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The Endocrine System
Endocrine 

glands secrete 

“hormones” 

directly into 

bloodstream.

In Chap 11 the 

Hypothalamus,

Pituitary,

Gonads, and 

Adrenal glands

will play a role in 

sexuality

From Our Neurotransmitter Chapter:

Neurotransmitters convey a message from the 
sending neuron to the receiving neuron(s).

Hormones, on the other hand, “broadcast” a message 
throughout the body via the bloodstream, so are able 
to influence cells in many distant organs/tissues.

But we’ll hold off on hormones for the moment, 
because before there could be hormones, there had 
to be genes to develop the glands.

Sexual Differentiation in 
Mammals (Chap 11)

How do we become the sexual 

individuals we are?

What defines male or female ?

Differentiation Role of Sex Chromosomes
• Genetic sex (XX or XY) is determined by the sperm (X-bearing or 

Y-bearing) that fertilizes the egg. 

• Early gonads have potential to be either ovaries or testes for ~6 
weeks.

• Sex-determining region of the Y chromosome (SRY) is a gene 
producing a *protein causing the middle of baby gonads to 
become testes.

• If testes develop, they begin to produce androgens like 
testosterone.

• If SRY gene is not present, the outside of the early gonads turns 
into ovaries.

*sometimes called testis-determining factor
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Figure 13.6

Experimental Evidence

• Removal of SRY gene from Y XY mouse develops as a female

• Add SRY gene to X  XX mouse develops as a male

• Injection of SRY’s protein in genetic female develops testes

• Inject genetic male with drug that blocks the SRY’s protein develops 
ovaries

Organizational Effects 

•After gonad development, the 
remainder of sexual development 
depends largelyon hormone 
environment during critical or 
“sensitive” period.

•Normal sources of sex hormones:
• *Testes and ovaries
• Adrenal cortex

Endocrine Glands – Release hormones directly into bloodstream

Although the pituitary is sometimes called the “master gland” in 
fact the hypothalamus is the “master” of the pituitary.

An Overview

HORMONAL CONTROL OVER GONADAL FUNCTION

Hypothalamus

(synthesizes

Gonadotropin 

releasing

hormone)

GnRH

Anterior pituitary

synthesizes 

“Gonadotropins”:

(luteinizing hormone,

follicle stimulating hormone)

LH+FSH

Gonads -

synthesize

gonadal hormones:
Estrogen, Progesterone, Androgens

estrogens

androgens

• Best known estrogen= estradiol

• Best known androgen = testosterone
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• We all begin with ducts, genitals & brains which can go either way 
(male or female)

• The “default” setting for development of the reproductive system is 
“female”. This will occur in the absence of hormones. (Female 
differentiation of brain however IS affected by early estrogens)

• Prenatal differentiation of male ducts, genitals, & brain depends on 
action of androgens (testosterone & dihydrotestosterone (DHT)). 

• In fact, in males, development of female ducts must be actively 
inhibited by release of another hormone from testes:  Mullerian 
inhibiting hormone (MIH), usually in 2nd & 3rd month of gestation for 
humans.

• During development only, there is positive feedback (hormone levels 
in blood stimulate gonad growth and even more hormone 
production). When we are sexually mature there is negative 
feedback (hormone in blood is the signal NOT to release more).

Figure 13.7

Figure 13.8

• Masculinization of 
genitalia occurs 
primarily in response to 
dihydrotestosterone 
(DHT)

Differentiation of the Brain
• Androgens also have defeminizing and masculinizing effects on 

developing brain. 
• Example: Exposure to androgens “program” the hypothalamus 

for the fairly constant sex hormone secretions seen in males vs
the cyclic hormone secretion of females. Exposure to 
androgens leads to growth of certain brain areas; their 
absence develops other regions.

• Masculinization of brain appears to occur later in gestation 
than masculinization of body.

• Early estrogens have some feminizing effects on the brain 
• Early hormone environment also leads to corresponding 

behavioral changes.

Sexually Dimorphic Nucleus (SDN) of 
Preoptic Region of Hypothalamus

Or castrated male
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Sex-Typical Behaviors

Early exposure to 

androgen 

mounting & 

thrusting later in 

life

No early androgens  lordosis (female sexual posture) later in life

Another of Mother Nature’s Jokes:
The Aromatization Theory

• Masculinizing of the rat brain is not just due to testosterone

• Testosterone entering rat brain is turned into estradiol!

• Estradiol, in turn, triggers “masculinization” of the brain.

• Brain areas like the hypothalamus which show sex differences have 
high levels of aromatase enzyme that converts TE during the 
sensitive period.

• If this enzyme is blocked then T does not masculinize brain!

• Maternal estrogens bind to alpha-fetoprotein & can’t leave the 
bloodstream so don’t masculinize brain.

• However, if excess synthetic estrogens are present, some do get into 
brain and can bias brain/behavior in a male direction in a variety of 
species including humans.

• * Now know this is not the only mechanism causing sex diffs in 
brain & that this does not seem to be the primary influence in 
humans, but unusual exposure to estrogens may have some impact.

Other examples of brain differences

• Females
• More neurons in the  

planum temporale

• Larger corpus callosum

• More programmed cell 
death (apoptosis) during 
development 

• Males
• Larger cortex

• Thicker right hemisphere cortex

• Different cellular organization in 
several regions of cortex

Gender Differences in Behavior
• Females

• Verbal fluency
• Verbal memory
• Perceptual matching
• Fine motor skills
• Preference for dolls

• Parallels in animals

• Correlated with anatomical 
changes

• Anatomy changes with 
experimental hormone 
manipulation in animals 

• Males
• Mathematical reasoning

• Spatial tasks

• Large muscle skills

• Higher in sensation seeking

• Preference for “boy toys”

• Higher in rough & tumble  play, 
physical activity

• Higher aggressiveness
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Data That Gender Diffs in Play Not All Due to 
Socialization

• Infants too young to yet 
display a behavioral 
preference show a gender 
difference in what toys 
they look at the most.

• Baby monkeys show the 
same gender diffs in toy 
preferences.

• Young female monkeys or 
female humans who had 
greater exposure to early T 
show increased male-
typical play & toy pref

• Sons of women who tested 
high in phthalates (which 
decrease T)  during 
pregnancy show less 
interest in boy toys and 
more interest in girl toys 

Early hormone exposures may also relate to 
sexual dimorphisms in some more negative 
aspects of behavior – e.g.:

 Aggression M > F
 Schizophrenia M > F
 Autism M > F 
 Depression F > M

Posterior pituitary 

is really just the 

ends of 

hypothalamic 

neurons which 

secrete hormones 

into the blood 

stream rather than 

releasing 

neurotransmitter.

Release 

vasopressin/antidiuretic 
hormone

Release oxytocin

• Hypothal. 
neurons do 
not extend to 
Anterior 
Pituitary. 
Instead they 
control the 
anterior 
pitutitary via 
“releasing and 
inhibiting 
hormones” 
released into 
pituitary blood 
supply

http://www.exn.ca/brain/tests/
http://www.exn.ca/brain/tests/

