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Sex differences in brain and 
behavior are determined by: 

• Hormones 

• Genetics 

• Environment and Experience 
 

Interdependence of Processes 



In humans, environment and 
experience are probably dominant 
• And impossible to control for 



To understand the cultural 
influences on sex differences in 
brain and behavior, we have to 

understand the biological 
influences 



So we use animal models 



Laboratory Rat 



Sex differences in brain and 
behavior can be divided into 

three general types  



Type One: Sex Dimorphism 

Endpoint has different forms in males versus 
females – copulatory behavior, parenting, 

territorial versus postpartum aggression, etc. 



Type Two: Sex Difference 

Endpoint lies along a continuum with a 
different average in males and females but 

much overlap – stress & anxiety, pain 
thresholds, food preferences etc. 



Type Three: Sex Convergence 

Some neural and hormonal factors act to 
make males and females more similar – 

parenting behavior, problem solving 



Sex differences in the brain 

• The size of a particular structure or 
subnucleus 

• The number of synapses made between 
neurons in a particular brain region 

• The neurochemical phenotype of neurons in a 
particular brain region 

• The activation or physiology of neurons in a 
particular brain region, at rest or in response 
to stimuli 





Sex differences in brain and 
behavior are determined by: 

• Hormones 

• Genetics 

• Environment and Experience 
 



Genetic sex determines gonadal sex which 
determines phenotypic sex 
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Brain sexual differentiation occurs early 

Organization Activation 



How do we connect brain sex 
differences to sex differences in 

behavior? 

By determining the cellular 
mechanism(s)   

Hormones 
Brain 

change 
Behavior 

Factor X 



Type One: Sex Dimorphism 



The  Preoptic Area (POA) 

Male Sex Behavior 

Thesis research of Stuart Amateau and Christopher Wright 

Journal of Neuroscience  (2002)  22:8586- 8596  

Nature Neuroscience (2004) 7:643-650 

Developmental Neurobiology (2008) 68:1406-1419  

Journal of Neuroscience (2009) 9:13274-13282.   



Dendritic 

spines 

Steroids change the number of 
synapses 

Axon 



   

DOB      postnatal day 1  Adult 

Collect brain - 

quantify spines  



There are more dendritic spine synapses 
in the POA of newborn males 

* 

Amateau & McCarthy, 

 J.Neurosci. 2002 



   

DOB      postnatal day 1  Adult 

Collect brain - 

quantify spines  

Hormone injections 



Male hormones increase spine 
synapses in females. 

* 

HOW ? 



Prostaglandins 

Nature Reviews 

Cancer 1; 11-21 

(2001);  



   

DOB      postnatal day 1  PN 60 

Do prostaglandins increase dendritic 

spines in the developing POA?  

Collect brain - 

quantify spines  

PN 3 DOB      postnatal day 1 
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Behavior 
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Adult 



Prostaglandin mimics the action of male 
hormones on spine synapses in the POA. 

and the effects are not additive 

* * * 



Working model of male 
hormone-mediated 

synaptogenesis on developing 
neurons 





   

DOB      postnatal day 1  PN 60 

Do prostaglandins change  

adult behavior?  

Collect brain - 

quantify spines  

PN 3 DOB      postnatal day 1 

Hormones 
Brain 

change 
Behavior 
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Treat with prostaglandins 

Adult 





Female 

treated with 

PGE2 as a 

neonate 

Male treated 

with COX 

inhibitor as a 

neonate 



Neonatal females treated with PGE2 
behave like males as adults 

* 

* 

Amateau and McCarthy, Nat Neurosci., 2004 



Type One: Sex Dimorphism 



SEXUALLY DIMORPHIC NUCLEUS 
OF THE PREOPTIC AREA 

INTERSTIAL NUCLEI OF THE ANTERIOR 
HYPOTHALAMUS 

Steroids mediated cell death in rodent and human brains 



The Sexually Dimorphic Nucleus 

(SDN) is larger in males because 

neurons die in the female 

estradiol 

Differential cell death was considered the only way to get more neurons in one sex 



Type Two: Sex Difference 

Endpoint lies along a continuum with a 
different average in males and females but 

much overlap 



The hippocampus 

critical to: 

1) Stress 

responding 

2) Spatial 

learning 

Both of which 

show sex 

differences 



Is there a sex difference in cell 
death in the hippocampus? 

