
Contents 

PART I DIFFERENTIATON AND ORGANIZATION OF REPRODUCTIVE 
PROCESSES 

CHAPTER 1 

Sexual Organogenesis 3 

Alfred Jost 

Introduction 3 
Body Sex 5 

Role of the Fetal Testis 5 
Dual Nature ofthe Testicular Chemical Signals 7 
Testicular Androgens 8 
Müllerian Inhibitor (or Anti-Müllerian Hormone) 11 
Estrogen Production by the Fetal Ovary 13 

Gonadal Sex 13 
Testicular Organogenesis 14 
Ovarian Morphogenesis 15 
Control of Gonadal Differentiation 15 

References 16 

CHAPTER 2 

Gonadal Hormones during Sexual Differentiation in Vertebrates 21 

John A. Resko 

Introduction 21 
Steroid Hormone Production in Developing Birds and Amphibia 22 

xi 



Morphology ofthe Embryonic Chick Testes 22 
Biosynthetic Capacity of Chick Gonads for Steroid Production 22 
Effects of Sex Steroids on Amphibian Development 23 
Steroid Production ofEndocrine Tissues of Developing Amphibia 24 

Steroid Hormones in Developing Rodents 24 
Morphological Considerations 24 
Steroid Hormone Production by Fetal and Neonatal Gonads ofShort-
Gestation Rodents 25 
Steroid Hormone Production by Fetal Gonads in Long-Gestation Rodents . . 27 
Trophic Control ofthe Fetal Gonads in Rodents 28 

Functional Considerations of Fetal Rabbit Gonads 28 
Fetal Hormones of Domestic Animals 29 
Production of Steroid Hormones in Primate Fetuses 32 

Differentiation ofthe Fetal Testes 32 
Capacity ofthe Fetal Testes for Steroid Biosynthesis 33 
Androgens in the Systemic Circulation of Primate Fetuses 33 
Other Hormones and Sexual Differentiation 36 

Summary 37 
References 38 

CHAPTER 3 

Nonmammalian Psychosexual Differentiation 43 

Elizabeth Adkins-Regan 

Introduction 43 
Psychosexual Differentiation in the Domestic Chicken (Gallus gallus) . . 44 

Sex Differences and the Reproductive Behavior of Chickens 44 
Effects of Hormonal Manipulations before Hatching on the Behavior of 
Chickens 45 
Nearobiological Mechanisms of Psychosexual Differentiation in Domestic 
Fowl 46 

Psychosexual Differentiation in Japanese Quail (Coturnix coturnix 
japonica) 48 

Sex Differences and the Reproductive Behavior of Quail 48 
Effects of Hormone Manipulations before Hatching on Reproductive 
Behavior 49 

Psychosexual Differentiation in Zebra Finches (Poephila guttata) 50 
Sex Differences and the Reproductive Behavior of Zebra Finches 50 
Effect of Early Hormone Manipulations on Zebra Finches 51 

Psychosexual Differentiation in Other Avian Species 53 
Psychosexual Differentiation in Reptiles 53 
Psychosexual Differentiation in Amphibians 54 



Psychosexual Differentiation in Teleost Fish 55 
Hermaphroditism in Teleost Fish 57 
Hormonal Mechanisms of Spontaneous Sex Reversal 59 

Questions and Theoretical Issues 60 
Are Paradoxical Effects of Early Hormone Treatments due to Conversion of 
Androgen to Estrogen? 60 
Are Early Hormones Responsible for the Differentiation of Ovulation 
Control Mechanisms"? 61 
Does Any Behavior Not Directly Related to Reproduction Also Differentiale 
under the Influence of Early Hormones in Nonmammalian Species? 61 
How Useful Is the Organization/Activation Model for Understanding 
Nonmammalian Psychosexual Differentiation? 61 
Is the Empirically Determined Pattern of Hormone Secretion of Embryos or 
Young Consistent with Conclusions Derivedfrom the Behavioral Data? . . . 64 
Do Sex Chromosomes or Genes Have a Direct (Nonhormonally Mediated) 
Role in Psychosexual Differentiation? , 65 
Are Patterns of Psychosexual Differentiation Correlated with Morphological 
Differentiation or with Sex Chromosome Type in the Different Vertebrate 
Classes? 65 

Overview 67 
Conclusions 68 
References 70 

CHAPTER 4 

Sexual Behavior Differentiation: Effects of Prenatal Manipulations in Rats 77 

Ingeborg L. Ward and O. Byron Ward 

Introduction 77 
Sexual Differentiation Theory 78 
Aromatizatüm Hypothesis 78 

Critical Pcriod: Postnatal or Pre-Plus Postnatal 79 
Postnatal Effects 80 
Strategies for Manipulating Androgenic Hormone Levels in Fetuses 81 
Additive Effects of Pre-Plus Postnatal Manipulations 84 

