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• Sex Influences on Brain 
 
• The blinders come off: Sex influences on 

brain mechanisms of emotional memory  







Young and Scannell,1994 

Cortex Wiring Diagram 













4 Human Imaging Studies contrasting valence and arousal vis-à-vis amygdala: 
 
Small et al 2003, Neuron 2003  Arousal 
Anderson et al, Nat Neurosci 2003  Arousal 
Kensinger and Corkin, PNAS 2004  Arousal 
Lewis et al, Cerebral Cortex, 2006  Arousal 



ANIMAL HUMAN 







Ralph Babinsky, Ralph Adolphs 





Cahill et al., 1996, Mike Alkire 



Turhan Canli 
John Gabrieli 



Cahill et al., 2001 

(Glucose PET) 



Canli et al., PNAS, 2002 



Cahill et al., 2004 

             Jessica Turner 
              Lisa Kilpatrick 
              
                                                   Melina Uncapher 



             Studies Relating Amygdala Activity at Encoding to Long-Term 
                            Memory for Emotionally Arousing Material 
 
Reference   Method   Sex (M,F)  Hemisphere (R,L) 
Canli et al., 1999  fMRI   F  L>R   
Canli et al., 2000  fMRI   F  L 
Dolcos et al., 2003 fMRI   F  L 
 
Cahill et al. 1996  glucose PET     M  R 
Hamann et al., 1999 O-15 PET  M  R>L 
 
Kensinger et al, 2004 fMRI   F and M  L 
Cahill et al., 2001 * glucose PET  F and M  F-L, M-R 
Canli et al., 2002 * fMRI   F and M  F-L, M-R 
Cahill et al, 2004 * fMRI   F and M  F-L, M-R 
Mackiewicz et al 2006* fMRI   F and M  F-L, M-R 
   
  * directly compared women and men 
 



WHAT DOES IT MEAN? 



Sex-Related 
Differences in Brain 

and Cognition 

♀ 
 
 
 

♂ 
        “Why Sex Matters for Neuroscience”  
Nature Neuroscience Reviews, June 2006 











  SEX DIFFERENCES AT ALL LEVELS OF NEUROSCIENCE 

Human Anatomy 

Systems 

Cell Culture! 

Human Neurochemistry Primate Play Behavior 

Transgenic Mice  Hippocampus 



Are sex influences on brain 
function “fundamental?” 



Are sex influences 
fundamental? 

Jeffrey Mogil, McGill University 



Given these facts, one might argue that basic scientists 
are shirking their responsibilities to half of the human 
population by avoiding the use of direct animal models 
of them. We simply do not  see any valid excuses 
remaining for the continued exclusion of female rodents 
from basic science studies of pain. 
 
 
Mogil et al., 2005 
 





Natural 
Selection 
 
Did NOT  
 
Drive 
Evolution 



Natural 
Selection 
 
And 
Sexual  
Selection 
 
Drove 
Evolution 





Pyranga aestiva 
“Coopers Tanager” 
 
(Summer Tanager, 
pyranga rubra) 

“…one of the most splendid birds of the United States… now if brilliant colors had  
been extremely dangerous to the birds whilst sitting in their open nests, the males in  
these cases could have suffered greatly. It might, however, be of such paramount 
importance to the male to be brilliantly colored, in order to beat his rivals, that this 
may have more than compensated for some additional danger.”  
 
 “Descent of Man and Selection in Relation to Sex”, 2nd Ed, 1875, page 453 



“It has been said by several critics that when I  
found that many details of the structure of man 
could not be explained by natural selection, I  
invented sexual selection; I gave, however, a  
tolerably clear sketch of this principle in the first 
edition of “Origin of Species,” and there I stated it 
was applicable to man…I have been struck with  
the likeness of many of the half-favourable 
criticisms on sexual selection, with those which  
appeared at first on natural selection; such as,  
that it would explain some few details, but  
certainly was not applicable to the extent to  
which I have employed it. My conviction in the  
power of sexual selection remains unshaken.”  
 

“Descent of Man and Selection in Relation to Sex”, 2nd Ed, 1875, Preface to the  
Second Edition, page vi. 



(fMRI) 



 
 
 

 “The great field for new discoveries...is always 
the unclassified residuum. Round about the 
accredited and orderly facts of every science 
there ever floats a sort of dust-cloud of 
exceptional observations, of occurrences minute 
and irregular and seldom met with, which it 
always proves more easy to ignore than to 
attend to. The ideal of every science is that of a 
closed and complete system of truth... 
Phenomena unclassifiable within the system are 
paradoxical absurdities, and must be held 
untrue...--- one neglects or denies them with the 
best of scientific consciences... Any one will 
renovate his science who will steadily look after 
the irregular phenomena. And when the science 
is renewed, its new formulas often have more of 
the voice of the exception in them than of what 
were supposed to be the rules.” 

 
William James,  The Will to Believe  



(fMRI) 











Cahill and van Stegeren, 2003 



Are there sex-related differences in the functional 
connectivity of the left and right hemisphere  
amygdalae at rest? 
 
 
-- Partial Least Squares Analysis of Functional 
   Connectivity 
-- O-15 scans, 36 men, 36 women 
-- At rest, eyes closed 
 
 

Lisa Kilpatrick 
 
NeuroImage 2006 



Location of  Amygdala Seed Voxels Displaying 
Significant Sex-related Differences in Amygdala 

Functional Connectivity during Resting Conditions 

Red areas are associated with greater functional 
connectivity in women than in men. Blue areas are 
associated with greater functional connectivity in 

men than in women. 



Sex-related differences in right amygdala functional connectivity 
Men > Women 

Women > Men 



Sex-related differences in left amygdala functional connectivity 

Men > Women 

Women > Men 
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SEX DIFFERENCES in EEG RESPONSE 
 to EMOTIONAL SLIDES 

Antonella Gasbarri 



Post-Learning Cold Pressor Stress Enhancing 
Memory Consolidation 
    
    
 
  Procedure:  
 
War of the Ghosts--  Cold Pressor Stress--  1 Week--  Memory Test 
 
   

Joe Andreano 



Memory Enhanced in Men but not Women 
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       Progesterone  

Menstrual Hormone Effect? 
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Rumination and Emotional Memory 

Nikole Ferree 



Rumination and Emotional Memory-  
            Effect of Menstrual Cycle 



Progesterone Predicts Intrusive Recollections 



p=.0122 



ANIMAL HUMAN 
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Is the noradrenergic system lateralized? 

Clenbuterol: β-adrenergic agonist 



Alzheimer’s Disease 
 
    Schizophrenia 
 
PTSD 
  Anxiety Disorders   Stroke 
 
     Epilepsy 
Depression 
 
   Autism   Eating Disorders 
 
 
 Autoimmune Disorders 
       Addiction 
 
Irritable Bowel Syndrome   Pain 
 
    Tourette’s Syndrome 

Diseases with Sex Differences in Incidence and/or Nature 







β-Adrenoceptor Antagonists Block Traumatic Memories from the ICU* 

*Schelling, G., Rothenhausler, H., Krauseneck, T., Nollert, G., Kapfhammer, H. (2003): Sex-Related Effects of Beta-Adrenergic Blockade on Memory for Traumatic 
Events from the Perioperative Period of Cardiac Surgery. Anesthesiology 99: A310.  
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“To kill an error is as good 
a service as, and 

sometimes even better 
than, the establishing of a 

new truth or fact” 



LEFT RIGHT 

WOMAN     MAN 



What Does It Mean? 
 
 
The Burden of Proof has Shifted 



Sex 
Matters 
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