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Endocrine Events Involved in Puberty: A Revisit to Existing Knowledge
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Hormonal Regulation of Puberty

ABSTRACT
Puberty is a multifaceted complex phenomenon, comprised of a series of events, controlled by hormones and
other regulatory factors. It is the transition period between childhood and adolescence with key important
changes occurring in physical, biological, cognitive, psychological and social spheres of an individual's life.
These changes are not only important in the personal life of an individual but also affect his/her relationship
with others in the society. The interaction between the hypothalamus and anterior pituitary is crucial for the
onset of puberty. Leptin, secreted by adipocytes, provides the first signal to the hypothalamus that sufficient
energy reserves are present to initiate the process of puberty. These signals are followed by a cascade of
hormonal changes broadly referred to as adrenarche, gonadarche, and a puberty growth spurt. This is an

overview of the current state of knowledge in the hormonal regulation of the events leading to puberty.
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Introduction

The transition period between childhood and
adolescence is referred to as puberty. This era of
development is marked with rapid physiological
changes comprising of the appearance of secondary
sexual characteristics, gonads maturation,
behavioral changes, brain development, accelerated
growth and eventually attaining capacity to
reproduce.’ The complex phenomenon of puberty
comprises of a multifaceted series of hormonal and
other changes. Increased production of leptin is
considered as a first signal that enough energy
reserves are present for the initiation of pubertal
development. However, the pubertal developmentis
broadly characterized into three main events
including adrenarche, gonadarche and pubertal
growth spurt’ Adrenarche is the activation of
hypothalamic-pituitary-adrenal (HPA) axis and is
characterized by the release of androstenedione
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(A4-A), dehydroepiandrosterone (DHEA), its sulfate
(DHEAS) and cortisol.” Gonadarche, activation of
hypothalamic-pituitary-gonadal (HPG) axis,is
monitored through the production of follicle and
stimulating hormone (FSH) luteinizing hormone (LH)
by gonadotropes in the anterior pituitary’ FSH and LH
stimulate gonadal maturation and the secretion of
sex hormones [testosterone (T) and estrogen
(E)/estradiol (E,)]’ that contribute to the appearance
of secondary sex characteristics, and finally pubertal
growth spurt caused by activation of hypothalamic-
pituitary-somatic (HPS) and hypothalamic-pituitary-
thyroid (HPT) axis which increases growth hormone
(GH) secretion which accelerates physical growth.
The thyroid-stimulating hormone (TSH), thyroxine
(T4) and triiodothyronine (T3) secretions meet
energy demands of the body and results in
transformation of a child to an adult. Moreover,
there are certain other hormones which contribute
in the progression of puberty. The aim of this review
is to highlight the key hormonal changes and the role
of gonadal and non-gonadal hormones in the
pubertal development. There are many reasons to
focus upon the hormonal components of the
pubertal maturation. Firstly, puberty is the
fundamental basis of childhood to adolescent
transition. Secondly, biological processes during
pubertal maturation provide targets for the
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development and testing of mechanistic hypotheses.
Thirdly, the study of hormonal progression of
pubertal processes creates unique opportunities for
translational research with animal studies. Finally,
pubertal development has a crucial role in
channelizing the developmental pathways which
may have long-term effects on social interactions,
education, health and well-being of an individual.
1. Pubertal Processes
Puberty is the phase of development that is
characterized by appearance of secondary
sexual characteristics, pubertal growth spurtand
attainment of reproductive capacity. The
process of puberty initiates by the HPG axis re-
activation, which remains dormant after first six
months of life. The increased nocturnal and
pulsatile secretion of gonadotrophin-releasing
hormone (GnRH) from hypothalamic neurons
results in initiation of sexual maturation. The
HPG axis is active during fetal life and in early
childhood, but then becomes quiescent until
onset of puberty. The regulatory networks
gather and interpret hormonal, metabolic,
nutritional, and environmental signals within the
body and control the reactivation of HPG axis at
puberty. The well-balanced and sophisticated
interplay of these signals determine the timing
ofthe onset of puberty.
2. Kisspeptin/GPR54 Signaling
The kisspeptin/GPR54 system has a central role
in the onset of puberty. The failure to attain
sexual maturity in humans and mouse models
with null mutations of GPR54 provides evidence
for the role of kisspeptins in puberty.”® The
mechanism of involvement of kisspeptin/GPR54
system in the onset of puberty can be broadly
categorized into major four event’ Firstly,
increase in the endogenous kisspeptins
secretion, sufficient to fully activate the
GnRH/gonadotropin axis. Secondly, elevated
sensitivity of GnRH/LH responses to the
kisspeptins stimulatory effects as present at
earlier stages of postnatal development. Thirdly,
enhanced signaling efficiency of GPR54 coupled
with the inconsistent increase in the expression
of GPR54. Fourthly, an increase in the number of
kisspeptins projections to GnRH neurons from
anteroventral periventricular nucleus (AVPV)
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areas of hypothalamus.*

