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Abstract

Increased sexual activities among adolescents have resulted in the indiscriminate use of
contraceptives. This study assessed the toxicological effects of levonorgestrel (LNG) intake on
reproductive and vital organs in a rat model. Sixty Wistar rats weighing between 110 and 120 g
were randomized into three groups (n = 20). Groups A and B were administered 1.83 mg/kg BW
of LNG once and twice a week respectively, and group C served as the control. Five animals
from each group were sacrificed at 30, 60, and 90 days, while the last batch was left for 30 days
for post-treatment recovery. The effect of LNG on the estrous cycle was asse3séd\through
physical and cytological evaluations. The uterus, ovary, liver, and kidney were in¥estigated for
possible anomalies through histopathological examination and biochemical analyses. Hormonal
changes were assessed by measuring the serum levels of progesterone (P4),“Cstradiol (E2),
luteinizing hormone (LH), and follicle-stimulating hormone (FSH) using ‘the"ELISA technique.
Effects of LNG on fertilization, implantation, and tissue inflammation were assessed by
measuring progesterone-associated endometrial protein (PAEP), l€ukemta inhibitory factor (LIF),
prolactin (PRL), sex hormone-binding globulin (SHBG), Nuclear(Eastor Kappa B (NF-kB), and
Tumor Necrosis Factor a (TNF-a) using ELISA. Hepatotoxicity\was determined by measuring
aspartate aminotransaminase (AST), alanine aminotransamindSe (ALT), alkaline phosphatase
(ALP), and gamma-glutamyl transferase (GGT) usingstandard spectrophotometric methods.
Similarly, nephrotoxicity was determined via cystatin G, wrea, creatinine, BUN, and the BUN-
creatinine ratio levels. Oxidative damage was assesséd by determining the tissue activities of
catalase (CAT), glutathione peroxidase (GPx), @nd“superoxide dismutase (SOD), including the
concentrations of reduced glutathione (GSH) ‘and“malondialdehyde (MDA), using standard
procedures. LNG prolonged the metestrus, phtas€ of the estrous cycle. Hyperplastic degeneration,
disseminated congestion, and extensive ‘tubular necrosis were found in the uterus, liver, and
kidney of the treated groups. P4 was\wormal, LH, FSH, TNF-a, and NF-kB were markedly
elevated with LNG treatment, while )E2, PAEP, LIF, PRL, and SHBG were decreased. Serum
AST, ALT, ALP, GGT, Cystatin C, Creatinine, and urea were significantly elevated. GSH level
and CAT, GPx, and SODgdetivities were significantly lowered, whereas MDA level was
increased. LNG treatmentsdauséd time- and dose-dependent hormonal modulation and organ
toxicity. The uterus and liver were particularly affected, and animals exposed to LNG twice a
week apparently suffered more assaults. The ability of the animals to recover following drug
withdrawal was_mor€ evident in the once-weekly treated group, particularly with respect to
hormonal, livet;"and kidney aberrations.
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Word Count: 402

Vi



Table of Contents

Content Page
Title Page i
Certification il

Dedication @'&

Acknowledgment ,%\QO v

Abstract vi
[ ) ”
S
Table of Contents ,&% vii

List of Tables ¢ $© XX
List of Figures QQ XX1
List of Plates C}ﬁ XXVil

List of Acronyms '6' XX1X

Chapter One: Introduction Q)

1.1 Background to the St 1
1.2 Statement o @em 6
1.3 Justificati gﬁe Study 7
1.4 Aim b] ectives of the Study 8
1.5 @e%ﬁc Objectives 8
1.5 Significance of the Study 10
1.6 Scope of the Study 10
1.7 Limitation of the Study 11
1.8 Operational Definition of Terms 11

Vi



Endnotes 13
Chapter Two: Literature Review

2.1 Increased Sexual Activities among Young Adults 21
2.2 Impact of Unwanted Pregnancy and Unsafe Abortion 22
2.3 Emergency Contraceptive Pills (ECPs) . 23
23.1 Brief History of ECPs &b 24
2.3.2  Lack of Adequate Information on ECPs ‘@QO 26
2.3.3  When to Use ECPs 30

