiological saline, and 20 μl of serum (400 μM) and then stir gently.
Incubate for 5 min at room temperature, centrifuge for 5 min at 2000 rpm.
• Read the OD at 450 nm from the supernatant and put it back into the tube and stir gently.
• Repeat this operation every 10 min for 1 hour (t0, t10, t20, t30, t40, t50, t60, and average the
latter: ΣDO = Σ (t0, t10, t20, t30, t40, t50, t60) / 7
• To calculate the total antioxidant power using two methods.
Calculate method:

𝑂𝑅𝐴𝐶(𝑈𝐼) =

Σ(ODcontrol − ODsample)Δt
Σ(ODcontrol − ODstandard)Δt
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I.2.5. Statistical analysis
Statistical analysis is performed by the SPSS20.0 software, results comparisons were
carried out by the Student T test to compare means among the groups using Minitab 17, and
the Excel 2007 (Microsoft) which helped us to do the tests and the histograms. The diagnostic
model of osteoporosis with several factors was based on Logistic regression analysis. The
statistical parameters, which are the area under curves (AUC) and the receiver operating
characteristics (ROC) were used to show the potency of a biomarker in the diagnosis of
osteoporosis. Specificity, sensitivity, AUC, and 95% confidence interval (CI) values were
calculated. P < 0.05 indicates a statistically significant difference.
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II. Results
II.1. Study of predictors factors of osteoporosis
II.1.1. Description of the study population
The general data of socioeconomic characteristics of the two groups of subjects include
age, weight, height, number of children, social case, job, educational level, and blood group.
These indicators do not have any statistically significant differences (as shown in table 02), at
P > 0.05.
Table 02: Demographic description of control and osteoporosis patients.

Age(ys)
Body Weight(kg)
Height(cm)
BMI (Body mass index)
Number of children
Social
Case

Job

Educational
Level

Blood
Group

Married%
Single%
Divorced%
Widow%
Worker%
Housewife%
Illiterate%
Primary%
Junior high%
High School%
Higher
education%
A%
B%
AB%
O%

Control

Patients

49,234±0,341
66,596±0,243
160,76±0,164
25,52±0,121
5,333±0,183

49,972±0,112
70,390±0,500
160,38±0,130
27,46±0,124
6,064±0,183

81
7
10
2
25
75
13
15
26
26

96
2
1
1
10
90
14
28
24
23

20

11

43.33
10
6.67
40

20
10
13
57

II.1.2. Study of socioeconomic and clinic factors
Odds Ratio (OR) values for socioeconomic factors (table 03) and clinic-pathological
factors (table 04) show that thyroid problems, hormonal alternatives, menstrual perturbations
and vitamin D deficiency before menopause are shown to be significant risk factors for
osteoporosis (OR = 6.682; p = 0.005, OR = 5.688; p = 0.000, OR = 5.516; p = 0.000 and OR
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= 5.394; p = 0.000), respectively. Menopause before 42 years old (OR = 4.846; p = 0.029),
stress (OR = 3.841; p = 0.000) and calcium deficiency before menopause (OR = 3.305; p =
0.001) are also highly significant predictors of osteoporosis. In addition, obesity, hormonal
perturbations before menopause, anemia, tap water, taking contraceptive pills, digestive
problems and milk mixed with coffee are all predictive factors (OR ranging from 1.803 to
2.538, p<0.05). Also, bone problems before menopause and family history are considered to
be very important risk factors in the study population, with the highest OR value (OR =
65.646; p = 0.000 and OR= 41.152; p=0.000). In contrast, milk, fish diet, legumes, fresh
vegetables and fruits, sunshine exposure, long distance walks and menopause after 50 years
old are protective factors for osteoporosis in the study population (OR ranging from 0,029 to
0.463, p<0.038). In addition, our results indicate that filtered water, pure milk, pure coffee,
soft drinks, excessive thinness, standing up too long, ovarian cysts, kidney problems, liver
problems, diabetes, hypertension, puberty before 12 years old, age of marriage after 30 years
old, first birth after 30 years old, childbearing less than 2 years old, breastfeeding less than 1
year old, normal birth, caesarean birth, self-medication, medications for menstrual pain and
herbal remedies are not considered as predictors of osteoporosis in our population since the
OR values obtained are not significant.
Table 03: Comparison of the socioeconomic features of osteoporosis patients and control
group (N=241).
Control%

Patient%

Tap water
Positive

3.73

10.37

Negative

37.75

48.15

Filtered water
Positive

37.75

51.87

Negative

3.73

6.65

Milk consomption
Positive

33.60

6.24

Negative

7.88

52.28

Pure milk
Positive

14.52

14.94

Negative

26.97

43.57

Milk mixed with
coffee

OR

CI95%

P-value

2.220

0.945-5.214

0.048

0.800

0.316-2.024

0.407

0,029

0.013-0.065

0,000

0.653

0.356-1.197

0.110

1.803

0.969-3.355

0.043
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Positive

26.97

44.81

Negative

14.52

13.70

Pure coffee
Positive

16.59

23.65

Negative

24.89

34.87

Fish diet
Positive

4.14

0.82

Negative

37.34

57.70

Legumes
Positive

40.24

46.88

Negative

1.24

11.64

Fresh vegetables
and fruits
Positive

40.24

51.45

Negative

1.24

7.07

Sunshine exposure
Positive

24.06

22.82

Negative

17.42

35.70

Soft drinks
Positive

6.22

9.56

Negative

35.26

48.96

Obesity
Positive

4.14

12.86

Negative

37.34

45.66

Excessive thinness
Positive

2.07

2.07

Negative

39.41

56.45

Long distance
walks
Positive

26.55

7.05

Negative

14.93

51.47

Standing up too
long
Positive

16.18

34.45

Negative

25.31

24.06

1

0.568-1.761

0.557

0.091

0.011-0.724

0.005

0.124

0.035-0.431

0.000

0.227

0.062-0.830

0.014

0.463

0.263-0.815

0.005

1.079

0.502-2.322

0.500

2.538

1.133-5.687

0.016

0.792

0.206-3.039

0.500

0.077

0.037-0.159

0.000

0.920

0.522-1.620

0.443
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Table 04: Comparison of the clinico-pathological features of osteoporosis patients and
control group (N=241).
Control%
Calcium deficiency
before menopause
Positive
Negative
Vitamin D deficiency
before menopause
Positive
Negative
Menstrual
perturbations
Positive
Negative
Ovarian cysts
Positive
Negative
Thyroid problems
Positive
Negative
Kidney problems
Positive
Negative
Digestive problems
Positive
Negative
Liver problems
Positive
Negative
Diabetes
Positive
Negative
Hypertension
Positive
Negative
Anemia
Positive
Negative
Stress

4.56
36.92

4.56
36.92

25.72
15.76
4.97
36.51
0.82
40.66
5.39
36.09
19.50
21.99
1.65
39.83
5.39
36.09
7.88
33.60
4.97
36.51

Patient%

OR

CI95%

P-value

3.305

1.544-7.073

0.001

5.394

2.565-11.342

0.000

5.516

2.559-11.890

0.000

1.949

0.901-4.217

0.063

6.682

1.455-30.685

0.005

1.570

0.729-3.382

0.167

2.005

1.138-3.533

0.011

2.087

0.608-7.167

0.186

1.673

0.781-3.583

0.126

1.577

0.810-3.071

0.120

2.444

1.150-5.196

0.014

3.841

2.077-7.102

0.000

17.03
41.49

23.26
35.26

52.69
5.83
12.44
46.08
7.05
51.47
11.21
47.31
37.34
21.17
4.56
53.96
11.64
46.88
15.76
42.76
14.54
43.98
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Positive
Negative
Bone problems before
menopause
Positive
Negative
Family History
Positive
Negative
Hormonal
perturbations before
menopause
Positive
Negative
Hormonal
alternatives
Positive
Negative
Puberty before 12
years old
Positive
Negative
Menopause after 50
years old
Positive
Negative
Menopause before 42
years old
Positive
Negative
Age of marriage after
30 years old
Positive
Negative
First birth after 30
years old
Positive
Negative
Childbearing Less
than 2 years
Positive
Negative
Breastfeeding Less
than 1 year

Results and discussion
19.91
21.57

1.24
40.24
1.24
40.24

12.03
29.46

6.63
34.85

0
41.49

6.63
34.85

0.82
40.66

7.46
34.02

9.54
31.95

4.15
37.34

45.64
12.88
65.646

19.338-222.852

0.000

41.152

12.211-138.679

0.000

2.448

1.366-4.387

0.002

5.688

2.930-11.039

0.000

0.960

0.922-0.999

0.061

0.395

0.155-1.007

0.037

4.846

1.020-23.028

0.029

0.563

0.251-1.263

0.114

0.638

0.314-1.296

0.142

.0474

0.156-1.440

0.141

0.468

0.168-1.301

.0108

39.02
19.50
32.78
25.74

29.05
29.46

30.70
27.82

2.07
56.44

4.14
54.38

5.39
53.13

6.24
52.28

9.54
48.97

2.90
55.61
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Positive
Negative

4.97
36.51

Normal birth
Positive
Negative

3.34
55.18

40.66
0.82

Caesarean birth
Positive
Negative

0.222

1.441

0.678-3.063

0.223

2.071

1.179-3.640

0.008

3.128

0.616-15.886

0.140

1.222

0.701-2.128

0.286

1.464

0.826-2.596

0.122

11.20
47.32

17.42
24.06

Self-medication
Positive
Negative
Medications for
menstrual pain
Positive
Negative

0.073-2.047

55.60
2.92

5.80
35.68

Contraceptive pills
Positive
Negative

0.388

34.85
23.67

0.82
40.66

3.75
54.77

19.91
21.57

31.14
27.38

Herbal remedies
Positive
14.10
25.33
Negative
27.38
33.19
OR>1 and P<0.05 indicate a risk factor
OR<1 and P<0.05 indicate a protective factor

II.2. In vitro essays of Proso millet
II.2.1. Phytochemical study
II.2.1.1. Qualitative phytochemical analysis of Proso millet
Results of phytochemical essays shows that aqueous extract of Proso millet rich on
different important chemical compounds such as alkaloids, tannins, flavonoids, saponins,
reducing sugars and terpenoids (table 05).
Table 05: Phytochemical essays of Proso millet aqueous extract.
Compounds
Aquatic
Extract of
P. millet
(+): Present

Alkaloids Tannins Flavonoids Saponins
+++

+++

+++

+++

Reducing
Terpenoids
sugars
+++

+++
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II.2.1.2. Total phenols and flavonoids concentration
Table 06: Total phenols and flavonoids concentration in Proso millet aqueous extract.
Compounds

Polyphenols

Flavonoids

(mg of GAE/g of Powder)

(mg QE/g of Powder)

7,613±0,542

0,700±0,0115

Aqueous Extract of
Proso millet
II.3. Biological markers study
II.3.1. Hematological parameters

The illustrated results of the hematological parameters in (figure 09) show that, for
osteoporosis patients group there is a significant increase (P˂0.05) in WBC and a very high
significant increase (P˂0.001) in HCT and PLT in the same group, also a very high significant
increase (P˂0.001) in PLT; a high significant increase (P˂0.01) in HGB and a significant
increase (P˂0.05) in HCT for osteoporosis group after the treatment as compared to the
control group. The results show that in WBC of osteoporosis after the treatment group a very
high significant decrease (P>0.001) and a high significant increase (P>0.01) in HGB as
compared to the osteoporosis patients group. While in HCT for osteoporosis after the
treatment group is a high significant decrease (P>0.01) as compared to the osteoporosis
patients group.
Our results of erythrocyte sedimentation rate (or ESR) show that, for osteoporosis patient
group ESR of the 1st hour is significant increase (P>0.05), and of the 2nd hour is a high
significant increase (P˂0.01) as compared to the control group, also, for osteoporosis after
treatment group it showed that ESR of the 1st hour is a significant decrease (P>0.05) as
compared to the osteoporosis patient group.
Also, the results showed that there is no significant changes (P>0.05) in WBC, ESR of the
1st hour and ESR of the 2nd hour of osteoporosis after treatment group as compared to that in
the control, in PLT and ESR of the 2nd hour of the same group as compared to the
osteoporosis patient group, in HGB of the osteoporosis patient group as compared to that in
controls, and in LYM and in RBC in all groups.
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Figure 09: Hematological parameters levels of control and experimental groups.
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II.3.2. Biochemical markers
Concerning biochemical markers, our results in (figure 10) show that for osteoporosis
patients group a high significant increase (P˂0.01) in serum blood glucose and PAL levels,
and a high significant decrease (P˂0.01) in serum calcium as compared to the control group
and the reference values, also that in serum PAL level for osteoporosis after treatment group
is very high significant increase (P>0.001) as compared to control group, and in urinary
creatinine of osteoporosis patients group and of osteoporosis after treatment group is very
high significant decrease (P>0.001) as compared to that in the control group. While in serum
calcium for osteoporosis after treatment group show a very high significant increase
(P>0.001) as compared to osteoporosis patients group.
Also, the results show that there is no significant changes (P>0.05) in serum glucose and
calcium of osteoporosis after treatment group as compared to the controls, in serum glucose,
PAL and urinary creatinine of the same group as compared to osteoporosis patients group, and
in iron in all groups.
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Figure 10: Serum blood glucose, PAL, calcium, iron and urinary creatinine levels of control
and experimental groups.
II.3.3. Oxidative stress parameters
II.3.3.1. Malondialdehyde (MDA) level
The results in (figure 11) show that for osteoporosis after treatment group, a very high
significant decrease in erythrocyte MDA level (P˂0.001) and a very high significant increase
in serum MDA (P˂0.001) as compared to that in the control, and a high significant decrease
(P˂0.01) in erythrocyte MDA as compared to that in the osteoporosis patients group. For
osteoporosis patients group, the results obtained show a significant increase in leukocyte
MDA level (P˂0.05) and a very high significant increase in serum MDA level (P˂0.001) as
compared to the control, and a very high significant decrease in leukocyte and in serum MDA
(P˂0.001) for osteoporosis after treatment group as compared to that in the osteoporosis
patients group. While there is no significant change (P>0.05) in erythrocyte MDA level for
osteoporosis patients group, and in leukocyte MDA level for osteoporosis after treatment
group as compared to the controls.

Figure 11: Lipid peroxidation level of control and experimental groups.
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II.3.3.2. Reduced glutathione (GSH) level
The results in (figure 12) show that for osteoporosis patients group, a very high
significant decrease in erythrocyte and leukocyte GSH level (P˂0.001) as compared to that in
the control, also a high significant increase (P˂0.01) for osteoporosis after treatment group as
compared to that in the osteoporosis patients group, and for osteoporosis patients group, the
results obtained show a significant decrease in serum GSH level (P˂0.05) as compared to that
in the control, and a significant increase (P˂0.05) for osteoporosis after treatment group as
compared to that in the osteoporosis patients group. Also, the results showed that there is no
significant changes (P>0.05) in erythrocyte, leukocyte and serum GSH of osteoporosis after
treatment group as compared to that in the control.

