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#5 Pubertyv in males and females

Objectives:

Define Puberty

Recognize the physiology of puberty related to changes in hypothalamic-pituitary-gonadal
axis

Describe the physical changes that occur at puberty in males and females

Describe the pathophysiological conditions associated with puberty

B important
[ Males notes

B Females notes
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Resources:435 male’s & female’s slides +Kaplan physiology Lecture notes
Editing file: Here


https://docs.google.com/presentation/d/1nexRKix5twoQ6_dYmsYuRyb7D6YCDUzZMwBF6Ylo2IQ/edit?usp=sharing

Puberty Introduction

Definition Of puberty: two definitions

Physiological transition from childhood to reproductive maturity.

A stage of human development when sexual maturation and growth are completed and result in
ability to reproduce:

Accelerated Primary sexual Secondary sexual Menstruation and
somatic growth characteristics ch.aractel.‘istics._ spermatogenesis
(gonads and genitals) (pubic and axillary hair, begin

female breasts, male
voice changes,...)

Onset of puberty:
Occurs between 8 and 14yrs in girlsQ

Occurs between 9 and 14yrs in boysd

Terms & Events: .. «..ciun..

Thelarche Pubarche Menarche | Adrenarche Gonadarche
Development of Development of | The first The onset of increased secretion matu;aiaon of
breast in female only. axillary & pubic menstrual | of androgens, responsible for ?ona 0
hair. period development of pubic and unction
axillary hair, body odor and acne.

Is there any relation between Thelarche & pubarche? NO ,because thelarche occur due to increase of estrogen , while pubarche occur due to increase androgen..

Changes occur during puberty:

Hormonal changes Physical changes
(phenotypic changes)

First phenotypic changes:
breast development in Q

testicular enlargement in d

NOTE: (Hormonal changes precedes physical changes)

IMPORTANTE POINT IN YOUR EXAM

#It is very very important to Know, what do we mean by primary ,secondary & accessory
sexual structures(u gonna be asked about it)

gonadotropinlly i€l sl FSH &LH «iSl caale HLaaY) Al
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Hormonal Changes

Q In both Sex d

[ ]
In young children@‘&, LH and FSH levels are insufficient to initiate gonadal function.
Puberty is associated with activation of the HPG axis

At the puberty(Between 9-12 yrs ﬁﬁ) there is TStimulation of hypothalamo-pituitary-
gonadal axis:

Tpulsatile Tpulsatile secretion Tsecretion of the sexual steroids Initiate Gonadal

secretion of Gonadotropins (FSH (estrogenes & development &appearance
GnRH(LHRH) &LH), androgens”testosterone”) of the secondary sex

leads to cwiisks Then stimulate the gonads to

L 20 Jid characteristics

#Keep in mind: if the hormone secreted continuously (not in pulses) the target tissue won’t respond ,so pulsatile secretion is very imp.

Ha s yal o )Y aga ags aga ags 4 LH is the main hormone that initiate puberty without LH puberty won'’t take place(increase frequency & amplitude of LH
pulses is necessary to initiate puberty)

Another event of puberty is the appearance of large nocturnal pulses of LH during REM sleep
(One of the earliest events of puberty precedes phenotypic changes by several years) ... couws: s

A significant event early in puberty is an increased sensitivity of the GnRH receptors in the
anterior pltUItary A5 i Aadn 35 £ sl o e a1 5aY (e Gmale e ol a8 N o S (g3 sina s 5 Nie (550 o el S8 30 G ) e

Extragonadal Hormonal Changes During Puberty:: ... .0
Tadrenal steroid
TGH secretion from anterior pituitary increases—elevation of IGF-I-Tsomatic growth.