. \ %

2.3.4  Effectiveness of ECPs &%\ 31
2.3.5  Mode of Action of ECPs . $© 35
2.3.6  Potential Toxicity of ECPs QQ 35
2.3.7  Types of ECPs . @ 37
2.3.7.1 Levonorgestrel bc-) 37
2.3.7.2 Mechanism of Action of L (b‘ 39
2.3.7.3 Postinor 2 (Levonor strel .75 mg and 1.5 mg) 40
2.3.7.4 Pharmacolo %ﬂ\acokmetlcs of LNG 44
2.3.7.5 Metaboli i)t{i\! 44
2.3.7.6 T%% Volume of Levonorgestrel 45
2.3.7. Q%mg of Levonorgestrel to Protein 45
2.3.7.8 Drug-Drug Interactions and Contraindications of LNG 46
2.3.7.9 Route of Levonorgestrel Elimination 46
2.3.8  Other Forms of ECPs 47
2.3.8.1 Ulipristal Acetate (UPA) 47

viii



2.3.8.1.1

2.3.8.1.2

2.3.8.1.3

23.8.14

2382

2.3.8.2.1

23822

2.3.8.3

24

24.1

24.1.1

24.1.2

242

2421

243

243.1

2.5

25.1

Pharmacokinetics and Pharmacodynamics of UPA

Effect of UPA on the Reproductive Organs

Metabolism of UPA

Biotransformation/Elimination of UPA

Ethinylestradiol (EE)

Pharmacology and Pharmacokinetics of Ethinyl Estradiol

Toxicity of Ethinylestradiol ‘@
Combined Oral Contraceptives (COCs)

The Female Reproductive System &%\

The Ovaries

The Menstrual Cycle @
Effects of LNG on the Menstrual C 6\%

The Fallopian Tubes
Effects of LNG on the Fall@'Tubes

The Uterus

Effect of L@@tews

Implantath'l

‘%sess of Implantation

2.5.2 Qges of Implantation

2.5.2.1

2522

253

2.5.3.1

Apposition and Adhesion
Invasion
Biological Factors that Mediates Implantation

Hormones

49

52

54

56

61

63

63

67

69

70

71

75

75

78

78

79

80

80



2.5.3.1.1 Estrogen 80

2.5.3.1.2 Progesterone 83
2.5.3.1.3 Effects of Hormonal Modulation on Implantation 85
2.5.3.2 Cytokines 86
2.5.3.3 Leukemia Inhibitory Factor (LIF) 87
2.5.3.3.1 Effect of LNG on Uterine Leukemia Inhibitory Factor (LIF) & 88
2.5.3.4  Growth Factors ‘é\% 89
2.6.1 Hormones of Importance in the Reproductive Tract ) ‘%'} 91
2.6.1.1 Luteinizing Hormone (LH) &%‘\\d 91
2.6.1.2  Follicle Stimulating Hormone (FSH) . QQ) 93
2.6.1.3  Biochemical Profile and Synergistic Actiofh0 %and FSH 96
2.6.2 Hormonal Modulation and Infertili @ 97
2.6.2 The Rats’ Estrus Cycle bd 98
2.7.1 The Proestrus Phase Q:b‘ 99
2.6.3 The Estrus Phase . 99
2.6.4 The Metest @ 99
2.6.5 The Die gase 100

Endnotes ‘% 101
Chap@e: Methodology

3.1 Study Design 120
3.2 Administration of Questionnaires 120
3.2.1 Analysis of Questionnaires 120

33 Study Area 120



3.4 Drug Procurement

3.5 Drug Dosage Determination and Drug Dilution

3.6 Experimental Animals
3.7 Experimental Design

3.8 Determination of Body Weight of Rats

3.9 Physical Observation of the Experimental Model before, during an: ﬁg@

Treatments

120

121

121
121

@124

124

3.10 Identification of the Effect of Postinor 2 Treatment on the @s‘}rous Cycle 124

3.10.1  Visual Assessment of the Estrous Cycle to observe E

Treatment

3.10.2  Determination of the Effect of Postinor 2
Rats through Cytological Evaluation

3.12 Homogenization and Centrifu&é;%)

3.13 Histopathological Exan@(ﬁ of Tissues

3.13.1 Protocol for the P£§ ing of Tissues

3.13.2 HeamatoxleanE
3.13.3 Micr c@)\c‘Examination

sin Staining

3.14 A@SS ent of Sex Hormones

3.14.1 Quantitative Determination of Progesterone (P4)

3.14.1.1 Principle of P4 Determination
3.14.1.2 Reagents for P4 Determination
3.14.1.3 Procedure for P4 Determination

3.14.1.4 Calculation of P4 Assay Results

Xi

Qf@w Postinor 2
>
th %rus Cycle of

3.11 Sacrifice of Experimental Animal@ est of Organs

124

124

126

126

127

127

127

127

128

128

128

129

129

130



3.14.2  Quantitative Determination of Estrogen (E2) 130

3.14.2.1 Principle of E; Assay 130
3.14.2.2 Reagents for E> Assay 132
3.14.2.3 Procedure for E; Assay 132
3.14.2.4 Calculation of E> Assay Results 133

