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Mechanisms by which sex steroids
impact the CNS

e Organizational (largely prenatal in
humans)

e Activational (adolescence and beyond)
e Genomic vs membrane effects

e Neurotransmitter and neuropeptide
function

e Cerebral blood flow and metabolism
e Receptor subtype cross-talk
e Induction of receptors



Testosterone Plasma Levels in
Men
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Sex differences in the distribution of androgen
receptors in the human hypothalamus.
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SDN: Sexual Dimorphic Nucleus
e Sexual Behaviour
eCopulatory behaviuor

e Integration of sexual
motivation with copulatory
program

BST: Bed Nucleus of Stria
Terminalis

e Sexual Behaviour
e Anxiety and stress response

eA major aromatization center

INF: infundibular Nucleus

VMN: Ventromedial
hyphotalamic nucleus

SCN: Soprachiamatic nucleus



Cellular and Subcellular Estrogen
Effects
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Males ER o Nuclear

SDN: Sexual Dimorphic Nucleus
e Sexual Behaviour
eCopulatory behaviuor

e Integration of sexual
motivation with copulatory
program

BST: Bed Nucleus of Stria
Terminalis

e Sexual Behaviour
e Anxiety and stress response

eA major aromatization center

INF: infundibular Nucleus

VMN: Ventromedial
hyphotalamic nucleus

SCN: Soprachiamatic nucleus




Steroids and Neurosteroids

INTRACEREBRAL
¥ METABOLISM

PERIPHERAL 4 LOCAL
ENDOCRINE SMGIESE
GLANDS (Autocrlne—li;aciiaocrl;l)ne mode of

(endocrine mode of action)
e CENTRAL NERVOUS
SYSTEM

e PERIPHERAL NERVOUS
SYSTEM

e OVARY
e ADRENAL
e PLACENTA



Biosynthesis of Progesterone and
Androgens in CNS
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ALLOPREGNANOLONE
DHEA(S)

Neurosteroids are steroids synthesized in the brain, de-novo from
cholesterol or by metabolism of blood-born precursors



Estrogens effects on Allopregnanolone
in OVX and aged rats
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Progestins and Allopregnanolone
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Neurosteroidogenesis
throughout the lifespan
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Neurosteroid levels

Brain neurosteroid synthesis
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Brain DHEA Function

DHEA(S) ON NEUROTRANSMISSION
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NMDA-R
voltage gated Ca?* current

o-R

mp @ = @ &=

Majewska, Schwartz, Gibbs, Mienville, Young,
Wu, Farb, Monnet, ffrench-Miillen, Gruol.



Central Metabolism of Androgens

DHEA

3B - OHdeydrogenase

17B01- hydroxysteroid oxidoreductase

TESTOSTERONE frontal cortex
diencephalon
CNS

Aromatase

S50-reductase hippocampus

amygdala

bed nucleus of the

DIHYDROTESTOSTERONE ESTRADIOL stria terminalis
hypothalamus
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MacLusky NJ, J Neuroscience, 2004



Neurosteroids and GABA-A
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Brain Sexual Differentiation
Multisignaling process

“"THE HORMONAL FACTOR"

e BRAIN Aromatase

e BRAIN 5a-Reductase type
1 and type 2
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Gender Differential Response of
Allopregnanolone to Sex Steroids
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BDNF pg/ml

Gender Differential levels of Brain-derived
neurotrophic factor (BDNF)
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The Brain as a target tissue for
Sex Steroids

CNS Sexual Dimorphism

FUNCTIONAL SEX
DIFFERENCES %‘-
e ERs PRs ARs different
espression in brain areas

STRUCTURAL SEX
DIFFERENCES

¢ Different neuronal
subpopulations in brain
areas

e ER polymorphisms

e Enzymes induction

GENDER
IDENTITY

SEXUAL
ORIENTATION




Ratios for Females over Males Suffering from
Particular Neurological And Psychiatric
BINCENES

% FEMALE : MALE

Female > Male Female < Male

Anorexia nervosa 93 : 7

_ eSevere mental retardation 38 : 62
True (central) precocious puberty 90:10

Hypnotic headache syndrome 84 : 16 eSubstance abuse 34 : 66

Bulimia 75 : 25 eSchizophrenia 27 : 73

Senile dementia of the Alzheimer type 74 : *REM sleep behavioral disorder 24 : 76
26

Post-traumatic stress disorders 70 : 30 Dysiede 223 /7

Multiple sclerosis 67 : 33 eAutism 20 : 80

Anxiety disorder 67 : 33 eSleep apnoea 18 : 82

Post traumatic stress disorder 66:34
Dementia 64: 36
Unipolar depression, dysthymia 63 : 37

eKallmann syndrome 17 : 83

eGilles de la Tourette 10 : 90



Brain Function and Sexual Response

ESTROGENS ANDROGENS PROGESTERONE

PERMISSIVE INITIATION RECEPTIVITY
\ i 1 / +
+

B-ENDORPHIN=> SEXUAL_D ESIRE <*—Dopamine

3 Y
PROLACTIN =» SEXUAL EXCITEMENT

l Serotonin
OXYTOCIN = ORGASM \ l

Norepinefrine

Clayton AH. Psychiatric Clinics of North America. 2003



Estradiol, gender and age
balances

Estradiol : in > 60 y men : higher than in younger men
iIn > 60 y men : higher than in untreated > 60 y women