TTSH (thyroid stimulating hormone) secretion from anterior pituitary increases in both sexes:
increases metabolic rate

promotes tissue growth

In boys (J In girls Q
LH and FSH release increases ~10 Surge of LH release initiates 1st ovarian cycle
yrs. of age (usually not sufficient to cause ovulation mcq). sy
L. G gl 5 Can g i) i glase (Rl aail ad lgia allan (ST il b o) Led jade il 235 )5
Spermatogenesis increase androgen Estrogen increases due to growing follicles.

secretion

adrenals also secrete androgen
Sertoli cells also secrete some
estrogen

The roles of estrogen & androgen in girl’s puberty?

Estrogen induces the secondary sex
characteristics: growth of pelvis, deposit of
subcutaneous fat, growth of internal reproductive
organs, external genitalia & breast development.

androgen release by adrenal glands increases (but
not as much as in male)—growth of pubic hair,
lowering of voice, growth of bone, increased
secretion from sebaceous glands

The roles of androgen in boys’ puberty?
androgens initiate growth of sex

accessory structures! (e.g. prostate),
male secondary sex characteristics
(facial hair, growth of larynx)
androgens causes retention of
minerals in body to support bone
and muscle growth

89 yall g O s ) ok ) n sl g ) UL Ul aSin
From the granulosa cells & theca INTERNA(Not theca EXTRANA ,theca externa act as capsule & later will
secrete proteolytic enzymes)

1 Accessory Sex Organs. The internal organs of the male reproductive system are called accessory organs. They include the vas deferens, seminal vesicles, prostate gland, and bulbourethral (Cowper's)
glands.



Physical Changes

In boys (f In girls Q
1)Testicular enlargement (12-13 yrs)is the 1)Breast enlargement (Thelarche)usually first
first sign (often the First signs go unnoticed) sign.breast budding? occur before breast development .

Puberty begins when Testis volume reaches . o . _
(1,6-6 mI)MCQ 2)Growth of pubic hair is the second sign(dependent

on increased secretion of adrenal androgens

There is Growth of the testes, largely because
(adrenarche))gmw 1955 I93las pgalanoy Folll 4slill asdlall il ealll golall plul)

of an increased number of seminiferous
tubules st g 18 i ol Jatt ol sl

Leydig cell proliferation in the testes, and 3)Growth spurt* peaks before menarche, Growth

increased synthesis and secretion of spurt and closure of the epiphyses: typically begin and
testosterone, As plasma levels of end earlier in girls than in boys mca.in females, the growth spurt
testosterone increase'There are: begins early in puberty and is near completion by menarche.

growth of the sex accessory organs? such

as the prostate.vervive 4)Menarche usually 2-3 yrs after breast

facial, pubic, and axillary hair appears development, menarche usually s the last sign (1ast physical changes)

and there is growth of the penis, lowering

T T T T T T T T

of the voice, and initiation of
spermatogenesis (spermarche). /\
"\;’.)'.’C.l)l" M’l"j“ tﬁl“n-’ k"-"}*“’»'Jy:“.)]5:.‘&:.’:‘“‘.41]l w“jb)’ Height spurt

o) &Y ol palel ygalog gl sl go5 Jlokid 09 phaniansdl

C)J:L_’ Menarche
- Breast 2 sEnm 3 i g
2)Penile and scrotal enlargement occur o3
approx 1 yr after testicular en]argement_PubiC Pubic hair 2030014 s
hair appears at same time. ° s e o iz 35 s s s w

Sequence of normal puberty in girls
3) There is a pronounced linear growth spurt

In males, the growth spurt develops near the end of puberty.

