
viii

CONTENTS

Page

CONTENTS viii

LIST OF TABLES ix

LIST OF FIGURES xii

LIST OF ABBREVIATIONS AND SYMBOLS xx

CHAPTER

1.  INTRODUCTION 1

2.  REVIEW OF LITERATURE

            Papaya Tree

            Anatomy of Uterus

            Physiology of uterine contraction

3

12

13

3.  MATERIALS AND METHODS 59

4.  RESULTS 74

5.  DISCUSSION AND CONCLUSION 157

BIBLIOGRAPHY 170

APPENDIX 182

VITAE 197



ix

LIST OF TABLES

Table Page

1 The biochemistry of various parts of Carica  papaya L. 9

2 Chemistry properties of carpaine and its derivative alkaloid 11

3 Phosphodiesterase families, characterization, and inhibitors 49

4 Compounds affecting the cAMP and cGMP pathways 51

5 NO within the uterus in non-pregnant subjects, during late pregnancy

and labor

56

6 Yield and texture of crude alkaloid and purified alkaloid from Carica 

papaya L. leaves

74

7 Comparison of EC50 values of CaCl2 -induced contraction in the presence or

absence of carpaine in isolated rat uterus.

86

8 Comparison of EC50 values of CaCl2 -induced contraction in the presence or

absence of verapamil in isolated rat uterus.

86

9 Comparison of the IC50 values of carpaine and verapamil on frequency 

and amplitude of contraction in isolated rat uterus precontracted with 

oxytocin

93

10 Comparison of EC50 values of cromakalim -induced relaxation in the isolated 

rat uterus precontracted with 56.3 mM or 25 mM KCl depolarizing solution.

93

11 Comparison of EC50 values of cromakalim -induced relaxation in the 

presence or absence of TEA at various concentrations in isolated rat 

uterus precontracted with 25 mM KCl depolarizing solution.

97

12 Comparison of IC50 values of carpaine or cromakalim -induced relaxation 

in the presence or absence of TEA in isolated rat uterus precontracted 

with 25 mM KCl depolarizing solution.

97

13 Comparison of EC50 values of cromakalim-induced relaxation in the

presence or absence of glibenclamide in isolated rat uterus precontracted

110



x

LIST OF TABLES (Continued)

Table Page

with 25 mM KCl depolarizing solution

14 Comparison of EC50 values of carpaine-induced relaxation in the presence

or absence of glibenclamide on isolated rat uterus precontracted with 25

mM KCl depolarizing solution

110

15 Comparison of IC50 values of cromakalim-induced relaxation in the 

presence or absence of various concentrations of TEA on isolated rat 

uterus precontracted with 1mU/ml oxytocin.

115

16 Comparison of IC50 values of carpaine or cromakalim-induced relaxation in

the presence or absence of TEA on isolated rat uterus precontracted

with 1mU/ml oxytocin.

120

17 Comparison of EC50 values of cromakalim-induced relaxation in the

presence or absence of glibenclamide on isolated rat uterus precontracted

with 1mU/ml oxytocin.

126

18 Comparison of EC50 values of carpaine-induced relaxation in the presence 

or absence of glibenclamide on isolated rat uterus precontracted 1mU/ml 

oxytocin

126

19 Comparison of EC50 values of forskolin -induced relaxation in the presence

or absence of Rp-cAMPS at various concentrations in isolated rat uterus

precontracted with 60 mM KCl

132

20 Comparison of EC50 values of papaverine-induced relaxation in the 

presence or absence of Rp-cAMPS at various concentrations on isolated 

rat uterus precontracted with 60 mM KCl

132

21 Comparison of IC50 values of carpaine, forskolin or papaverine-induced 

relaxation in the presence or absence of Rp-cAMPS in isolated rat uterus

precontracted with 60 mM KCl.

135



xi

LIST OF TABLES (Continued)

Table Page

22 Comparison of EC50 values of carpaine-induced relaxation in the presence

or absence of Rp-cAMPS at various concentrations in isolated rat uterus

precontracted with 56.3 mM KCl.