3.14.3 Quantitative Determination of Luteinizing Hormone (LH) '&\ 133

3.14.3.1 Principle of LH Assay E‘\QO 133
%w

3.14.3.2 Reagents for LH Determination

134
N

3.14.3.3 Assay Procedure for LH @ 134
3.14.3.4 Calculation of LH Results . '$© 135
3.14.4 Determination of Follicle Stimulating HOH@H) Activity 135

3.14.4.1 Principle of FSH Analysis . @ 135
3.14.4.2 Reagents for FSH Assay 't C-) 136
3.14.4.3 Preparation of Wash So@ 136

3.14.4.4 FSH Assay Procedur 136

"
3.14.4.5 Calculation @@iy Results 137
0

3.15 Determinationof Endometrial Proteins Level 137
3.15.1 Pro‘%@ne Associated Endometrial Protein (PAEP) in the Serum 137
3.15. IQQ:iple of PEAP Immunoassay 138
3.15.1.2 Reagents for PAEP Assay 138
3.15.1.3 Procedure for PAEP Assay 139
3.15.1.4 Calculation of Results of PAEP 139

3.15.2  In-vitro Quantitative Measurement of Leukemia Inhibitory Factor (LIF) 140

Xii



3.15.2.1 Principle of LIF Assay

3.15.2.2 Reagents for LIF Determination
3.15.2.3 Procedure for LIF Assay

3.15.2.4 Calculation of LIF Results

3.15.3 Quantitative Determination of Prolactin
3.15.3.1 Principle of Prolactin ELISA Assay
3.15.3.2 Reagents for Prolactin Assay

3.15.3.3 Procedure for Prolactin Assay

3.15.3.4 Calculation of LIF Results

S

,@

3.15.4  Quantitative Determination of Sex Hormone BmdmA%%obuhn (SHBG)

3.15.4.1 Principle of SHBG Determination @

3.15.4.2 Reagents for the Determination of fﬂ'\

3.15.4.3 Procedure for SHBG Assay

3.15.4.4 Calculation of SHBG Resu%‘b‘

3.16 Assessment of Inflamm Markers
R} (NF-kB)

3.16.1  Nuclear FaQfg
3.16.1.1 Pr1n01ple& Determination of NF-xB

3.16.1.2 Re‘a%s for NF-«kB Assay
3.16. lggedure for the Determination of NF-«xB

3.16.1.4 Calculation of NF-xB Elisa Results

3.16.2 Determination of Tumor Necrosis Factor-a (TNF-a)

3.16.2.1 Principle for the Quantitative Determination TNF-a

3.16.2.2 Reagents for TNF-a Elisa Assay

xiii

140
140
142
143
144
’&\ 144

144

145
146
146
146
147
149
149
149
149
150
150
151
151
151

151



3.16.2.3 Procedure for TNF-a Elisa Assay

3.16.2.4 Calculation of TNF-a Elisa Results

3.16 Liver and Kidney Function Indices

3.17.1  Estimation of Aspartate Transaminases (AST)
3.17.1.1 Composition of Reagent used for AST Analysis
3.17.1.2 Procedure for AST Assay

3.17.1.3 Calculation of AST Activity

3.17.2  Estimation of Alanine Aminotransferase (ALT)

3.17.2.1 Principle of ALT Estimation

3.17.2.2 Procedure for ALT Assay ° QQ

3.17.2.3 Standard Calibration Curve for ALT Activ@

3.17.3 Calculation of AST/ALT Ratio . @

3.17.4  Estimation of Alkaline PhosphataseALP)
3.17.4.1 Principle of ALP Determin@'

3.17.4.2 Composition and Pr %&1 of the Reagents
3.17.4.3 Procedure f@l@a

ssay
3.17.4.4 Calculatien of ALP Activity

N

%\Q?
&%@

3.17.5 Esfﬁ%@n of Total Protein in Serum and Liver Homogenate

3.1 7.5@&1)16 of Total Protein Assay

3.17.5.2 Reagents for Total Protein Estimation
3.17.5.3 Standard Protein (BSA) Curve
3.17.5.4 Procedure for Total Protein Estimation in Samples

3.17.6  Gamma Glutamyl Transferase (yGT) Determination

Xiv

152

152

153

153

153

&153

154

154

154

154

155

157

157

157

157

157

157

158

158

158

158

159

159



3.17.6.1 Reagents used for yGT Assay 160

3.17.6.2 Procedure for yGT Assay 160
3.17.6.3 Calculation of yGT Activity 160
3.18 Determination of Kidney Function Indices 161
3.18.1  Quantitative Determination of Cystatin C 161