Tanner Scale

Tanner Scale 5 stages from childhood to full maturity(P1(prepuberty) = P5(full puberty)).
Reflect progression in changes of the external genitalia and of sexual hair

Secondary sexual characteristics:
Mean age 10.5yrs in girls
Mean age 11.5 - 12yrs in boys

helpful image helpful image | A [

Female’s & male’s doctors said, the(tanner stages) is extra & they won’t ask us
about it,

2 Accessory Sex Organs. The internal organs of the male reproductive system are called accessory organs. They include the vas deferens, seminal vesicles, prostate gland, and bulbourethral (Cowper's) glands.
3 Budding=developing of fat tissue in the breast
4 Define growth spurt: an occurrence of growing quickly and suddenly in a short period of time
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Timing of Puberty & factors influencing it

Timing of Puberty:

Trend toward earlier puberty exists within Western Europe and USA

Puberty usually completed within 3 - 4 yrs of onset (IMOPRTANT) a wall (uSxy ,Seo iy 080 5Scen Iy i) & 1 pgo o2le 158,25 23
el o Jsbol B8] et oS 5o

Examination of lifestyle changes may give clues regarding mechanisms inducing onset

Influencing Factors:

Factros influence the

time of puberty
. el Genetic factors
Nutritional factors* .
factors (important)
(very important)
e.g. Leptin hormone 50-80% of variation
regulates appetite and e.g. extreme stress. in pubertal timing. ..
metabolism through oo Dl e
hypothalmus.
Permissive role in
regulating the timing
of puberty
*Nutritional factor:Potential Involvement Of Leptin:
Leptin Cause accelerates the HPG axis: R Tt
Normally, leptin is secreted from white adipocytes during eating, o l
Leptin

then leptin goes to hypothalamus to stimulate GnRh & inhibit NPY>,
also leptin has direct effect on AP to stimulate LH & FSH secretion.

I-;v;;th-lamus
(( resulting in accelerate activation of HPG axis and initiation of early

puberty))

€L NPY
T GnRH (Direct)

“Anterior pituitary

T LH
T FSH

l

The result

L Food intake
T Thermogenesis
T Reproduction

Critical body weight must evidence supporting hypothesis:
be attained before

activation of the obese girls go through early

_ menarche
reproductive system.
earlier puberty due to malnutrition is associated with
improvement of nutrition, delayed menarche

primary amenorrhea®is common

living conditions, healthcare :
in lean female athletes(very Imp)

5 NPY (neuropeptide Y) is a potent stimulator of food intake, has an inhibitory effect on GnRH secretion.
5n primary amenorrhea, menstrual periods have never begun (by age 16)



Pubertal Disorders

Precocious(early) puberty

Delayed puberty

Precocious onset of puberty is defined as:
occurring younger than 2 years before the

average age:

Girls <8 years

old Boys <9 years old

facts about Precocious puberty:
More common in females. be fat is more in female

than male

Uncommon in males (usually

pathological).

Maybe associated with a growth spurt

Initial physical changes of puberty are not

present:

by age 13 years in girls (or primary amenorrhea at

15.5-16y)7

by age 14 years in boys

Pubertal development is inappropriate:
the interval between first signs of puberty and
menarche in girls is more than 5 years
the interval between first signs of puberty
completion genital growth in boys is more than 5

years

Causes Of Precocious Puberty

Causes of Delayed puberty

Delayed puberty occurs when the gonad(testis &ovaries)produce little or no sex hormones, why,what r
the causes??. 4itac ol @l 3aa3 I i ga sl o)) )\ i sSila o) A3l HA Lgad ol g8l o) Ly

Gonadotropin- Gonadotropin - Gonadal failure Gonadal deficiency
i i Or Secondary hypogonadism.
depen(_lent lfldependent (Hypﬂgonad(_)troplc (This type of indicates a problem in the
Precocious Precocious puberty hypogonadism) hypothalamus or the pituitary gland)
Precocious pseudopubert Or Primary hypogonadism
(t pll/bertg, l ) ( p p Y) (the problem from gonad itself)
rue / centra
Could be due to: Could be due to: el st S s SRl ol e
Premature Turner’s Syndrome Sl ol sl féfj"’m cealisaldll ol 05 L:;iw
. . gyl (3 A aall Ol gl (i Azl Gt lod e L
activation of the | - FSH & LH suppressed ’:j;‘;:fyﬂ ?jﬁfi'@ ;u}w&s;ﬁ\
(HPG) axis. - No spermatogenesis or Post-malignancy chemo | g
ovarian development /ra diothe%a /y Could be due to:
Intracranial Could be due to: by Congenital
lesions®(tumours, Congenital adrenal SUrgery, hypogonadotropic
hydrocephalus, i hypogonadism.
CﬁS |y hyperplasia (CAH) Polyglandular ypog
i 9
malformations) Sex steroid secereting autoimmune syndromes
Gonadotrophin tumours (adrenal or Hypothalamic/pituitary
. ovarian tumors) lesions (tumors*, post-
secreting tumors )
*_y. rare radiotherapy)can lead to