Adrenarche

Adrenarche, an enigmatic phenomenon of
adrenal gland maturation, is characterized by
increased production of adrenal androgens (A4-
A, DHEA, DHEAS) and T without increased
cortisol levels.’” Zona reticularis, the
morphological equivalent of the fetal adrenal
cortex, develops during the maturation process.
The fetal adrenal cortex disappears during the
early months of infancy and DHEA and DHEAS
production ceases, resuming laterat the age of 6
to 8 years in humans."™ Hence, a progressive
increase in DHEAS heralds the onset of
adrenarche.” The hypothalamus-pituitary-
adrenal (HPA) axis governs the process of
adrenarche and maintains physiological
homeostasis in basal as well as
pathophysiological environments.” Cortisol and
androgen (DHEA and its sulphate) are produced
from the adrenal cortex and catecholamine,
epinephrine (E), and norepinephrine (NE) are
produced from the adrenal medulla. The adrenal
cortex and medulla have both anatomical and
functional interrelationships. It is hypothesized
that this adrenomedullary interplay may have
some role in adrenarche.” A close rather inverse
relationship has been shown between E and
DHEAS levels suggesting the modulation of
androgen production from adrenals and
function of the adrenomedullary system.” The
possible reasons that secretion of DHEAS and E
are interdependent include the presence of B,-
receptors on cells of the cortex’ anatomical
proximity of cortical and chromaffin cells*® and
innervation of adrenal medulla and cortex nerve
fibers.”

The regulatory mechanism of adrenarche
remained unknown for a long time. However, it
has recently been established that
adrenocorticotropin, 3B-hydroxysteroid
dehydrogenase, and nutritional status
contributes to the mechanism of adrenarche™ It
has been documented that normal body growth
combined with inhibition of 3B-hydroxysteroid
dehydrogenase type 2 (3BHSD2) under the
influence of intra-adrenal cortisol may
lead to adrenarche.” Furthermore, serine
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phosphorylation of P450c17 is stimulated by
increased activity of insulin or insulin-like growth
factor, IGF-1, which enhances the action of
17,20-lyase and promotes the production of
adrenal androgen.” The increased secretion of
IGF-1andinsulin has previously been reportedin
girls and boys with premature adrenarche.”
Adrenal androgens are known to trigger the
activation of puberty.” The increased levels of
adrenal androgen heighten infancy growth and
earlier onset of puberty.” The adrenarche and
gonadarche are interlinked yet independent
processes. Adrenarche initiates a couple of years
prior to the process of gonadal maturation.”
Cortisol