3.18.1.1 Principle of Cystatin C Assay & 161

3.18.1.2 Reagents Preparation for Cystatin C Determination E‘\QO 161
%w

3.18.1.3 Procedure for Cystatin C Assay

161
N

3.18.1.4 Calculation of Cystatin C Results &%\ 162

3.18.2  Creatinine Determination in Tissues . QQ 162

3.18.2.1 Reagent Composition for Creatinine Deted@ 162

'@ 163

3.18.2.2 Procedure for Creatinine Analysis

3.18.2.3 Calculation of Creatinine Con: tgk}n in Sample 163
3.18.3  Determination of Urea on@btion 163
3.18.3.1 Reagents for the Det rn%ﬁon of Urea 164
3.18.3.2 Procedure fo t@ of Urea 164
3.18.3.3 Calculati oidrea Concentration 164
3.184 Ur‘e%/ Creatinine Ratio 165
3.19 %ssment of Oxidative Stress Biomarkers 165
3.19.1 Catalase Activity (CAT) Determination 165
3.19.1.1 Preparation of Reagents for CAT Assay 165
3.19.1.2 Assay Procedure for CAT Assay 165
3.19.1.3 Calculation of CAT Activity 166

XV



3.19.2  Determination of Reduced Glutathione (GSH) Level

3.19.2.1 Reagents Preparation for GSH Analysis

3.19.2.2 GSH Standard Curve Preparation

3.19.2.3 Procedure for the Determination of GSH in Samples

3.19.3  Estimation of Glutathione Peroxidase (GPx) Activity

3.19.3.1 Reagents Preparation for GPx Activity Assay @

3.19.3.2 Procedure for GPx Analysis @QO

3.19.3.3 Calculation of GPx Activity -

3.19.4  Estimation of Glutathione-S—Transferase (GST) Activi}é\\‘

3.19.4.1 Reagents Preparation for GST Assay . '$©

3.19.4.2 Procedure for GST Analysis QQ

3.19.4.3 Calculations for the Determination of @ctivity

3.19.5  Determination of Superoxide @Qﬂée (SOD) Activity

3.19.5.1 Reagents Preparation for S@ssay

3.19.5.2 Protocol for Sample re%Xagtion

3.19.5.3 Calculation i‘)@
1

3.19.6  Lipid Pelﬁ{; ion (LPO) Assay

3.19.6.1 Re‘a%greparation for LPO Assay
3.19.6®edure of LPO Assay

3.19.6.3 Calculation of MDA

ction

3.20 Statistical Analysis
Endnotes

Chapter Four: Results and Discussion of Findings

XVi

166

166

167

167

167

&168

168

169

169

169

170

170

170

171

171

171

171

172

172

173

173

174



4.3

4.4

44.1

442

4.5

4.5.1

452

453

4.5.4.

4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.7

4.8
4.9

Analysis of Cross-Sectional Study using Questionnaire

Demographics Characteristics of Respondents

Respondents’ Knowledge and Awareness of Contraceptive Methods and Use

Prevalence of Side Effects from Various Contraceptive Methods

Physical Observation of the Experimental Model (Wistar rats) before, during

'{0,191

and after Treatments

177

177

180

187

Comparative Evaluation of the Effect of Postinor 2 on the Body Weigl‘ﬁgﬂ
193

Wistar Rats Before and After Treatments

Effect of Postinor 2 Treatment on Rats’ Estrous Cycle

[ ) “
Visual Assessment of the Effect of Postinor 2 on Rats’ @@ycle

Cytological Assessment of the Effect of Postinor 2@%6 Estrous Cycle

Effect of Postinor 2 Treatment on Relativé@% eights

Effect on Relative Uterus Weight  * @
Effect of Postinor 2 Treatment %gkftive Ovary Weight
Effect of Postinor 2 Treatm: (bﬁ Relative Liver Weight
Effect of Postinor 2 %ive Kidney Weight
Histopatho@@dnaﬁon of the Harvested Tissues for Effect of
Postinor 2 Intak
Hist a@dgical Examination of the Uterus
I—@o athological Examination of the Ovary
istopathological Examination of the Liver

Histopathological Examination of the Kidney

Effect of Postinor 2 Intake on Progesterone (P4) Level in the Serum of
Wistar Rats

195

195

195

197

197

199

201

203

205

205

211

218

225

232

Effect of Postinor 2 Intake on Estrogen (E») Level in the Serum of Wistar Rats 234

Effect of Postinor 2 Intake on Serum Luteinizing Hormone (LH)

XVii



4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.17.1

4.17.2

4.17.3

4.17.4

4.17.5

4.17.6

4.18

4.18.1

Concentration of Wistar Rats 236

Effect of Postinor 2 Intake on the Serum Concentration of Follicle Stimulating

Hormone (FSH) of Wistar Rats 238
Effect of Postinor 2 Intake on the Serum Concentration of Progestagen