137

23 Comparison of  % Emax values of SNP and L-arginine induced relaxation

on  isolated rat uterus precontracted  with depolarizing solution

138

24 Comparison of EC50 values of L-arginine induced relaxation in the

presence or absence of L-NOARG on isolated rat uterus precontracted

with depolarizing solution

145

25 Comparison of IC50 values of carpaine or L-arginine-induced relaxation

in the presence or absence of L-NOARG in isolated rat uterus

precontracted with depolarizing solution

149

26 Comparison of % Emax values of SNP-induced relaxation in the presence

or absence of methylene blue on isolated rat uterus precontracted with

depolarizing solution

150

27 Comparison of IC50 values of carpaine or SNP-induced relaxation in the

presence or absence of methylene blue on isolated rat uterus

precontracted with depolarizing solution

153



xii

LIST OF FIGURE

Figure Page

1 Photograph of papaya tree (Carica papaya L.) 3

2 The chemical formula of carpaine alkaloid 8

3 The funnel-shape infundibulum of human uterine tube partially encircles

the ovary

12

4 Theoretical curves calculated form the Goldman constant-field equation

for resting potential

15

5 Role of Ca2+ and K+ channels in controlling smooth muscle activity/

contractility and relaxation

18

6 Ca2+-channel glycoprotein positioned in cell membrane 26

7 Mechanism of fine control of intracellular Ca2+ mobilization in smooth

muscle

29

8 Schematic representation of pathways leading to control of Ca2+ in smooth

muscle

30

9 Summary of the route for the increasing and decreasing [Ca2+]i 31

10 Scheme of contraction in uterine smooth muscle 33

11 Mechanism of agonist-induced Ca2+ sensitization in smooth muscle 34

12 Mechanism of agonists-induced contraction and relaxation 39

13 Second messenger pathways in muscle cells 48

14 The chemical formula and texture of carpaine, the purified alkaloid from

Carica papaya L. leaves

75

15 The representative tracing of the uterine contraction induced by depolarizing

solutions with various concentrations of KCl in isolated rat uterus

77

16 The concentration-response relationship of KCl induced contraction 77

17 The representative tracing of the relaxing effect of cumulative concentrations 

of carpaine and crude alkaloid in isolated rat uterus precontracted with

78



xiii

LIST OF FIGURE (Continued)

Figure Page

depolarizing solution

18 The concentration-response relationship of carpaine and crude alkaloid 

induced uterine relaxation in isolated rat uterus precontracted with 

depolarizing solution.

79

19 The representative tracing of the relaxing effect of the cumulative 

concentrations of verapamil in isolated rat uterus precontracted with CaCl2.

80

20 The concentration-response curves of verapamil-induced relaxation in 

isolated rat uterus precontracted with CaCl2.

81

21 The representative tracings of the contractile response of isolated rat 

uterus to cumulative concentrations of CaCl2 in Ca2+-free high KCl 

solution in the presence or absence of carpaine.

83

22 The representative tracings of the contractile response of isolated rat 

uterus to cumulative concentrations of CaCl2 in Ca2+-free high KCl 

solution in the presence or absence of verapamil.

84

23 The concentration-response relationship of CaCl2 - induced contraction in 

isolated rat uterus in the presence or absence of carpaine or verapamil.

85

24 The representative tracing of the contractile response of isolated rat 

uterus to cumulative concentrations of oxytocin.

89

25 The concentration-response relationship of cumulative concentrations

of oxytocin in isolated rat uterus.

89

26 The representative tracings of the relaxing effect of the cumulative 

concentrations of carpaine or verapamil on uterine contraction induced 

by oxytocin in isolated rat uterus.

90

27 The concentration - response relationship of carpaine and its relaxing 

effect in isolated rat uterus precontracted with oxytocin

90



xiv

LIST OF FIGURE (Continued)

Figure Page

28 The concentration - response relationship of verapamil and its relaxing 

effect in isolated rat uterus precontracted with oxytocin

92

29 The representative tracing of the relaxing effect of cromakalim and its 

vehicle in isolated rat uterus precontracted with the 56.3 mM KCl or 25 

mM KCl depolarizing solution.

94

30 The concentration-response curve of cromakalim-induced relaxation in 

isolated rat uterus precontracted with depolarizing solution 56.3 mM KCl 

and 25 mM KCl.

95

31 The representative tracing of the inhibitory effect of TEA on relaxing 

effect of cromakalim in isolated rat uterus precontracted with the 25 mM 

KCl depolarizing solution.

99

32 The concentration-response relationship of inhibitory effect of TEA on 

relaxing of cromakalim in isolated rat uterus precontracted with 25 mM 

KCl.

100

33 The representative tracings of the relaxing effect of carpaine in the 

presence or absence of TEA on isolated rat uterus precontracted with 

25 mM KCl depolarizing solution.

101

34 The representative tracings of the relaxing effect of cromakalim in the 

presence or absence of TEA on isolated rat uterus precontracted with 

25 mM KCl depolarizing solution.