Figure 12: Reduced glutathione (GSH) level of control and experimental groups.
II.3.3.3. Catalase
In the (figure 13), for osteoporosis patients group, the results obtained show a very high
significant decrease in leukocyte catalase level (P˂0.001) and a significant decrease in serum
catalase (P˂0.05) as compared to that in the control, also show a significant decrease in
leukocyte catalase (P˂0.05) for osteoporosis after treatment group as compared to that in the
control. While there is no significant change (P>0.05) in serum catalase of osteoporosis after
treatment group as compared to that in the control, and in leukocyte and serum catalase of the
same group as compared to osteoporosis patients group.
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Figure 13: Catalase activity of control and experimental groups.
II.3.3.4. Vitamin C
The results in (figure 14) show that for osteoporosis after treatment group, a very high
significant decrease in serum vitamin C level (P˂0.001) as compared to that in the control
group, also as compared to that in the osteoporosis patients group. While there is no
significant change (P>0.05) in the serum vitamin C for osteoporosis patients group as
compared to the control group.

Figure 14: Vitamin C level of control and experimental groups.
II.3.3.5. Superoxide dismutase (SOD)
The results in (figure 15) show that for osteoporosis patients group, a very high
significant decrease in leukocyte and serum SOD level (P˂0.001) as compared to that in the
control, and for osteoporosis after treatment group, a very high significant increase in
leukocyte SOD level (P˂0.001) as compared to that in the osteoporosis patients group, a very
high significant decrease in serum SOD level (P˂0.001) as compared to that in the control,
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and a significant decrease in serum SOD (P˂0.05) as compared to that in the osteoporosis
patients group. While there is no significant change (P>0.05) in leukocyte SOD of
osteoporosis after treatment group as compared to the control group.

Figure 15: Superoxide dismutase activity of control and experimental groups.
II.3.3.6. Oxygen Radical Absorbance Capacity (ORAC)
The results in (figure 16) show that for osteoporosis patients group, a high significant
decrease in serum ORAC level (P˂0.01) as compared to that in the control, and a very high
significant increase (P˂0.001) for osteoporosis after treatment group as compared to that in
the osteoporosis patients group. Also, there is no significant changes (P>0.05) in serum
ORAC level of osteoporosis after treatment group as compared to that in the control.

Figure 16: ORAC level of control and experimental groups.
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II.4. Predictive factors study
The results obtained (figure 17 and table 07) show that the MDA level in leukocyte and
serum and sedimentation rate in both 1st and 2nd hour as the highest percentage of specificity
(100%) and important percentage of sensitivity (43.8, 50.0, 37.5, 6.3%), respectively for
women with osteoporosis.

Figure 17: ROC Curve for biological markers in women with osteoporosis.
Table 07: Sensitivity, specificity and AUC values of biological markers for women with
osteoporosis.

Test Result
Variable(s)

Sensitivity Specificity AUC
%
%
%

SE

P
value

Asymptotic
95%
Confidence
Interval
Lower Upper
Bound Bound

Serum ORAC

50.0

25

19.1

0.076 0.003

0.043

0.340

Leukocyte
SOD

75.0

00

12.5

0.063 0.000

0.001

0.249

Serum SOD

68.8

31.2

32.2

0.099 0.086

0.129

0.516

Erythrocyte
GSH

43.8

00

00

0.000 0.000

0.000

0.000

Leukocyte GSH

18.8

25

10.5

0.058 0.000

0.000

0.219
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Serum GSH

81.3

12.5

42.8 0.103 0.486

0.226

0.630

Serum vitamin C

43.8

62.5

58.6 0.103 0.407

0.384

0.788

Leukocyte catalase

50.0

6.2

15.8 0.071 0.001

0.019

0.298

Serum catalase

31.3

43.7

30.9 0.096 0.065

0.121

0.496

Erythrocyte MDA

43.8

25

34.0

0.100 0.122

0.145

0.535

Leukocyte MDA

43.8

100

70.7

0.098 0.064

0.515

0.899

Serum MDA

50.0

100

99.6

0.006 0.000

0.983

1.000

37.5

100

69.9

0.102 0.055

0.499

0.900

6.3

100

60.2

0.115 0.327

0.376

0.827

Serum Calcium

56.3

00

13.9

0.069 0.000

0.004

0.273

Serum PAL

43.8

87.5

81.6

0.085 0.002

0.651

0.982

Sedimentation
rate

1st
hour
2nd
hour

II.5. Correlation between biological markers
The results (table 08) represent the correlation between oxidative stress parameters
(serum ORAC, leukocyte SOD, erythrocyte GSH, leukocyte GSH, leukocyte catalase and
serum MDA), hematological parameters (WBC, HGB, RBC, HCT, PLT and sedimentation
rate) and biochemical parameters (glucose, calcium, PAL and urinary creatinine) in group
patients of women with osteoporosis. There was a positive correlation (P<0.05) between
erythrocyte GSH and calcium (P=0,005 and R=0,381), erythrocyte GSH and PAL (P=0,047
and R=0,393), leukocyte catalase and sedimentation rate of the 2nd hour (P=0,046 and
R=0,395), serum calcium and WBC (P=0,008 and R=0,364), serum PAL and sedimentation
rate of the 1st hour (P=0.040 and R=0.286) and of the 2nd hour (P=0.035 and R=0.294),
There was a negative correlation (P<0.05) between erythrocyte GSH and sedimentation
rate of the 1st hour (P=0,018 and R= -0,461) and of the 2 nd hour (P=0,020 and R= -0,455) and
serum PAL and HGB (P=0,017 and R= -0,330). There was no correlation (P>0.05) between
the rests of correlation test in patients groups.

50

Chapter II

Results and discussion
Table 08: Correlation between biological markers for women with osteoporosis.
Sedimentation rate

Serum ORAC

Leukocyte SOD

Erythrocyte GSH

Leukocyte GSH
Leukocyte
catalase
Serum MDA

Serum calcium

Serum PAL

Serum blood Serum
glucose
calcium

Serum
PAL

Urinary
creatinine

0,447

0,734

0,384

-0,010

-0,108

0,070

0,123

0,379

1,000

0,435

0,146

0,122

-0,117

-0,180

-0,000

0,111

-0,293

0,217

0,617

0,018

0,020

0,959

0,005

0,047

0,926

-0,210

0,103

-0,461

-0,455

-0,011

0,381

0,393

0,013

0,929

0,700

0,320

0,954

0,815

0,158

0,086

0,955

0,780

-0,151

-0,018

-0,079

0,203

-0,012

-0,048

0,285

0,240

-0,012

-0,040

0,318

0,379

0,962

0,722

0,761

0,077

0,046

0,824

0,375

0,115

0,630

R

-0,204

-0,180

-0,010

-0,073

-0,063

0,353

0,395

-0,046

-0,126

0,317

-0,068

P

0,938

0,870

0,715

0,619

0,285

0,445

0,499

0,501

0,582

0,521

0,432

R

0,016

0,034

-0,075

0,102

-0,218

0,157

0,139

0,138

0,078

-0,132

0,111

P

0,008

0,664

0,244

0,952

0,982

0,872

0,798

0,920

*

0,759

0,825

R

0,364

-0,062

-0,165

-0,009

-0,003

-0,023

-0,036

0,014

1

0,044

-0,031

P

0,187

0,017

0,629

0,560

0,109

0,040

0,035

0,398

0,759

*

0,749

R

-0,186

-0,330

0,069

-0,083

0,225

0,286

0,294

0,120

0,044

1

-0,045

WBC

HGB

RBC

HCT

PLT

1st
hour

2nd
hour

P

0,926

0.565

0,729

0,642

0,429

0,983

0,818

0,961

R

0,019

0.118

0,071

0,096

0,162

-0,004

0,047

P

0,580

0,879

0,582

0,420

0,644

0,569

R

-0,114

-0,031

-0,113

-0,165

-0,095

P

0,624

0,221

0,665

0,303

R

-0,101

-0,248

-0,089

P

0,458

0,463

R

0,152

P
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I.6. Study of Odds ratio values of biochemical and oxidative stress markers
Odds ratio (OR) values for some oxidative stress parameters and biochemical markers
of controls and experimental group (table 09) show that decreased serum ORAC, leukocyte
SOD, erythrocyte GSH, leukocyte GSH, leukocyte catalase and serum calcium are shown to
be significant risk factors for osteoporosis OR (6.303-106.375) with P<0.05. In contrast,
decreased serum MDA and serum PAL are protective factors against osteoporosis in the study
population (OR=0.032; P=0.000, OR=0.084; P=0.000), respectively.
Table 09: Comparison of some oxidative stress parameters and biochemical markers of
controls and experimental group (N=32).
Serum ORAC
Positive
Negative
Leukocyte SOD
Positive
Negative
Erythrocyte
GSH
Positive
Negative
Leukocyte GSH
Positive
Negative
Leukocyte
catalase
Positive
Negative
Serum MDA
Positive
Negative
Serum calcium
Positive
Negative
Serum PAL
Positive
Negative

Control%

Patient%

32
18

11
39

37
16

32
31
21
41

17
31
30
19

OR
6.303

CI95%
2.604-15.255

P-value
0.000

106.375

13.475-839.745

0.000

37.161

4.796-287.936

0.000

18.951

2.428-147.909

0.000

8.957

2.424-33.103

0.000

0.032

0.004-0.248

0.000

18.222

5.035-65.946

0.000

0.084

0.030-0.233

0.000

01
46

01
36
01
37

3
49
50
1

32
24

3
41

19
31

44
6

II.7. Multivariate analysis with several predictors (risk factors for osteoporosis) and
oxidative status
In this analysis (table 10), the dependent variables are the markers of significantly
increased oxidative status in cases of osteoporosis (serum ORAC, leukocyte SOD, erythrocyte
GSH, leukocyte GSH, leukocyte catalase and serum MDA).
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The results show that menstrual perturbations before menopause is a factor positively
correlated with serum MDA (p=0.010) and it is responsible for 44.2% of the variation in this
parameter in the study population. Also, bone problems before menopause is a factor
significantly associated with leukocyte catalase levels (p=0.023), and explain part of their
variation within the study population 33.9%. Hormonal alternatives before menopause,
vitamin D deficiency before menopause, family history and thyroid problems do not appear to
be factors that can influence markers of oxidative status in the study population.
Table 10: Multivariate analysis with several predictors (risk factors for osteoporosis) and
oxidative status in the study population.
Independant
variable

Hormonal
alternatives
before
menopause
P
R2%
Menstrual
perturbations
before
menopause
P
2
R %
Vitamin D
deficiency
before
menopause
P
R²%
Family history
P
R²%
Thyroid
problems
P
R²%
Bone problems
before
menopause
P
R²%

