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« Sex Vvs. gender
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Asexual Reproduction

Sexual Reproduction

Many offspring fast

Longer to increase population size

100% genes passed on

50% genes passed on
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slow to adapt to environment

Faster adaptation to environment

No genders necessary

Need male and female
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Male bowerbirds and sexual selection
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15 Sexual differentiation in humans

Figure 3
Female pathway Male pathway
Chromosomal sex XX XY
SRY No Yes
Testis determination * *
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Gonadal i l
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development Ovary Testis
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secreted? No <« = aYes
| "
Wolffian duct ]
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Development of l ,' l
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stimulated ;
by adrenal /
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//
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Blood-borne S
testosterone? INOS== =~ I > Yes
5a-reductase in l
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Phoenix, Goy, Gerall, and Young (1959)
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20" Century Model Unified Model
XY XX XY vs. XX
‘ ‘ Genetic Level
Sry no Sry Constitutive genetic inequality
«l ‘ of XX and XY cells
various
‘]]]ED dlﬂm % Sry or not| |x and Y enesl
testes ovaries Proximate factors
l ‘ Gonadal differentiation, o
: hormonal inequality: x-biase
testosterone estradiol organization and _expression of
MIH  progesterone activation X and Y genes

. | .
masculine  feminine

organization activation
activation Hormonal and

direct genetic factors interact
to produce and reduce
sex differences.

The organizational—activational hypothesis as the foundation for a unified theory of sexual differentiation of all mammalian tissues,
Arthur P.Arnold


http://www.sciencedirect.com/science/article/pii/S0018506X09000646?via=ihub#!
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Two-stage model for organizational effects of steroids on behavior
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Sex differences in bullfrog brains mediate calling behavior

(A)

(B) ©)
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Box 4.2 (1) Urinary Posture in Canines

Adult male

Juvenile
male
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Singing in female songbirds

@ Zebra finch @ Canary @ Bay wren

Never sing Sometimes sing Equal to male
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The neural basis of birdsong
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Sexual dimorphism in songbird brains (Part 1)

TABLE 4.2 Sexual dimorphism in songbird brains

Brain structure Species

Volumes of song system nuclei IMAN, DM, and nXllts?

IMAN volume (T > Q) Zebra finch, starling, dark-eyed junco
DM volume (G > Q) Zebra finch
nXllts volume (G > Q) Zebra finch, canary, red-winged blackbird

Number of neurons

HVC and RA (G > Q) Zebra finch, bush shrike
RA neurons (T slightly > Q) White-browed robin chat, bay wren, buff-breasted wren
IMAN (&' > Q) Zebra finch
Size of neurons
Neuronal somata in HVC (G > Q) Zebra finch, Carolina wren, bush shrike
Neuronal somata in RA (&' > Q) Zebra finch, Carolina wren
Neuronal somata in RA (G = Q) White-browed robin chat, bay wren, buff-breasted wren
Neuronal somata in IMAN (T > @) Zebra finch
Dendiritic fields in some HVC neurons (G > Q) Canary
Dendritic fields in RA (T > Q) Zebra finch and canary
Dendritic field sizes in RA (G = @) Buff-breasted wren
Dendritic fields in IMAN (G > Q) Zebra finch

Source: Balthazart and Adkins-Regan, 2002.
*IMAN = lateral magnocellular nucleus of the anterior nidopallium; nXIlts = tracheosyringeal division of the nucleus of the hypoglossal nerve

HVC = high vocal center; RA = robust nucleus of the archistriatum, aka robustus archistriatum; area X = a forebrain nucleus located in the
parolfactory lobe

AN INTRODUCTION TO BEHAVIORAL ENDOCRINOLOGY 5e, Table 4.2 (Part 1)
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Sexual dimorphism in songbird brains (Part 2)

TABLE 4.2 Sexual dimorphism in songbird brains

Brain structure Species

Number of neurons with sex steroid receptors

Cells with androgen receptors in HVC and IMAN (G > Q) Zebra finch

Cells with androgen and estrogen receptors in HVC (J' > Q) Canary

Cells with androgen receptors in HVC and IMAN (G = Q) Bay wren, rufous-and-white wren
Connectivity

