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ABSTRACT

I investigated the relationship between abdominal temperature, physical activity,
anogenital swellings, and faecal and urine ovarian steroid hormonal concentrations over
the menstrual cycle in baboons in an attempt to devise a reliable non-hormonal
physiological indicator to detect ovulation. Using a miniature thermometric data logger
surgically implanted in the abdominal cavity and an activity data logger implanted
subcutaneously on the trunk, I measured, continuously over six months at a 10 min
interval, abdominal temperature and physical activity patterns in four female adult
baboons, Papio hamadryas ursinus (12.9-19.9 kg), unrestrained in cages in an indoor
animal facility (22-25°C). I monitored menstrual bleeding, and anogenital swelling
changes using digital photography, and collected urine and faeces, daily, to ascertain
the stage and length of the menstrual cycle. The length of the menstrual cycle,
determined from daily observations of menstrual bleeding and anogenital swellings, was
36 ± 2 days (mean ± SD). Baboons exhibited a cyclic change in anogenital swellings,
abdominal temperature, physical activity, urine and faecal steroid hormones over the
menstrual cycle. Mean 24-h abdominal temperature during the luteal phase was
significantly higher (ANOVA, p = 0.04; F (2,9) = 4.7) than during the ovulatory phase, but
not different to the follicular phase. Physical activity also followed a similar pattern, with
mean 24 h physical activity almost twice as high in the luteal than in the ovulatory phase
(ANOVA, p = 0.58; F (2,12) = 5.8). As expected, urine and faecal oestradiol was higher in
the follicular than in the luteal phase, while progesterone was higher in the luteal than
the follicular phase. Cortisol in both urine and faecal samples did not show any
v

recognisable menstrual cycle related pattern. I have characterised correlates of the
menstrual cycle in baboons and shown, for the first time, a rhythm of physical activity
over the baboon menstrual cycle. I have also shown, from the measurements of
abdominal temperature, physical activity, ovarian steroid hormonal concentrations and
anogenital swellings, that ovulation in captive unrestrained baboons, and probably also
free-living baboons, can be estimated from anogenital swellings or possibly abdominal
temperature and physical activity, without the need for hormone measurements.

vi

ACKNOWLEDGEMENTS

My dissertation is a result of many hours of hard work and the invaluable assistance of
several people. I would therefore like to extend my sincere gratitude to my supervisors,
Professor Duncan Mitchell, Professor Andrea Fuller and Dr. Leith Meyer for their
professional guidance and continued support over the entire period that I was pursuing
my studies. My sincere gratitude also goes to Professor Peter Henzi for suggesting the
idea of identifying ovulation remotely in order to establish paternity.

I would also like to thank the staff of the Central Animal Services for their husbandry of
the baboons and assistance during surgeries. Special thanks go to Professor Shane
Maloney for the statistical advice, encouragement and setting up the telemetry system,
Mrs. Marie Lawson for doing the radioimmunoassays for the samples, and Mr. Floyd
Olsen of the National Health Laboratory Services for doing the urine creatinine assays.
Finally I would like to thank my family and friends who have been there for me through
the challenging times. I will always appreciate the support, patience and love that they
gave me all the way. Many thanks go to Lavender Chaparadza for being there for me
always and keeping me sane.

To God our heavenly Father I give glory and honor for the gift of life and all the other
blessings.

vii

The work in this dissertation was funded by grants from Medical Faculty Research
Endowment Fund of the University of the Witwatersrand and National Research
Foundation Grants to Professor A. Fuller and Professor D. Mitchell.

viii

TABLE OF CONTENTS

PAGE

DECLARATION ..................................................................................................... ii
CONFERENCE PROCEEDINGS AND PRESENTATIONS ................................. iii
ABSTRACT ..........................................................................................................v
ACKNOWLEDGEMENTS ................................................................................... vii
LIST OF FIGURES…...........................................................................................xiii
LIST OF TABLES ............................................................................................. xvii
LIST OF ABBREVIATIONS ............................................................................. xviii