Dependant variable
Serum
ORAC

Leukocyte
SOD

Erythrocyte
GSH

Leukocyte
GSH

Leukocyte
catalase

Serum
MDA

0,757
0.8

0,305
8.7

0,488
8.3

0,573
4.8

0,475
4.0

0,633
2

0,451
4.8

0,703
1.3

0,081
42.2

0,253
18.1

0,279
9.0

0,010
44.2

0,808
0.5

0,572
2.7

0,488
8.3

0,880
0.3

0,226
11.1

0,902
0.1

0,653
1.7

0,572
2.7

0,246
21.6

0,560
5.1

0,226
11.1

0,961
0.0

0,445
4.9

0,402
5.9

0,923
0.2

0,072
39.1

0,569
2.6

0,820
0.5

0,666
1.6

0,118
19.1

0,515
7.4

0,599
4.1

0,023
33.9

0,864
0.3
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III. Discussion
III.1. Study of predictors factors of osteoporosis
In our study, we examined the association between some risk factors linked with
menopause which may cause osteoporosis.
We found that family history is significantly associated with the risk of having
osteoporosis in menopausal women of our region, the genetic predisposition to osteoporosis is
the end result of multiple gene polymorphisms and gene-by-environment interactions, each
contributing a small amount to BMD (bone mineral density) variance. There are few instances
in which a single gene is responsible for a direct effect on BMD, and most of these genes have
resulted in clinically apparent bone disease (Epstein, 2012). Besides, the results of our study
shows that bone problems before menopause were significantly associated with osteoporosis
risk, the unfavorable effects of low premenopausal bone mass and accelerated loss of bone
after menopause are additive, and these individuals are the highest risk for fracture (Melmed
et al., 2011). Bone mineral density measurements have shown that bone loss begins to
increase in normal women before the menopause. Indeed, in a well designed longitudinal
study, reported that more than 50% of all vertebral bone loss occurred before the menopause
(Foa, 2012).
Also, our study shows that vitamin D deficiency and calcium deficiency are associated
with osteoporosis risk, vitamin D plays an important role in the maintenance of calcium and
phosphorus metabolism and thus in bone health so vitamin D deficiency have long-term
detrimental effects such as increased risk of low bone mass and osteoporosis (Feizabad et al.,
2017). Calcium gut by absorption and from bone by resorption, calcium leaves the
extracellular fluid via the gastrointestinal tract, kidneys, and skin and enters into bone via
bone formation. Osteoporosis is common in gastrointestinal diseases, particularly those
associated with malabsorption and maldigestion (celiac disease, pancreatic insufficiency)
(Katz & Weinerman, 2010). The rediscovery of earlier information that calcium deficiency
led to the development of osteoporosis in experimental animals (WHO & FAO, 2004).
In addition, thyroid problems are associated with osteoporosis risk, the thyroid hormone
is essential for normal bone maturation and it increases calcium release from fetal rat long
bone cultures, and increases osteoclast number and activity (Mundy et al., 1976). In vivo,
thyroid hormone also stimulates osteoblast activity (Mosekilde et al., 1977). T3 receptor has
been demonstrated in osteoblasts, but not osteoclasts, suggesting that increased osteoclast
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activity in bone cultures with T3 treatment is secondary to osteoblast activation. Impaired
functioning of the thyroid gland has long been known to accelerate bone turnover and thus
increase the risk for developing osteoporosis, especially in peri-and postmenopausal women
(Kung, 1994).
In our study it was observed that obesity can possibly affects bone metabolism through
several mechanisms. Because both adipocytes and osteoblasts are derived from a common
multipotential mesenchymal stem cell, obesity may increase adipocyte differentiation and fat
accumulation while decrease osteoblast differentiation and bone formation (Jay, 2011). The
results of our study revealed that stress is related to osteoporosis, a new study demonstrates
how anxiety levels are linked to an increased risk of bone fractures in postmenopausal women
(Catalano et al., 2018). The increase in sympathetic nervous activity causes bone loss through
increased bone resorption and decreased bone formation, associated with β2-adrenergic
activity toward both osteoblastic and osteoclastic cells (Togari et al., 2012).
Additionally, in our study it was observed that taking contraceptive pills is associated
with osteoporosis risk, the use of oral contraceptive within the perimenopausal years prevents
the activation of bone metabolism and the decrease in bone mass. Recent data suggest that the
oral contraception may impede the development of peak bone mass, particularly when started
within the teen years. Initiation of oral contraceptive within the first 3 years after menarche
would be a strong determinant of bone mass acquisition impairment (Trémollieres, 2013). Our
study shows that early post menopause is associated with osteoporosis risk, early post
menopausal women are more prone to osteoporosis due to reduction in estrogen which may
further lead to elevation of oxidative stress and lipid accumulation which will promote
osteoblasts apoptosis. Proinflammatory cytokines are elevated following estrogen deficiency.
These cytokines are important determinants of osteoclasts differentiation and its bone
resorption activity (Nazrun et al., 2012).
In our study, hormonal perturbations before menopause is associated with osteoporosis
risk, sex hormone deficiency is a major factor contributing to postmenopausal osteoporosis.
Oestrogen deficiency increases the rate of bone remodelling and leads to an imbalance
between bone resorption and formation, resulting in a net bone loss and possibly osteoporosis
(Manolagas & Jilka, 1995). Cytokines such as interleukin-1 (IL-1), tumour necrosis factor-a
(TNF-α), interleukin-6, interleukin-11, and macrophage colony-stimulating factor may be
involved in bone resorption by facilitating the recruited and maturation of osteoclast
precursors (Rizzoli & Bonjour, 1997). Our study shows that anemia is related with
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osteoporosis risk, it is associated with bone mass density scores by chronic hypoxia is likely
to interfere with bone metabolism. Increased oxidative stress and extracellular acidification
under hypoxic conditions are estimated to influence bone formation and remodeling (Oh et
al., 2017).
Furthermore, our study shows that milk mixed with coffee is associated with
osteoporosis risk, Hallstrom et al. found that a high coffee consumption significantly
increased the risk of osteoporotic fractures. The results of the study indicate that a daily intake
of 330 mg of caffeine, equivalent to 4 cups (600 ml) of coffee, or more, may be associated
with a modestly increased risk of osteoporotic fractures, especially in menopausal women
with a low intake of calcium (Hallström et al., 2006). Our results showed that healthy diet is a
protective factor of osteoporosis, many studies that have used factor or principal component
analysis have empirically derived a “healthy” or “prudent” food pattern that is high in fruits,
vegetables, fish, low-fat foods, fiber, legumes, etc positively correlated with BMD (Park et
al., 2012), and decreased the risk for osteoporosis increase potassium, calcium and vitamin D
high intake (Prentice, 2004). Antioxidants may play an important role in the prevention of
oxidative stress-related osteoclastogenesis and bone resorption (Park et al., 2012).
As well as, our result indicated that sunshine exposure is a protective factor of
osteoporosis, there is a need for health education of these women in the prevention of
osteoporosis and especially paying attention to the proper intake of calcium and more vitamin
D in their diet. At the same time, adequate exposure to the sun is vital as it is the main source
of vitamin D for the body coming not from the food consumed (Kopiczko, 2014). Also, our
study revealed that long distance walks is a protective factor of osteoporosis, walking in
combination with others forms of exercise (jogging, stair-climbing, stepping), can provide
some protection against bone loss, by the benefits of walking on aerobic fitness on body
composition and cardio-metabolic health (Daly et al., 2019).
III.2. Qualitative and quantitative phytochemical analysis of Proso millet
The phytochemical analysis of the aqueous extract of Proso millet shows that it is rich
on different important secondary metabolites such as alkaloids, tannins, flavonoids, saponins,
reducing sugars and terpenoids. With high quantitative levels of total polyphenols and
flavonoids.
These secondary metabolites have multiple properties such as anti-inflammatory,
antibacterial, antioxidant, immune boosting, anticancer, anti-ageing and anti-diabetic
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potentials (Kumar et al., 2017). Phenolic compounds are classified into phenolic acids,
flavonoids and tannins. Millets phenols are reported to have many biological and
pharmacological properties such as antioxidant, anti-mutagenic, anti-inflammatory, antiviral
effects and platelet aggregation inhibitory activity (Kumar et al., 2018), these compounds
have potential to protect us from various pathological conditions induced by free radicals such
as

cardiovascular

disease,

cancer,

neurodegenerative

disorders,

diabetes,

ischemia/reperfusion, and ageing (Sharma, 2014 ; Karabulut et al., 2018) due to their
chemical structure, especially the number and position of hydroxyl groups and the presence of
an aromatic ring, working as efficient reactants of ROS (reactive oxygen species) with their
ability to inactivate free radicals by transferring hydrogen atoms to these molecules or by
donating an electron to the radical (De Lima Cherubim et al., 2019). Alkaloids demonstrate a
diverse array of pharmacological actions including analgesia, antibacterial, antiviral and
allelopathic properties (Hussein & El-Anssary, 2018). Saponins also exhibit different
biological

activities

including

anti‐inflammatory,

hypocholesterolemic

and

immune‐stimulating remedies (Kregiel et al., 2017). Reducing sugars (D-glucose, Darabinose, D-mannose) revealed a great antioxidant activity (Haghparast et al., 2013). Also,
terpenoids have various biological activities such as antitumor, anti-inflammatory,
antibacterial, antiviral, preventing and treating cardiovascular diseases, lowering blood sugar,
and immunomodulatory, antioxidant, antiaging and neuroprotective effects (Yang et al.,
2020).
Polyphenols exert antioxidant functions, scavenging ROS, as well as anti-inflammatory
activities, altering the expression of genes like proinflammatory cytokines, lipoxygenase
(LOX), nitric oxide synthase (NOS), and cyclo-oxygenase (COX). Flavonoids are the most
common polyphenols which exert healthy effects in terms of metabolism, weight, chronic
disease, and neuroendocrine immune control (Magrone et al., 2019).
III.3. Biological marker study
III.3.1 Biochemical markers
The obtained results show a significant increase in PAL level in patient group as
compared to control. This result is in agreement with the study of (Tirtha et al., 2014), show
that the PAL level was slightly higher in the post-menopausal group. All bone mineral density
(BMD) results were significantly decreased when PAL was increased. While bone-specific
alkaline phosphatase, is a marker of bone formation and bone turnover and is used in the
evaluation of skeletal status (Hailing et al., 2018).
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On the other hand, we found a significant decrease in calcium level in patient group as
compared to control. This result is in agreement with the study of (Tirtha et al., 2014),
findings demonstrated that the serum calcium level was significantly lower in the postmenopausal group. Calcium plays a key role in human physiology. As a basic constituent of
the mineral component providing stiffness to the collagen network of mature bone.
Insufficient calcium accrual, leading to a sub-optimal bone mass peak and low bone
mineralization, is an important factor favoring osteoporosis and fracture (DeLucia et al.,
2003).
In our experimental study, the results show a significant increase in calcium levels in
osteoporosis patients after treatment by Proso millet as compared to patient group.
Millet(including: Proso (Panicum miliaceum)), contributes substantial amounts of energy and
protein to the diets of people in many developing countries (Luis et al., 1981), but millets are
similar to other cereals in calcium and phosphorus contents (Burton et al., 1972). In study of
mineral components of puffed grains (mg/100 g) (Piłat et al., 2016), show that Proso millet
composed 14.75(mg/100g) of calcium which may contribute to improve the level of calcium.
Our results showed that significant decrease of urinary creatinine level in patient group
as compared to control. In two small studies, Yendt et al., (1991), showed a strong and
positive correlation between creatinine clearance (based on three successive 24-hour urine
specimens for creatinine) and bone mass at the radius and lumbar spine. In a second study,
they compared 77 non-osteoporotic women to 37 women with primary osteoporosis and 25
osteoporotic patients with new vertebral crush fractures and a found a significant association
between creatinine clearance and bone mineral density (BMD) at the radius and lumbar spine,
independent of age and body stature (Yendt et al., 1993); creatinine clearance was
significantly lower in women with vertebral fractures than in age-matched women without
fractures (Simerjot et al., 2010).
In addition, the results show a significant increase in blood glucose levels. 25(OH)D
(vitamin D) was positively correlated with the presence of abnormal glycol-metabolism (Liu
et al., 2018). Previous studies showed that vitamin D may contribute to the development of
type 2 diabetes mellitus. Insulin secretion may be influenced by vitamin D indirectly for its
role in the regulation of calcium flux through the cell membrane combined with its role in the
synthesis and regulation of calbindin, which is a vitamin D-dependent Ca-binding protein in
pancreatic β cells (Liefde et al., 2005).
58