Cortisol, a stress hormone, is produced in the
adrenal gland and is a corticosteroid in nature.
Physiological concentrations of cortisol are
required for the normal, non-stressed daily
activities. Cortisol plays a metabolic role and
increases nutrient concentration in the blood to
meet increased energy demands during mental
and physical activities. Glucose homeostasis and
lipolysis are affected by even the
smallestvariations in plasma concentrations of
cortisol.” It has been observed that physiological
glucocorticoid doses may permit the anabolic
effect of GH on protein metabolism and
excessive doses exert an opposite effect. Adrenal
glucocorticoids, particularly cortisol, decrease
the growth rate by stimulating catabolism of
cytoplasmic proteins and generation of
lipids and carbohydrates.”’” Furthermore;
glucocorticoids exert a direct inhibitory effect on
the secretion of GH at the level of the
hypothalamus. Thus, exogenous administration
of glucocorticoids has been shown to decrease
GH responses to GHRH in normal humans.* The
stimulation of cortisol secretion is carried out
through the release of the hypothalamic
corticotropin-releasing hormone (CRH) and
subsequent secretion of adrenocorticotropic
hormone (ACTH) from the pituitary. The well-
documented circadian secretory pattern of
cortisol is constant and reproducible in stable
physiological conditions® and possess marked
inter-individual variability” the pulse amplitude
of cortisol is highest in the morning shortly after
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wakeup and falls to the lowest levels around
midnight.”

The circadian rhythm of cortisol is not witnessed
inthe newborns, but it attains a well-established
pattern by two years of age. However, there are
contradictory findings on the effects of age,
gender, or pubertal status on the homeostasis of
the HPA axis.” The factors which are known to
influence HPA axis maturation and circadian
rhythmicity of cortisol secretion include
genetics, early life events, stress factors, wake-
sleep patterns, episodic secretion and feedback
between the pituitary secretion of ACTH and
adrenal cortisol secretion. ***

Catecholamines

The adrenomedullary and sympathetic systems
are among the important regulators of energy
metabolism and homeostasis in humans. The
sympathetic system produces norepinephrine
(NE) which is converted to epinephrine (E) in the
medullary part of the adrenal gland. NEand E are
converted to inactive metabolites,
normetanephrine (NMN) and metanephrine
(MN) respectively, through the enzyme
Catechol-O-methyltransferase.™

The variations in plasma catecholamines and
metanephrine concentrations have been
documented with differences in the sex and
stages of pubertal development'’ E is known to
stimulate metabolic rate in humans™ while NE
results in increased T levels in boys.
Concentrations of plasma E and its metabolite
MN decrease, while plasma NE increases
significantly with advancing puberty. The
adrenomedullaryfunction s linked to the plasma
leptin and sex steroid concentrations” In
response to Estradiol (E,) exposure, the
suppression of in vitro E production,*basal and
stress-induced NE and E concentrations in male™
and female’ subjects and catechol-o-
methyltransferase down-regulation® has been
documented in the literature. In contrast, E has
both suppressive™ and stimulatory” effects on
plasma T secretion. E stimulates lipolysis*” and
energy consumption® and decreases the
production and release of leptin from
adipocytes.” The baseline and stimulated levels
of E are repeatedly documented to be depressed
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in obese persons.
Gonadarche
Gonadarche is the earliest set of gonadal
changes, which indicate that true central
puberty has begun. The enlargement of testes is
considered as the first physical sign of
gonadarche and is accompanied by enhanced
sex steroids production.”

Leptin

Leptin, secreted by adipocytes, is considered asa
structural organizer of the hypothalamic
controlling circuit for body energy balance.” It
also provides signals to higher brain centers that
there are sufficient energy reserves in the body
toinitiate growth and reproductive processes for
attaining puberty and transforming a child into
an adult.” Furthermore, leptin serves as a
messenger for the hypothalamus and is known
to stimulate GnRH secretion and regulates the
reproductive system.”™ Interestingly, the
secretory pattern of leptin possesses diurnal and
circadian oscillations. In normal females, leptin
pulsatility is synchronous to LH and E, pulsatility.
It is suggestive that leptin might have a
significant contribution to the physiological
regulation and rhythmicity of the hormones of
the reproductive axis.” Leptin secretion is also
stimulated by cortisol and is interrelated in a
time-related reciprocal manner. The
corticotrophin-releasing factor (CRF) stimulates
the sympathetic system which excites the
adrenergic receptors to augment peripheral NE
secretion and leptin release inhibition.”