Associated Endometrial Protein (PAEP) of Wistar Rats 240
Effect of Postinor 2 Intake on the Serum Concentration of Leukemia

Inhibitory Factor (LIF) '&\ 242
Effect of Postinor 2 Intake on the Serum Concentration of Prolactﬁ:x G&@ 244
Effect of Postinor 2 Intake on the Concentration of Sex H ¢*Binding

Globulin (SHBG) in the Serum 246
Effect of Postinor 2 Intake on the Concentration, o &ar Factor -Kappa B
(NF-kB) in the Serum and Reproductive Organh istar Rats 248
Effect of Postinor 2 Intake on the Concentration of Tumor Necrosis Factor-

Alpha (TNF-a) in the Serum and Repr tive Organs of Wistar Rats 252
Effect of Postinor 2 Intake on iVQF_;nction Indices 256
Effect on Postinor 2 Intake artate Transferase (AST) in the Serum

and Liver of Wistar Rax) 256

Effect of Postmor 24@52&56 on Alanine Aminotransferase (ALT) Activity in
the Serum and Wistar Rats 261

Effect of Qu)}r 2 Intake on Aspartate Transferase (AST): Alanine

Ami @ rase (ALT) Ratio in the Serum and Liver of Wistar Rats 265
Effect,of Postinor 2 Intake on Alkaline Phosphatase (ALP) Activity in the

m and Liver of Treated Rats Compared with Control 268
Effect of Postinor 2 Intake on Total Protein 271

Effect of Postinor 2 Intake on y-Glutamyl transferase Concentration in the
Serum and Liver of Wistar Rats 274

Effect of Postinor 2 Intake on Kidney Function 278

Effect of Postinor 2 Intake on Cystatin C Concentration in the Serum of
Wistar Rats 278

XViii



4.18.2  Effect of Postinor 2 Intake on the Level of Creatinine (Cr) in the Kidney
of Wistar Rats 281

4.18.3  Effect of Postinor 2 Intake on the Level of Urea in the Serum and Kidney

of Wistar Rats 283
4.18.4  Determination of BUN: Creatinine Ratio 286
4.19 Assessment of Postinor 2 Intake on Oxidative stress Biomarkers @Q 288
4.19.1  Effects of Treatment on Catalase Activity in Reproductive and Vita O‘?\@ of
Wistar Rats 288
4.19.2  Effects of Treatment on the Concentration of Reduced Glu@yg (GSH) in
Reproductive and Vital Organs of Wistar Rats '&% 293
4.19.3  Effects of Postinor 2 Intake on the Concentration %%athione Peroxidase
(GPx) in Reproductive and Vital Organs of Wis ts 298
4.19.4  Effects of Postinor 2 on the Concentrationof Glutathione-S-Transferase in
Reproductive and Vital Organs of Ws@s 309
4.19.5 Effects of Postinor 2 on the Act tgé Superoxide Dismutase (SOD) in
Reproductive and Vital Organ?b' istar Rats 309
4.19.6  Effects of Postinor 2 Intake on the level of Malondialdehyde (MDA) in
Reproductive and V&Or ans of Wistar Rats 314
"

4.20 Discussion (G'J@S 320

Endnotes \ 345
Q

Chapter Five: clusion

5.1 Q\Qmary of Findings 358
5.2 Conclusion 359
53 Recommendations 361
54 Contribution to Knowledge 362
5.5 Suggested Areas for Further Research 362

XiX



Bibliography 364

Appendix 399

Biodata 423

The University Compliance Form 418
List of Tables

Table Title .&i’age

123

e

2.1 Comparison of Adverse Effects of LNG and UPA ,%\qo 55
3.1 Experimental Design . @ "

3.2 Standard Curve for PAEP . Qé% 140
3.3 Dilution Procedure for Standard and Sample®il .ﬁl LIF Assay 142
3.4  Preparation of Reagents for SHBG Aéaj@ 147
3.5  Procedure for AST Assay %‘b"é’ 154
3.6  Procedure for ALT Stand” 156

%w
3.7  Protocol for P@@ndard Curve Preparation 159

3.8  Proced e@rhe Determination of Cystatin C 161
3.9 Q@ure for the Assay of Urea 164
3.10 GSH Standard Curve Protocol 167
3.11  Glutathione S-Transferase Assay Medium 170
4.1 Distribution of Side Effects Observed from the Use of Various Contraceptives 190

4.2 Observation of Wistar Rats before, during and after Treatments 192

XX



4.3 Cytological Assessment of the Estrus Cycle in Animals Treated with Postinor 2

Compared with Control 196
List of Figures
Figure Title Page
2.1 Effectiveness of Emergency Contraceptive Pills (ECPs) . &34

