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Cevelopment refers to the process by which an organism gronws
and matures from a single cell into a complex multicellular organism
with specialized tissues and organs, IR mmvobves o senes of
pcoordimated and segquential events that begin wath fertilization and
continue throughout the hie of an organism. Development 15 &
highly regulated process that i3 influenced by genebic  and
environmental factors, and 1t requires the precise coordination of
numerous cellular and molecular processes

In baologry, growth and development are two distinet processes.
Growth refers to an increase in size or number of cells, tssues, or
organs, often resulting in an increase in overall mass, On the other
hand, development refers to the proccss by which an organiam
changes from a simple to a more complex stracture, acquiring new
structures and functions. Development involves changes In gene ©
expression, cell differentiation, and tzsue organization that gve rige b
te the diverse cell types and organs In an onganism. : ;-"‘

21.1.1 Fertilization aAnd it8 sile
Unjon of male and female gametes is called fertilization, this B

unen results in the ormation of single cell called zygote. Ege release

from ovary in the form of secondary oocyte, which is covered with

zona pellucwda. Fertilizalion takes place in proximal part of oviduct.

This process s l[acilitated by enzyvmes on the surlface of the sperm

cell, which break down the auter membrane of the SRE.

Once a sperm cell has succeesshilly penetrated the egp cell,
zona pellucida ol the egp undergoes changes that prevent any other
sperm from entering. Once the sperm cell has entered the egp oell,
the two cells use, and their nucle combine to foom a single, diplond
muclews, This marks the bepinning of the development of a new
indmidual. The zvpote then underpoes a senes of cell donsions and
transformations as it travels down the fallopian tube towards the
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uterus, where 1t wall implant mto the uterme hnng and continue to

Fig. 21.1 Brages of Sperm entering am &gf

21.1.2 Cleavage and egg types

Claavage iz the process of rapld cell divigion that occurs after
fertilization, dunng which the zvpote dovides into smaller and smaller

cells, each containing a copy of the penctic material from the onginal
cell. The purpose of cleavapge (s 1o generate many cells that will
eventually form the tissues and organs of the developing embryg, The
amount of yolk present in the egg cell can significantly impact the

cleavape process. [n some anmmal specwes,. such as birds and rephiles,

the egg contains & larpe amount of yvolk, which can make cleavage
more difficult.

In eggs with moderate to hitle yolk, cleavage occurs throughout

the whole egg, a pattern called bholoblastic cleavage, However, in
epps with a large amount of yolk, with a amall amoont of clear

cytopiasm concentrated at one pale called the blastodise. Cleavage 1n
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than from the yolk, Examples of amimals that Lay isolecithal eggs

include many fish, amphibians, and some invertchrates
[n addition to these three mam fypes of egps, there are also

mtermediate forms, such sz mesolecithal eggs. which have &
maderate amount of yolk that is distributed throughout the ege, but

not evenly, Examples of animals that lay mesclecithal epes include
many fsh and amphilbans.

Z21.1.3 Morila and Blastula
The term "morala” refers o a solid mass of blastomeres

formed by the several cleavages of a zypote. The mornala in humans
contains at least 60 cells, The zyveote grows 10 a blastocyst, a hollow,

bubble-like strecture that eventually implants in the utenne lining
wihven the number of cells in a marala nses. The process of gEnerating

the blastocyst, known as blastulation, begins with cleavags. Cells

divide into an inoer cell mass and an outer layer of cells known as

the trophoblast. The
traphoblast will give rise 1o the
placentan while the mner cell ey o
mass will develop into the s
various tissues and organs of lsphobias
the embryvo, 20 Inner mass cells

are ¢alled embryoblasts, as

division continues cells begin 1o
mave apart, %0 thatl spaces |

appear among oells in the -
certer of mass. Cells keep

pulling sway from the central
area, forming a fluid cavity
called segmentation cawvity or
blastocoel.

Flg. 21.3 Blastula
Z21.1.4 Events of Gastrulation

Crastrulation 15 a vital stage in human embryonic development,
and it involves a seres of complex cellular movements resulting in
the formation of three germ layers: the endoderm, mesoderm, and
ectoderm. These lavers will develop into various ongans and tissues
such as the hining of the dipestive tract, the heart, and the nervous
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sysiem. The process begins with the formation of the primitive

streak, followed by the invagination of epiblast towards the mudline.
Ax the endoderm forms, a third Layer of cells, the mesoderm, develops

between the endoderm and ectoderm.,

Formation of FPrimitive streak

Inner cell Amniotic extraesmbryonic
mass cavity membranes

Fig. 21.4 Events of Gastrulation

During gastrulation, the inner cell mass creates hypoblast ’”

cells that line the blastoeoel, resulting in the primitive yolk sac and B
a bi-lavered embrvonie disc
made up of epiblast and
hypoblast,

The emblast sphis

into the amafotic ectoderm
mnicl thee embryonic

epiblast. The embrvomnic
epiblast deéevelops mto the

embryo (including ectoderm.,
erpdodertm, messderm,  andd

germ cells], while the extra
embrvonle endoderm forms
the ]"I;i]k 1= T Fig- 21.5 Formation afl Germ layeca

The trophoblast develops through seweral stages, eventually
becoming the chorion, the embryonically dermved porfion of the
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placenta. Trophoblast cells also induce the mother's utenne cells to

form the maternal portion of the placenta, the decldua, The decidus
Becomes rech o the blood vessels that will provide oxXypen and

nutrients to the embryo.
Z£1.1..> Fate of three germ layers
During human embryonic development, the three perm layers

that form during gastrulation give rise to a8 wide variety of tissues and
OCEars.