CHAPTER 1- INTRODUCTION .......................................................................... 1

1.1 Introduction .................................................................................................... 2
1.2. Menstrual cycle ............................................................................................. 4
1.2.1. Introduction ...................................................................................... 4
1.2.2. Events of the menstrual cycle .......................................................... 6
1.3. Hormonal control of the menstrual cycle ....................................................... 7
1.3.1. Introduction ...................................................................................... 7
1.3.2. Oestradiol ........................................................................................ 8
1.3.3. Progesterone ................................................................................. 10
1.3.4. Measurement of steroid hormones in non-human primates........... 11
1.4. Cortisol and the menstrual cycle ................................................................. 13
1.5. Anogenital swellings .................................................................................... 15
ix

1.5.1. Effect of oestradiol and progesterone on the anogenital area ....... 16
1.5.2. Estimation of ovulation using anogenital swelling changes ........... 17
1.6. Menstrual cycle related body temperature regulation ................................. 18
1.7. Physical activity patterns ............................................................................. 24
1.8. Aims of the dissertation ............................................................................... 27

CHAPTER 2- MATERIALS AND METHODS .................................................... 28

2. 1. Experimental animals and housing............................................................. 29
2.2. Surgery ........................................................................................................ 33
2.2.1. Anaesthesia protocol ..................................................................... 33
2.2.2. Abdominal logger and telemeter implantation................................ 33
2.2.3. Activity logger implantation ............................................................ 34
2.2.4. Post-surgical care .......................................................................... 36
2.3. Recovery of data loggers and radiotelemeters ............................................ 36
2.4. Measurement of abdominal temperature .................................................... 37
2.5 Measurement of physical activity.................................................................. 39
2.6. External reproductive changes .................................................................... 41
2.6.1. Menstrual bleeding ........................................................................ 41
2.6.2. Anogenital swellings ...................................................................... 41
2.7. Hormone analysis........................................................................................ 42
2.7.1. Urine sample collection and processing ........................................ 42
2.7.1.1. Extraction of urine steroid hormones....................................... 44
x

2.7.1.2. Measurement of creatinine...................................................... 44
2.7.2. Faecal sample collection and processing ...................................... 45
2.7.2.1. Drying...................................................................................... 46
2.7.2.2. Extraction of faecal steroid hormones ..................................... 46
2.7.3. Radioimmunoassays ..................................................................... 47
2.7.3.1.Cortisol assays ......................................................................... 48
2.7.3.2. Progesterone assays .............................................................. 49
2.7.3.3. Oestradiol assays ................................................................... 50
2.8 Data analysis ................................................................................................ 52

CHAPTER 3- RESULTS .................................................................................... 55

3.1. Menstrual cycle record ................................................................................ 56
3.1.1. Menstrual bleeding ........................................................................ 56
3.2. Hormone analysis........................................................................................ 56
3.2.1. Urine progesterone and oestradiol over the menstrual cycle ......... 56
3.2.2. Comparison of urine and faecal steroid hormones ........................ 62
3.3. Anogenital swelling changes over the menstrual cycle ............................... 65
3.4. Nychthemeral rhythms of abdominal temperature and physical activity ...... 65
3.5. Abdominal temperature over the menstrual cycle ...................................... 71
3.6. Physical activity over the menstrual cycle ................................................... 76
3.7. Correlation of abdominal temperature and physical with theday of
ovulation ............................................................................................................. 76
xi

CHAPTER 4- DISCUSSION .............................................................................. 83
CHAPTER 5- CONLUSIONS ............................................................................. 97
REFERENCES ................................................................................................. 103

xii

LIST OF FIGURES

Figure 1.1

Page

Serum hormone concentrations during the baboon, Papio
hamadryas cynocephalus menstrual cycle.

Figure 1.2

Hormonal and anogenital profiles in captive chimpanzee, Pan
troglodytes, over the menstrual cycle.

Figure 1.3

19

Variation of rectal temperature and ovarian hormones over the
menstrual cycle in women.

Figure 1.4

9

21

Nocturnal body temperature (mean ± SEM) in 12
chimpanzees.

22

Figure 2.1

An adult female chacma baboon, Papio hamadryas ursinus.