HVC neurons projecting to RA (T > Q) Zebra finch

HVC neurons projecting to area X (& > Q) Zebra finch

IMAN neurons projecting to RA (&' > @) Zebra finch
Neurochemistry

RA activity induced by GABA, receptor antagonist (J' = 9) Zebra finch

Ascending catecholaminergic and enkephalinergic projections to Zebra finch

area X (0> Q)
Acetylcholinesterase staining in area X (& > Q) Zebra finch

Source: Balthazart and Adkins-Regan, 2002.
*IMAN = lateral magnocellular nucleus of the anterior nidopallium; nXIIts = tracheosyringeal division of the nucleus of the hypoglossal nerve

HVC = high vocal center; RA = robust nucleus of the archistriatum, aka robustus archistriatum; area X = a forebrain nucleus located in the
parolfactory lobe

AN INTRODUCTION TO BEHAVIORAL ENDOCRINOLOGY 5e, Table 4.2 (Part 2)
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Singing in zebra finches

Early treatment Estradiol

/N /N
Adult treatment None Testosterone None Testosterone

or DHT or DHT
l l

HVC and RA size + ? +++ ot
Neuron size = ? ++ o
Adult behavior No song No song Some song Song
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The sonic organs are used by type | male midshipman fish to attract females to their nests

(A)

e
LR
"“’l;\l"l!,.,,,.“

Male type I Male type II Female (gravid)
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Cichlid fish change cell size in response to social conditions
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Ala@opEG oTU UAOU O€ yvwolaka TeoT (Kimura, 1992)

(A) (D)
N8 | BRE | EE | BRE =S L=
(B) (E)
If only 60% of seedlings
1,100 will survive, how many must be
planted to obtain 660 trees?
©) (F)
77 14 x 3 — 17 + 52
43 2(15+3)+12-13—5
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Motifs in Children’s Drawings

Motifs in Children’s Drawings

Motif Boys (%) Girls (%)
Moving objects (vehicle, 92.4 04.6
train, aircraft, etc.)
Person 20.5 906.6
Flower Q2 57.0
Butterfly 03.2 23.4
Sun 50.8 05
Mountain 14.5 03.1
House and building 7.1 33.5
Tree 09.6 23.4
Ground 42.7 57.8
Cloud 25.0 32.8

Sky 41.9 49.2

AN INTRODUCTION TO BEHAVIORAL ENDOCRINOLOGY 5e, Box 4.7 (1)
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Hormones, Sex Differences, and Art
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Hormones, Sex Differences, and Art

(B) (D)
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CHILD DEVELOPMENT

Child Development, xxxx 2018, Volume 00, Number 0, Pages 1-13

The title for this Special Section is Meta-analysis and Individual Participant Data
Synthesis in Child Development, edited by Glenn I. Roisman and Marinus H. van
[Jzendoorn

The Development of Children’s Gender-Science Stereotypes: A Meta-analysis
of 5 Decades of U.S. Draw-A-Scientist Studies

David I. Miller ("), Kyle M. Nolla, Alice H. Eagly, and David H. Uttal

Northwestern University

This meta-analysis, spanning 5 decades of Draw-A-Scientist studies, examined U.S. children’s gender-science
stereotypes linking science with men. These stereotypes should have weakened over time because women's
representation in science has risen substantially in the United States, and mass media increasingly depict
female scientists. Based on 78 studies (N = 20,860; grades K-12), children’s drawings of scientists depicted
female scientists more often in later decades, but less often among older children. Children’s depictions of sci-
entists therefore have become more gender diverse over time, but children still associate science with men as
they grow older. These results may reflect that children observe more male than female scientists in their envi-
ronments, even though women's representation in science has increased over time.
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Average sex differences in behavior often reflect significant overlap between the sexes

A Average sex difference
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TABLE 4.4 Effect size for behavioral sex
differences in humans

Behavior

Table 4.4 Effect size for behavioral sex differences in humans

Approximate effect size?