Germ Layer

Ectoderm

Table 21.1 Fate of Thret Jerm Layvers
Tissnes and Organs

skin, teeth, eyes, nervous system (brain, spinal

cord, rnerves|

Bones, muscles, heart, Kidoeys, blood vessels,
Megoderm

reproductive syvetem, dermis of skin

Lining of digestive tract {including esophagus,

Endoderm stomach, ard mtestines), ining of resparatory tract,

liver, pancreas, bladder, thyrold gland

£1.1.6 Events of Neurulation
Meurulation 15 the process by which the neural plate forms and

eventually becomes the neural tube, which will give rise to the brain
and spinal cord. During the third week ol development, the ectoderm

thickens along the midline, forming the neural plate, The neural
plate then beglns o inva@minate of fold inwards, Iorming the nearal
grooves that runs along the medhne of the embryo, As the neural

plate continues o Invaginate, the ralzed newural folds on either side
of the neural groove start 1o elevate and approach each other untl

they eventually fuse together, forming the nearal tube, As the neural
tube iz forming, some of the cells at the edge of the neural plate start
2 break away and migrate to form the neural crest.

The neural crest will eventually give rise to various cell types
mciuding cramal and spmal nerves, some components of the skull

and face, and pigment cells, As the neural tube forms, it also
underpoes sepmentation, lorming distinet regions that will give rise
o different parts of the nervous system,
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For example, the anterior end of the neural tube will form the

brain while the posterior end will loom the spinal eord. The neural
tube eventually closes at both ends, with the cranel [heasd) end

closing first, followed by the caudal (tail) end

21.1.7 Neural creat and neural orest cells
Dunng embryonic development, the neural crest 5 a transent, -
highly migratory population of cells that arises from the neural plate : ay
- w

and gives rise to a diverse arrav of cell types and tissues.
Tahle 31.3 Stractures dorived from neural orest oelks

Cranlal nerve ganglla Sensory and autonomic ganglia of the B s
cranial nerves
Adrenal medulls Chromaffin cells that makes up the adrenal

medulla, producing epinephrine and
norepnephrine

Dorsal root ganglia Sensory ganglia of the spinal nerves

Melanocytes Pigment-producing cells responsible for
akin, hair, and eve color

Skeletal and Cartilage, bones, and connective tissue of

connective tissue the face and skull, sz well as some teeth

Smooth muscle amooth musche cells of the cardowvascalar
system, including the aortic arch artenes

Schwann cells Myvelin sheath-lorming cells around axons
iri the penpheral nervous system

Enteric nervous Nervous svetem contrelling the function of

Eystem the gastromtestinal tract
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21.1.B Organogenesis

Crrganogenesis 18 the process of organ formation in the
developing embryse, which begins during the third week of human
embryomc development and continues until the end of the saghth
week. The three germ layers of the embrye the endoderm, mesoderm,
and ectoderm give rnise to the varous organs amndd fBissues of the body.

21.2 CONTROL OF DEVELOPMENT

The control of development involves the intncate interplay
between penetic and envirenmental factors to determine how &
fertihzed egg transforms nto a complex multicellular orgamsm atth

distinct tissues and organs. KRey processes in this control include
pattern lormation, where different regpons of the embryo become
speciadized through regulated gene expression and  signeling
pathways. Another essential aspect iz cell differentiation, where
undifferentiated cells acquire specific sddentities through the influence

of signaling molecules and transcription factors. Additionally, the
environment, including actors ke temperature, ight, and nutrents,

also Influences gene expression and cell differentiation, thereby
inpacting the overall development of the organism.

al. &1 Role of nuclous in developmeni
During s studies 1n

the late 1920s, Hammerling :

discovered that Acedabulor, |-
A fype of manne algae, had &
single nucleus located in the
bas# of the cell. FHe conducted

an experiment in 1934 where
he successlully transplanted

the nucleus off Elake

Acetabulario SpeECles,

Aretabuinrig crenoliola, onto p
the stem of ansther apecies, rl
Ace b veri iraecl e rraarie® . B
which had a diferent cpp - £

E;|;'|_.-_:|_|_'|.|:- Thue Jﬂ[l.'l'll'.'ﬂtl:l:'l.g ﬁt'l.lijll:'l.g Fig- 21.7T Hammariing's expanimenis
was that the cap that grew
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the transplanted cell resembled that of A, crenulate. Thas sndscated

that the nuclews mffuenced the development of the cap by
1.l'-'£|.|'|$|:'|'|:l['[i:l!lg factors or substances o the -I':::.'f.l'.'l-]'.'l|El.=EI'|:'| i EI-:II:'I'I]'.'I|EI:'
terms, the experniment showed that the nucleus contraols the

information that determines the shape of the cap.