Exchange of Androgen among Fetuses 85 
Effects of Prenatal Stress on Sexual Differentiation 86 

Behavioral Syndrome 86 
Alterations in Piasina Testosterone Levels and Testicular Enzyme Activity . 86 
No Persisting Modification of Morphol-ogy 88 
Therapy for Prenatally Stressed Males 89 



Prenatal Testosterone Synthesis Inhibition by Opiates 90 
Prenatal Opioid Syndrome 90 
Effects on Fetal Plasma Testosterone and Testicular Enzyme Activity 91 
Possible Role of Endogenous Opiate Release in Mediating the Prenatal 
Stress Syndrome 91 

Conclusions 91 
References 92 

PART II HORMONAL ACTIVATION OF BEHAVIOR 

CHAPTER 5 

Reproductive Physiology and Behavior Interactions in Nonmammalian 
Vertebrates 101 

David Crews and Rae Silver 

Introduction 101 
Teleost Fishes 103 

The Hypothalamo-Pituitary-Gonadal Axis 103 
Hormone-Behavior Interactions in Teleost Fish 106 

Amphibians 114 
The Hypothalamo-Pituitary-Gonadal Axis 115 
Physiological Factors Controlling Amphibian Reproductive Behavior 119 

Reptiles 124 
The Hypothalamo-Pituitary-Gonadal Axis 124 
Endocrine and Neural Control of Reptilian Reproductive Behavior 128 

Birds 136 
The Hypothalamo-Pituitary-Gonadal Axis 137 
Endocrine and Neural Control ofAvian Reproductive Behavior 146 

Concluding Remarks 156 
References 157 

CHAPTER 6 

The Role of Gonadal Hormones in the Activation of Feminine Sexual 
Behavior 183 

Lynwood G. Clemens and David R. Weaver 

Historical Concepts of Feminine Sexual Behavior 183 
Structure and Biosynthesis of Gonadal Steroids 185 

Structure of Gonadal Steroids 185 
Biosynthesis of Gonadal Steroids 187 

Steroid Structure and Estrus Induction 187 



Estrous Cyclicity and Hormone Levels in Intact Females 190 
Spontaneous Ovulation 190 
Induced Ovulation (Reflex Ovulation) 191 

Analysis of Feminine Sexual Behavior 196 
Attractivity 196 
Proceptivity 201 
Receptivity 208 

Conclusions 216 
References . . 217 

CHAPTER 7 

Maternal Behavior among the Nonprimate Mammals 229 

Jay S. Rosenblatt, Anne D. Mayer, and Hamid I. Siegel 

Introduction 229 
Evolution of Modes of Reproduction among the Mammals 231 
Patterns of Maternal Gare 232 
Onset of Maternal Behavior during Pregnancy and Near Term 235 

Behavioral Changes during Pregnancy and Near Term 235 
Hormonal Basis ofthe Onset of Maternal Behavior 241 
Endocrine Control of Pregnancy and Parturition 241 
Endocrine Stimulation of Maternal Behavior 242 
Analytical Studies ofthe Hormonal Basis of Matemal Behavior 245 

Postpartum Regulation of Maternal Behavior: Behavioral Synchrony 
between Mother and Young 254 

Mother's Dependence on the Young to Maintain Her Maternal 
Responsiveness 255 
Nonhormonal Basis of Postpartum Matemal Behavior 257 
Mother-Young Interaction 261 
Parturition: The Transition Phase 273 

Lactation and Maternal Behavior 282 
Weaning 285 
Summary 288 
References 290 

CHAPTER 8 

Peripheral Plasma Levels of Gonadal Steroids in Adult Male and Adult, 
Nonpregnant Female Mammals 299 

H. H. Feder 

Androgens in the Systemic Circulation of Adult Male Mammals 299 
Imectivora and Chiroptera 300 



Nonhuman Primates 302 
Humans 305 
Lagomorpha 307 
Rodentia 308 
Cetacea 311 
Carnivora 311 
Proboscidea and Hyracoidea 313 
Perissodactyla 314 
Artiodactyla 315 

Estrogens and Progestins in Adult, Nonpregnant Female Mammals . . . 318 
Insectivora and Chiroptera 319 
Nonhuman Primates 320 
Humans 324 
Lagomorpha 326 
Rodentia 326 
Cetacea 330 
Carnivora 330 
Proboscidea 332 
Perissodactyla 332 
Artiodactyla 333 

Plasma Steroid Data: Uses and Limitations 337 
Biochemical Factors That Complicate Interpretation of Plasma Steroid Data 338 
Physiological Factors That Complicate Interpretation of Plasma Steroid 
Data 341 
Environmental and Psychological Factors That Complicate Interpretation of 
Plasma Steroid Data 342 

