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Abstract

Abstract

The interrelationship between osteoporosis and depression has been
demonstrated in several but contradictory studies. The present study aimed to
investigate the potential effect of antidepressants Imipramine& Fluoxetine on
ovariectomized-induced osteoporosis in rats, thus re-positioning their therapeutic
indications as anti-osteoporotic drugs. Two weeks following bilatera
ovariectomy, rats were treated with Estradiol, Imipramine and Fluoxetine for two
weeks. At the end of 6 weeks, depression studies were conducted i.e. open field
and forced swimming tests. Bone turnover biomarkers (serum calcium (Ca),
serum akaline phosphatase (ALP), serum osteocalcin, femur osteoprotegrin
(OPG) and femur receptor activator of nuclear factor kB ligand (RANKL) were
determined. Histopathological examination and Electron Microscope
examination of trabecular femoral bone were performed and the trabecular
morphological parameters were determined by computed tomography CT.
Regarding bone histopathology, imipramine exerted a partia restoration of bone
structure while estradiol and fluoxetine completely restored bone mass compared
to the corresponding osteoporosis group. Besides, Electron Microscope
examination revealed that imipramine demonstrated a partial restoration of bone
structure while estradiol and fluoxetine completely restored bone mass compared
to the corresponding osteoporosis group. In bone morphometric parameters,

treatments significantly improved trabecular density by about 70%, 66% and
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63% respectively. Trabecular thickness was significantly elevated by about 41%,
42% and 43% respectively compared to the osteoporosis group. Treatment with
Estradiol, Imipramine and Fluoxetine decreased the values of serum ALP by
about 70%, 58% and 59% respectively. They aso reduced serum Osteocalcin by
about 69%, 69% and 68% respectively. Furthermore, they reduced RANKL
value by about 59%, 66% and 65% respectively. In contrast, they significantly
elevated the values of OPG by about 581%, 586% and 629% respectively and
increased OPG/RANKL ratio by about 583%, 1042% and 837% respectively
compared to the corresponding osteoporosis groups. These treatments aso
reduced depressive features caused by ovariectomy in open field test and forced
swimming test. Swimming score in forced swimming test and Ambulation
frequency in open field test were found to be strongly correlated with ALP,
osteocalcin, OPG, RANKL, trabecular density and trabecular thickness. In
conclusion, Imipramine and Fluoxetine have shown potential osteoprotective
effects on ovariectomized-induced osteoporosis in rats, which mediate re-

positioning their therapeutic indications as anti-osteoporotic drugs.



Contents

Contents
Subj ect Page
Acknowledgement I
Abstract [l
Content V
List of abbreviations VI
List of tables VIl
List of figures IX
1. Introduction 1
1.1.0steoporosis 1
1.2.0steoporosis treatment 4
1.3. Depression 13
1.4. Depression treatment 16
1.5.Interrel athionship between osteoporosis and depression 31
Aim of the work 34
2. Materialsand methods 35
2.1.Materials 35
2.1.1. Experimenta animals 35
2.1.2. Drugs 35
2.1.3. Chemicals, reagents and kits 35
2.2.Methods 36
2.2.1. Induction of osteoporosis 36
2.2.2. Experimenta protocol 37
2.2.3. Evaluation of osteoporosis depression 39
interrelationship
2.2.3.1.0pen field test 39
2.2.3.2.Forced swimming test 41
2.2.4. Femoral bone histopathology 44
2.2.5. Electron Microscope 46
2.2.6. Computed tomography 46
2.2.7. Estimation of bone metabolic biomarkers 47
2.2.7.1.Serum ALP 47
2.2.7.2.Serum Osteocalcin 49
2.2.7.3.Serum Ca 53
2.2.7.4.0PG and RANKL 58
2.2.8. Statistical analysis 60
3. Reaults 61
3.1. Evaluation of osteoporosis depression interrelationship 61
3.1.1. Effects of Estradiol, Imipramine and Fluoxetine on 61
open field test




Contents

Contents (cont.)

Subj ect Page

3.1.1.1. Effects of Estradiol, Imipramine and 61
Fluoxetine on latency time

3.1.1.2. Effects of Estradiol, Imipramine and 62
Fluoxetine on defecation frequency

3.1.1.3. Effects of Estradiol, Imipramine and 63
Fluoxetine on ambulation frequency

3.1.1.4. Effects of Estradiol, Imipramine and 64
Fluoxetine on rearing frequency

3.1.1.5. Effects of Estradiol, Imipramine and 65

Fluoxetine on grooming time

3.1.2. Effectsof Estradiol, Imipramine and Fluoxetineon | 72
forced swimming test

3.1.2.1. Effects of Estradiol, Imipramine and 72
Fluoxetine on swimming score
3.1.2.2. Effects of Estradiol, Imipramine and 73
Fluoxetine on climbing score
3.1.2.3. Effects of Estradiol, Imipramine and 74
Fluoxetine on immobility score
3.2. Effects on bone histopathology 79
3.3. Effects on Electron Microscope 81
3.4. Effects on bone mor phometric parameters 83

3.4.1. Effectsof Estradiol, Imipramine and Fluoxetine 83
on trabecular bone density

3.4.2. Effectsof Estradiol, Imipramine and Fluoxetine 86
on trabecular bone thickness

3.5. Effects on bone metabolic biomarkers 89

3.5.1. Effects of Estradiol, Imipramine and Fluoxetine | 89
on serum ALP levels

3.5.2. Effectsof Estradiol, Imipramine and Fluoxetine 92
on serum OC levels

3.5.3. Effectsof Estradiol, Imipramine and Fluoxetine 95
on serum Calevels

3.5.4. Effectsof Estradiol, Imipramine and Fluoxetine 98
on OPG levels

3.5.5. Effectsof Estradiol, Imipramine and Fluoxetine 101
on OPG/RANKL

3.5.6. Effectsof Estradiol, Imipramine and Fluoxetine 104
on RANKL levels

\




List of Abbreviations

Contents (cont.)