21.2.2 Role of oytoplasm in development

The role of cytoplasm in controlling the process of development has
becnn  pevealed through experimentz on frog  embivos.  Belore
fertthzation, the unfertilized rog epg has a pgmented upper

cytoplasmic half and a yolky lower half, ARter fertilization, & gray
crescent lorms opposite to the point where the sperm nucleus enters
the egr. This gray crescent 15 created when some pigments in the

cytoplasm shift upwanrd, leaving a crescent-shaped arca

Canthal agg Experimental egg
[-u:nrm-.-m.j [Side viaw
Carirol Experimental - .
. B v
-r.-r-l-:tml 5.'-‘
;— ﬁ Themad F
R \
| ﬁ“u ” ".
RESLALTS

Selly piece
FJE:.II B Disteibution of gene regulating substance

During the first cleavage, the zygote divides vertically, and cach
davghter oell receives hall of the crescent. Interestingly, if these
daughter cells are separated carefally, each of them develops mto &
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normal tadpole larva, In an expenment conducted by Hans Spemann
i 19340, he purposely altered the normal plane of the first cleavage.
Az a result, one of the daughter cells received the entire grav
crescent, while the other did not receive any crescent. Both of these
daughter cells were separated and allowed to develop. The daughter

cell that received the entire gray crescent developed into & complete

tadpole larva, while the non=crescent daughter cell faled to develop
properly. This experiment ghhghted that even though both

daughter cells had the same genes, the presence or absence of the

gray <rescent in the cvioplasm had & significant effect on pene
expression and subsegquent development.

21.2.3 Embryonic Induction

Induction, the process by which one type of embryonic tissue
mluences the development ol another, i3 a lundamental aspect of
embrvonie development. In frog embryos, the primary organizer,
situated at the dorsal bp of the blastopore, 15 essential for proper
development. The priosimity o the primary organizer deltermmnes the

fate of cells, with those clozest becoming endoderm, those farther
away becoming mesaderm, and the farthest becoming ectoderm, This

Sugsrests the presence of a malecular gradeent thalt sérves as a
chemical signal for perm layer differentiation.

Kenowned embryalogist Hans Spemann and his colleague
Hilde Mangeld conducted a groundbreaking experiment in 1924 to

study embrvonic Induction, specifically focusing on the formation of
neural bssue, They carefully excised the presumptive nervowus system

tizsue above the notochord and teansplanted it o a different reglon of
the embryo, the belly arca. Eemarkably, the transplanted tissue
falled to develop mto npeural tissue at the new locatwon, Thas
experiment demonstrated the mlluential capacity af the transplanted
tizsue, indicating that it induced the surrounding cells to adopt
spectfic fates, The notochord, acting as the poimary organizer, played
a vilal rale by releasing signalhng molecules that gusded neaghbonng
cells o differentiate into neural tissue.

apemann  and Mangolds fGindings revolutionized our
understanding of embryvonic nduction, revealing that certain tissues

-.-

g

I.fl




Fig. 21.9 Experiment performed by Hans gpemann and Mangold

‘hat release diffusible signal
differentiation of other

In . :
me':ulﬁﬂf which can induce Oor

ﬁlﬂ or tissues.

€re are two types of organizers: primary and gecondary.

Pﬂ?““ﬁ" organizers, also known A&as embryonic organizers, arc

regions that determine the basic body Pian of the embryo. In

.:-E'rtﬂhrﬂ_tﬂﬂl the dorsal lip of the blastopore ie considered the primary
rﬁﬁﬂ'l?.ﬂr_ as it initiates gagmg,latiﬂn and gIves rise to the three germ
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secondary organiezers, also known as regional organizers. develop

later and are responsible for organizang specific regions of the embryo
or promoting the differentiation of specific cell types. An example of &
secondary organizer 15 the ZPA [zone of polanzing achwvity) 1o the

developing limb bud of vertebrates. The ZPA releases signals that
direct the formation of the anmterior-posterior axis of the limb and
determine the identity of different dignts.

21.3 Fregnancy

Pregnancy 15 when a fertilized epg develops into a foetas wathin
the mother's wuterus. The process of pregnancy beping  with
fertilizatyon, when a sperm cell penetrates and combines wath an ege

cell, forming & zygote, The zvpote then begins to divide and undergoes
geveral atages of development before it becomes a foetus.