2.2 Chemical Structure of Levonorgestrel . Q? 38
2.3a  Postinor 2 Tablet ‘% 42
2.3b Plan B Levonorgestrel Tablet . @'\ 42
2.4a  Postpill Tablet (1 Tablet of Levonorgestrel 1.5 mg) 6&% 43
2.4b  Afterpill Tablet 43

2.5 Chemical Structure of Ullipristal Acetate @ 48

2.6 Mechanism of Action of Ulipristal A@%g\ﬁ A) 50
2.7  Ella One, a 30 mg UPA Tablet (b:é. 52
2.8a  The Chemical Structure thirfylestradiol 57
2.8b  Ethinyl Estradiol o.g@ Tablet 57
2.9  The Female pr(@ct e Organ 62
2.10 TheM s@PCyole 66
2.11 Th ‘%f the Uterine Tube 68
2.12 Immunoregulatory Effects of Glycodelin on Multiple Immune Cells

Including Monocyte-Macrophages, Dendritic Cells (Dcs), B Cells, Natural

Killer (NK) Cells, and T Cells 74
2.13  Stages of Blastocyst Implantation 80
2.14  Chemical Structure of Progesterone 84
2.15 Roles of Growth Factors in Implantation 90

XXi



2.16
4.1
42
43
4.4
45
4.6
4.7
4.8
4.9
4.10

4.11a

4.11b
4.11c
4.11d

4.12
4.13
4.14
4.15
4.16

4.17

Effect of LH in the Body 94

Age Distribution of Respondents 178
Marital Status of Respondents 179
Response of Participants to Question on the Use of Contraception 181
Distribution of Contraceptive Use among the Different Age Groups 182
Response to Question on the Specific Method of Contraception used & 183
Specific Type of Pills used by Respondents @QO 185
Frequency of Pills used by Participants ) N 186
Side Effects Observed by Respondents from the use of C@\Gptlves 188
Side Effects Observed by Respondents from the use &&ntraceptives 189

Effect of Postinor 2 on the Body Weights of A@% 189

Effect of Postinor 2 on the Relative Ufcr@sight of Treated Wistar Rats

Compared with Control 198
The Relative Ovary Weights of {f‘b' 1 and Treated Groups 200
Effect on Postinor 2 on thé&e%‘?ive Liver Weights 202
The Effect of PostinQ n'Relative Kidney Weights 204
Effect on Pos@ Intake on the Serum Concentration of Progesterone 233

Effect% @l‘nor 2 Intake on the Serum Concentration of Estrogen 235
Effeet of Postinor 2 Intake on the Serum Concentration of Luteinizing Hormone 237

ect of Postinor 2 Intake on the Serum Concentration of Follicle Stimulating
Hormone 239

Effect of Postinor 2 Intake on the Serum Concentration of Progestagen
Associated Endometrial Protein (PAEP) 241

Effect of Postinor 2 Intake on the Serum Concentration of Leukemia Inhibitory
Factor (LIF) 243

XXii



4.18

4.19

4.20a

4.20b

4.20c

4.21a

4.21b

4.21c

4.22a

4.22b

4.22¢

4.23a

4.23b

4.23¢

24a

24b

4.25a

Effect of Postinor 2 Intake on the Serum Concentration of Prolactin 245

Effect of Postinor 2 Intake on the Serum Concentration of Sex Hormone-Binding
Globulin 247

Effect of Postinor 2 Intake on the Serum Concentration of Nuclear Factor-
Kappa B 244

Effect of Postinor 2 Intake on the Concentration of Nuclear Factor -Kappa B
in the Uterus of Wistar Rats . {NSO

Effect of Postinor 2 Intake on the Concentration of Nuclear Factor -Kap g&n
the Ovary of Wistar Rats \ 251

Effect of Postinor 2 Intake on the Serum Concentration of Tum‘RN %crosis

Factor-alpha * )\a 253
Effect of Postinor 2 Intake on the Concentration of Tu @crosis Factor-alpha
in the Uterus . Q 254

Effect of Postinor 2 Intake on the Concentra@mor Necrosis Factor-alpha
in the Ovary 255

Aspartate Aminotransferase (AST) @urve 258

Effect of Postinor 2 Intake on A?é%te Aminotransferase (AST) Activity in the

Serum of Wistar Rats 259
Effect of Postinor 2 Int k&spartate Aminotransferase (AST) Activity in the
Liver of Wistar Rats &" 260
Alanine Tran mige ALT) Standard Curve 262
Effect I@ﬁor 2 Intake on Alanine Transaminase (ALT) Activity in the serum
of Wi ats 263

gof Postinor 2 Intake on Alanine Transaminase (ALT) Activity in the Liver

istar Rats 264

AST: ALT Ratio in the Serum of Wistar Rats Treated with Postinor 2 Once
Weekly, Twice Weekly and Control 266
AST: ALT Ratio in the Liver of Wistar Rats Treated with Postinor 2 Once Weekly,
Twice Weekly and Control 267