Aggression
Rough-and-tumble play
Childhood activity levels
Overall verbal abilities
Speech production

Moderate (T > Q)
Moderate—large (G > Q)
Moderate—large (G > Q)
Negligible—small (&' < @)
Small (T < Q)

Verbal fluency Moderate (G < Q)
Moderate (T < @)
Large (T > Q)
Small (T > Q)

Small-moderate (T > Q)

Perceptual speed
3-D visual rotation
2-D visual rotation
Spatial perception
Overall quantitative abilities Small-moderate (T > Q)

Quantitative problem solving Small-moderate (G > Q)

Sources: After Collaer and Hines, 1988; data from J. Cohen, 1977,
Forger, 1998; Kimura, 1992.

“Effect sizes of >0.8 standard deviations are considered large, of ~0.5
standard deviations, moderate; of ~0.2, small; and of <0.2, negligible.
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Ala@pOpPEC TOU PUAOU OTn OOMN Kal AEIToUupyia ToOu
EYKEPAAOU

Posterlor Anterlor

Meploxég TOU EYKEPAAOU TTOU QUOIOAOYIKA
gival NEVOAUTEPEC OTA ONAUKA
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TABLE 4.1 Structural sex differences in the central
nervous system of humans

AouIKES DdlaPopEg oTo KNZ

Brain region Difference
Hypothalamus
SDN-POA d>Q
Interstitial nucleus of the anterior hypothalamus-3 d>Q
(INAH-3)
Bed nucleus of the stria terminalis (BNST) d>Q
Suprachiasmatic nuclei (SCN) J<@
Spinal cord
Onuf’s nucleus (no. of motor neurons) g =9

Structures associated with language

Planum temporale P <P

Dorsolateral prefrontal cortex d<Q

Superior temporal gyrus d<@
Structures connecting the hemispheres

Corpus callosum (posterior portion) g < @

Anterior commissure d<9

Massa intermedia of thalamus d<Q

Source: After Forger, 1998.
“More elongated in Q.

"Left and right more symmetrical in size in Q.
“More bulbous in Q.

AN INTRODUCTION TO BEHAVIORAL ENDOCRINOLOGY 5e, Table 4.1
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O QUAETIKG dI0@OPOTTOINUEVOS TTUPAVAG TNG TTPOOTITIKNG TTEPIOXNS Tou utToBaAduou (SDN-POA)

Female Female + T
SDN-POA ( SDN-POA
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The interstitial nuclei of the anterior hypothalamus
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O1 dvdpec Kal Ol YUVAIKEC XPNOIUOTTOIOUV JIAPOPETIKA MEPN TOU EYKEPAAOU Yia £TTIAUCN
TTPORANMATWY
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Males (left): left inferior frontal gyrus in rhyming tasks
Females (right): both the left and right inferior frontal gyri are
activated
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O1 uTT0dOXEIC OTEPOEIOWY OTOV EYKEPAAO — AAANAOETTIKGAUWN
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(b) total brain volume (¢)  hippocampal volume

(d) intrahemispheric (e)  interhemispheric
connectivity (average) connectivity

(f) serotonin synthesis (g) serotonin synthesis
(1980 study) (1997 study)

d=0.58
A=T75%

(h) pain threshold (i) morphine for analgesia

(j) zolpidem clearance rate (k)  driving impairment
on zolpidem

d=1.03 ‘ d=1.06
A=29% t A=51%




lllustration of the four types of sex differences that can be observed in animal models:
gualitative, quantitative, population, and mechanistic.

A Qualitative Differences B Quantitative Differences

Male Neural Female Neural

Mechanisms Mechanisms
Jill B. Becker, and George F. Koob Pharmacol Rev . P
HARMA 1CA
2016;68:242-263 &SPET REVIEW SCDLDG CAL

U.S. Government work not protected by U.S. copyright
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Towards a sex-specific psychopharmacology

Blanca Bolea-Alamanac?, Sarah J Bailey?,
Thelma A Lovick3, Dirk Scheele* and Rita Valentino5

Psychoph

Journal of Psychopht
2018, Vol. 32(2) 12¢
@© The Auther(s) 201
Reprints and permis:
sagepub.co.uk/journ
DOI: 10.1177 /02698
journals.sagepub.cor

®SAGE



ity

0.08

0.06

0.04

0.02

0.00

O1 yuvaikeg eppaviouv uPpnAoTepa ETTITTEO
KATABAIYNG, AyXOoug Kal aUTTVIOG UTTO TO OTPEG
VOONAEIiOg o€ oXEOoN ME TOUG AVOPEG

Anxiety

0.08
=
0.08

0.06
0.06

0.04

D
0.04

0.02
0.02

0.00
0.00




Ala@opEG Twy OUO PUAWYV OTNV
aTTOKPIOoN
OTNV AVTIKATAOAITTTIKA aywyn

O1 yuvaikeg atravTouv KaAUTepa
oToug SSRI o€ oxéon pe Ta
TCA kai Toug SNRI.