Vermeulen A, van Pottelberg I, 2002
Yaffe et al, 2002

Muller M, et al, 2003
M. Roger, N. Lahlou and E.E. Baulieu, 2003



Age-related changes in DHEAS and Cortisol

DHEAS Cortisol

3600 } \.I | 280 [
I\.'\l _ |
' \  MEN MEN | I
i |
2800 |/' I 230 | | ‘ |

| 1/7\ |\ ) . I |
IS b 3
2 2000 } \ | | =
© ! ©
= \ : £ 140
C_UG) ..| ] o/| (_U)c s
= | |\.: | | i |
1200 } WOMEN \.:/.:\ /°|\ i WOMEN
! |
L T\l | i 70 |
"
400 }

10 20 30 40 50 60 70 years 10 20 30 40 50 60 70 years

(Orentreich,1984)




Androgens and Ageing
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Roles of Androgens in the Brain

Synaptic plasticity

Cell Differentiation and
Proliferation

Neurotransmitter systems

Gene expression

Apoptosis

Sexual
Arousal

Mood
Libido

Emotional
satisfaction

Cognitive
Function
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Brain Vulnerability
SEX STEROIDS WITHDRAWAL

MECHANISMS

CRH

POMC-related peptides
VASOPRESSIN

Central noradreneric system
Central dopaminergic system
Central serotoninergic system

GABA

SIGNS AND
SYMPTOMS

Irritability
Anxiety
Fear
Depression
Fatigue
Psychosis

Decreased Seizure
Threshold

Hot Flushes, Autonomic
Hyperactivity



Symptoms that Underline Brain
Susceptibility to Estrogen-Androgen
Deprivation

e Hot Flashes

e Sleep problems

e Climacteric Depression

e Decreased Sexual interest/activity

2

INCREASED RISK OF COGNITIVE IMPAIRMENT IN
ELDERLY?



International Menopause Society
Third Workshop Controversial issues in Climacteric Medicine
“HRT in Climacteric and Ageing Brain”

March 14—18, 2003, Pisa, Italy

Estrogen deprivation and HF

HF are not just a symptom

HF underline the female brain
susceptibility to estrogen deprivation



Disturbed sleep in PMW with menopause
symptoms links to depression

Risk for depression vs asymptomatic PMW women

HF

irritability

OR

The experience of perimenopause depressive symptoms may be explained
by vasomotor and other menopausal symptoms, such as irritability and
anxiety.

Brown et al., Maturitas 2008



HF and Cognitive Function

Objective hot flashes are negatively related to verbal
memory performance in midlife women.
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Sex Steroids and Mood Decline

Long-term risk of depressive and anxiety symptoms after early
bilateral oophorectomy

QOophorectomy Oophorectomy
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hazard ratio = 1.54 CI: 1.04-2.26 hazard ratio = 2.29, CI: 1.33-3.95

Rocca WA, Menopause 2008



Sex Steroids and Cognitive Decline

The Mayo Clinic Cohort Study of
Oophorectomy and Aging

A Any ocophorectomy B Unilateral oophorectomy C Bilateral oophorectomy

BN CYounger oopihomciomy

g ] ====== Clder aophonscamy
— e

Cumulative ncidanca (%)

Unilateral and bilateral oophorectomy preceding the onset of menopause are

associated with an increased risk of cognitive impairment or dementia.
Hazard ratio 1.46; [1.13 to 1.9]

Rocca WA, Neurology 2007;69,1074-1083



BDNF (pg/ml)

BDNF in Postmenopausal Healthy
Women
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AR Genazzani et al, Hum Rep 2007



Hormone Replacement Therapy and
Incidence of Alzheimer Disease in Older

Women
The Cache County Study
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Zandi PP et al, JAMA. 2002;288:2123-2129



Observational Studies Show a Decreased Risk of
AD in Hormone Therapy Users
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HRT and Brain:

ADDITIONAL CLUES AND
NEW DIRECTIONS

TYPE OF ESTROGEN

DOSE (low dose HRT and neuroprotection)

ROUTE OF ADMINISTATION
THE PROGESTIN “"STORY"”
GENETIC POLYMORPHISM

AR Gen

azzani et al, Hum Rep Update 2007



A-5 andLA-4 Androgens therapy

in Postmenopausal Women:
‘Uncharted Territory’

THE GREAT CHALLENGE

BRAIN
r FUNCTION —1
BIOLOGICAL CLINICAL
EFFECTS EFFECTS
NEUROACTIVE STEROIDS Cognitive Function
Neurotrophic Factors Mood

Neurotransmitters
ENDOGENOUS OPIOIDS
Cellular and subcellular Networks

Libido and Sexual Arousal
Neuroendocrine Activity



Sex Steroids and Lifelong
Brain Function

TIME - LIFE
EVENTS

\

EPIGENETICS (?)
A

GENETIC

FACTORS DURING
AGING

|

ENVIRONMENT

bdoa

BRAIN :
R
HORMON-Es:
)3

BODY
Function/Activities

AR Genazzani and N. Pluchino, Hum Rep Update 2007
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