Effect of Postinor 2 Intake on Alkaline Phosphatase (ALP) Activity in the Serum

xXxiii



4.25b

4.26a

4.26b

4.27a

of Wistar Rats 269

Effect of Postinor 2 Intake on Alkaline Phosphatase (ALP) Activity in the Liver
of Wistar Rats 270

Effect of Postinor 2 Intake on Total Protein Concentration in the Liver of Wistar
Rats 272

Effect of Postinor 2 Intake on Total Protein Concentration in the Kidney of Wistar

Rats ° \00273

Effect of Postinor 2 Intake on y-Glutamyl Transferase Activity in Serum of
Wistar Rats \ 276

4.27b Effect of Postinor 2 Intake on y-Glutamyl Transferase Concentration in Liver

(U/L) of Wistar Rats * @“ 277
4.28a Standard Curve for the Calibration of Cystatin C 6&% 279
4.28b Effect of Postinor 2 Intake on Cystatin C Conc n;@b}n in the Serum of Wistar

Rats Q 280
4.29  Effect of Postinor 2 Intake on the Co ce@?n of Creatinine in the Kidney of

Wistar Rats ‘ 282
4.30a Eftect of Postinor 2 Intake on t@centration of Urea in the Serum of Wistar

Rats Q) 284
4.30b Effect of Postinor 2 Int k&he Concentration of Urea in the Kidney of Wistar

Rats &" 285
431 Effect of Post%r‘?ntake on the Level of Blood Urea Nitrogen: Creatinine Ratio

(BUN: Cr) Nh idney of Wistar Rats 287
4.32a Effeé%ostinor 2 Intake on Catalase Activity in Uterus of Wistar Rats 289
4.32b%§0f Postinor 2 Intake on Catalase Activity in Ovary of Wistar Rats 290
4.32¢ Effect of Postinor 2 Intake on Catalase Activity in Liver of Wistar Rats 291
4.32d Effect of Postinor 2 Intake on Catalase Activity in Kidney of Wistar Rats 292
4.33a Effect of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in

Uterus of Wistar Rats 295
4.33b Eftect of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in

XXiv



Ovary of Wistar Rats 296

4.33c Effect of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in
Liver of Wistar Rats 297

4.33d Eftect of Postinor 2 Intake on Reduced Glutathione (GSH) Concentration in
Kidney of Wistar Rats 298

4.34a Effect of Postinor 2 Intake on Glutathione Peroxidase (GPx) Activity in Uterus

of Wistar Rats 00
o

4.34b Eftect of Postinor 2 Intake on Glutathione Peroxidase (GPx) Activity in
of Wistar Rats 301

4.34c Effect of Postinor 2 Intake on Glutathione Peroxidase (GPX) Ac V1g¥ in Liver
of Wistar Rats ‘% 302

4.34d Effect of Postinor 2 Intake on Glutathione Perox1dase (@ctwﬂy in Kidney

of Wistar Rats 303
4.35a Effect of Postinor 2 Intake on Glutathione- S%% rase (GST) Activity in
Uterus of Wistar Rats 305

4.35b Effect of Postinor 2 Intake on Gluta 10& ransferase (GST) Activity in Ovary

of Wistar Rats % 306

4.35¢c Effect of Postinor 2 Intake on@ihﬁthlone-s-Transferase (GST) Activity in Liver

of Wistar Rats 307

4.35d Eftect of Postinor @'@n Glutathione-S-Transferase (GST) Activity in
308

Kidney of Wlsc)
4.36a Effect of Postin0r2 Intake on Superoxide Dismutase (SOD) Activity in Uterus of

tar Rats 311

Wistar %a 310
4.36b Eff@ ostinor 2 Intake on Superoxide Dismutase (SOD) Activity in Ovary
4.36¢ Effect of Postinor 2 Intake on Superoxide Dismutase (SOD) Activity in Liver

of Wistar Rats 312

4.36d Eftect of Postinor 2 Intake on Superoxide Dismutase (SOD) Activity in Kidney
of Wistar Rats 313

4.37a Effect of Postinor 2 Intake on Malondialdehyde (MDA) Concentration in Uterus
of Wistar Rats 316

XXV



4.37b Effect of Postinor 2 Intake on Malondialdehyde (MDA) Concentration in Ovary
of Wistar Rats 317

4.37c Effect of Postinor 2 Intake on Malondialdehyde (MDA) Concentration in Liver
of Wistar Rats 318