low GnRH.

Rare gene mutations
inactivating FSH/LH or
their receptors

*Tumors: can cause overproduction or SUPPression ¢pd>93 s

7 Normally Menarche occur after 3 yrs of thelarce
8 Lead to changes in the anatomy and also will affect the pituitary gland— 1 Gonadotropic hormones

9 Polyglandular autoimmune syndrome (PAS) is made up of a group of autoimmune disorders of the endocrine glands. The syndrome results in failure of the glands to produce their

hormones.




Turner syndrome

Clinical Therapy
Cause manifestation
Karyotype 45,X “Short stature (final height growth hormone &
(structural 144-146 cm) sex hormone
abnormalities of X . substitution
-Gonadal dysgenesis
chromosome)
-Skeletal abnormalities
-Cardiac and kidney
malformation
-Dysmorphic face
-NO mental defect(no
impairment of cognative
function)
PUBERTY

Reproductive Changes
e Hypothalamic pulse generator increases activity just before physical changes at puberty.
e First noted sign in a female is breast development; first by estrogen (promotes duct growth) then
progesterone (promotes development of milk-producing alveolar cells).
e First noted sign in a male is enlargement of the testes (mainly FSH stimulating seminiferous
tubules).
e Pubic hair development in males and females is dependent on androgen.

Growth Changes

During puberty, androgens promote the secretion in the following anabolic sequence:
At puberty, if T4 is normal, T androgens drive T growth hormone, which drives T IGF-I

IGF-1 is the major stimulus for cell division of the cartilage-synthesizing cells located in the
epiphyseal plates of long bones.

In males, the increased androgen arises from the testes (testosterone); in females, from the
adrenals (adrenarche).

Near the end of puberty, androgens promote the mineralization (fusion or closure) of the
epiphyseal plates of long bones. Estrogen can also cause plate closure, even in men.

In females, the growth spurt begins early in puberty and is near completion by menarche.
In males, the growth spurt develops near the end of puberty



SUMMARY

Normal pubertal development

Boys (¥

Qgirls

Age of start(yrs)

(9-14)

(8-14)

Duration of
puberty(yrs)
(Takes 3-4 yrs)

32+1,8
(till adult size of testis )

24+1,1
(till menarché)

Hormonal Changes

At puberty:T pulsatile secretion of GnRh—T pulsatile secretion of LH&FSH— stimulate
the gonads to release sex hormone— Initiate Gonadal development &appearance of

the secondary sex characteristics

Another early event of puberty: is the appearance of large nocturnal pulses of LH

during REM.

Extragonadal Hormonal Changes During Puberty: Tadrenal, GH & TSH

estrogen released from Sertoli
cells

Androgens released from
spermatogenesis & adrenal
gland—initiate growth of sex
accessory structures (e.g.
prostate), male secondary sex
characteristics (facial hair,
growth of larynx) androgens
causes retention of minerals in
body to support bone and
muscle growth.