Chapter II

Results and discussion

III.3.2 Hematological parameters
The results of hematological parameters showed a significant increase in WBC, HGB,
HCT and PLT in osteoporosis patients group as compared to the control group. These findings
support a possible linkage between bone metabolism and hematopoiesis. Hematopoiesis is the
process by which immature blood cells develop into mature cells. An important role for
osteoblasts in the regulation of multipotent hematopoietic stem cells (HSCs) was
demonstrated by a series of ex vivo and in vivo studies, it has been provided by studies of
targeted ablation of osteoblasts. Therefore, bone metabolism and hematopoiesis appear to be
closely associated and directly linked by osteoblast activity in the elderly (Laudisio et al.,
2009 ; Kim et al., 2011 ; Paspaliaris & Kolios, 2019). According to Schyrr et al., (2018),
differences in the osteoporotic bone microenvironment translate into altered dynamics upon
hematopoietic stress. Also, Valderrábano et al., (2018) found that poor bone health would
lead to increased cells of myeloid lineage such as neutrophils and monocytes. Cells of the
osteoblastic lineage might affect differentiation of neutrophils and monocytes differently. The
increase in neutrophils may be related to the chronic inflammation that occurs with aging.
The results of erythrocyte sedimentation rate (or ESR) show that, for osteoporosis
patient group ESR of the 1st and 2nd hour are a significant increase as compared to the control
group and that ESR of the 1st and of the 2nd hour have a high specificity in ROC statistic,
which showed the importance of ESR in the prognostic of osteoporosis, which is confirmed
by Chen et al., (2019), who found that elevated erythrocyte sedimentation rate was associated
with low bone mineral density level. Therefore, elevated ESR might be an effective indicator
in predicting osteoporosis. Chronic inflammation can inhibit the formation of osteoblast cells
and stimulate osteoclast differentiation, and finally lead to systemic bone loss and secondary
osteoporosis.
While in WBC of osteoporosis after the treatment group show a very high significant
decrease, white blood cells are considered a reliable biomarker of inflammation, therefore,
decreased WBC count indicate lower levels of inflammation (Wirth et al., 2018). Also, a
significant decreased ESR of the 1st hour for osteoporosis after treatment group as compared
to the osteoporosis patient group may be due to its phenolic compounds such as niacin,
riboflavin, folic acid and Hydroxycinnamic acid derivatives(such as p-Coumaric and ferulic
acid) content (Kumar et al., 2018). Si et al., (2014) studies suggest that niacin inhibits
vascular inflammation in vivo and in vitro via downregulating nuclear factor kappa B (NF-κB)
signaling pathway. There are also a number of studies describing the role of Vitamin B2
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(riboflavin) and B9 (folic acid) in the regulation of immune responses and inflammation
(Kennedy, 2016 ; Mikkelsen et al., 2019). In addition, Hydroxycinnamic acid derivatives
showed anti-aging and anti-inflammatory properties both in vitro and in vivo, ferulic acid
prevented the production of TNF-α and inhibits NF-κB activation, and also, p-Coumaric acid
decrease the expression of inflammatory mediator TNF-α (Pragasam et al., 2013 ; Alam et al.,
2016 ; Taofiq et al., 2017) and a high significant increase in HGB for osteoporosis after the
treatment group as compared to the osteoporosis patients group, which is confirmed by
several studies (Chandra et al., 2016 ; Singh et al., 2019 ; Durairaj et al., 2019 ; Prakash,
2020) proving that aqueous extract of Proso millet have improvement on hemoglobin status.
III.3.3. Oxidative stress markers
The results of the oxidative stress study showed for osteoporosis patients group a very
high significant increase in serum MDA level as compared to the control women. In addition,
the results showed that serum MDA has a high specificity in ROC statistic, which showed the
importance of MDA in the prognostic of osteoporosis. The results found were similar to those
observed in study of Sendur et al., (2009) which showed that serum MDA levels were
significantly higher in postmenopausal women with osteoporosis than in the healthy controls.
Kovachich & Mishra, (1980) ; Muthusami et al., (2005) and Altindag et al., (2008) studies
reported that increased osteoclastic activity and decreased osteoblastic activity may be
associated with an imbalance between oxidant and antioxidant status in postmenopausal
osteoporosis and that may have been responsible for increased production of ROS in
superoxide forms, which is evident by increased levels of serum MDA levels. Sontakki &
Tare, (2002) reported that MDA had an osteoclastic activity.
Our results show that leukocyte MDA is significantly increased in osteoporosis patients
group as compared to control women, with high specificity in ROC statistic test, which
showed the importance of this parameter in the identification of the disease. These results are
supported by Sheweita & Khoshhal, (2007) study. Raghavan et al., (2012) found that MDA
could significantly induce key inflammatory cytokine expression in lymphocyte via oxidant
stress, signaling pathways (p38MAPK), and transcriptional factors (NF-κB), which in turn
enhance lymphocyte activation.
The results show also that for osteoporosis patients group, a very high significant
decrease in leukocyte and serum SOD level (P˂0.001) as compared to that in the control.
Similarly, Rao & Rao, (2013) and Zhou et al., (2016) whom demonstrated that decreased
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SOD activity has been found in postmenopausal women compared with healthy controls,
depressed activities of the antioxidant enzymes such as SOD illustrated a defense mechanism
that may have been overwhelmed in mitigating the increased superoxide production by the
osteoclasts represented by increased levels of MDA in the serum (Sontakke & Tare, 2002)
and it might cause markedly increased bone demineralization and, as a result, may increase
destructive free radical levels (Avitabile et al., 1991).
The results in show that for osteoporosis patients group, a high significant decrease in
serum ORAC level (P˂0.01) as compared to that in the control. ORAC method is relevant to
in vivo conditions because it uses a biologically relevant free radical source (peroxyl radical)
which is the most prevalent free radical in human biology. It considers both inhibition time
and degree of inhibition of free radical action caused by antioxidants (Prior, 2014).
The results of the oxidative stress study showed that there are a significant decrease in
GSH, catalase, and SOD level in leukocyte; in GSH level in erythrocyte, and both of GSH and
catalase level of serum in patients group compared to controls. Several studies show that anti
oxidants has a fundamental role in preventing postmenopausal osteoporosis (Maggio et al.,
2003). To alleviate the cell damaging effects of ROS, aerobic organisms evolved by
expressing numerous antioxidant defenses, including CAT and glutathione S-transferases
(GST). The mechanisms by which cells sense H2O2 and O2• are not understood, but a number
of transcriptional factors that regulate the expression of antioxidant genes are modulated by
oxidation and reduction reactions (Jamieson & Storz, 1997). Intracellular redox imbalance
caused by SOD deficiency plays a pivotal role in the development and progress ion of bone
fragility both in vivo and in vitro (Nojiri, 2011).
The results of the effects of aqueous extract of P. millet on oxidative stress parameters
appeared a very high significant decrease in erythrocyte, leukocyte and in serum MDA level
and very high significant increase in leukocyte SOD, in serum ORAC, GSH in erythrocyte,
leukocyte and serum for osteoporosis after treatment group as compared to the osteoporosis
patients group. P. millet extract can reduce the oxidative stress status by its antioxidant
activity and anti-proliferative properties (Awika & Rooney, 2004 ; Kamath et al., 2004 ; Choi
et al., 2007 ; Kil et al., 2009 ; Habiyaremye et al., 2017). Kumar et al., (2018) found that
Proso millet contain a considerable quantities of hydroxybenzoic acid and derivatives
(Protocatechuic acid, p-Hydroxybenzoic acid, Vanillic); hydroxycinnamic acid and
derivatives (p-Coumaric acid, Trans-ferulic acid, Cis-ferulic acid, 5,5′-Di ferulic acid);
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flavonoids and total polyphenols. Proso millet displayed varying free radical scavenging
activities due to the phenolic and flavonoids constituents of this plant acting mainly as
reducing agents or free radical terminators, metal chelating agents, hydrogen donors and
singlet-oxygen quenchers during anti-oxidant mechanisms (Kim et al., 2010). Millet
possessed antioxidant properties such as phenolic acids, flavonoids, tannins, and
carbohydrates (e.g., XOs and insoluble fibers, specific proteins, and peptides, as well as
certain micronutrients such as vitamin E and carotenoids). Furthermore, millet could be
enriched with antioxidants (i.e., phenolics and flavonoid) (Liang & Liang, 2019). Phenolic
acids have the ability to donate hydrogen atoms via hydroxyl groups on benzene rings to
electrondeficient free radicals and in turn form a resonance-stabilized and less reactive
phenoxyl radical (Chandrasekara & Shahidi, 2012 ; Udeh et al., 2017). Various flavonoids,
which included the flavones, luteolin, and tricin millet grains were shown to have antioxidant
activity, it have multiple hydroxyl groups confer upon the molecule substantial antioxidant
activity (Suma & Urooj, 2012 ; Bangoura et al., 2013). Ferulic acid, a type of
hydroxycinnamic acid and a powerful antioxidant, exhibited high levels of free radical
scavenging (Castelluccio et al., 1995). Besides the monomeric compounds, ferulate dimers
exhibiting higher antioxidant activity, were present in the millet grains (Chandrasekara &
Shahidi, 2011). Also, among the naturally occurring antioxidants, high-molecular weight
tannins were reported to exhibit superior in vitro antioxidant activity (Bors et al., 2000).
Carotenoids act as antioxidants by quenching single oxygen and free radicals (Viswanath et
al., 2009). Biological activities of tocols are generally believed to be due to their antioxidant
action by inhibiting lipid peroxidation in biological membranes, the lipidsoluble properties of
these compounds could disrupt the peroxidation of polyunsaturated fatty acids, as well as
other cell membrane-associated compounds (Christopher, 1981 ; Panfili et al., 2003 ;
Asharani et al., 2010).
Also, for osteoporosis + P. millet group, show a significant decrease in serum vitamin C
as compared to that in the osteoporosis patients group, this decrease may be due to the low
levels of vitamin C in the matured grains of millets (Queroz, 1991 ; Siwela, 2009 ; Himanshu
et al., 2018). Several epidemiological studies have reported a conflicting relationship between
dietary vitamin C intake and bone mineral density (BMD) in postmenopausal women (Yano
et al., 1985 ; Sahni et al., 2009 ; Sugiura et al., 2011). The Women’s Health Initiative Study
reported no independent association between dietary vitamin C and BMD (Wolf et al., 2005).
By contrast, some studies have reported a positive relationship between dietary vitamin C and
BMD, but this was significant only in women with a high calcium intake (Hall & Greendale,
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1998 ; Nieves et al,. 1998 ; Morton et al., 2001). Vitamin C is a well-known antioxidant and
acts as a scavenger of superoxide anion and hydrogen peroxide. Administration of vitamin C
in vivo prevented bone loss with decreased reactive oxygen species (Kim et al., 2015).
III.4.Correlation between biological markers
In our experimental study, the results show that there are a significant correlation
between erythrocyte GSH and calcium. The endogenous antioxidant defense system in gut
includes glutathione (GSH) and GSH-dependent enzymes as major components. When the
reactive oxygen (ROS) and nitrogen (RNS) species production is exacerbated, oxidative stress
occurs and the intestinal Ca2+ absorption is inhibited (Gabriela et al., 2017).
On the other hand, we found a positive correlation between leukocyte catalase and
sedimentation rate of the 2nd hour. Free radicals are implicated in chronic inflammatory
diseases including rheumatoid arthritis, they play an important role in the severity of
rheumatoid arthritis and patients usually suffer high oxidative stress. Furthermore,
antioxidants either synthetic or natural are potent scavengers of free radicals and have
beneficial effects on human health and disease prevention (Mohamed & Al-Okbi, 2004).
In our experimental study, the results show a positive correlation between serum
calcium and WBC .Calcium acts as a second messenger in many cell types, including
lymphocytes. Resting lymphocytes maintain a low concentration of Ca2+. However,
engagement of antigen receptors induces calcium influx from the extracellular space by
several routes (Peacock, 2010).
The obtained results show a positive correlation between serum PAL and sedimentation
rate of the 1st hour. The concentration of serum alkaline phosphatase may be increased in
patients with rheumatoid disease (Watson, 1940). In normal serum this enzyme is derived
mainly from the liver and skeleton, although other organs, including the intestine, contribute.
The increase in rheumatoid patients has been attributed to osteoblastic activity (Kendall et al.,
1970).
When oxidative stress appears as a primary disorder, inflammation develops as a
secondary disorder and promotes oxidative stress, which causes the body to need an increase
in antioxidant production. Thus, these inflammatory processes increase the concentration of
PAL in the blood in the presence of vasculitis (Biswas, 2016 ; Seo et al., 2019).
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III.5. Study of Odds ratio values of biochemical and oxidative stress markers
The results of Odds ratio (OR) values for some oxidative stress parameters and
biochemical markers of controls and experimental group study showed that decreased serum
ORAC, leukocyte SOD, erythrocyte GSH, leukocyte GSH and leukocyte catalase are shown
to be significant risk factors for osteoporosis. Antioxidants have also been associated with
bone health. When compared to matched controls, elderly osteoporotic women presented
lower levels of dietary and endogenous antioxidants. In accordance, in vitro cell models
demonstrate that ROS stimulate osteoclast differentiation (Suda et al., 1993), and inhibit
osteoblast differentiation (Mody et al., 2001). Conversely, antioxidants may reduce the
damaging effects of oxidative stress on bone mass by reducing the up regulated osteoclastic
differentiation and enhancing the down regulated osteoblastic differentiation (Chuin et al.,
2009).
Our study show that decreased serum calcium is shown to be significant risk factor for
osteoporosis. Adequate calcium nutrition increases bone mineral density during skeletal
growth and prevents bone loss and osteoporotic fractures in the elderly (Tim & Murray,
1996).
The obtained results show that decreased serum PAL is a protective factor against
osteoporosis in the study population. The two isoforms of tissue non-specific PAL, liverspecific PAL and bone-specific PAL (BPAL) exists in almost equal proportion in serum
(Magnusson et al., 1997). Physiologically, BPAL adheres to osteoblastic cell membrane with
only small amount released in serum. Its concentration in serum rises only in cases of
increased remodeling of bone (Jean et al., 2012). The tissue mineralization stimulating effect
of BPAL is achieved mainly through inactivation of pyrophosphate and osteopontin, which
are themselves mineralization inhibitors (Sundus et al., 2019).
Our study showed that decreased serum MDA is protective factor against osteoporosis
in the study population. Oxidative stress, defined as an imbalance between antioxidants and
prooxidants, in consideration of the former, potentially causing damage, generally indicates
that antioxidants are low and markers of oxidative stress are increased (Polidori et al., 2001).
Lipid peroxidation is one of the most harmful effects of ROS, of which MDA is the end
product (Eberhardt, 2001), and it was seen that serum levels of MDA increased in bone
disorders (Abdollahi et al., 2010).

64

Chapter II

Results and discussion

III.6. Multivariate analysis with several predictors (risk factors for osteoporosis) and
oxidative status
The results of the Multivariate analysis with several predictors (risk factors for
osteoporosis) and oxidative status study showed that menstrual perturbations before
menopause is a factor positively correlated with serum MDA. These results were similar to
those observed in the study of Umberto et al., (2013) who showed that the peak oxidative
stress phase occurs in the central phases of the cycle (late follicular phase and early luteal
phase), or rather at the time of ovular maturation and possible implantation. This phase occurs
with: a) an increase in the production of GPx; b) a reduction in the GSH; c) an increase in the
GSSG; d) a substantial stability of the MDA.
Our study showed that bone problems before menopause is a factor significantly
associated with leukocyte catalase levels. CAT plays a central role in the protection of
different cell types against the deleterious effects of hydrogen peroxide. In human, CAT is
implicated in many physiological and pathological conditions (Bousnane et al., 2017).
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Conclusion
Osteoporosis has emerged as a global public health problem, menopausal women in
which characterized by compromised bone strength predisposing to an increased risk of
fracture. In addition estrogen has been shown to play a major role in the decreasing bone mass
during the menopause, especially because it has a variety of protective effects on bone
marrow and bone cells.
The results of our study showed that thyroid problems, hormonal alternatives, menstrual
perturbations and vitamin D deficiency before menopause, bone problems before menopause
and family history are proven to be major risk factors for osteoporosis which indicates the
importance of the clinical factor in causing osteoporosis. In contrast, milk, fish diet, legumes,
fresh vegetables and fruits, sunshine exposure, long distance walks and menopause after 50
years old are protective factors for osteoporosis in the study population.
Our study showed that the results of biochemical markers exhibit high level of PAL,
calcium, and blood glucose, and low level of urinary creatinine, have a significant association
with osteoporosis, concerning hematological markers our results show that high level of
WBC, HGB, HCT, PLT, and ESR which are indicated in osteoporosis. So hematological and
biochemical parameters are an important markers of diagnosis and therapeutic follow-up of
the disease.
The results of our study confirm the existence of a relationship between oxidative stress
and osteoporosis in menopausal women through changes in oxidative stress parameters and
also with the presence of high specificity in ROC analysis of serum MDA which become a
new reliable marker for diagnostic and predictive against osteoporosis in menopausal women,
suggesting to include antioxidants as a protective on the list of special drugs for this disease.
The phytochemical analysis of the aqueous extract of Proso millet shows that it is rich
on different important secondary metabolites such as alkaloids, tannins, flavonoids, saponins,
reducing sugars and terpenoids. With high quantitative levels of total polyphenols and
flavonoids, which plays an important role in fighting inflammation and oxidative stress.
The result of the effect of the aqueous extract of P. millet on biochemical and oxidative
stress parameters appeared a very low level of lipid peroxidation and very high levels of
calcium and enzymatic and non-enzymatic antioxidants levels. Especially with a high
correlation between calcium, PAL and oxidative stress represented by GSH in erythrocytes
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and indicates that the plant has a beneficial effect on the disruption of calcium metabolism
and oxidative stress the main cause of osteoporosis in menopausal women.
The results of the Multivariate analysis with several predictors (risk factors for
osteoporosis) and oxidative status study showed that menstrual perturbations before
menopause is a factor positively correlated with serum MDA, bone problems before
menopause is a factor significantly associated with leukocyte catalase levels. This confirms
that oxidative stress is the pathophysiological mechanism explanation that causes this disease
through various risk socioeconomic and clinic factors.
Prospects:
Given the importance of these results, they open experimental perspectives and other indepth studies that should allow us to clearly identify to:
-

Determine other factors associated with osteoporosis risk.

-

Evaluation of other diagnostic markers of osteoporosis in women.

-

Determine the molecular and cellular mechanism of the effect of plant.

-

Evaluation of the effect of antioxidant supplementation on osteoporosis in women.

68

References

References

References
1.

Abdollahi M. (2005). Role of oxidative stress in osteoporosis. Therapy, 2(5): 787-796.

doi: 10.1586/14750708.2.5.787
2.

Abdollahi M, Rahimi R, Salari P, Bagher L. (2010). Calcium signaling in immune

cells. PMC Journals, 10(1): 21-27. doi: 10.1038/ni.f.220
3.

Adwas A, Elsayed SI, Azab AE, Quwaydir FA. (2019). Oxidative stress and

antioxidant mechanisms in human body. Applied Biotechnology & Bioengineering, 6(1): 4347. doi: 10.15406/jabb.2019.06.00173
4.

Aebi H. (1984). Catalase in vitro. Methods in Enzymology, 105(1): 121-126. doi:

10.1016/s0076-6879(84)05016-3
5.

Ahn M, Kumazawa S, Usui Y, Nakamura J, Matsuka M, Zhu F, Nakayama T.

(2007). Antioxidant activity and constituents of propolis collected in various areas of China.
Food Chemistry, 101(4): 1383-1392. doi: 10.1016/j.foodchem.2006.03.045
6.

Alam MA, Subhan N, Hossain H, Hossain M, Reza HM, Rahman MM, Ullah MO.

(2016). Hydroxycinnamic acid derivatives: a potential class of natural compounds for the
management of lipid metabolism and obesity. Nutrition & Metabolism, 13(27): 1-13. doi:
10.1186/s12986-016-0080-3
7.

Altindag O, Erel O, Soran N. (2008). Total oxidative/anti-oxidative status and relation

to bone mineral density in osteoporosis. Rheumatology International, 28(4): 317-321.
8.

Ameri P, Giusti A, Boschetti M, Bovio M, Teti C, Leoncini G. (2013). Vitamin D

increases circulating IGF-1 in adults: potential implication for the treatment of GH deficiency.
European Journal of Endocrinology, 169(6): 767-772. doi: 10.1530/EJE-13-0510
9.

Amrita J, Mahajan M, Bhanwer AJS, Mohan G. (2016). Oxidative stress: An

effective prognostic tool for an early detection of cardiovascular disease in menopausal
women. Biochemistry Research International, 2016(1): 1-7. doi: 10.1155/2016/6157605
10.

Asharani VT, Jayadeep A, Malleshi NG. (2010). Natural Antioxidants in Edible

Flours of Selected Small Millets. International Journal of Food Properties, 13(1): 41-50. doi:
10.1080/10942910802163105
11.

Avitabile M, Campagna NE, Magrì GA. (1991). Correlation between serum

glutathione reductases and bone densitometry values. Bollettino Societa Italiana Biologia
Sperimentale, 67(10): 931-937.
12.

Awika JM, Rooney LW. (2004). Sorghum phytochemical and their potential impact on

human health. Phytochemistry, 65(4): 1199-1221.
70

References
13.

Baek KH. (2010). Association of oxidative stress with postmenopausal osteoporosis

and the effects of hydrogen peroxide on osteoclast formation in human bone marrow cell
cultures. Calcified tissue international, 87(3): 226-235.
14.

Baltensperger DD. (2002). Progress with proso, pearl and other millets. India: J.

Janick, & A. Whipkey (Eds.). Trends in new crops and new uses. Alexandria, VA: ASHS
Press.
15.

Banerjee A. (2005). Clinical physiology: Vol. 1. An examination primer. Textbook of

emergency medicine. USA: Cambridge University Press.
16.