E!TE Extra'Reading:Material

_ sclence & Society: Proper nourishment of the mother during the
F—-I third trimester
Proper nounshment of the mother during the third trimester of
pregrancy 1s ess=ntial for vanous reasons. Firstly, this s a cntical
" neriod for the fetus as it undergoes rapid grawth and development.
Adequate intake of nutrients ke protein, carbohydrates, and Eats s
crucial to suppert this growth. Insuffickent nutrition can lead to
complications such as low brth weight, developmental delays, and an
Increaszed risk of chronic diseases later in life.

secondly, the mother's body experiences significant changes dunng the
third trimester 1o accommodats the growing fetus, Thess changess
reguire extra encrgy and nutrents, For instance, Bood vahames
increases, the utenis expands, and breast tissue develops In preparation
lar lactatkon, Without proper nosrishment, the mother may cXpericnes

Fathpnee and kack the necessary ressunces 1o support theae bodily
changes.

Lastly, maintaining proper nutritlon during the third trimester can help
rediice the sk of dellvery complications, Well-nourished women are leaa
likely o experience prolonged labor or réquire a ceparean delivery.

T
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Dunng pregnancy, the mother's body undesrpoes numenous

physiological changez to support the growing foetus,. Hormonal
changes occur, leading to mnmereased blood low to the uterus, changes
in metabohsm, and growth of the placenta, which connects the foetus

tad the mother's blood supply. The development of the [oetus is
divicked mnto three mmesters, each lasting approximately three

months,

21.3.1. Human development in trimesters

Human development dunng pregnancy is divided into threes
Irifnesters, #ach lasting aboul three months, Let's take a brel look at
the mapor milestones that ocour durnng each tnmester.

Table 21.3. Bummary of Thiee Trimeslers evenils

Major Developmental Events

Fertibzation and implantation, formation

of the blastocyst, and the beginning of iy

embryonmic develapment -

Development of major organs and systems, »
o inchuding the heart, bram, hmbs, and

First Month digestive =ystem. The embrye becomes & -

Trimester Foetus by the end of the second manth. 3

Rapld growth and development of the
foetus, including the formation of fingers

E.Ihu.ituﬂl:h and toes, evelida, and external genitalia.
The foetus can move s lkmbs and make
facial expressions.

Continued growth and development,

- — including the formation of hair and nails,

Secord T and the development of a functioning
urinary system. The foetus can  hear

sounds from outside the womb.

Prevelopment of taste buds, and the ability
to swallow and digest amniotic fladd. The

foetus has distinct sleeping and waking

patterns, and can respond to lght and
toch.

F " ®
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Giwr] Rapid brain development and the growth
M vin By aof hair and nails, The foetus has a good
chance of survival if born prematurely.

Continued growth and development of

organs, and the development of fnt stores
under the skin, The foetus can open amd
chose its eves and respond 1o external

stimul.
Increased weight gain, and  eontinued

. development of the nervwous  and
e E!["Ehm respiratory  gystemns. The foetuzs can

recognize its mothers vwdce and can turn

head-down in preparation for birth,

Finel stages of development, including the
MNirnth shedding of the lanugo hair and the
Motk formation of the vernix caseosa. The foetus

15 fully developed and ready for birth
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21.3.2 Twins and Quadroplets

The dewelopment of twing amd gquadruplets occurs when
multiple embryos [orm [rom a single lectilized ege, or when multiple

egEs are fertilized by multiple sperm

Twins

Twins are children which develop and are born together, Twins
are of two types e, Identical twvdins, also known as monoEygotico

twins, ocour when a single fertilized ege splits into two embroyes. The
embrvos will have the same genetic material and will develop into two

separate fectusss, The oming of the sphit determines 1If the twins waill
share a placenta amnd amnplotic sac or have separate ones. This
process orours randomly and 1= not influenced by genetics or other

external factors. Fraternal twins, or dizygotic twins, occur when
twd epps are ferftileed by Pwo separale sperim. These embrpos will

have different genetic material and can develop into two separate
foetuses, Fraternal twins may of may not share a placenta and
amniotic sac, depending on when the eggs are fertilized, o
The development of gquadraplets follows a similar pattern to | ;."h

that of twins. Multiple eggs may be fertilized by multiple sperm or a

single fertilized egg may split into multiple embryvoz, Quadruplets |
may sharée a placenta and amnohe sac ar have separale anes, o

depending on the timing of embrye lormation and implantation. F
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Fig. 21.11 Monozygotic and Dizygotic Twins
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The placenta 15 a temporary organ that develops dunng
pregnancy and servezs as the interface between the maternal and
foetal circulatery syvatems. It i8 formed from the chorion, the
putermost foetal membranes, and the decidoua, the ining of the

uterus, The placenta 1s attached to the utenine wall and connected to
the feetus by the umbilical cord.