Ghrelin

Ghrelin has wide physiological roles that include
promotion of GH release, maintenance of
glucose homeostasis™ and to report availability
of the fuel in the body to hypothalamus. There is
an inverse relationship between HPG axis
reactivation and ghrelin levels. Ghrelin is
possibly involved in the regulation of puberty
and sexual function. The rise in ghrelin levels
coincides with the decline in GnRH activity in the
first two years of life. The fall in the
concentrations of ghrelin levels is found to be
associated with progression of puberty and is
inversely correlated with the awakening of
gonadal axis. Ghrelin is a known signal of energy
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insufficiency and its role in the onset and
progression of puberty has been investigated
through the administration of repeated doses of
exogenous ghrelin to both male and female rats
at different stages of their pubertal
development.”*** The studies showed that
repeated administration of ghrelin results in
lower concentrations of LH and testosterone
during peripubertal period and the delayed
pubertal maturation in the male rats. However,
the release of LH and sex hormones was
influenced by ghrelin administration in female
rats at prepuberty.” Ghrelin has shown
deleterious effect on the development of
pubertal signs in pubertal female rats.” These
effects are, however, pubertal stage dependent
and are predominantin malesthanfemales.
Prolactin

The initiation of breast development is among
the early signs of sexual maturation in girls. It is
characterized by the appearance of breast bud
underneath the areola. It is marked as Tanner
stage 2 on Tanner classification of breast
development. The onset of the larche depends
on production of prolactin (PRL). During the
reproductive life of females, PRL is involved in
the regulation of mammary gland development
at three stages: during puberty, during
pregnancy and after delivery of baby.” The
process of mammary morphogenesis is
orchestrated with pituitary-driven reproductive
events and changes in the systemic hormone
environment. The mammary ductal network
formation initiates during puberty and secretory
alveoli are formed during pregnancy. Prolactin
regulates the formation of mammary glands
directly through stimulation of mammary
epithelial cells and indirectly via regulation of the
progesterone production from ovarian.”’
Melatonin

The available data demonstrates a constant and
progressive decline in the nocturnal serum
melatonin levels from infancy through
childhood until adulthood.”® The drop in
nocturnal melatonin concentrations during
pubertal development has been found related
with the progression of Tanner stages™ and
sexual maturation processes.”Studies in human
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and animals have shown that the administration
of exogenous melatonin can suppress secretion
of GnRH"These observations have resulted in an
emerging concern that the administration of
exogenous melatonin may have adverse effect
on the sexual maturation of children.” However,
well-designed clinical investigations and
laboratory studies in animal models are required
to understand the effect of melatonin
administration on the timings of puberty in
adolescence.”

Luteinizing Hormone

The HPG axis and programming of testicular
function at puberty full mature during neonatal
development in human males.” Puberty begins
with the increased pulsatile secretion of
GnRH/LH-releasing hormone (LHRH). GnRH is
known to stimulate the secretion of LH and FSH
from the pituitary gland, which plays a crucial
role in the secretion of sex steroids and mature
gametes production in gonads. At the initiation
of pubertal development, the pulsatility and
concentrations of LH and FSH become elevated
along with enhanced production of nocturnal
gonadotropins.”® In humans, plasma LH
concentrations abruptly rise after a few minutes
of birth”, decline till the age of six months and
remain undetectable until the initiation of
pubertal development. During mid-puberty,
both nocturnal and basal LH concentrations are
more pronounced which raises LH pulse
amplitude further. The pulsatile LHRH release
establishes pubertal secretory patterns of LH
release.” The LHRH pulse frequency initiates to
increase in the prepubertal period and remain
augmented during pubertal development.
However, LHRH pulse amplitude increases at
early puberty and continues to augment
throughout adolescence. The nocturnal LHRH
release is absent at prepuberty, observable at
early puberty and is prominent at mid-puberty.
After attaining puberty, the adult characteristics
LHRH pattern of 1 pulse per hour is well-
established with comparable LH and T
secretion.”