Bangoura ML, Nsor-Atindana J, Ming ZH. (2013). Solvent Optimization Extraction

of Antioxidants from Foxtail Millet Species’ Insoluble Fibers and Their Free Radical
Scavenging

Properties.

Food

chemistry,

141(2):

736-744.

doi:

10.1016/j.foodchem.2013.03.029
17.

Barasi M. (2003). Human nutrition: A health perspective (2è éd.). Taylor & Francis

group. USA: CRC Press.
18.

Beauchamp C, Fridovich I. (1971). Superoxide dismutase: Improved assays and an

assay applicable to acrylamide gels. Analytical Biochemistry, 44(1): 276-287.
19.

Biswas SK. (2016). Does the Interdependence between Oxidative Stress and

Inflammation Explain the Antioxidant Paradox?. Oxidative Medicine and Cellular Longevity.
doi: 10.1155/2016/5698931
20.

Black D, Cummings S, Karpf D. (1996). Randomised trial of effect of alendronate

on risk of fracture in women with existing vertebral fractures. Fracture Intervention
Trial Research Group, 348(9041): 1535-1541.
21.

Blackburn ST. (2007). Maternal, fetal, & neonatal physiology: A clinical perspective

(3è éd.). Elsevier Health Sciences. St. Louis (Mo): Saunders.
22.

Blaine J, Chonchol M, Levi M. (2014). Renal Control of Calcium, Phosphate, and

Magnesium Homeostasis. Clinical Journal of the American Society of Nephrology, 10(7):
1257-1272. doi:10.2215/cjn.09750913
23.

Bors W, Michel C, Stettmaier K. (2000). Electron Paramagnetic Resonance Studies of

Radical Species of Proanthocyanidins and Gallate Esters. Archives of Biochemistry and
Biophysics, 374(2): 347-355. doi: 10.1006/abbi.1999.1606
24.

Bousnane N, Sadiq M, Mouloud Y, Abu Alhaija A. (2017). Association of CAT–

262C/T with the concentration of catalase in seminal plasma and the risk for male infertility in
Algeria.

Systems

Biology

in

Reproductive

Medicine,

63(5):

303-310.

doi:

10.1080/19396368.2017.1318187
71

References
25.

Bronner F. (2003). Mechanisms of intestinal calcium absorption. Cellular

Biochemistry, 88(2): 387-393.
26.

Brot C, Jensen L, Sorensen O. (1977). Bone mass and risk factors for bone loss in

perimenopausal Danish women. Internal Medicine, 242(6): 505-511.
27.

Burton GW, Wallace AT, Rachie KO. (1972). Chemical composition and nutritive

value of pearl millet grain. Crop Science, 12(2): 187-188.
28.

Carolyn K. (2020). What to expect during menopause. London: Yvette Brazier (Ed.).

Medical news today.
29.

Castelluccio C, Paganga G, Melikian N, Bolwett GP, Pridham J, Sampson J, Rice-

Evans C. (1995). Antioxidant Potential of Intermediates in Phenylpropanoid Metabolism in
Higher Plants. FEBS Lett, 368(1): 188-192. doi: 10.1016/0014-5793(95)00639-Q
30.

Catalano A, Martino G, Bellone F, Gaudio A, Lasco C, Langher V, Lasco A,

Morabito N. (2018). Anxiety levels predict fracture risk in postmenopausal women assessed
for osteoporosis. Menopause, 25(10): 1110-1115. doi: 10.1097/GME.0000000000001123
31.

Chandel G, Kumar M, Dubey M. (2014). Nutritional properties of minor millets:

neglected cereals with potentials to combat malnutrition. Current science, 107(7): 1109-1111.
32.

Chandra D, Chandra S, Pallavi P, Sharma AK. (2016). Review of Finger millet

(Eleusine coracana (L.) Gaertn): A power house of health benefiting nutrients. Food Science
and Human Wellness, 5(3): 149-155. doi: 10.1016/j.fshw.2016.05.004
33.

Chandrasekara A, Shahidi F. (2011). Determination of Antioxidant Activity in Free

and Hydrolyzed Fractions of Millet Grains and Characterization of Their Phenolic Profiles by
HPLC-DAD-ESI-MS. Functional foods, 3(3): 144-158. doi: 10.1016/j.jff.2011.03.007
34.

Chandrasekara A, Shahidi F. (2012). Antioxidant Phenolics of Millet Control Lipid

Peroxidation in Human LDL Cholesterol and Food Systems. The American Oil Chemists,
89(2): 275-285. doi: 10.1007/s11746-011-1918-5
35.

Chen Z, Yang P, Wu Y, Liu X, Yang Y, Song P, Chen YT, Lin C, Xu Q. (2019).

Serum Uric Acid Shows Inverted “U” Type Correlation with Osteoporosis in Chinese
Ankylosing Spondylitis Patients: A Retrospective Study. Medical science monitor, 25(1):
9702-9711. doi: 10.12659/MSM.918766
36.

Choi Y, Jeong HS, Lee J. (2007). Antioxidant activity of methanolic extracts from

some grains consumed in Korea. Food chemistry, 103(1): 130-138.
37.

Christopher BJ. (1981). Carotenoids as colorants and vitamin A precursors (1è éd.).

In carotenoids as food colors. New York: Academic Press Inc.

72

References
38.

Chuin A, Labonté M, Tessier D, Khalil A, Bobeuf F, Doyon C, Rieth N, Dionne, I.

(2009). Effect of antioxidants combined to resistance training on BMD in elderly women: A
pilot study. Osteoporosis international, 20(7): 1253-1258. doi: 10.1007/s00198-008-0798-5
39.

Clarke BL. (2019). Mayo clinic guide to preventing and treating osteoporosis (2è éd.).

Foundation for medical education and research. USA: Mayo Clinic Healthy Living.
40.

Cooper C, Ferrari S. (2019). IOF compendium of osteoporosis (2è éd.). International

osteoporosis foundation. Switzerland: Paul Mitchell.
41.

Costanzo LS, Windhager EE. (1978). Calcium and sodium transport by the distal

convoluted tubule of the rat. American journal of physiology, 235(5): 492-506.
42.

Cummings S. (1955). Risk factors for hip fracture in white women. New England

Journal of Medicine, 332(12): 767-773.
43.

Cummings SR, Melton LJ. (2002). Epidemiology and outcomes of osteoporotic

fractures. Lancet, 359(9319): 1761-1767.
44.

Daly RM, Via JD, Duckham RL, Fraser SF, Helge EW. (2019). Exercise for the

prevention of osteoporosis in postmenopausal women: an evidence-based guide to the optimal
prescription.

Brazilian

journal

of

physical

therapy,

23(2):

170-180.

doi:

10.1016/j.bjpt.2018.11.011
45.

Dawson-Hughes B, Harris S, Finneran S. (1995). Calcium Absorption on High and

Low Calcium Intakes in Relation to Vitamin D Receptor Genotype. Clinical Endocrinology
and Metabolism, 80(12): 3657-3661.
46.

Dayakar RB, Bhaskarachary K, Arlene CG, Sudha DG, Vilas AT. (2017).

Nutritional and health benefits of millets. ICAR Indian Institute of Millets Research (IIMR).
Rajendranagar, Hyderabad: Balajiscan Private Limited.
47.

De Barboza GD, Guizzardi S, De Talamoni NT. (2015). Molecular aspects of

intestinal calcium absorption. World Journal of Gastroenterology, 21(23): 7142-7154. doi:
10.3748/wjg.v21.i23.7142
48.

De Lima Cherubim DJ, Martins CV, Fariña LO, Da Silva de Lucca RA. (2019).

Polyphenols as natural antioxidants in cosmetics applications. Cosmetic dermatology, 19(1):
33-37. doi: 10.1111/jocd.13093
49.

DeLucia MC, Mitnick ME, Carpenter TO. (2003). Nutritional rickets with normal

circulating 25-hydroxyvitamin D: a call for reexamining the role of dietary calcium intake in
North American infants. Clinical Endocrinology and Metabolism, 8(88): 3539-3545.
50.

Derouiche S, Degachi O, Gharbi K. (2019). Phytochemistry analysis and modulatory

activity of Portulaca oleracea and Aquilaria malaccensis extracts against High-fructose and
73

References
high-fat diet induced immune cells alteration and heart lipid peroxidation in Rats.
International Research Journal of Biological Sciences, 8(4): 6-11.
51.

Derouiche S, Kaouachi A. (2018). Phytochemical analysis, DPPH antioxidant activity

and acute toxicity of bark aqueous extracts of Pinus halepensis. Research Journal of
Chemical and Environmental Sciences, 6(3): 86-91.
52.

Devi P, Vijayabharathi R, Sathyabama S, Malleshi N, Priyadarisini V. (2014).

Health benefits of Finger millet (Eleusine coracana L.) polyphenols and dietary fiber: A
review. Food Science and Technology, 51(6): 1021-1040. doi: 10.1007/s13197-011-0584-9
53.

Domazetovic V, Marcucci G, Iantomasi T, Brandi ML, Vincenzini MT. (2017).

Oxidative stress in bone remodeling: role of antioxidants. Clinical Cases in Mineral and Bone
Metabolism, 14(2): 209-216. doi: 10.11138/ccmbm/2017.14.1.209
54.

Domschke W, Stoll R, Brasitus TA, Kagnoff MF. (Eds.). (1999). Intestinal mucosa

and its diseases- pathophysiology and clinics Vol. 110. Springer Science & Business Media.
Germany: Springer Netherlands.
55.

Doshi SB, Agarwal A. (2013). The role of oxidative stress in menopause. Mid-life

Health, 4(3): 140-146. doi: 10.4103/0976-7800.118990
56.

Durairaj M, Gurumurthy G, Nachimuthu V, Muniappan K, Balasubramanian S.

(2019). Dehulled small millets: The promising nutricereals for improving the nutrition of
children. Maternal and Child Nutrition. doi: 10.1111/mcn.12791
57.

Eberhardt M. (2001). Reactive oxygen metabolites: Chemistry and medical

consequences (1è éd.). USA: CRC Press.
58.

Edwards BR, Baer PG, Sutton RR, Dikes JH. (1973). Micropuncture study of

diuretic effects on sodium and calcium reabsorption. Clinical investigation, 52(10): 24182427. doi: 10.1172/JCI107432
59.

Elena S, Shira F, Nissim H, Hedva Y, Avivit P, Mira W, Zila Shen M, Ish-Shalom

MS. (2012). Vitamin D deficiency in oncology Patients. The Israel Medical Association
journal, 14(10): 607-612.
60.

Epstein FH. (1968). Calcium and the kidney. The American journal of medicine, 45(5):

700-714. doi: 10.1016/0002-9343(68)90206-4
61.

Epstein S. (2012). Osteoporosis: An issue of endocrinology and metabolism clinics (1è

éd.). USA: Derek LeRoith (Ed.). Amsterdam: Elsevier Health Sciences.
62.

Espallargues M. (2001). Identifying bone-mass-related risk factors for fracture to guide

bone densitometry measurements: a systematic review of the literature. Osteoporosis
International, 12(10): 811-822. doi: 10.1007/s001980170031
74

References
63.

Evans WC. (2009). Trease and Evans' pharmacognosy (16è éd.). London: Saunders

Ltd.
64.

Feizabad E, Hossein-Nezhad A, Maghbooli Z, Ramezani M, Hashemian R,

Moattari S. (2017). Impact of air pollution on vitamin D deficiency and bone health in
adolescents. Archives of osteoporosis, 12(1): 34. doi: 10.1007/s11657-017-0323-6
65.

Felsenfeld A, Rodriguez M, Levine B. (2013). New insights in regulation of calcium

homeostasis.

Nephrology

and

Hypertension,

22(4):

371-376.

doi:

10.1097/MNH.0b013e328362141e
66.

Ferrari SL, Chevalley T, Bonjour JP, Rizzoli R. (2006). Childhood fractures are

associated with decreased bone mass gain during puberty: an early marker of persistent bone
fragility?. Journal of bone and mineral research, 21(4): 501-507.
67.

Fink H, Mikesky A, Burgoon L. (2011). Practical applications in sports nutrition (3è

éd.). Burlington, MA: Jones & Bartlett Learning.
68.

Foa PP. (2012). Humoral factors in the regulation of tissue growth: Vol. 5. Blood,

blood vessels, skeletal system, and teeth. Germany: Springer Science & Business Media.
69.

Fong J, Khan A. (2012). Hypocalcemia: updates in diagnosis and management for

primary care. Canadian Family Physician, 58(2): 158-162.
70.

Forsen L. (1994). Interaction between current smoking, leanness, and physical activity

in the prediction of hip fracture.

Bone and Mineral Research, 9(11): 1671-1678. doi:

10.1002/jbmr.5650091102
71.

Francesca P, Andrea G, Maria CG, Salvatore F, Alberto F, Giulio P. (2012).

Challenges in the differential diagnosis of hypercalcemia: A case of hypercalcemia with
normal PTH level. World Journal of Clinical Oncology, 3(1): 7-11. doi: 10.5306/wjco.v3.i1.7
72.

Gabriela D, Solange G, Luciana M, Nori T. (2017). Oxidative stress, antioxidants and

intestinal calcium absorption. World Journal of Gastroenterology, 23(16): 2841-2853. doi:
10.3748/wjg.v23.i16.2841
73.

Garabedian M, Holick MF, Deluca HF, Boyle IT. (1972). Control of 25-

hydroxycholecalciferol metabolism by parathyroid glands. National Academy of Sciences of
the USA, 69(7): 1673-1676. doi: 10.1073/pnas.69.7.1673
74.

Genant HK, Cooper C, Poor G, Reid I, Ehrlich G, Kanis J. (1999). Interim report

and recommendations of the World Health Organization Task-Force for Osteoporosis.
Osteoporosis international, 10(4): 259-264. doi: 10.1007/s001980050224

75

References
75.

Genetics Home Reference. (2020). Hypomagnesemia with secondary hypocalcemia.

Lister Hill National Center for Biomedical Communications. USA: National Library of
Medicine.
76.

Gold DT, Shipp KM, Lyles KW. (1998). Managing patients with complications of

osteoporosis. Endocrinology & Metabolism Clinics of North America, 27(2): 485-496. doi :
10.1016/S0889-8529(05)70018-9
77.

Gropper S, Smith J, Groff JL. (2004). Advanced nutrition and human metabolism (4è

éd.). Wadsworth: Peter Marshall.
78.

Gropper SS, Smith JL. (2012). Advanced nutrition and human metabolism (6è éd.).

Wadsworth: Yolanda Cassio.
79.

Gullberg B, Johnell O, Kanis J. (1997). World‐wide projections for hip fracture.

Osteoporosis international, 7(5): 407-413.
80.

Habiyaremye C, Matanguihan JB, Guedes JD, Ganjyal GM, Whiteman MR,

Kidwell KK, Murphy KM. (2017). Proso Millet (Panicum miliaceum L.) and Its Potential
for Cultivation in the Pacific Northwest, U.S. Frontiers in Plant Science, 7(1961): 1-17. doi:
10.3389/fpls.2016.01961
81.