The placenta has a disc-like shape and 15 composed of two
lnyers: the maternal side and the foetal side. The maternal side of

the placenta 13 rough and frregular in shape, while the foetal side 15
smooth and rounded. The matermal side contains maternal blood
vessels that bring oxypen and nutnents to the foetus, while the [oetal

gidle contains oetal bhlood vessels that remove waste products and
carbon dioscide from the foetal blood,

Umbilical cord

The umbilical cord (Latin: Funiculus Umbilicalis) 15 & tube-like
structure that connects the developing foetus to the placenta. [t has
omé umbalical vemnm and two umbilcal arteres, which are used by the
fioetal beart to pump blood to and from the placenta, which

exchanpges nutrients and waste products with the mothers
circulatory system. Aflter birth, the umbilical cord iz clamped and
cutl, leaving a small stump that becames the belly bution.
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21. 3.4 Difference between Gestation and Pregnancy

The terms “gestation” and “pregnancy’ are often used
interchangeably, but they refer 1o dilTerent concepts. Gestation reflers
to the penod dunng which an embrye 15 developng withon the
uteruz, Thiz includes the time from fertilization of the epeg by the
sperm to the birth of the offspring. In humans, gestation typically

lasts around 38-43 weeks, or approximately % months.
On the other hand, pregnancy refers specifically to the

conditvon of a female mammal jusually a human) in which she 15

CRITying one or more offspring i her uternas, Pregnancy inclades ot
ornly the period of gestation, butl also the various phvsiolopical and

hormonal changes that ooour in the mother's body dunng thais time.
These changes Include increased levels of hormones like progesterone
and estropen, as well as physical changes hike weight gamn and

changes in the s12e and shape of the uterus,

21.4 EMBEYONIC DISDRIDERS
Disorders during embryonic development refer to a range of ‘.

medical conditions that can occur duning the early stages of humean _ .;_-"
development. Thess disorders can be caused by genetic
abnormalities, environmental factors, or A combination of both, and
can have significant impacts on both the developing foetus and the &
mather.

21.4.1 The maternal-derived abnormalities

Maternal Health Problemas:
Certaln  maternal health problems, such as uncontrolled

diabetea or high bloosd pressure, can also have negative Impacts on
embrvonic development.

Rubella iz a wiral infection that can be transmitted to the foetus
during pregnancy, leading to a renges of birth defects, collectively
known as Congenital Ruobella Syndrome (CHS), The infection can
cause developmental delays, hearing loss, cataracts, heart defects,
and mtellectual disabibties m the developimg foetus




Microcephaly Lataracts
FER. &£1.1J C-ongermital Hubella Syndrome

Abnormal neural tube development can lead to neural tube defects

(NTDa} in the developing foctus, NTDs occur dus to the failure of the
neural tube o close completely durnng embrvonic developrment,
eading to conditeons such as spina bifide and anencephaly, These
conditlons can result in severe digabilities or e¢wen be [atal,

Thyrold gland dysfunction can cause developmental abnormalities
i the [oetus, as thyvroid hormones play a crucial role in leetal growth
and development. [f the mother has an underactive thyroid gland
(hypothyraddizm) during pregnancy, it can lead to developmental

delays, intellectual disabahity, and other abnormabties 1 the
developing foetus.

Limb development issues can ooour due fo varoes maternal health
factorse and environmental exposures. Certain medications,
infections, and genetic condifions can l=ad to bmb abnormabbies in

the developing feetus, such as missing or extra fingers, shortened
nmbs, or mb delformnties.

Proper prenatal care, including regular check-ups and proper
management of maternal health conditions, can help prevent or
minimize the nsk of these maternal-dermred abnormalitiess M the

developing fostus

21.4.2 Genetic abnormalities & Spontaneous abortion

Spontanecus abortion, also known as miscarriage, 15 a
common complicabion of pregnancy that resulis in the loss of the

-.-_
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foetus belore the 2000 week of gestation. It s estimated that ap to
0% of all recognized pregnancies end in miscarnage, with the
majority  occurring  during the fOrst  trimester. Many of these
miscaimiages are caused by major genetic abnormalibies m the
embryo.

Crenetic abnormalities 1 embryos can arnse foom ermors 1n

chromosome number or structure, gene mutations, or epigenctic
modificationis. These abnormalities can aflfect varous aspects of

embryonic development, including cell proliferation, differentiation,
and apoptosiz. As a result, aflected embryos may fail o implant
properly, develop abnormal tissues or organs, or have severs

developmental defects that are incompatible with life.
Some common penetic abnormalibies that Gan caose

spontancscus abortion include:

Chromosomal abnormalities: Thess are the most common cause of

gpontancous abortion, accounting for up to 60% of cases. They
nclude errors m chromosome nomber [such as tnsomy or ". .

monosemy)] or structure [such as deletions or translocations). Most S gy
chromosomal abnormalities are random events that oceus during cell >

division in the spg or sperm, but some can be nhented from e
parent. e

Gene mutations: Mutations in specific genes can also cause
sponlansdus abortion. For example, mulalons 0 genes thal rermilate

cell proliferation or differentiation can disnapt normal embryvonie
development. Inbhented mutatons in genes such as BECALl and
BRCAZ which are associated with an increased nisk of breast and

OVarian cancer, can aled increase the risk of miscarmage.