Concluding Remarks 344 
References 344 

PART III NEUROLOGICAL BASES OF MAMMALIAN REPRODUCTIVE 
BEHAVIOR 

CHAPTER 9 

Neurological Bases of Male Sexual Behavior: A Comparative Analysis 373 

Benjamin L. Hart and Mitzi G. Leedy 

Introduction 373 
Sensory Mechanisms 374 

Main and Accessory Olfäctory System 375 
Genital Sensory Mechanisms 378 

Genital Effector Mechanisms 380 
Penile Erection 380 
Ejaculation , 383 



Spinal Reflexes 384 
General Comments 385 
Sexual Reflexes ofMale Dogs 386 
Sexual Reflexes ofMale Rats 388 

Brain Mechanisms 390 
Approaches and Problems 390 
Cerebral Cortex 394 
Limbic System 395 
Medial Preoptic-Anterior Hypothalamic Continuum 399 
Pathways Associated with the Output of the Medial Preoptic-Anterior 
Hypothalamic System 405 
Rostral Midbrain Area 406 
Neural Involvement in Heterotypical Behavior 407 

Concluding Comment 409 
References 410 

CHAPTER 10 

Neural Mechanisms of Female Reproductive Behavior 423 

Donald Pf äff and Doan Modianos 

Approaches to the Neural Mechanisms of Behavior 423 
Hormones and Reproductive Behavior 424 
The New Rejlexology 424 
Organization ofthe Chapter 426 

Mechanisms of Hormonal Control 427 
Hormones Involved 427 
Binding of Sex Hormones in the Brain 427 
Behavioral and Physiological Effects of Estrogen in Brain Regions Where 
It Is Bound 431 
Result ofDecreased Estrogen Binding 433 
Summary 434 

Sensory Control of the Lordosis Reflex 434 
Definition of Stimuli That Evoke Lordosis in Female Rats 434 
Peripheral and Central Sensory Pathways for Lordosis 438 

Motor Components of Lordosis 443 
Description of the Response 444 
Muscles 444 
Motoneurons 446 

Dcscending Pathways Controlling Lordosis . 447 
Hypothalamic Mechanisms 447 
Brainstem Modules 460 
Pathways from Brainstem to Spinal Cord 461 



Working Models of Female Reproductive Behavior Mechanisms 474 
Reflex Nature of Lordosis Behavior 474 
Neural Circuitry and Dynamics Underlying Hormone Effects and Lordosis 
Mechanisms 477 

References 480 

CHAPTER 11 

Neuropharmacology, Neurotransmitters, and Sexual Behavior in Mammals . 495 

BengtJ. Meyerson, Carol Olof Malmnäs, and Barry J. Everitt 

Introduction 495 
Neuronal Interaction 495 
Chemical Transmission 496 
Neuropsychopharmacology 498 

Neuropsychopharmacology of Sexual Behavior in the Female 504 
Methods 504 
Monoamines and Copulatory Behavior in the Female 504 
Acetylcholine and Copulatory Behavior 509 
Monoamines and Noncopulatory Sexual Responses 511 

Neuropsychopharmacology of Sexual Behavior in the Male 512 
Methods 512 
Monoamines and Copulatory Behavior in the Male 514 
Acetylcholine and Copulatory Behavior in the Male 517 
Monoamines and Noncopulatory Sexual Responses 517 

Neuropsychopharmacology of Heterotypical Copulatory Behavior . . . . 518 
Neuropeptides, Monoamines, and Sexual Responses 518 
Neuroanatomical Approaches to the Study of Monoamines in Sexual 
Behavior 520 

Effects of Lesions to 5-HT Neurons Using 5,7-Dihydroxytryptamine 523 
Effects of Lesions to NA Neurons Using 6-Hydroxydopamine 524 
Effects of Lesions to DA Neurons Using 6-Hydroxydopamine 525 

Summary and Conclusions 526 
References 529 

CHAPTER 12 

Brain Mechanisms and Parental Behavior 537 

Michael Numan 

Introduction 537 
Sensory Mechanisms 541 

The Development ofthe Concept of Multisensory Control 541 



Olfactory Input and the Role ofthe Olfactory Bulb 542 
The Role of Afferent Feedback from the Mammary Gland and Nipples . . . . 550 
Additional Afferent Input 551 
Comments and Conclusions 552 

Neocortical Mechanisms 553 
Experimental Findings 553 
Comments 555 

Limbic Mechanisms 556 
Cingulate Cortex 556 
Hippocampus 557 
Amygdala 559 
Septum 559 
Conclusions 561 