102

35 The concentration-response relationship of carpaine-induced uterine 

relaxation in the presence or absence of TEA on isolated rat uterus 

precontracted with 25 mM KCl depolarizing solution.

103



xv

LIST OF FIGURE (Continued)

Figure Page

36 The concentration-response relationship of cromakalim-induced uterine 

relaxation in the presence or absence of TEA on isolated rat uterus 

precontracted with 25 mM KCl depolarizing solution.

104

37 The representative tracings of the inhibitory effect of glibenclamide at 

various concentrations on relaxing effect of carpaine in isolated rat uterus 

precontracted with 25 mM KCl depolarizing solution.

106

38 The representative tracings of the inhibitory effect of glibenclamide at 

various concentrations on relaxing effect of cromakalim in isolated rat 

uterus precontracted with 25 mM KCl depolarizing solution.

107

39 The concentration-response relationship of inhibitory effect of various 

concentrations of glibenclamide on relaxing effect of cromakalim on 

isolated rat uterus precontracted with 25 mM KCl

108

40 The concentration-response relationship of inhibitory effect of various

concentrations of glibenclamide on relaxing of carpaine in isolated rat

uterus precontracted with 25 mM KCl

109

41 The representative tracing of the inhibitory effect of TEA on relaxing 

effect of cromakalim on isolated rat uterus precontracted with  1mU/ml 

oxytocin

113

42 The concentration-response relationship of inhibitory effect of TEA on 

relaxing effect cromakalim on isolated rat uterus precontracted with 

1mU/ml oxytocin

114

43 The representative tracings of the relaxing effect of carpaine in the 

presence or absence of TEA on isolated rat uterus precontracted with 

1mU/ml oxytocin.

116



xvi

LIST OF FIGURE (Continued)

Figure Page

44 The representative tracings of the relaxing effect of cromakalim in the

presence or absence of TEA on isolated rat uterus precontracted with

1mU/ml oxytocin.

117

45 The concentration-response relationship of carpaine-induced uterine 

relaxation in the presence or absence of TEA on isolated rat uterus 

precontracted with 1mU/ml oxytocin.

118

46 The concentration-response relationship of cromakalim-induced uterine 

relaxation in the presence or absence of TEA on isolated rat uterus 

precontracted with 1mU/ml oxytocin.

119

47 The representative tracings of the inhibitory effect of glibenclamide at 

various concentrations on relaxing effect of carpaine on isolated rat uterus 

precontracted with 1mU/ml oxytocin.

122

48 The representative tracings of the inhibitory effect of glibenclamide at 

various concentrations on relaxing effect of cromakalim in isolated rat 

uterus precontracted with 1mU/ml oxytocin.

123

49 The concentration-response relationship of inhibitory effect of various 

concentrations of glibenclamide on relaxing effect of carpaine on 

isolated rat uterus precontracted with 1mU/ml oxytocin.

124

50 The concentration-response relationship of inhibitory effect of various 

concentrations of glibenclamide on relaxing effect of cromakalim in 

isolated rat uterus precontracted with 1mU/ml oxytocin.

125

51 The representative tracings of the effect of vehicle for forskolin and 

papaverine in isolated rat uterus precontracted with 56.3 mM KCl.

128

52 The representative tracings of the inhibitory effect of Rp-cAMPS at various

concentrations on relaxing effect of papaverine on isolated rat uterus

129



xvii

LIST OF FIGURE (Continued)

Figure Page

precontracted with 60 mM KCl

53 The representative tracings of the inhibitory effect of Rp-cAMPS at various

concentrations on relaxing effect of forskolin on isolated rat uterus 

precontracted with 56.3 mM KCl

130

54 The concentration-response relationship of inhibitory effect of Rp-cAMPS

on relaxing effect of forskolin or papaverine on isolated rat uterus 

precontracted with 56.3 mM KCl.

131

55 The representative tracings of the relaxing effect of carpaine, forskolin, 

papaverine in the presence or absence of Rp-cAMPS on isolated rat 

uterus precontracted with 56.3 mM KCl.

134

56 The concentration-response relationship of inhibitory effect of Rp-

cAMPS on relaxing effect of forskolin, papaverine and carpaine on 

isolated rat uterus precontracted with 56.3 mM KCl.

135

57 The representative tracings of the inhibitory effect of Rp-cAMPS at 

various concentrations on relaxing effect of carpaine on isolated rat 

uterus precontracted with 60 mM KCl.