Epigenetic modifications: Epipenctic modibcations are changss in
gene expression that do not involve alterations o the DNA sequence
ttsell. They can be influenced by environmental factors such as diet

and stress, as well ag by inhented factors. Abnormal epigenetic
modifications can aflfect pene expression n the developing embavo

and mcrease the nsk of miscamape.
In summary, major genetic abnormalities in the embryvo can lead to
spontanesus abortion by disrupting normal embryvon development.
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While some of these abnormalities are inbented, many are random
events that cannot be prevented.

21.4.3 Foetal surgery
Foetal surgery is a medical procedure performed on a loetus

in the uterus to correct stmactural or developmental abnormalities,
Thiz type of surgery is tvpacally perlormed in cases where there |15 a
high nsk of foetal death or lomg-term disabality of the 1ssue 15 not
corrected before bdrth.

Cne example of foetal surgery 15 the correction of spidna bilida,

a conditton where the neural tube does not close properly during
embryonic development, leading to damage to the spinal cord and

nerves. In foetal surgery for spina bifida, a surmcal team will make &
srnall marsson m the mother's abdormen and uterus and reparr the

opening in the baby's back, Thiz can prevent further damage to the
sparsal cord and improve the baby's chances of being able 1o walk and

heave normeal bledder and bowel functeon.

Fig. 21.14 Spina bifiddn and normal spins
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21.5 AGING
Aging refers (o the process of natural, gradual and rmeversible

changes thal oocur m bving ongamsms over tmee, resulling i oa
decline in their physical and mental abilities. It i3 8 bhological
phenomenon that allects all hving organisms and 1s characterized by
a progressive deterioration of physiological functions that eventually
leads to death. The aging process 8 influenced by various factors
sich as genetics, environmental factors, lifestyle, and disease, and 11
varies from person 1o persor.

21.5.1 Aging as part of normal development
Aunng can be rationalzed as a part of normal development

because it 12 a natural and inevitable process that occurs in all living
orpansms. It 15 a resull of progressive changes thal occur in the

body over time, including cellular dameage, DNA damapgs, and

metabolic changes. These changes lead to a gradual declin®e m the

body's ability to function, resulting in death,
As humans age, they experience a decline in phvsical and

cognitive fluncton, iIncluding decreased muscle mass, decreased bone
density, reduced sensory function, and decreased immune functlon.
These changes can lead o an increased risk of chronic diseases,
such as cardiovascular disease, diabetes, amnd cancer.

There are several penetic and extrinsic {actors that can

contribute to the amng process:!

21.5.2 Aging: Genetic factors
Aging 1= 4 complex process that invalves the progréessive dechne

in cellular and physiclogical functions, leading to an Increased
villnerabahity to age-related diseases,

Rescarch has identified several genetic factors that contribute
o the agping process. One of the most well-known penetic [actors is

the role of telomerss 1in aging. Telomeres are the protective caps at
the end of chromosomes that shorten with each oell division. The

length of telomerss has been assocated with aging, as shorter
telomeres are correlated with age-related diseases and decreased
Ifespan. Genetic vanations in the genes that contral telomere length

have been linked to accelerated apging and increased risk of ape-
related disenses,
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Ancther genetic factor that contnbutes o apng 15 the mle aof

genes involved o DNA repair. As we age, the DNA In our cells
Becomes damaged, and il nodl repaired, can lead to mutations and cell
death, CGeenetic variations n genes involved in DNA repair have been
linked to increased rmsk of age-related diseases and decreased
lifespan,

What Wea Lodia With Age

ﬁ
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Flg, 41.18 Aging amd Telomeres
In addition to telomere length and DNA repair genes, other

pEnetys factors thalt ocontnbute o aging include mitochondeial

function, Inflammation, and oodative stress. Mitochondna are the
energy-producing organelles in cells, and their dysfunction has beern
Iinked to apng and age=-related diseases, Inflammation and oxickatbne

stress are also kKev factors in aging, and genetic varations in genes
that regulate thess processes can influence an individual's rate of

AgINg

21 .53 Extrinsic Factors

It addition to genetics, aging 18 also influenced by various
extrinsic or extermal factors. These f[actors can  inchade

environmental, lifestvle, and social factors that can impact an
mdnnadual’'s mate of aging.