Hypothalamic Mechanisms 563 
The Lateral Hypothalamus 563 
The Medial Preoptic Area and Maternal Behavior in the Rat 565 
Comparisons between the Neurohormonal Mechanisms Underlying Female 
Maternal Behavior with Those Underlying Male Sexual Behavior and 
Female Sexual Behavior in the Rat 578 

Neurochemical Correlates of Maternal Behavior 580 
A Neurobehavioral Model 586 
Appendix 589 
References 595 

PART IV BIOCHEMICAL MODELS OF HORMONAL ACTION 

CHAPTER 13 

The Role of Metabolism in Hormonal Control of Sexual Behavior 609 

Richard E. Whalen, Pauline Yahr, and William G. Luttge 

The Prohormone Concept 609 
Male Sexual Behavior 614 

Circidating Androgens and Estrogens in Males 614 
Hypothesis: T Mediales Male Sexual Behavior via Metabolism to A 616 
Hypothesis: T Mediates Male Sexual Behavior via Metabolism to DHT . . . 617 
Hypothesis: T Mediates Male Sexual Behavior via Metabolism to Other 
Androgens 624 
Hypothesis: T Mediates Male Sexual Behavior via Metabolism to Estrogen . 625 
Hypothesis: T Mediates Male Sexual Behavior via Metabolism to Estrogen 
plus DHT 635 

Female Sexual Behavior 638 
Secretion Products ofthe Ovaries: Estrogens 638 
Secretion Products ofthe Ovaries: Progestins 641 



Progestin Metabolism 642 
Inhibitory Effects of Progestins 644 

Sexual Differentiation 645 
The Role of 5ct-Reduction 646 
The Role of Other Androgens 646 
The Role of Aromatization 647 

Conclusions 648 
References 649 

CHAPTER 14 

Steroid Hormone Receptors in Brain and Pituitary: Topography and 
Possible Functions 665 

Victoria N. Luine and Bruce S. McEwen 

Introduction 665 
Cellular Mechanism of Steroid Hormone Action 666 

Visualization ofGenomic Effects ofa Steroid Hormone 666 
Cellular Uptake and Retention of Radioactive Steroid Hormones 666 
Cell Nuclear Retention of Radioactive Steroid Hormones 667 
The Searchfor Cell Nuclear Acceptor Sites 667 
Effects of Steroid Hormones on Gene Transcription 669 
Critera for "Receptors" 669 

Properties and Topography of Putative Steroid Receptors in B r a i n . . . . 670 
Estradiol 670 
Testosterone 674 
Progestins 682 
Glucocorticoids 684 
Mineralocorticoids 685 

Neurochemical Consequences of Steroid Interactions with Putative 
Neural Receptors as Illustrated for Estradiol 686 

Temporal Relationships ofReceptor Occupation to Physiological Effects . . . 686 
Alterations ofRNA Formation 687 
Changes in Protein Formation 689 
Estrogen Effects on Pituitary Sensitivity to LHRH 691 
Hypothalamic Peptidases 693 
Oxidative Metabolism 694 
Catecholamines and Serotonin 695 
Acetylcholine 700 

Enzymes as Neurochemical Markers for Estrogen Receptor Function . . 701 
Summary and Prospectus: A Model for Steroid Hormone Action on 
Neuronal Functioning 704 
References 706 



PART V SOCIAL AND EXPERIENTIAL INFLUENCES ON 
REPRODUCTION 

CHAPTER 15 

Neuroendocrine Consequences of Sexual Behavior 725 

T. 0. Allen and N. T. Adler 

Introduction 725 
Hormone-Behavior Interactions 725 
Patterns of Neuroendocrine Control: Ovulation and Luteal Function 726 

Behavioral Effects on Ovulation 727 
Reflexive Ovulation 727 
Spontaneous Ovulation 734 

Behavioral Induction of Progestational Hormone Secretion 739 
Components ofMating 740 
Receptors and Afferent Pathways 743 
Pituitary Involvement 744 
Storage ofthe Copulatory Stimulus 747 
CNS Mediation 749 

Summary 754 
References 755 

CHAPTER 16 

On Measuring Behavioral Sex Differences in Social Contexts 767 

David A. Goldfoot and Deborah A. Neff 

Introduction 767 
Objections to Behavioral-Sex-Differences Research in Animals 768 

The Generalization Problem 769 
The "Assumed Biological Mediation" Problem 770 
Behavioral Endocrinology and Sex Differences Research 771 

Measuring Behavioral Sex Differences 773 
Definition of Behavioral Sex Differences 773 
Dimorphie Behavior Assessed Individually 774 
Dimorphie Behavior Assessed in Dyads 775 
Dimorphie Behavior Assessed in Croups 776 

Conclusion 780 
References 781 

Index 785 