Haghparast S, Shabanpour B, Kashiri H, Alipour G, Sodagar M. (2013). A

Comparative Study on Antioxidative Properties of Carameled Reducing Sugars; Inhibitory
Effect on Lipid Oxidative and Sensory Improvement of Glucose Carameled Products in
Shrimp Flesh. Agriculture, Science and Technology, 15(1): 87-99.
82.

Hailing C, Jufen L, Qian W. (2018). Associations between bone-alkaline phosphatase

and bone mineral density in adults with and without diabetes. Journal List Medicine
(Baltimore), 97(17): 1-7. doi: 10.1097/MD.0000000000010432
83.

Hall SL, Greendale GA. (1998). The relation of dietary vitamin C intake to bone

mineral density: Results from the PEPI study. Calcified tissue international, 63(3): 183-189.
84.

Hallström H, Wolk A, Glynn A, Michaëlsson K. (2006). Coffee, tea and caffeine

consumption in relation to osteoporotic fracture risk in a cohort of Swedish women.
Osteoporosis international, 17(7): 1055-64. doi: 10.1007/s00198-006-0109-y
85.

Harborne JB. (1998). Phytochemical methods: A guide to modern techniques of plant

analysis (3è éd.). London: Chapman and Hall.
86.

Harrihar AA. (1980). High affinity calcium-stimulated magnesium-dependent

adenosine triphos adipocyte plasma membranes. Biological Chemistry, 255(9): 4087-4093.
87.

Heaney RP, Recker RR. (1982). Effects of nitrogen, phosphorus, and caffeine on

calcium balance in women. Laboratory and Clinical Medicine, 99(1): 46-55.
76

References
88.

Helper PK. (1994). The role of calcium in cell division. Cell Calcium, 16(4): 322-330.

89.

Herndon DN. (2012). Total burn care: Expert consult (4è éd.). USA: Elsevier Health

Sciences.
90.

Higgins C. (2007). Ionized calcium. Radiometer Medical. ID: 10881768.

91.

Himanshu K, Chauhan M, Sonawane SK, Arya SS. (2018). Nutritional and

Nutraceutical Properties of Millets. Clinical Journal of Nutrition and Dietetics, 1(1): 1-10.
92.

Hoenderop JG, Muller D, Suzuki M, Van-Os CH, Bindels RJ. (2000). Epithelial cal-

cium channel: gate-keeper of active calcium reabsorption. Current Opinion in Nephrology
and Hypertension, 9(4): 335-340.
93.

Hoppe C, Molgaard C, Dalum C, Vaag A, Michaelsen KF. (2009). Differential

effects of casein versus whey on fasting plasma levels of insulin, IGF-1 and IGF-1/IGFBP-3.
European Journal of Clinical Nutrition, 63(9): 1076-1083. doi: 10.1038/ejcn.2009.34
94.

Hussein RA, El-Anssary AA. (2018). Plants Secondary Metabolites: The Key Drivers

of the Pharmacological Actions of Medicinal Plants. Herbal Medicine, 9(4): 170. doi:
10.3390/antibiotics9040170
95.

Jagota SK, Dani HM. (1982). New colorimetric technique for the estimation of

vitamin C using Folin phenol reagent. Analytical Biochemistry, 127(1): 178-182. doi:
10.1016/0003-2697(82)90162-2
96.

Jameson JL, De Groot LJ. (2015). Endocrinology: Adult and pediatric (7è éd.).

Amsterdam: Elsevier Health Sciences.
97.

Jamieson D, Storz G. (1997). Transcriptional regulators of oxidative stress responses.

In: John Scandalios (Ed.). Oxidative stress and the molecular biology of antioxidant defenses.
New York: Cold Spring Harbor Laboratory Press.
98.

Jay J. (2011). Effects of obesity on bone metabolism. Orthopedic Surgery and

Research, 6(30). doi: 10.1186/1749-799X-6-30
99.

Jean G, Souberbielle J, Zaoui E, Lorriaux C, Mayor B, Hurot M. (2012). Total and

bone-specific alkaline phosphatases in haemodialysis patients with chronic liver disease.
Clinical biochemistry, 45(6): 436-439. doi:10.1016/j.clinbiochem.2012.01.018
100. Johnell O, Hertzman P. (2006).

What evidence is there for the prevention and

screening of osteoporosis?. Health Evidence Network report. Copenhagen: World Health
Organization.
101. Kalinova J, Moudry J. (2006). Content and quality of protein in Proso millet
(Panicum miliaceum L.) varieties. Plant Foods for Human Nutrition, 61(1): 45-49. doi:
10.1007/s11130-006-0013-9
77

References
102. Kamath VG, Chandrashekar A, Rajini PS. (2004). Antiradical properties of
sorghum (Sorghum bicolor L. Moench) flour extracts. Cereal science, 40(1): 283-288.
103. Kanis J. (1994). Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis: synopsis of a WHO report. Osteoporosis International, 4(6):
368-381. doi: 10.1007/BF01622200
104. Kanis J. (2004). A meta-analysis of previous fracture and subsequent fracture risk.
Bone, 35(2): 375-382. doi: 10.1016/j.bone.2004.03.024
105. Karabulut A, Uzun A, Hepbasli A, Aslan BG, Zeybek HI. (2018). Plant secondary
metabolites with antioxidant properties and human health. The most recent studies in science
and art. Turkey: Gece Kitaplığı.
106. Katz S, Weinerman S. (2010). Osteoporosis and Gastrointestinal Disease.
Gastroenterology and Hepatology, 6(8): 506-517.
107. Kendall M, Cockel R, Becker J, Hawkins F. (1970). Raised serum alkaline
phosphatase in rheumatoid disease. Annals of the Rheumatic Diseases, 29(5): 537-540. doi:
10.1136/ard.29.5.537
108. Kennedy DO. (2016). B Vitamins and the Brain: Mechanisms, Dose and Efficacy.
Nutrients, 8(68): 1-29. doi: 10.3390/nu8020068
109. Kerstetter JE, O’Brien KO, Insogna KL. (2018). Low Protein Intake: The Impact on
Calcium

and

Bone

Homeostasis

in

Humans.

Nutrition,

133(3):

855-861.

doi:

10.1093/jn/133.3.855S
110. Khechana S. (2014). Perspective and method of integrated water resources
management in a hyper-arid zone. Doctoral thesis in Sciences, University BADJI
MOKHTAR, Annaba.
111. Kiebzak GM. (1991). Age- related bone changes. Experimental Gerontology, 26(2):
171-187. doi: 10.1016/0531-5565(91)90010-j
112. Kil HY, Seong ES, Ghimire BK, Chung IM, Kwon SS, Goh EJ, Heo K, Kim MJ,
Lim JD, Lee D, Yu CY. (2009). Antioxidant and antimicrobial activities of crude sorghum
extract. Food chemistry, 115(4): 1234-1239. doi: 10.1016/j.foodchem.2009.01.032
113. Kim HL, Cho HY, Park IY, Choi JM, Kim M, Jang HJ, Hwang SM. (2011). The
Positive Association between Peripheral Blood Cell Counts and Bone Mineral Density in
Postmenopausal Women.

Yonsei University College of Medicine, 52(5): 739-745. doi:

10.3349/ymj.2011.52.5.739
114. Kim JS, Hyun TK, Kim MJ. (2010). Anti-oxidative activities of sorghum, foxtail
millet and Proso millet extracts. African Journal of Biotechnology, 9(18): 2683-2690.
78

References
115. Kim MK, Hee Choi S, Lim S, Moon JH, Hee Kim J, Wan Kim S, Chul Jang H,
Soo Shin C. (2014). Interactions Between Dietary Calcium Intake and Bone Mineral Density
or Bone Geometry in a Low Calcium Intake Population (KNHANES IV 2008–2010). Clinical
Endocrinology & Metabolism, 99(7): 2409-2417. doi: 10.1210/jc.2014-1006
116. Kim YA, Kim KM, Lim S, Choi SH, Moon JH, Kim JH, Kim SW, Jang HC, Shin
CS. (2015). Favorable effect of dietary vitamin C on bone mineral density in postmenopausal
women (KNHANES IV, 2009): discrepancies regarding skeletal sites, age, and vitamin D
status. Osteoporosis international, 26(9): 2329-2337. doi: 10.1007/s00198-015-3138-6
117. Kopiczko A. (2014). Assessment of intake of calcium and vitamin D and sun exposure
in the context of osteoporosis risk in a study conducted on perimenopausal women. Przeglad
menopauzalny, 13(2): 79-83. doi: 10.5114/pm.2014.42707
118. Kovachich GB, Mishra OP. (1980). Lipid peroxidation in rat brain cortical slices as
measured by the thiobarbituric acid test. Neurochemistry, 35(6): 1449-1452. doi:
10.1111/j.1471-4159.1980.tb09022.x
119. Kregiel D, Berlowska J, Witonska I, Antolak H, Proestos C, Babic M, Babic L,
Zhang B. (2017). Saponin-Based, Biological-Active Surfactants from Plants. Application and
Characterization of Surfactants. Pharmacognosy and Phytochemistry. doi: 10.5772/68062
120. Kumar A, Tomer V, Kaur A, Kumar V, Gupta K. (2018). Millets: a solution to
agrarian and nutritional challenges. Agriculture & Food Security, 7(3): 1-15. doi:
10.1186/s40066-018-0183-3
121. Kumar S, Yadav A, Yadav M, Yadav JP. (2017). Effect of climate change on
phytochemical diversity, total Phenolic content and in vitro antioxidant activity of Aloe vera
(L.) Burm.f. BMC Res Notes, 10(6): 1-12. doi: 10.1186/s13104-017-2385-3
122. Kung AWC, (1994). The effect of thyroid hormone on bone metabolism and
osteoporosis. Hong Kong Medical Association, 46(3): 247-251.
123. Laudisio A, Marzetti E, Pagano F, Bernabei R, Zuccalá G. (2009). Haemoglobin
levels are associated with bone mineral density in the elderly: a population-based study.
Clinical Rheumatology, 28(2): 145-151. doi: 10.1007/s10067-008-0998-6
124. Levine BS, Rodríguezb M, Felsenfeld AJ. (2014). Serum calcium and bone: effect of
PTH, phosphate, vitamin D and uremia. Nefrologia, 34(5): 658-669. doi: 10.3265/Nefrologia
125. Liang S, Liang K. (2019). Millet grain as a candidate antioxidant food resource: A
review.

International

Journal

of

Food

Properties,

22(1):

1652-1661.

doi:

10.1080/10942912.2019.1668406

79

References
126. Liefde I, Klift M, Laet C, Daele P, Hofman A, Pols H. (2005). Bone mineral density
and fracture risk in type-2 diabetes mellitus: the Rotterdam study. Osteoporosis international,
16(12): 1713-1720. doi: 10.1007/s00198-005-1909-1
127. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, Gargiulo G, Testa
G, Cacciatore F, Bonaduce D, Abete P. (2018). Oxidative stress, aging, and diseases.
Clinical Interventions in Aging, 13(1): 757-772. doi: 10.2147/CIA.S158513
128. Lips P. (2006). Vitamin D physiology. Biophysics and Molecular Biology, 92(1): 4-8.
doi: 10.1016/j.pbiomolbio.2006.02.016
129. Liu M, Lu Y, Cheng X, Ma L, Miao X, Li N, Sun B, Yan S, Li J, Li C. (2018).
Relationship between abnormal glucose metabolism and osteoporosis in Han Chinese men
over the age of 50 years. Clinical Interventions in Aging, 14(1): 445-451. doi:
10.2147/CIA.S164021
130. Luis ES, Sullivan TW, Nelson LA. (1981). Nutrient Composition and Feeding Value
of Proso Millets, Sorghum Grains, and Corn in Broiler Diets. Poultry Science, 61(2): 311-320.
doi: 10.3382/ps.0610311
131. Maggio D, Barabani M, Pierandrei M, Polidori M, Catani M, Mecocci P. (2003).
Marked decrease in plasma antioxidants in aged osteoporotic women: results of a crosssectional

study.

Clinical

Endocrinology

&

Metabolism,

88(4):

1523-1527.

doi:

10.1210/jc.2002-021496
132. Magnusson P, Degerblad M, Saaf M, Larsson L, Thoren M. (1997). Different
responses of bone alkaline phosphatase isoforms during recombinant insulin-like growth
factor-I (IGF-I) and during growth hormone therapy in adults with growth hormone
deficiency. Bone and Mineral Research, 12(2): 210-220. doi:10.1359/jbmr.1997.12.2.210
133. Magrone T, Magrone M, Russo MA, Jirillo E. (2019). Recent Advances on the AntiInflammatory and Antioxidant Properties of Red Grape Polyphenols: In Vitro and In Vivo
Studies. Antioxidants, 9(1): 35. doi:10.3390/antiox9010035
134. Mangels R, Messina V, Messina M. (2004). The dietitian's guide to vegetarian
diets: Issues and applications (2è éd.). Canada: Jones & Bartlett Learning.
135. Manolagas S, Jilka R. (1995). Mechanisms of disease: bone marrow, cytoldnes, and
bone remodelin~emerging insights into the pathophysiology of osteoporosis. The New
England journal of medicine, 332(5): 305-311. doi: 10.1056/NEJM199502023320506
136. Martin CJ, Watson R, Victor RP. (Eds.). (2013). Nutrition and diet in menopause.
Science & Business Media. New York: Springer.

80

References
137. Massey LK, Whiting SJ. (1993). Caffeine, urinary calcium, calcium metabolism and
bone. Nutrition, 123(9): 1611-1614. doi: 10.1093/jn/123.9.1611
138. Mcsweeney M. (2014). Proso Millet as an Ingredient in foods common to north
americans. Canada: Doctoral dissertation.
139. Melmed S, Polonsky KS, Larsen PR, Kronenberg HM, (2011). Williams textbook of
endocrinology (2è éd.). Amsterdam: Elsevier Health Sciences.
140. Micozzi MS. (Ed.). (2006). Complementary and integrative medicine in cancer care
and prevention: Foundations and evidence-based interventions. USA: Springer Publishing
Company.
141. Mikkelsen K, Prakash MD, Kuol N, Nurgali K, Stojanovska L, Apostolopoulos V.
(2019). Anti-Tumor Effects of Vitamin B2, B6 and B9 in Promonocytic Lymphoma Cells.
International Journal of Molecular Sciences, 20(15): 3763. doi: 10.3390/ijms20153763
142. Miller S, Dykes D, Polesky H. (1988). A simple salting out procedure for extracting
DNA from human nucleated cells. Nucleic Acids Research, 16(3): 1215. doi:
10.1093/nar/16.3.1215
143. Mody N, Parhami F, Sarafian T, Demer L. (2001). Oxidative stress modulates
osteoblastic differentiation of vascular and bone cells. Free Radical Biology and Medicine,
31(4): 509-519. doi: 10.1016/s0891-5849(01)00610-4
144. Mohamed DA, Al-Okbi SY. (2004). In vivo evaluation of antioxidant and antiinflammatory activity of different extracts of date fruits in adjuvant arthritis. Food Sciences
and Nutrition Department, Dokki, Giza, Egypt. Food and Nutrition Sciences, 13(4): 397-402.
145. Montoya-Estrada A, Velázquez-Yescas KG, Veruete-Bedolla DB, Ruiz-Herrera
JD, Villarreal-Barranca A, Romo-Yañez J, Ortiz-Luna GF, Arellano-Eguiluz A, SolisParedes M, Flores-Pliego A, Espejel-Nuñez A, Estrada-Gutierrez G, Reyes-Muñoz E.
(2020). Parameters of Oxidative Stress in Reproductive and Postmenopausal Mexican
Women.