4.37d Effect of Postinor 2 Intake on Malondialdehyde (MDA) Concentration in Kidney
of Wistar Rats 319

&

%\%

XXVi



List of Plates
Plate Title Page

4.1 Photomicrophs of Thin Sections of Uterus Tissues Harvested from the Con%k\
Group I . 206

4.2 Photomicrophs of Thin Sections of Uterus Tissues Harvested from‘%ontrol

Group II 207
P . )\d %
4.3 Photomicrophs of Thin Sections of Uterus Tissues Harve m the Once
Weekly Treated Group I q@& 208
4.4  Photomicrophs of Thin Sections of Uterus Tissue ested from the Once
Weekly Treated Group II % 209

Weekly Treated Group

4.5  Photomicrophs of Thin Sections of U a@fues Harvested from the Twice
‘ 210

4.6  Photomicrophs of Thin Section%&'@vary Tissues Harvested from the Control

Group | Q) 212
4.7  Photomicrophs of Thin MS of Ovary Tissues Harvested from the Control

Group II § 213
4.8 Photomicroph@in Sections of Ovary Tissues Harvested from the Once

Weekly Trebﬁ roup | 214
4.9 Photc@phs of Thin Sections of Ovary Tissues Harvested from the Once

We reated Group II 215
4.10 @tomicrophs of Thin Sections of Ovary Tissues Harvested from the Twice

Weekly treated Group I 216
4.11 Photomicrophs of Thin Sections of Ovary Tissues Harvested from the Twice

Weekly Treated Group II 217

4.12  Photomicrophs of Thin Sections of Liver Tissues Harvested from Control Group I 219

4.13  Photomicrophs of Thin Sections of Liver Tissues Harvested from Control Group II 220

XXVii



4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

Photomicrophs of Thin Sections of Liver Tissues Harvested from Once Weekly

Treated Group I 221
Photomicrophs of Thin Sections of Liver Tissues Harvested from Once Weekly
Treated Group II 222
Photomicrophs of Thin Sections of Liver Tissues Harvested from Twice Weekly
Treated Group I 223

Photomicrophs of Thin Sections of Liver Tissues Harvested from Twice Weekly

Treated Group II ¢ 24
O

Photomicrophs of Thin Sections of Kidney Tissues Harvested from ConQ%
226

Group I '\
Photomicrophs of Thin Sections of Kidney Tissues Harvested fram Control
Group II * ‘\\‘ " 227

Photomicrophs of Thin Sections of Kidney Tissues Ha&ré‘ﬁ%from Once Weekly

Treated Group I . 228

Photomicrophs of Thin Sections of Kidney 'K%&arvested from Once Weekly
229

Treated Group II
Photomicrophs of Thin Sections of @sues Harvested from Twice Weekly

Treated Group | 't

Photomicrophs of Thin Sectio@ Kidney Tissues Harvested from Twice Weekly
Treated Group II

230

231

XXviii



Acronym
LNG
NSDUH
SAMHSA
SUD
UNODC
COCs
OTC
ECPs
UPA

IUD

RIF

DES
NDLEA
STDs
WHO
ELISA
PAEP
LIF

PRL

List of Acronyms
Meaning
Levonorgestrel ¢ &
The National Survey on Drug Use and Health Su%ﬁe Abuse

D

Mental Health Services Administration ‘%

Substance Use Disorder ° @'\
ime

United Nations Office on Drugs &

Combined oral contra%@
Over the Counter

Emergency C@i\ﬁfoﬁe Pills
Uliprista]‘é‘%ate

Int‘r‘x‘wgﬁe Contraceptive Device

urrent Implantation Failure

< Q) strogen Diethylstilbestrol

>

8

Q

National Drug Law Enforcement Agency
Sexually Transmitted Diseases

World Health Organization

Enzyme Linked Immunosorbent Assay
Progesterone Associated Endometrial Protein
Leukemia Inhibitory Factor

Prolactin

XXiX



SHBG Sex Hormone - Binding Globulin

FSH Follicle-Stimulating Hormone

LH Luteinizing Hormone

PRAC Pharmacovigilance Risk Assessment Committee

LIF Leukemia-inhibitory factor

IVF-ET In Vitro Fertilization, and Embryo Transfer &b
PCOS Polycystic Ovary Syndrome ‘%'\QO

MFI Multiple Failures of Implantation ) %"

GnRH Gonadotropin-releasing hormone &%)\\‘

GST Glutathione-S—Transferase * QQ)

DTNB Dinitrothiocyanobenz@

GSH Reduced Gluta:hi@

GPx Glutathion%a'
CAT Ca@b"

@w

dase

XXX



	2.1Comparison of Adverse Effects of LNG and UPA 
	3.1Experimental Design123