Subject Page

3.6. Correlation studies between osteopor otic and depressive 107
markers

4. Discussion 111

Summary and conclusion 120

References 125

\




List of Abbreviations

List of Abbreviations

A Absorbance
AAS Atomic absorption spectrometry
ALP Serum akaline phosphatase
AMP 2-amino-2-methyl-1-propanediol
ANOVA Analysis of Variance
BMD Bone minera density
Ca Serum calcium
cDNA Complementary deoxyribonucleic acid
CT Computed tomography
DNA Deoxyribonucleic acid
EDTA Ethylenediaminetetraacetic acid
ELISA Enzyme-linked immunosorbent assay
FST Forced swimming test
H&E Hematoxylin and eosin
HE Histopathol ogical examination
HRP Horseradish peroxidase
kV kilovolt
MAB Monoclonal antibodies
MAOIs Monoamine oxidase inhibitors
MDD Major Depressive Disorder
OoC Osteocalcin
oD Optical density
OFT Open field test
OPG Osteoprotegrin
OPG/RANKL OPG RANKL ratio
OvX Ovariectomy
RANKL Receptor activator of nuclear factor kB ligand
RNA Ribonucleic acid
rpm Rotation per minute
RT-PCR Real time polymerase chain reaction
SEM Standard error of the mean
SNRI Serotonin noradrenaline reuptake inhibitors
SSRI Selective serotonin reuptake inhibitors
Tb Trabecular
TB.TH Trabecular thickness
TCA Tricyclic antidepressants
TMB Tetramethylbenzidine
TRI reagent TRIzol reagent

Vil




List of Tables

List of Tables
NO Title Page

1 Effects of Estradiol, Imipramine and Fluoxetine on 66
the behavioral performance in the open field test

2 Effects of Estradiol, Imipramine and Fluoxetine on 75
the behavioural performance in the forced
swimming test

3 Effects of Estradiol, Imipramine and Fluoxetine on 84
the trabecular bone density

4 Effects of Estradiol, Imipramine and Fluoxetine on 87
the trabecular bone thickness

5 Effects of Estradiol, Imipramine and Fluoxetine on 90
serum ALP levels

6 Effects of Estradiol, Imipramine and Fluoxetine on 93
serum OC levels

7 Effects of Estradiol, Imipramine and Fluoxetine on 96
serum Calevels

8 Effects of Estradiol, Imipramine and Fluoxetine on 99
the femoral bone levels of OPG

9 Effects of Estradiol, Imipramine and Fluoxetine on 102
OPG/RANKL ratio

10 Effects of Estradiol, Imipramine and Fluoxetine on 105

the femoral bone levels of RANKL

VI




List of Figures

List of Figures
NO Title Page

1 Pathogenesis of osteoporotic fractures 2

2 Mechanism of action of Imipramine 21

3 Mechanism of action of Fluoxetine 26

4 Experimental protocol 38

5 Osteocalcin standard curve 53

6 Calcium standard curve 57

7a Effects of Estradiol, Imipramine and Fluoxetine on 67
latency time in open field test

7b Effects of Estradiol, Imipramine and Fluoxetine on 68
defecation frequency in open field test

7c Effects of Estradiol, Imipramine and Fluoxetine on 69
ambulation frequency in open field test

7d Effects of Estradiol, Imipramine and Fluoxetine on 70
rearing frequency in open field test

Te Effects of Estradiol, Imipramine and Fluoxetine on 71
grooming time in open field test

8a Effects of Estradiol, Imipramine and Fluoxetine on 76
swimming score in forced swimming test

8b Effects of Estradiol, Imipramine and Fluoxetine on 77
climbing score in forced swimming test

8c Effects of Estradiol, Imipramine and Fluoxetine on 78

immobility score in forced swimming test




List of Figures (cont.)

List of Figures

NO Title Page
9 Bone histopathological changes of A) Control group, B) 80
Sham group, C) Osteoporosis, D) Estradiol group, E)

Imipramine group, F) Fluoxetine group.

10 EM changes of A) Control group, B) Sham group, C) 82
Osteoporosis group, D) Estradiol group, E) Imipramine
group, F) Fluoxetine group

11 Effects of Estradiol, Imipramine and Fluoxetine on the 85
trabecular bone density

12 Effects of Estradiol, Imipramine and Fluoxetine on the 88
trabecular bone thickness

13 Effects of Estradiol, Imipramine and Fluoxetine on 91
serum ALP levels

14 Effects of Estradiol, Imipramine and Fluoxetine on 94
serum OC levels

15 Effects of Estradiol, Imipramine and Fluoxetine on 97
serum Calevels

16 Effects of Estradiol, Imipramine and Fluoxetine on the 100
femora bone levels of OPG

17 Effects of Estradiol, Imipramine and Fluoxetine on 103
OPG/RANKL ratio

18 Effects of Estradiol, Imipramine and Fluoxetine on the 106

femora bone levels of RANKL