Environmental

Research

and

Public

Health,

17(5):

1492.

doi:

10.3390/ijerph17051492
146. Morton DJ, Barrett-Connor EL, Schneider DL. (2001). Vitamin C supplement use
and bone mineral density in postmenopausal women. Bone and Mineral Research, 16(1): 135140. doi: 10.1359/jbmr.2001.16.1.135
147. Mosekilde L, Melsen F, Bagger JP. (1977). Bone changes in hyperthyroidism:
interrelationships between bone morphometry, thyroid function and calcium-phosphorus
metabolism. Acta Endocrinologica, 85(3): 515-525. doi: 10.1530/acta.0.0850515

81

References
148. Mundy G, Shapir J, Bandelin J, Canalis E, Raisz L. (1976). Direct stimulation of
bone resorption by thyroid hormones. Clinical investigation, 58(3): 529-534. doi:
10.1172/JCI108497
149. Muthusami S, Ramachandran I, Muthusami B, Vasudevan G, Prabhu V,
Subramaniam V, Jagadeesan A, Narasimha S. (2005). Ovariectomy induces oxidative
stress and impairs bone antioxidant system in adult rats. Clinica Chimica Acta, 360(1): 81-86.
doi: 10.1016/j.cccn.2005.04.014
150. Mutschler M, Derendorf H. (1995). Drug actions: Basic principles and therapeutic
aspects (1è éd.). USA: CRC Press.
151. National Osteoporosis Foundation. (2002). America’s bone health: The state of
osteoporosis and low bone mass in our nation. Washington D.C.: National Osteoporosis
Foundation.
152. Nazrun AS, Norazlina M, Norliza M, Nirwana SI. (2012). The Anti-Inflammatory
Role of Vitamin E in Prevention of Osteoporosis. Advances in Pharmacological Sciences.
doi: 10.1155/2012/142702
153. Nieves JW, Komar L, Cosman F, Lindsay R. (1998). Calcium potentiates the effect
of estrogen and calcitonin on bone mass: review and analysis. The American Journal of
Clinical Nutrition, 67(1): 18-24. doi: 10.1093/ajcn/67.1.18
154. NIH. (2005). National Institutes of Health State-of-the-Science Conference statement:
management of menopause-related symptoms. Annals of internal medicine, 142(12): 10031013.
155. Nojiri H. (2011). Cytoplasmic superoxide causes bone fragility owing to low-turnover
osteoporosis and impaired collagen cross-linking. Bone and Mineral Research, 26(11): 26822694. doi: 10.1002/jbmr.489
156. North American Menopause Society. (2006). Management of osteoporosis in
postmenopausal women: 2006 position statement of The North American Menopause Society.
Menopause, 13(3): 340-367. doi: 10.1097/01.gme.0000222475.93345.b3
157. Oh YH, Moon JH, Cho B. (2017). Association between Hemoglobin Level and Bone
Mineral

Density

in

Korean

Adults.

Bone

metabolism,

24(3):

161-173.

doi: 10.11005/jbm.2017.24.3.161
158. Oyaizu M. (1986). Studies on products of browning reaction: antioxidant activities of
products of browning reaction prepared from glucosamine. Japanese Journal of Nutrition,
44(6): 307-315. doi: 10.5264/eiyogakuzashi.44.307

82

References
159. Panfili G, Fratianni A, Irano M. (2003). Normal Phase High-performance Liquid
Chromatography Method for the Determination of Tocopherols and Tocotrienols in Cereals.
Agricultural and Food Chemistry, 51(14): 3940-3944. doi: 10.1021/jf030009v
160. Park SJ, Joo SE, Min H, Park JK, Kim Y, Kim SS, Ahn Y. (2012). Dietary Patterns
and Osteoporosis Risk in Postmenopausal Korean Women. The Osong Public Health and
Research Perspectives, 3(4): 199-205. doi: 10.1016/j.phrp.2012.10.005
161. Paspaliaris V, Kolios G. (2019). Stem cells in Osteoporosis: From Biology to New
Therapeutic Approaches. Stem Cells International. doi: 10.1155/2019/1730978
162. Peacock M. (2010). Calcium Metabolism in Health and Disease. The Clinical Journal
of the American Society of Nephrology, 5(1): 23-30. doi: 10.2215/CJN.05910809
163. Pellitteri PK. (2010). Evaluation of hypercalcemia in relation to hyperparathyroidism.
The

Otolaryngologic

Clinics

of

North

America,

43(2):

389-397.

doi:

10.1016/j.otc.2010.02.006
164. Perrone D, Monteiro M. (2016). The Chemistry of Calcium. Food and Nutritional
Components in Focus. doi: 10.1039/9781782622130-00067
165. Phaniendra A, Jestadi DB, Periyasamy L. (2015). Free Radicals: Properties, Sources,
Targets, and Their Implication in Various Diseases. The Indian Journal of Clinical
Biochemistry, 30(1): 11-26. doi: 10.1007/s12291-014-0446-0
166. Piłat B, Ogrodowska D, Zadernowski R. (2016). Nutrient content of puffed Proso
millet (Panicum miliaceum L.) and amaranth (Amaranthus cruentus L.) grains. Czech Journal
of Food Sciences, 34(1): 362-369. doi: 10.17221/405/2015-CJFS
167. Ping Z, Peng Y, Lang H, Xinyong C, Zhiyi Z, Xiaocheng W, Hong Z, Liang S.
(2020). Oxidative Stress in Radiation-Induced Cardiotoxicity. Oxidative Medicine and
Cellular Longevity. doi: 10.1155/2020/3579143
168. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V, Squadrito F,
Altavilla D, Bitto A. (2017). Oxidative Stress: Harms and Benefits for Human Health.
Oxidative Medicine and Cellular Longevity. doi: 10.1155/2017/8416763
169. Polidori M, Stajnhl W, Eichler O. (2001). Profiles of anti-oxidants in human plasma.
Free Radical Biology and Medicine, 30(5): 456-462. doi: 10.1016/s0891-5849(00)00345-2
170. Porat A, Sherwood LM. (1986). Disorders of mineral homeostasis and bone. In
Clinical Endocrinology. New York: John Wiley & Sons.
171. Power ML, Heaney RP, Kalkwarf HJ, Pitkin RM, Repke JT, Tsang RC, Schulkin
J. (2000). The role of calcium in health and disease. Obstetrics and Gynecology, 181(6):
1560-1569. doi: 10.1016/S0002-9378(99)70404-7
83

References
172. Pragasam SJ, Venkatesan V, Rasool MK. (2013). Immunomodulatory and Antiinflammatory Effect of p-Coumaric Acid, a Common Dietary Polyphenol on Experimental
Inflammation in Rats. Inflammation, 36(1): 169-176. doi: 10.1007/s10753-012-9532-8
173. Prakash B. (2020). Functional and preservative properties of phytochemicals.
London: Nina Rosa de Araujo Bandeira (Ed.). UK: Elsevier.
174. Pravina P, Sayaji D, Avinash M. (2013). Calcium and its Role in Human Body.
International Journal of Research in Pharmaceutical and Biomedical Sciences, 4(2): 660661.
175. Prentice A. (2000). Maternal calcium metabolism and bone mineral status. The
American journal of clinical nutrition, 71(5): 1312-1316. doi: 10.1093/ajcn/71.5.1312s
176. Prentice A. (2004). Diet, nutrition and the prevention of osteoporosis. MRC Human
Nutrition Research, Elsie Widows Laboratory, Cambridge, UK. Public Health Nutrition, 7(1):
227-243. doi: 10.1079/phn2003590
177. Prior RL. (2014). Oxygen radical absorbance capacity (ORAC): New horizons in
relating dietary antioxidants/bioactives and health benefits. Functional Foods, 18(2): 797-810.
doi: 10.1016/j.jff.2014.12.018
178. Qazi MA, Molvi KI. (2018). Free Radicals and their Management. Pharmacy &
Health Research, 6(4): 1-10.
179. Queroz MD. (1991). Sorghum and millets in human nutrition. Science of Food and
Agriculture, 83(1): 402-407.
180. Raghavan S, Subramaniyam G, Shanmugam N. (2012). Proinflammatory effects of
malondialdehyde

in

lymphocytes.

Leukocyte

Biology,

92(5):

1055-1067.

doi:

10.1189/jlb.1211617
181. Rao LG, Rao AV. (2013). Oxidative Stress and Antioxidants in the Risk of
Osteoporosis — Role of the Antioxidants Lycopene and Polyphenols. Osteoporosis. doi:
10.5772/54703
182. Rizzoli R, Bonjour JP. (1997). Division of Bone Diseases, WHO Collaborating
Centre for Osteoporosis and Bone Diseases, Department of Internal Medicine, University
Hospital, Geneva, Switzerland. Hormones and bones, 7(3): 36-42.
183. Robert WS. (Ed.). (2007). Diseases of the kidney and urinary Tract Vol.1.
Philadelphia: Lippincott Williams & Wilkins.
184. Rosso JC. (2015). Guemar. Algerie: Notre journal.
185. Sahni S, Hannan MT, Gagnon D, Blumberg J, Cupples LA, Kiel DP, Tucker KL.
(2009). Protective effect of total and supplemental vitamin C intake on the risk of hip
84

References
fracture–a 17-year follow-up from the Framingham Osteoporosis Study. Osteoporosis
international, 20(11): 1853-1861. doi: 10.1007/s00198-009-0897-y
186. Saleh A, Zhang Q, Chen J, Shen Q. (2019). Millet Grains: Nutritional Quality,
Processing, and Potential Health Benefits. Comprehensive Reviews in Food Science and Food
Safety, 12(1): 281-295. doi: 10.1111/1541-4337.12012
187. Sankar P, Bobby Z, Mirza AA. (2017). Soy Isoflavones (from Glycine max) in
Menopause Health and Diseases. Biochemistry & Physiology, 6(3): 2180-2192. doi:
10.4172/2168-9652.1000225
188. Sastre J, Pallardo FV, Corcia de la Asuncion J, Vina J. (2000). Mitochondria,
oxidative

stress

and

aging.

Free

Radical

Research,

32(3):

189-198.

doi:

10.1080/10715760000300201
189. Saurav D, Rituraj K, Meenakshi S, Dipak K. (2019). Beyond Bird Feed: Proso
Millet

for

Human

Health

and

Environment.

Agriculture,

9(3):

64.

doi:

10.3390/agriculture9030064
190. Schenck PA, Chew DJ, Nagode LA, Rosol T. (2006). Disorders of calcium:
hypercalcemia and hypocalcemia. Electrolyte disorders. doi: 10.1016/B0-72-1639496/50009-6
191. Schmidt PJ. (2005). Mood, depression, and reproductive hormones in the menopause
transition.

The

American

journal

of

medicine,

12(2):

54-58.

doi:

10.1016/j.amjmed.2005.09.033
192. Schyrr F, Wolfer A, Pasquier J, Nicoulaz AL, Lamy O, Naveiras O. (2018).
Correlation study between osteoporosis and hematopoiesis in the context of adjuvant
chemotherapy for breast cancer. Annals of Hematology, 97(1): 309-317. doi: 10.1007/s00277017-3184-6
193. Sendur OF, Turan Y, Tastaban E, Serter M. (2009). Antioxidant status in patients
with osteoporosis: A controlled study. Joint Bone Spine, 76(5): 514-518. doi:
10.1016/j.jbspin.2009.02.005
194. Seo MS, Shim JY, Lee JY. (2019). Relationship between serum alkaline phosphatase
level, C-reactive protein and leukocyte counts in adults aged 60 years or older. Scandinavian
Journal

of

Clinical

and

Laboratory

Investigation,

79(4):

233-237.

doi:

10.1080/00365513.2019.1585567
195. Shailendra K. (2011). Menopausal transition and postmenopausal health problems: a
review on its biocultural perspectives. Health, 3(4): 233-237. doi: 10.4236/health.2011.34041

85

References
196. Shane E, Dinaz I. (2006). Hypercalcemia: Pathogenesis, clinical manifestations,
differential diagnosis, and management (6è éd.). Washington, DC: American society for bone
and mineral research.
197. Sharma N. (2014). Free Radicals, Antioxidants and Disease. Biology and Medicine,
6(3): 1-6. doi: 10.4172/0974-8369.1000214
198. Sheweita SA, Khoshhal KI. (2007). Calcium metabolism and oxidative stress in bone
fractures:

role

of

antioxidants.

Current

Drug

Metabolism,

8(5):

519-525.

doi:

10.2174/138920007780866852
199. Shifrin AL. (2019). Advances in treatment and management in surgical endocrinology
(1è éd.). Amsterdam: Elsevier Health Sciences.
200. Si Y, Zhang Y, Zhao J, Guo S, Zhai L, Yao S, Sang H, Yang N, Song G, Gu J, Qin
S. (2014). Niacin Inhibits Vascular Inflammation via Downregulating: Nuclear Transcription
Factor-𝜅B Signaling Pathway. Mediators of Inflammation. doi: 10.1155/2014/263786
201. Sies H. (2018). On the History of Oxidative Stress: Concept and Some Aspects of
Current Development. Current Opinion in Toxicology. doi: 10.1016/j.cotox.2018.01.002
202. Simerjot K, Jassal M, Denise M, Elizabeth B. (2010). Measures of Renal Function,
Bone Mineral Density, Bone Loss and Osteoporotic Fracture in Older Adults: The Rancho
Bernardo Study. Bone and Mineral Research, 22(2): 203-210. doi: 10.1359/jbmr.061014
203. Singh RB, Dewi M, Sulaeman A, Horiuchi R, Rawal N, Kartikey K, Fatima G.
(2019). The Might of Millets and the Heart. EC Cardiology, 6(11): 1041-1044.
204. Siwela M. (2009). Finger millet grains phenolics and their impact on malt and cookie
quality. Pretoria: Doctoral dissertation.
205. Slinkard K, Singleton VL. (1977). Total phenol analyses: Automation and
comparison with manual methods. American Journal of Enology and Viticulture, 28(1): 4955.
206. Soetan O, Olaiya O, Oyewole E. (2010). The importance of mineral elements for
humans, domestic animals and plants: A review. African Journal of Food Science, 4(5): 200222.
207. Sontakke AN, Tare RS. (2002). A duality in the roles of reactive oxygen species with
respect to bone metabolism. Clinica chimica acta, 318(1): 145-148. doi: 10.1016/s00098981(01)00766-5
208. Southern C. (2019). Menopause: Signs, symptoms and treatment. Medical Library
Index.