Follicle Stimulating Hormone

Under the influence of GnRH, the anterior
pituitary secretes follicle-stimulating hormone
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(FSH) and is glycoprotein in nature. Both, FSH
and LH, regulate gonadal function, promote the
production of sex steroids and gametogenesis
after binding with specialized receptors present
in the testis. Slightly elevated concentrations of
FSH are seen in human males for 3 months
postpartum. At the age of 6 months, the plasma
concentrations of LH, FSH, and T dropp to a
negligible level and the HPG axis enters the
quiescent phase till the time it receives signals
from higher brain centers to initiate maturation
process at the time of puberty.”

Inhibin

Inhibin isolated from follicular fluid is a
glycoprotein which suppresses the secretion of
FSH. Inhibin is present as a heterodimer with two
dissimilar subunits which includes inhibin A with
alpha-subunit and inhibin B with beta-subunit.
Both the subunits are interconnected through
disulphide bonds.” Inhibins function as gonadal
messengers and inhibit the release of pituitary
FSH through negative feedback mechanism in
rodents, ruminants, and primates. Furthermore,
inhibins regulate the ovarian and testicular
functions in a paracrine manner and are
promising markers for infertility, gestational and
gynecological disorders in both sexes.” The
physiological production of inhibin by the testis
in adults is dependent upon FSH stimulation,
normal Sertoli cells population and
spermatogenesis. However, FSH stimulation
and spermatogenesis are not essentially
required for basal release of inhibin B. These
factors attribute to the secretion of inhibin in
hypogonadism, impaired spermatogenesis’”and
in T treated men.” However, experimental
studies and clinical evidence have shown that
the stimulation of Sertoli cells with FSH has
stimulatory while LH has inhibitory effects on
inhibin secretion.”

Detectable levels of both Inhibin A and B are
foundin the serum of male fetuses during 14 and
16 weeks of gestation.”” Serum inhibin B level
has a direct correlation with serum T* and an
inverse relationship with serum FSH”’
concentrations at mid-trimester. This is the same
regulatory pattern of inhibin B, T and FSH
witnessed during the later stages of life. In
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neonates, males have higher serum
concentrations of inhibin B than females, but
there is no correlation with serum FSH levels in
both sexes. It is suggested that the testes have a
probable role in inhibin production.” Serum
inhibin B concentrations are detectable at
birth”, reach peak levels at the age of 3 and 4
months and then decline to low but detectable
levels until the age of puberty.” There is a slight
decline in inhibin B concentrations in elderly
men with a reduction in testicular function.”
Testosterone

The physical changes during puberty in boys are
under the control of increased circulating
testosterone (T) concentrations. The increased
production of androgens controls pubarche (hair
development in genital and pubic region).” In
boys, the main source of circulating T
concentrations are the testes. Moreover, the
peripheral conversion of androstenedione also
produces small amount of T.* Testosterone is
higher in male than in female fetuses prenatally,
particularly from about week 8 to 24 of
gestation”’and about week 4 to 24 postnatal.™*
The early postnatal elevated concentrations of T
are referred to as mini puberty. Testosterone
during mini puberty influences the male
genitalia development and attainment of
reproductive function.”® Furthermore, the
development of gender-typical behavior is also
controlled by the circulating T levels.**