30

Figure 2.2

Photographs showing A) Three adjacent cages (1-3) and B)
modified sluice under the cages to trap urine samples.

32

Figure 2.3

Implantation of an activity logger.

35

Figure 2.4

Thermometric data logger before waxing (left) and after
after waxing (right).

38

Figure 2.5 Activity data logger after waxing (left) and before waxing
(right)

40

xiii

Figure 2.6

Different stages of the anogenital swellings during the
menstrual cycle in baboons, complete anogenital
deturgescence (left) and maximum swelling (right).

Figure 3.1

Urine steroid hormonal profiles, expressed per mmol of
creatinine (Cr) in the same sample for baboon B, cycle 2.

Figure 3.2

43

58

Urine steroid hormonal profiles, expressed per mmol of
creatinine (Cr) in the same sample for two consecutive cycles
in baboon C.

Figure 3.3

59

Urine steroid hormonal profiles, expressed per mmol of
creatinine (Cr) in the same sample for two consecutive cycles
in baboon D.

Figure 3.4

60

Oestradiol (mean ± SD) and progesterone (mean ± SD)
concentrations, expressed per mmol of creatinine in the
same sample in different phases of the menstrual cycle.

Figure 3.5

Urine and faecal steroid hormonal profiles during the
menstrual cycles of two baboons.

Figure 3.6

61

63

Correlation of progesterone and oestradiol concentrations
in urine and faecal samples for two baboons.

xiv

64

Figure 3.7

Digital photographs showing the different stages of the
anogenital swellings during the menstrual cycle.

Figure 3.8

Anogenital swelling changes over one menstrual cycle in
one of the study animals.

Figure 3.9

66

68

Cyclic anogenital swellings over menstrual cycles in three
of the study animals as a function of time.

69

Figure 3.10 Nychthemeral rhythms of 10-min recordings of abdominal
temperature (mean ± SD) and physical activity (mean ± SD)
as a function of time from one baboon.

70

Figure 3.11 A typical example of mean ± SD, minimum and maximum
24-h abdominal temperature changes over one menstrual
cycle from one of the animal.

72

Figure 3.12 Mean 24-h abdominal temperatures calculated from 10-min
recordings over menstrual cycles in four baboons.

73

Figure 3.13 Mean ± SD, maximum ± SD and minimum ± SD 24-h
abdominal temperature in different phases of the menstrual
cycle.

75

Figure 3.14 Typical mean ± SD 24-h physical activity changes over one
menstrual cycle from one of the animal.
Figure 3.15 Mean 24-h physical activity over menstrual cycles in three
xv

77

baboons over a period four months.

78

Figure 3.16 Mean ± SD 24-h physical activity in different phases of the
menstrual cycle.

79

Figure 3.17 Estimation of the time ovulation for one cycle in
baboon C.
Figure 4.1

81

Double plots of the nychthemeral rhythm of body core
temperature of baboons and a woman.

Figure 4.2

89

Progesterone, anogenital swellings, abdominal temperature
and physical activity changes over one menstrual cycle in one
of the study animals.

Figure 4.3

91

The physical activity (percentage of maximum recorded
activity for each woman, mean ± SD) of the women with a
history of dysmenorrhoea and women without a history of
dysmenorrhoea when not menstruating.

xvi

96

LIST OF TABLES

Page

Table 3.1

Duration of the menstrual cycles (days) in baboons.

57

Table 3.2

Duration of different stages of anogenital swellings

67

Table 3.3

Abdominal temperature data for all the animals .

74

Table 3.4

Estimation of the day of ovulation from abdominal
temperature and physical activity data as days prior to
anogenital deturgescence

.

xvii

82

LIST OF ABBREVIATIONS

ANOVA

Analysis of variance

Cr

Creatinine

DNA

Deoxyribonucleic acid

FSH

Follicle stimulating hormone

h

Hours

I125

Radioisotope of iodine

kg

Kilogram

LH

Luteinising hormone

min

Minutes

ml

Millilitres

RIA

Radioimmunoassay

SD

Standard deviation

°C

Degrees Celsius

xviii