Environmental factors such &8 pollution, radiation, and
exposiire 1o loxing can contribute to aping by causing damage 1o
cellular components such as DNA, proteins, and lipids, For sxample,
exposure to UV radiation from the sun can cause DNA damage,
which can lead to mutations and cellular aging. Stmilarly, exposure

& w
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to air pollution has been inked to acoelerated aging and increased
riak of age-related diseases such as respiratory and cardiovascular

disease,
Lifestyle factors such as diet, exercige, and sleep can also

influence the aging process. A diet high in processed foods, sugar,
and saturated fats can lead o chronic inflammation, oxadative stress,

and metabolic dysfuncton, which can accelerate aging and increase

the nsk of age-related dizeases such as diabetes and heart disease
On the other hand, a diet rich in fraits, vegetables, whole grains, and

lean proteins can promote cellular health and slow down the aging

ITICESS,
Tabie 21.4 Aglag Factors
Aping Factors Description
= Telomere length and DNA repair genes
Intrinsic = Mitochondnal dysiunction
= [nflammation and cxidative stness -
» Environmental factors (pollution, radiation, : -
EXposuUre to toxins d
Extrninsic = Lafestyle factors (diet, exercise, sleep) |
« GSocial factors (social support, education. &

BOCHECONGMIC status]

Z21.5.49 Primary aging

Primary aging refers to the natural, imevitable changes that
DOCUr A% a person ages, and are not typucally associated with diseases

or injury. Graving and thinning of haw occurs as melanin production

decreases, while pigmented patches of skin result from an uneven
distribution of melanin. Slow movements and fading vision are due 1o

a decrease in the efficiency of nerve impulses and the gradual loss of
muscle mass. Impaired heaning 15 often due o a gradual declhine 1n

the function of the iInner ear.

Reduced ability to adapt 10 stress occurs due (0 5 decreass in
the body's abdlity to produce and regulate hormones such as cortisal

Finally, decreased resistance to infections i3 due to & weakened
imrmuane system caused by a dechne 1in the function of the thymus

& .8
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gland, which produces T-cells. These changes are a natural part of
the aging process and ocour in most people 10 varying degrees

YOUNGER SKIN VS AGING SKIN

15 YEARS & YEARS A& YEARS

Fig. 21.16 Aging &id Ekin

Z£1.9.0 BSCONAATY AFing
aetondary agping refers o0 body chanpes resulting from

environmental and lifestyle factors such as disease, disuse, and
pbuse, These changes can accelerate the natural aging process and

lead to a decline in physical and cognitive functions. Dieease can be
A major Bctor n secondary apng. Chronse conchitions such as
diabetes, cardiovascular disease, and cancer can have a significant
impact on the body and accelerate the aging process. Infecfions,

particularly those that are recurrent, can also contribute (o
secondiary agang,

& " W




Chagicr 21

CEEveinpamenl and SAgifeg :

Lasck of exercise can also accelerate aging. The muscles, bones,

and jointz require regular wuse 0 meantain their strength and
flexibality. Without regular exercise, these structures can weaken and

become more prone o injury. Abuse of substances such as smaoking,
alcohod, and drags can also lead to secondary agng. Smaking 15 a

major contnibutor o premature aging. It causes damags to the skin
and respiratory svetem, and can increase the risk of heart disease,

cancer, and stroke. Obesity and maloutntion can &lso heave &
slenificant impact an the body, leading to a range of health problems

and accelermting the apng process,
Exposure to environmental factors such as ultra-violet Llght
can also accelerate apng. Sun damage o the skin 15 & common

example of this, keading to the development of wrinkles and age

spats. Pollution, radwatson, and other toxins in the enviironment ¢an
also contribute to secondary aging.

21.5.4 Changes that occur at the system level during aging

Cardlovascular system;
Reduced heart functon, stiffening of blosd vessels, and

decreased biopd flow to Hssues
Respiratory system: Decreased lung lunctlon and reduced oxypen

supply to bissues.

Digestive system: Decreased production of digestive enzymes and
reduced nutnent absorption.

Urinary system: HREeduced kidney function and increased risk of
urinary tract infectons,

Musculoskeletal system: Reduced muscle mass, strength, and bone
density, and méreased nsk of ractures.

21.9.9 Changes that accur at the cellular level dunng aging
inciode:

DNA damage: Accumulation of DNA damage can lead to mutatbons
and cellular dysfunction.

Telamere shortening: Telomeres, the protective caps at the ends of
chromesomes, shorten with each cell division, leading te cellular

SETIESCETIOE.
F __®




Mitochondrial dysfunction: Mitochondria, the energpy-producing
organeslles in cells, become less efficient and generate more harmfual

byproducts as they age.

Oxidative stress: Accumulation of reactive axypen species (ROES) can
components and contnbute to &ging-related

damags cellular
dizeases.