136

58 The concentration-response relationship of inhibitory effect of various 

concentrations of Rp-cAMPS on relaxing effect of carpaine on isolated 

rat uterus precontracted with 60 mM KCl

137

59 The representative tracings of the relaxing effect of L-arginine and SNP 

on isolated rat uterus precontracted with depolarizing solution

140

60 The concentration-response relationship of SNP or L-arginine -induced

uterine relaxation in isolated rat uterus precontracted with depolarizing 

solution.

141

61 The representative tracing of the inhibitory effect of L-NOARG at various 143



xviii

LIST OF FIGURE (Continued)

Figure Page

concentrations on relaxing effect of L-arginine on isolated rat uterus 

precontracted with the depolarizing solution

62 The concentration-response relationship of inhibitory effect of various

concentrations of L-NOARG on relaxing effect of L-arginine on isolated

rat uterus precontracted with depolarizing solution

144

63 The representative tracings of the relaxing effect of carpaine in the 

presence or absence of L-NOARG  on isolated rat uterus precontracted 

depolarizing solution

146

64 The representative tracings of the relaxing effect of L-arginine in the

presence or absence of L-NOARG on isolated rat uterus precontracted

with depolarizing solution

147

65 The concentration-response relationship of inhibitory effect of L-NOARG

on relaxing effect of L-arginine and carpaine in isolated rat uterus

precontracted depolarizing solution.

148

66 The concentration-response relationship of inhibitory effect of MB on

relaxing effect of SNP in isolated rat uterus precontracted with

depolarizing solution.

150

67 The representative tracing of the inhibitory effect of various concentrations

of methylene blue on relaxing effect of SNP on isolated rat uterus

precontracted with the depolarizing solution

152

68 The representative tracings of the relaxing effect of carpaine in the 

presence or absence of methylene blue on isolated rat uterus 

precontracted with depolarizing solution.

154

69 The representative tracings of the relaxing effect of SNP in the presence

or absence of methylene blue on isolated rat uterus precontracted with

155



xix

LIST OF FIGURE (Continued)

Figure Page

depolarizing solution

70 The concentration-response relationship of inhibitory effect of 

methylene blue on relaxing of SNP or carpaine on isolated rat uterus 

precontracted with depolarizing solution

156



xx

LIST OF ABBREVIATIONS AND SYMBOLS

AC = adenylyl cyclase

ACh = acetylcholine

°C = degree celsius

Ca2+ = calcium ion

Ca2+
i = intracellular calcium ion

CaM = calmodulin

CaMKΙΙ = Ca2+-calmodulin dependent protein kinase II

Cl- = chloride ion

cADPR = cyclic ADP ribose

cAMP = cyclic adenosine monophosphate

cGMP = cyclic guanosine monophosphate

cNMP = cyclic nucleotide monophosphate

CICR = calcium-induced calcium release

DAG = diacylglycerol

DHPR = dehydropyridine receptor

e.g. = exempli gratia (for example)

Emax = maximum contraction

f. = foot

g. = gram

H+ = hydrogen ion

in. = inch

i.p. = intraperitoneal

IP3 = inositol 1,4,5-triphosphate

K+ = potassium ion

KATP = adenosine triphosphate-sensitive K+ channels

KCa = Ca2+-activated K+ channel



xxi

LIST OF ABBREVIATIONS AND SYMBOLS (Continued)

kg = Kilogram

l = liter

M = molar

MB = methylene blue

mg = miligram

Mg2+ = magnesium ion

ml = milliliter

MLC = myosin light chain

MLCK = myosin light chain kinase

mM = millimolar

µM = micromolar

mV = millivolt

% = percent

Na+ = sodium ion

NaCl = sodium chloride

NO = nitric oxide

NOARG = Nw-nitro-L-arginine

n = number

nM = nanomolar

OXY = oxytocin

p = p value

PIP2 = phosphatidylinositol diphosphate

PDE = phosphodiesterase

PGF2α = prostaglandin F2α

PKA = protein kinase A

PKG = protein kinase G



xxii

LIST OF ABBREVIATIONS AND SYMBOLS (Continued)

PLC = phospholipase C

PPase = phosphatase

ROC = receptor operated Ca2+ channel

RyRs = ryanodine receptor

S.E.M = standard error of the mean

SNP = sodium nitroprusside

SOCs = store-operated Ca2+ channel

S.R. = sarcoplasmic reticulum

TEA = tetraethylammonium chloride

VOCs = voltage operated Ca2+ channels