META-EUPNVOTTAUCIOKES
YUVAIKEG EXOUV XAUNAOTEPQ
TTOCO0OTA AVAPPWONG UE
SSRI o€ ox€on PE VEWTEPES
yuvaikes. AEN 1oxUel yia Ta

1.00-

0.75

0.50

0.25

Survival Distribution Function

SNRI (BevAagagivn). 0.00
, , 0 2 4 6 9 12 i
Agv utTap)OoUV dIAPOPEG OTOUG
dvépgg |J£TG§L'J SSRI ’ SN RI ’ o Weeks in Treatment with Citalopram
TCA. Male T(;z_z 963 754 528 332 153 57

Female 1788 1674 1246 885 550 282 100
Total 2811 2637 2000 1413 882 435 157

O1 avdpeg avExovTal OPWGS
KaAuTtepa 1a TCA o€ oxéon
ME TIG YUVAIKEG.

Log-Rank Statistic=2.81: p=0.0935



Review

Sex differences in
pharmacokinetics of

antidepressants
Nikolaos Kokras, Christina Dalla & Zeta Papadnpnulnu—DaifnﬂT‘
Expert
Opinion

» Ala@OPEC TOU PUAOU OTN POPUOKOKIVNTIKI
TWV AVTIKATABAITITIKWY: OuvrnOwg

uwnAoTEPQ ETTITTEDA OTIG YUVAIKES



A10@OPEG TOU PUAOU OTN
DapUAKOKIVNTIKN

O1 yuvaikeg £xouv o€ ox£on ME TOUG AVOPEG:

» XaNNAOTEPO OCWMATIKO BAPOC

» XapnAGTEPN AINATIKA pon

» MikpOTEPN PUIKN pada

» YwnAotepa tTooooTd Aittoug (~ 11%)
» AIaQOPETIKO OYKO KATAVOUNG

» AIQQOPETIKA TTPWTEIVIKI) oUVOEDON [
> AIOQOPETIKO NETABOAIOUS . tmax XPOVOS
» XapnAotepn KABapon

» MeyaAuTepn BirodiaBeocipoTnTa

Cmax

ZuykéVTpwon oTo TTAdoHa

Katd tn xoprpjynon tng idiag 66ong mlavov ol yuvaikeg va eKTiBevTal
og UPnNASTEpa £TTITTESA VIO MEYAAUTEPO XPOVIKO didoTnHA

Kokras et al Expert opinion in Drug metabolism and toxicology 2011



MeTaOAICHOC AVTIKATAOAITITIKWYV:

O10POPES TOU PUAOU

P450 Sex difference  Influence of Reported
isozymes  in activity sex hormones substrates
CYP1A2 F<M Yes Fluvoxamine,
duloxetine,
clomipramine
CYP2A6 F>M Yes
CYP2B6 F>M - Bupropion
CYP2C9 F=M - Fluoxetine
CYP2C19 F=M Yes Citalopram,
fluoxetine,
fluvoxamine
CYP2D6 F=M Yes Desipramine,
mirtazapine,
venlafaxine
CYP2E1 F<M -
CYP3A4 F>M - Venlafaxine

Opiopéva 1ooevCupa (11.X. CYP2A6) ettnpedadovTal atro Ta olIoTpoyova
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YIMAPXOYN AIA®DOPEZ TOY
O YAOY 2TA MONTEAA?
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H atrdvrtnon otV avTIKATaOAITTITIKN

aywyn eTnEeadleTal Ao TIC OPUOVEC?

Adult male & Vaginal FST Antide_p_ressant_Tre_atment EST
female Smears Pretest (3 inj. Sertraline i.p.)
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TTEPIOCOTEPO AKIVNOia
OTI TQ APOEVIKA
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Kokras N. and Dalla C., Neuropharmacology, 2015

Ta BnAuka epgavidouv
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