Inflammation: Chronic infllammation 18 a hallimark of aging and can
contnbute o age-related diseases such as cardiovascular disease,

diabeies, and cancer

1 LhEmpicr M1
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21.5.6 Age-related diseases & Medical science

Here 8 a list of age-related discases along with thelr brief

descniplions and common medical imnlervenbons:

Takle X1 5 .|.|:l|:-rr'|u'l-|:|:| |l_|n|:|ull::.| & Medicu!l scienee

Deacription Medical Interventions

Disoase

Cardiovascular
fl1=e e

S Alzheimer's
& el i ase

Clateoporosis

Arthrts

Ape-Telated
macular
degeneration

Type 2 diabetes

A proup of conditlons
that affect the heart

and blood vessels
A progressive brain

disorder that affect=
memary and cognitnne

anction

A ronditinn that causes

bone loss and Increases
the [k of fcactures

A group of conditions
that cause pnnt pain,
atiffness, and swelling
A progressive cye
dizgease that can cause
vislLon loss

A chronie condition
that affects how the

oy processes blood
ELLEAT

[E— —-. [ EET—
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Medications, lifestyle
changes, surgical
procedures
Medications,
cognitive f behavioral
thverapies, lifestyle
changes
Medications,

calcium S vitamin [
supplements, welght-
bearing exercises
Medications, plysical
therapy, joint
replacement surgery
Medicatons, laser
therapy, surgical
procedures

Medications, lilestyle
changes, insulin
therapy

p
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= Human embryonic development invalves a sertes of stapes that
resull in the formation of a loetus.

= The process of development 15 regulated by a combination of
genetic, environmental, and epipenctic factors.

= Duning pregnancy, the mother undergoes significant
physiological changes to support the developing foetus,

# The three trimesters of pregnancy are charactenzed by different
stages of foetal development and maternal adaptations.

= Abnormalities In embrvonie development can result 1 birth
defects, genetic disorders, of MIsCAarriage.
~ Aping 15 a complex process that i3 influenced by both genetic

and environmental factors,
= Ape-related changes can ocour in tigsucs, organs, and sysiems
throughout the body, leading to a decline in function and

Increased rnsk bor disease,

# The study of aging inwolves multiple disciplines, inchading
penetics, physiodogy, and psyvehology.

» Genetic factors play a sipnificant role in determining lifespan
and the risk for age-related diseases.

= Environmental factors, such as diet, exercise, and exposure to

tostns, can mfluence the aging process and diseass rnsk.
= Interventions aimed &t slowing or reversing agng include
lifestyle modifications, pharmaceuticals, and gene therapies,

» The wuse of these interventions raises ethical, social, and
poonomic issucs related to access, salety, and societal values,
= The study of human embryonic development, pregnancy,

disorders, and aging is important for understanding human
health and discase.
= Sudyving human development and a@mng regquires a

multidisciplinary approach that draws on knowledge from
genetics, developmental biolopy, physiology, psychology, and
ather flelds.
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1. Encircle the correct choice
i} The genetic matenal of a fertilized egg 15 a combination of
(&) The mothers DNA only
[(b) The father's DNA only
=] Both the mother's and fathers DINA
[cl] Manie aof the above
i)  Human embryonic development occurs in the
[} LIteruis by Fallopian tulbe
()] Cervix [l Vagina
ii] The process of cell dilferentiation invalves:
[a) The formation ol gametes
(b The [ormation of 2ygotes
(] The specialization of cells for different functions
i [d] The replication of DMA
- iw| The implantation of the embryo 10 the uterus occurs at
(&) 1 week afver fertilization  [b) 2 weeks after fertilization
(€] 4 weeks after fertilization [d) 8 weeks after fertilization
3 v}  Apng is characterized by:
. (&) The accumulation of genetic mutations
[b] The breakdown of cellular processes
] The cessation of mitosls
[d) The reduction in DNA replication
vl] The imner cell mass of a blastocyst gihves rise (o

[a) The placenta (2] The embryo

(<] The umbihcal cord (d] The ammotic fud
vil] The process of fertilization ocours 1n the

[#) Literas (2] Fallopan tube

(] Cervix (d] Vagina Answer

vill) The stages of embryonic development are
) Cleavage, implantation, gastrualahon, and O RanoEEness
[b) Fertilization, implantation, gastralation, and organogeneass
(] Cleavage, fertilization, gastrulation, and organogenasis
() Cleavage, fertilization, implantation, and organogenesis

[E—— —-. [ EET—
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X} The placents is responsibie for
la) Praviding oxygen and nutrients to the develeping embryo
|b] Removing waste products from the developing embryo

e} Preducing hormones that maintain the pregnancy
lct] All ol the abowe

%] The formation of the neural tube occurs during

la) Cleavage by Grastrulation
] Crrganapeness [cd) ITmplantation

2. Write short answer of the following:

i} Why cleavage in birds and reptiles called meroblastic?
] Why morula 12 named so?
il) How embryonic tissues influence other embryonic tissues?

w| Dwehine organizers and differentiate between primary and
secondary induction.

vl Differentiate between blastula and gastrula.

vi] Why monozygotic twins having same sexs” -
3. Write detailed answers to the following questions. : 5"-‘
1} Explain blastula/blastocyst with emphasis on =segmentation @
CRavity ¥
]  List the tissues and organs formed from the three germ layvers. g ’

i) Through experimental namation, describe the relse of the
nucleus and cytoplasm in controlling development,

] Describe the events of development in humans in terms of frst,
gecond and third trimesters.

vl Descnibe the maternal denved abnormalibies imabella, abnormal
neural tube, thyroid gland and limb development).