TLH which initiate 1st ovarian cycle (usually
doesn't cause ovulation)

Estrogen released from growing follicle
induces—secondary sex characteristics:
growth of pelvis, deposit of subcutaneous
fat, growth of internal reproductive
organs, external genitalia & breast.
androgen release by adrenal glands
increases (but not as much as in
male)—growth of pubic hair, lowering of
voice, growth of bone, increased secretion
from sebaceous glands

Physical changes

Testicular enlargement first sign
(Due to Tnumber of seminiferous
tubules)—T Leydig cell
—Ttestosterone—

Penile ,scrotal enlargement and
Pubic hair 1 yr after testicular
enlargement.

growth spurt

Breast enlargement B2 (Thelarche)usually
first sign

Growth of pubic hair(dependent on
adrenarche)

Growth spurt?0 peaks before menarche,begin
and end earlier in girls than in boys

Menarche 2-3 yrs after thelarche

influencing factors

genetic, environmental & nutritional (TLeptin—accelrae HPG axis ‘TGnRh,{NPY,TLH &TFSH’
—early puberty)

Tanners scale

reflect progression in changes of the external genitalia & of sexual hair.

10 Define growth spurt: an occurrence of growing quickly and suddenly in a short period of time




Pubertal Disorders

Precocious Puberty: Delayed puberty:
occurring of puberty younger than 2 years before the if the initial physical changes of puberty doesn’t present or if the
average age pubertal development inappropriate
Causes Of Precocious Puberty Causes of Delayed puberty
Gonadotropin- Gonadotropin - Gonadal failure Gonadal deficiency
dependent independent (Hypergonadotropic
Precocious puberty Precocious puberty hypogonadism)

(true / central ) (Precocious pseudopuberty)

Could be due to: - FSH & LH suppressed Could be due to: Could be due to:
Premature activation | - No spermatogenesis or Turner’s Syndrome Congenital hypogonadotropic
of the (HPG) axis. ovarian development hypogonadism.
Intracranial lesions Post-malignancy chemo / Hypothalamic/pituitary
(tumours, Could be due to: radiotherapy / surgery, lesions (tumors, post-
hydrocephalus, CNS Congenital adrenal radiotherapy)can lead to low
malformations) hyperplasia (CAH) Polyglandular GnRH
Gonadotrophin Sex steroid secereting autoimmune syndromes Rare gene mutations
secreting tumours -v. tumours (adrenal or inactivating FSH/LH or their
rare ovarian tumors) receptors




MCQs

1. Menstruation begin in between (year):
a. 10.5-14
b. 12-15
c. 9-14
d. 8-14

2. spermatogenesis begin in between (year):
a. 10.5-14
b. 12-15
c. 9-14
d. 8-14

3. The term Thelarche means:
a. development of breast
b. development of pubic & axillary hair
c. the first mensitrual period
d. maturation of gonadal function

4. The primary event of puperty:
a. increase androgen secretion
b. pulsatile secretion of GnRh
c. none of them

5. Pulsatile secretion of LH&FSH stimulate the
secretion of:

a. gonadal steroid hormones

b. testosterone

c. estradiol

d. all of them

6. Which of these hormones responsible for
the appearance of the secondary sex
characteristics at puberty:

a. sex steroid hormones

b. GH

c. TSH

Answer Kevy:

7. Which one of these is A significant event
early in puberty:
a. increased sensitivity of the GnRH
receptors
b. appearance of large nocturnal pulses of
LH during REM sleep.
c. Increase sensitivity in GH reseptor
d. A&B

8. Testicular volume between 6 and 12 ml,
Lenghtening of penis. Further growth of testes
and scrotum. Which stage is this:

a. P1

b. P2

c. P3

d. P4

9. Which one of these is a Gonadotropin-
dependent precocious puberty:
a. hydrocephalus
b. Congenital adrenal hyperplasia
c. FSH & LH suppressed
d. no spermatogenesis or ovarian
development

10. The cause of Gonadal failure:
a. Turner's Syndrome
b. Hypothalamic/pituitary lesions
c. rare gene mutation inactivating FSH/LH or
their receptors

1df2@]3@][4®)5@|6@]7W][8(C)| 9()] 10(a)
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