Estrogen and Progesterone

As the gonads become sensitized to
gonadotropin stimulation, they grow and
secrete sex hormones at steadily increased
rates. Within 3 vyears of rising above the
prepubertal range, estradiol increases an
average of 20 pg/mL (73.4 pmol/L) yearly to
reach the mid-adult range.” The female
neuroendocrine system becomes capable of
secreting a mid-cycle surge of LH when the
ovaries are prepared for ovulation and have
sustained level of estrogen secretion. Estrogen
stimulates the female genital tract (endometrial
growth, cervical mucus secretion) and breasts.
“Estrogen surge results in pubertal growth
spurt, directly and indirectly via growth
hormone, stimulates epiphyseal growth and
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epiphyseal maturation, and peak bone mass
accrual.” Estrogen results in epiphyseal fusion
and is a potent inhibitor of bone resorption after
attaining pubertal growth spurt. During puberty,
estrogen promotes lipogenesis, lower body fat
distribution and increase of body mass index
during puberty.” The menstrual cycle arises
from cyclic maturation of ovarian follicles that
results in cyclic changes in estradiol and
progesterone, which entrain cyclic changes in
gonadotropin concentrations which select and
nurture one dominant follicle to the point of
ovulation for potential fertilization.” The ovaries
also secrete androgens along with the adrenal
glands which are involved in the development of
pubic hairs. ™

Pubertal Growth Spurt

The multiplex process of growth initiates from
conception and continues throughout the life of
an individual. The control of growth progression
is based on the age- and gender-dependent
interactions among many factors including
genetics, developmental processes, nutrition,
metabolism, hormones, biochemical
compounds, socioeconomic status, behavior
and/or environment. However, it has previously
been shown that genetic predisposition is the
main contributor to the height velocity in the
newborn.”

Growth Hormone

The pattern of linear growth during infancy,
prepuberty, puberty and adolescence closely
correlates with the secretory profiles of growth
hormone (GH) by the anterior pituitary. GH is
known to increase cell numbers in the body
through mitosis and stimulates body growth.”
GH predominantly promotes the growth of
muscles, bones, and cartilage. The age-
dependent change in the 24h secretory pattern
of GH has been observed in both human and
experimental animals. The spontaneous
pulsatile secretion of GH can be witnessed in
human infants during the first one to two days
and it keeps on increasing in both pulse
frequency and amplitude during infancy. The
nadir, frequency, and amplitude of GH secretion
decrease as the infant approaches childhood.
Studies on the 24 h pattern of spontaneous GH
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secretion in prepubertal children revealed peaks
of GH both during waking and sleeping hours.”
Nevertheless, GH secretion per 24h is highest in
boys at late puberty and is about three folds of
GH levels during prepuberty. Shortly after
attaining the final adult height, the peripheral
GH and concentration pulse pattern returns to
prepubertal levels. GH profiles of prepubertal
boys and young men are remarkably similar.”
The total GH secretion in young adults drops to
almost one-half of the GH concentrations in boys
at late puberty, whilethe 24 hour spurt
frequency of GH remains the same in both late
pubertal boys and young adults.”

Insulin-like Growth Factors

Insulin-like growth factors are polypeptides
having high sequence similarity with insulin and
are part of a complex system that facilitates the
communication of cells with their physiological
environment. The production of circulating IGF-1
takes place in the liver and is primarily controlled
by the GH. Other factors that modulate the
secretion of IGF-1 include caloric restriction, sex
steroids and malnutrition associated
diseases.”™ IGF-1 is required for maximal
growth through increased cell proliferation and
reduced cell death. IGF-1 is also involved in
neural development™ and the development of
olfactory organs.”

Very low serum IGF-1 concentration is observed
at birth, attaining peak at late puberty, dropping
to half its pubertal levels at early adulthood and
then declining through the rest of life."” Age has
been found positively correlated with serum
IGF-1 concentrations during pre-, early- and
mid-pubertal development, while this
association is negative at late puberty.”***
During pubertal development, there are
conflicting reports on the correlation of serum
IFG-1 and sex steroid concentrations. Some
authors have reported that the serum IGF-1
levels are significantly associated with sex
steroids concentration in both boys and girls'*""
while according to another study, such positive
association is only found in girls and not in
boys.'”

The growth rate of an individual is influenced by
a combination of hormonal and metabolic
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changes' Body length is predominantly

upregulated by GH, which interacts with insulin,
thyroid and sex hormones, calcitonin and
parathormone.”” Androgens of the adrenal
cortex and gonads exert a direct influence on
puberty. Both types of androgens are anabolicin
effect and influence bone tissue, enhance the
body growth and increase working capacity and
endurance.'”