86

References
209. Staggers HO, Macdonald TH, Jarman J. (1974). Vitamin, mineral, and diet
supplements: Hearings, ninety-third congress. USA: Government Printing Office.
210. Sturkie PD. (1981). Hormonal regulation of calcium metabolism. In: Sturkie P.D.
(Eds.). Basic Physiology. New York: Springer.
211. Suda N, Morita I, Kuroda T, Murota S. (1993). Participation of oxidative stress in
the process of osteoclast differentiation. Biochim Biophys Acta, 1157(3): 318-23. doi:
10.1016/0304-4165(93)90116-p
212. Suda T, Takahashi N, Abe E. (1992). Role of vitamin D in bone resorption. Cellular
Biochemistry, 49(1): 53-58. doi: 10.1002/jcb.240490110
213. Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Ando F, Shimokata H, Yano M.
(2011). Dietary patterns of antioxidant vitamin and carotenoid intake associated with bone
mineral density: findings from post-menopausal Japanese female subjects. Osteoporosis
International, 22(1): 143-152. doi: 10.1007/s00198-010-1239-9
214. Suma PF, Urooj A. (2012). Antioxidant Activity of Extracts from Foxtail Millet
(setaria italica). Food Science and Technology, 49(4): 500-504. doi: 10.1007/s13197-0110300-9
215. Summers R, Macnab R. (2017). Thyroid, parathyroid hormones and calcium
homeostasis.

Anaesthesia

&

Intensive

Care

Medicine,

12(10):

465-468.

doi:

10.1016/j.mpaic.2011.07.003
216. Sundus T, Saba T, Khalid P, Saba K. (2019). Alkaline phosphatase is a predictor of
Bone Mineral Density in postmenopausal females. Pakistan Journal of Medical Sciences,
35(3): 749-753. doi: 10.12669/pjms.35.3.188
217. Sutton RA, Wong NL, Dirks JH. (1976). Effects of parathyroid hormone on sodium
and calcium transport in the dog nephron. Clinical Science and Molecular Medicine, 51(4):
345-351. doi: 10.1042/cs0510345
218. Sweet MG, Sweet JM, Jeremiah MP, Galazka SS. (2009). Diagnosis and Treatment
of Osteoporosis. American Family Physician, 79(3): 193-200.
219. Tan BL, Norhaizan ME, Liew WP, Rahman HS. (2018). Antioxidant and Oxidative
Stress: A Mutual Interplay in Age-Related Diseases. Frontiers in Pharmacology, 16(9): 1162.
doi: 10.3389/fphar.2018.01162
220. Taofiq

O,

González-Paramás

AM,

Barreiro

MF,

Ferreira

I.

(2017).

Hydroxycinnamic Acids and Their Derivatives: Cosmeceutical Significance, Challenges and
Future Perspectives, a Review. Molecules, 22(2): 281. doi: 10.3390/molecules22020281

87

References
221. Theisen A, Knox E, Mann F. (1978). Feasibility of introducing food crops better
adapted to environmental stress. Environmental Science. Arlington: National science
foundation.
222. Tim M, Murray M. (1996). Calcium nutrition and osteoporosis. Osteoporosis Society
of Canada, 155(7).
223. Tirtha B, Koushik B, Prasenjit C, Pallav S. (2014). Correlation of Common
Biochemical Markers for Bone Turnover, Serum Calcium, and Alkaline Phosphatase in PostMenopausal Women. The Malaysian Journal of Medical Sciences, 21(1): 58-61.
224. Togari A, Arai M, Kondo H, Kodama D, Niwa Y. (2012). The neuro-osteogenic
network: The sympathetic regulation of bone resorption. Japanese Association for Dental
Science, 48(1): 61-70. doi: 10.1016/j.jdsr.2011.12.002
225. Tonapi VA, Bhat BV, Kannababu N, Elangovan M, Umakanth AV, Kulakarni R,
Tonapi KV, Raghavendra Rao KV, Nageshwar Rao TG. (2015). Millet seed technology:
Seed production, quality control and legal compliance. India: Indian Institute of Millets
Research.

226. Torikai S, Wang MS, Klein KL, Kurokawa K. (1981). Adenylatecyclase and cell
cyclic AMP of rat cortical thick ascending limb of Henle. Kidney International, 20(5): 649654. doi: 10.1038/ki.1981.189
227. Trémollieres F. (2013). Impact of oral contraceptive on bone metabolism. Best
Practice & Research Clinical Endocrinology & Metabolism, 27(1): 47-53. doi:
10.1016/j.beem.2012.09.002
228. Udeh HO, Duodu KG, Jideani AIO. (2017). Finger Millet Bioactive Compounds,
Bioaccessibility, and Potential Health Effects - a Review. Czech Journal of Food Sciences,
35(1): 7-17. doi: 10.17221/206/2016-CJFS
229. Umberto C, Gianni B, Maria R, Annarosa F. (2013). Analysis of oxidative stress
during the menstrual cycle. Reproductive Biology and Endocrinology, 11(74): 1-6.
doi: 10.1186/1477-7827-11-74
230. Upadhyay RK. (2017). Role of calcium bio-minerals in regenerative medicine and
tissue

engineering.

Stem

Cell

Research

&

Therapeutics,

2(6):

1-10.

doi:

10.15406/jsrt.2017.02.00081
231. USDA, NRCS. (2006). The plants database. Los Angeles: Mark W. Skinner. (Ed.).
USA: National Plant Data Center.
232. Uttara B, Singh AV, Zamboni P, Mahajan RT. (2009). Oxidative Stress and
Neurodegenerative Diseases: A Review of Upstream and Downstream Antioxidant
88

References
Therapeutic

Options.

Current

Neuropharmacology,

7(1):

65-74.

doi:

10.2174/157015909787602823
233. Valderrábano RJ, Lui LY, Lee J, Cummings SR, Orwoll ES, Hoffman AR, Wu
JY. (2018). Bone Density Loss Is Associated with Blood Cell Counts. Bone and Mineral
Research, 32(2): 212-220. doi: 10.1002/jbmr.3000
234. Varacallo MA, Fox EJ. (2014). Osteoporosis and its complications. Medical Clinics of
North America, 98(4): 817-831.
235. Victor RP. (Ed.). (2016). Calcium: Chemistry, analysis, function and effects (No. 10).
Food and nutritional components in focus. UK: Royal Society of Chemistry.
236. Vikram K, Parul G, Ranjana K, Harish C. (2017). Postmenopausal Osteoporosis.
Department of Orthopaedics, Ranjana Hospital, Allahabad, India. Juniper Online Journal of
Case Studies, 1(4): 1-5.
237. Viswanath V, Urooj A, Malleshi NG. (2009). Evaluation of Antioxidant and
Antimicrobial Properties of Finger Millet Polyphenols (eleusinecoracana). Food chemistry,
114(1): 340-346. doi: 10.1016/j.foodchem.2008.09.053
238. Wadood A, Ghufran M, Babar JS, Naeem M, Khan A, Ghaffar R. (2013).
Phytochemical analysis of medicinal plants occurring in local area of mardan. Biochemistry
and Analytical Biochemistry, 2(4): 1-4. doi: org/10.4172/2161-1009.1000144
239. Walls J. (2012). Urinary tract infections: Calculi and tubular disorders. Springer
Science & Business Media. Dordrecht: Springer.
240. Waston E. (1940). The effect of adrenal cortical extract on the serum phosphatase in
chronic arthritis. Endocrinology, 27(3): 521-522. doi: 10.1210/endo-27-3-521
241. Weak BG, Cory JG. (1988). Ribonucleotide reductase activity and growth of
glutathione-depledmousleihemia L1210 cells in vitro. Cancer letters, 40(3): 257-264. doi:
10.1016/0304-3835(88)90084-5
242. Weiss G, Skurnick JH, Goldsmith LT, Santoro NF, Park SJ. (2004). Menopause
and hypothalamic-pituitary sensitivity to estrogen. The Journal of the American Medical
Association, 292(24): 2991-2996. doi:10.1001/jama.292.24.2991
243. WHO, FAO. (2004). Vitamin and mineral requirements in human nutrition (2è éd.).
Geneva: World Health Organization.
244. Williams L, Wilkins L. (2007). Straight A’s in fluids and electrolytes (1è éd.). USA:
Lippincott.
245. Wirth MD, Sevoyan M, Hofseth L, Shivappa N, Hurley TG, Hébert JR. (2018).
The Dietary Inflammatory Index is Associated with Elevated White Blood Cell Counts in the
89

References
National Health and Nutrition Examination Survey. Brain, Behavior, and Immunity, 69(1):
296-303. doi: 10.1016/j.bbi.2017.12.003
246. Wolf RL, Cauley JA, Pettinger M, Jackson R, Lacroix A, Leboff MS, Lewis CE,
Nevitt MC, Simon JA, Stone KL, Wactawski-Wende J. (2005). Lack of a relation between
vitamin and mineral antioxidants and bone mineral density: results from the Women’s Health
Initiative.

The

American

Journal

of

Clinical

Nutrition,

82(3):

581-588.

doi:

10.1093/ajcn.82.3.581
247. Wolfgang S, Peter P, Janina P. (2009). Pathophysiology of osteoporosis. Wiener
Medizinische Wochenschrift, 159(9): 230-234. doi: 10.1007/s10354-009-0647-y
248. World Health Organization. (1981). Research on the menopause: WHO technical
report series (No.670.). Geneva: World Health Organization.
249. Yamamoto M, Kawanobe Y, Takahashi H, Shimazawa E, Kimura S, Ogata E.
(1984). Vitamin D deficiency and renal calcium transport in the rat. Clinical Investigation,
74(2): 507-513. doi: 10.1172/JCI111448
250. Yang W, Chen X, Li Y, Guo S, Wang Z, Yu X. (2020). Advances in Pharmacological
Activities

of

Terpenoids.

Natural

Product

Communications,

15(3):

1-13.

doi:

10.1177/1934578X20903555
251. Yano K, Heilbrun L, Wasnich R, Hankin J, Vogel J. (1985). The relationship
between diet and bone mineral content of multiple skeletal sites in elderly Japanese-American
men and women living in Hawaii. The American Journal of Clinical Nutrition, 42(5): 877888. doi: 10.1093/ajcn/42.5.877
252. Yasuda H, Higashio K, Suda T. (2005). Vitamin D and osteoclastogenesis. In vitamin
D: Vol. 1. D. Feldman, J.W. Pike & F.H. Glorieux (Eds.). San Diego: Elsevier Academic
Press.
253. Yendt E, Cohanim M, Jarzylo S, Jones G, Rosenberg G. (1991). Bone mass is
related to creatinine clearance in normal elderly women. Bone and Mineral Research, 6(10):
1043-1050. doi: 10.1002/jbmr.5650061005
254. Yendt E, Cohanim M, Jarzylo S, Jones G, Rosenberg G. (1993). Reduced creatinine
clearance in primary osteoporosis in women. Bone and Mineral Research, 8(9): 1045-1052.
doi: 10.1002/jbmr.5650080904
255. Yeung AWK, Tzvetkov NT, El-Tawil OS, Bungǎu SG, Abdel-Daim MM,
Atanasov AG. (2019). Antioxidants: Scientific Literature Landscape Analysis. Oxidative
Medicine and Cellular Longevity. doi.org/10.1155/2019/8278454

90

References
256. Zhou Q, Zhu L, Zhang D, Li N, Li Q, Dai P, Mao Y, Li X, Ma J, Huang S. (2016).
Oxidative Stress-Related Biomarkers in Postmenopausal Osteoporosis: A Systematic Review
and Meta-Analyses. Disease Markers. doi.org/10.1155/2016/7067984

91

Annexes

Annexes

Annex 01:
دراسة أسباب هشاشة العظام لدى النساء في مرحلة ما بعد إنقطاع الطمث
مستوى :ماستر بيوكيمياء تطبيقية

كلية العلوم الطبيعة و الحياة
وصف العينات المدروسة:

العمر .......................:الوزن ........................:الطول ...................:الزمرة الدموية................:
المستوى الدراسي .............................:المهنة.............................:
الحالة االجتماعية ............................:عدد األطفال.......................:
هل تستهلكين ماء الحنفية؟

هل تستهلكين ماء الفيلتر؟
هل تستهلكين حليب طبيعي؟

حليب المعزاة

حليب البقرة

هل تستهلكين حليب صناعي؟
هل تستهلكين الحليب الصافي يوميا؟
هل تستهلكين حليب ممزوج بالقهوة يوميا؟
هل تستهلكين القهوة يوميا؟
هل تتناولين األسماك أسبوعيا؟
هل تتناولين البقوليات (عدس ,لوبيا ,بازالء) بكثرة؟
هل تستهلكين الخضر و الفواكه الطازجة يوميا؟
هل تتعرض أطرافك يوميا للشمس؟
هل كنت تعانين من نقص الكالسيوم قبل إنقطاع الدورة الشهرية؟
هل كنت تعانين من نقص فيتامين د قبل إنقطاع الدورة الشهرية ؟
في حالة المرض هل تشترين الدواء بدون وصفة طبية؟
هل استعملتي حبوب منع الحمل قبل إنقطاع الدورة الشهرية؟
هل كنت تستعملين دواء ضد آالم الدورة الشهرية؟
هل صاحب انقطاع الدورة عدم انتظامها و اضطرابها؟
هل عانيتي من مشاكل في المبايض أو تكيسها؟
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هل تستعملين األعشاب للتداوي بكثرة؟
هل تشربين المشروبات الغازية بكثرة؟
هل تعانين من مشاكل في الغدة الدرقية؟
هل تعانين من مشاكل في الكلى؟
هل تعانين من مشاكل في الجهاز الهضمي؟
هل تعانين من مشاكل في الكبد؟
هل تعانين من مرض السكري؟

نوع 1

نوع 2

هل تعانين من ضغط الدم المرتفع؟
هل تعانين من فقر الدم؟
هل تعانين من السمنة؟
هل تعانين من النحافة المفرطة؟
هل تعانين من العصبية والتوتر؟
هل تقومين بالمشي لمسافات طويلة يوميا؟
هل تقفين بكثرة؟ وما هي مدة الوقوف..................................:
هل كنت تعانين من مشاكل في العظام قبل إنقطاع الدورة الشهرية؟
هل مشاكل العظام وراثي في العائلة؟
هل كنت تعانين من اضطراب في الهرمونات قبل انقطاع الدورة؟
هل تستهلكين بدائل هرمونية؟
ما هو سن البلوغ؟...................
ما هو سن الزواج؟.................
ما هو سن أول مرة انجبتي؟.................
ما هو مقدار الفترة ما بين إنجاب ولد و اآلخر؟............................
هل استعملتي الرضاعة الطبيعية و ما هي مدة الرضاعة؟...............................
هل تنجبين طبيعيا؟
هل اجريتي والدة قيصرية؟
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Annex 02: Gallic acid calibration curve

Figure : Calibration curve of Gallic acid for determination of total phenolic content.

Annex 03: Quercetin calibration curve

Figure : Calibration curve of Quercetin for determination of total flavonoids content.
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