• There is no difference in the number of 
neurons that die during development of the 
male versus female hippocampus 

 

• So how about the opposite? Is there a 
difference in cell genesis 



Post-natal Day 

Male hormone injections 

Collect brains 

Counts cells 

DOB      PN1          PN2          PN3                                        PN21 

Does male hormone stimulate 

neurogenesis in the developing 

hippocampus? 



There is more cell genesis in the 
developing male hippocampus 



Conclude testosterone stimulates  
cell genesis in the developing male 

brain 



What kind of cells will they become? 

Stem cell 

Neural progenitor cell 

Oligodendrocyte   astrocyte 

Principle neuron     interneuron 



• 70 - 80% become neurons that persist until 
at least early adolescence 

Female 

Female+ E2 

Male+ E2 

Male 



The male hippocampus is only 
slightly larger than the females 

So what are these new cells doing? 

We have no idea – BUT….! 



The hippocampus 

critical to: 

1) Stress 

responding 

2) Spatial 

learning 

Both of which 

show sex 

differences 



Type Three: Sex Convergence 

Some neural and hormonal factors act to 
make males and females more similar – 

parenting behavior, problem solving 



Morris Water Maze - latency to find platform 

Considered a measure of hippocampal dependent spatial learning.  

Robustly sexually dimorphic, with males out performing females. 



Males outperform females when: 

• The test is stressful 

• There are no “global” cues available in the 
room 

• The platform is hard to see 



Females outperform males when 

• There is preconditioning to remove stress 

• Global cues are made available 

• The platform is visible 

 

• Thus males and females use a different 
strategy to solve the same task 

 



Morris Water Maze - latency to find platform 



And in humans? 

• “In navigation tasks presenting both 
landmark and geometric information, 
women tend to rely more on the former 
and men on the latter”. 

• In contrast, men and women perform 
equally when only one source of 
information is available” 

 Elizabeth Spelke (2005) Sex Differences in Intrinsic Aptitude 

for Mathematics and Science? A Critical Review.  American 

Psychologist 60:950 



Toy choice in children is sexually 
dimorphic 



And primates too! – is this driven by early hormones? 



Congenital adrenal hyperplasia 
(CAH) 

• A genetic condition in which steroid synthesis 
by the adrenal gland is shifted towards 
androgen production. 

• Results in masculinization of the genitals in 
girls. 

• Does it also impact on brain and behavior in  
girls?  



Melissa Hines, 

Trends in 

Cognitive 

Sciences, 2010 



Rough and Tumble Play 



Rough and tumble play 
 is slightly increased in CAH girls 

Berenbaum and Resnick, 1997, Psychoneuroendocrinology 



Characteristics of boys and girls spontaneous drawings 

Arai et al., 

Horm. Behav. 

2001 



Unaffected boys and girls 

girls 

boys 

boys 



Girls with CAH 





This is Fiction ! 

Cahill, Scientific American, 2005 



This is closer to fact - A 
mosaic view of  
male versus  
female brain 



And another important set of 
facts…. 



Autism 

• 3 : 1 Boys to Girls 



Dyslexia 

• 3 : 1 Boys to 
Girls 



Attention Deficit Hyperactivity Disorder - 
ADHD 

• 10 : 1 - Boys to Girls 



Eating Disorders 

• Anorexia Nervosa 

• 13:1 - Women to Men 

 

• Anorexia Bulimia 

• 3:1 - Women to Men 



Affective Disorders 

• Major Depressive 
Disorder. 

• Obsessive Compulsive 
Disorder 

• Panic Disorder 

• General Anxiety 
Disorder 

• ~2:1 Women to Men 



Schizophrenia 

• Early onset 
schizophrenia  

• 3:1 Boys to Girls 

• Late onset 
schizophrenia  

• 6:1 Women to Men  



Males are at higher risk of 
developmental onset disorders 

• Which are frequently 
disorders of wiring. 



Females are at higher risk of adult onset 
disorders 

• Which are frequently 
disorders of 
neurochemistry. 



Organization for the Study of Sex Differences – June 
8-10th, 2012 

Baltimore Maryland USA 
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