Thyroid hormones

The hypothalamic-pituitary-thyroid (HPT) axis
contributes to the initiation of puberty through
increased secretion of thyroid hormones to
meet increased energy demands. A transient
surge of thyroid-stimulating hormone (TSH) is
observed with the onset of pubertal
development and triggers an increase in the
thyroid volume. The change in thyroid volume is
known to occur mainly between 11 to 15
years."”"" Nevertheless, at the age of 9 to 9.5
year, a prepubertal TSH surge is witnessed,
which transiently increases the levels of thyroid
hormones (T4 and T3) and augments peripheral
T4 to T3 conversion."' As puberty approaches,
TSH levels decline or may remain constant but
the levels of circulating thyroid hormones
decline progressively."' The increase in
thyroid volume is related to the progression of
pubertal development and it is suggestive that
numerous growth factors may positively
modulate the HPT axis, possibly through TSH-
independent pathways. Further, it has been
suggested that growth factors may alter the
sensitivity of TSH receptor and/or other
endogenous pathways of the thyroid gland.™ A
study in healthy adolescents has demonstrated
the positive modulation of the HPT axis with a
striking rise in plasma IGF-1 and GH
concentrations. Furthermore, concentration of
T3 remains constant while levels of total and free
T4 are decreased in boys during mid- to late
puberty."”™® The sex steroid receptors are
known to have a differential effectin normal and
pathological human thyroid tissues. The
androgens have a restraining influence on the
thyroid gland."*™ It is suggested that growth
factors that modulate somatic development and
sex steroids influence the growth of the thyroid
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gland during puberty."’
Parathyroid Hormone
Parathyroid hormone-related protein (PTHrP) is
expressed in the epiphyseal growth plate and
sends signals to the PTH/PTHrP receptor on
proliferating chondrocytes and works as a
limiting factor and slows the process of
chondrocyte differentiation."*The expression of
PTHrP has been reported in human pubertal
growth plate which provides a clue that it might
also be involved in the regulation of pubertal
growth.”™ Furthermore, PTHrP expression is
higher in hypertrophic chondrocytes in early
puberty in comparison with late puberty. PTHrP
expression is negative in the resting and
proliferative chondrocytes throughout pubertal
development. Further investigations are needed
to fully elucidate the underlying mechanism of
the expression of PTHrP during pubertal
development and ultimately the pubertal
growth spurt. "
Peptide YY
The anorexigenic effects of peptide YY (PYY) are
well-documented and they are potentially
involved in the long-term modulation of
nutritional status.””"’”* The available data have
reported that lower concentrations of circulating
PYY results in increased GH levels."”"**Thus, the
physiological drive to eat, reproductive function
and weight gain are influenced by the alterations
in circulating levels of PYY. At the time of puberty,
the rapid processes of growth and maturation
requires coordinated regulation of appetite
regulatory signals and energy balance.”"*
Conclusion
The attainment of puberty is a sensitive and complex
multifactorial process comprised of a cascade of
hormone secretions from various endocrine glands.
However, the role of these triggers in the initiation of
puberty and interplay of various hormones have
been a great puzzle for scientists for many years. All
the hormones play a pivotal role in the progression of
puberty and culminate into reproductive
competence. The reproductive system is under the
control of a complex regulatory network. The
pulsatile secretion of GnRH from the hypothalamus
stimulates the pituitary gonadotropins and gonadal
sex steroids. The regulatory mechanisms involved in
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the secretion of GnRH is not completely understood,
but the identification of leptin has provided a clue for
initiation of GnRH secretion. The other hormones
including the metabolic hormone, ghrelin, are
involved in the regulation of puberty and the
reproductive axis. Further, the availability of new
powerful technologies has contributed to the
expansionof knowledge of regulation of pubertal
development. The increased understanding of the
regulation of puberty will be helpful in improving the
treatment of reproductive disorders.
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