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Human Embryogenesis






This article is about Human embryogenesis. For Embryogenesis in general, see Embryogenesis.

Human embryogenesis is the process of cell division and cellular differentiation of the embryo that occurs during the early stages of development. In biological terms, human development entails growth from a one-celled zygote to an adult human being[image: External link]. Fertilisation occurs when the sperm cell successfully enters and fuses with an egg cell (ovum). The genetic material of the sperm and egg then combine to form a single cell called a zygote and the germinal stage of prenatal development commences.[1] Embryogenesis covers the first eight weeks of development; at the beginning of the ninth week the embryo is termed a fetus. Human embryology is the study of this development during the first eight weeks after fertilisation. The normal period of gestation (pregnancy) is nine months or 38 weeks.

The germinal stage refers to the time from fertilization through the development of the early embryo until implantation is completed in the uterus. The germinal stage takes around 10 days.[2] During this stage, the zygote begins to divide, in a process called cleavage. A blastocyst is then formed and implanted in the uterus. Embryogenesis continues with the next stage of gastrulation, when the three germ layers of the embryo form in a process called histogenesis, and the processes of neurulation and organogenesis follow.

In comparison to the embryo, the fetus has more recognizable external features and a more complete set of developing organs. The entire process of embryogenesis involves coordinated spatial and temporal changes in gene expression, cell growth and cellular differentiation. A nearly identical process occurs in other species, especially among chordates.
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Fertilization takes place when the spermatozoon has successfully entered the ovum and the two sets of genetic material carried by the gametes fuse together, resulting in the zygote (a single diploid cell). This usually takes place in the ampulla of one of the fallopian tubes. The zygote contains the combined genetic material carried by both the male and female gametes which consists of the 23 chromosomes from the nucleus of the ovum and the 23 chromosomes from the nucleus of the sperm. The 46 chromosomes undergo changes prior to the mitotic division which leads to the formation of the embryo having two cells.

Successful fertilization is enabled by three processes, which also act as controls to ensure species-specificity. The first is that of chemotaxis which directs the movement of the sperm towards the ovum. Secondly there is an adhesive compatibility between the sperm and the egg. With the sperm adhered to the ovum, the third process of acrosomal reaction takes place; the front part of the spermatozoon head is capped by an acrosome which contains digestive enzymes to break down the zona pellucida and allow its entry.[3] The entry of the sperm causes calcium to be released which blocks entry to other sperm cells. A parallel reaction takes place in the ovum called the zona reaction. This sees the release of cortical granules that release enzymes which digest sperm receptor proteins, thus preventing polyspermy. The granules also fuse with the plasma membrane and modify the zona pellucida in such a way as to prevent further sperm entry.
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Further information: Cleavage (embryo)

The beginning of the cleavage process is marked when the zygote divides through mitosis into two cells. This mitosis continues and the first two cells divide into four cells, then into eight cells and so on. Each division takes from 12 to 24 hours. The zygote is large compared to any other cell and undergoes cleavage without any overall increase in size. This means that with each successive subdivision, the ratio of nuclear to cytoplasmic material increases.[4] Initially the dividing cells, called blastomeres (blastos Greek for sprout), are undifferentiated and aggregated into a sphere enclosed within the membrane of glycoproteins (termed the zona pellucida) of the ovum. When eight blastomeres have formed they begin to develop gap junctions, enabling them to develop in an integrated way and co-ordinate their response to physiological signals and environmental cues.[5]

When the cells number around sixteen the solid sphere of cells within the zona pellucida is referred to as a morula [6] At this stage the cells start to bind firmly together in a process called compaction, and cleavage continues as cellular differentiation.
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 Blastulation



Cleavage itself is the first stage in blastulation, the process of forming the blastocyst. Cells differentiate into an outer layer of cells (collectively called the trophoblast) and an inner cell mass. With further compaction the individual outer blastomeres, the trophoblasts, become indistinguishable. They are still enclosed within the zona pellucida. This compaction serves to make the structure watertight, containing the fluid that the cells will later secrete. The inner mass of cells differentiate to become embryoblasts and polarise at one end. They close together and form gap junctions, which facilitate cellular communication. This polarisation leaves a cavity, the blastocoel, creating a structure that is now termed the blastocyst. (In animals other than mammals, this is called the blastula.) The trophoblasts secrete fluid into the blastocoel. The resulting increase in size of the blastocyst causes it to hatch through the zone pellucida, which then disintegrates.[7][4]

The inner cell mass will give rise to the embryo proper, the amnion, yolk sac and allantois, while the fetal part of the placenta will form from the outer trophoblast layer. The embryo plus its membranes is called the conceptus, and by this stage the conceptus has reached the uterus. The zona pellucida ultimately disappears completely, and the now exposed cells of the trophoblast allow the blastocyst to attach itself to the endometrium, where it will implant. The formation of the hypoblast and epiblast, which are the two main layers of the bilaminar germ disc, occurs at the beginning of the second week.[8] Either the embryoblast or the trophoblast will turn into two sub-layers.[9] The inner cells will turn into the hypoblast layer, which will surround the other layer, called the epiblast, and these layers will form the embryonic disc that will develop into the embryo.[8][9] The trophoblast will also develop two sub-layers: the cytotrophoblast, which is front of the syncytiotrophoblast, which in turn lies within the endometrium.[8] Next, another layer called the exocoelomic membrane or Heuser’s membrane will appear and surround the cytotrophoblast, as well as the primitive yolk sac.[9] The syncytiotrophoblast will grow and will enter a phase called lacunar stage, in which some vacuoles will appear and be filled by blood in the following days.[8][9] The development of the yolk sac starts with the hypoblastic flat cells that form the exocoelomic membrane, which will coat the inner part of the cytotrophoblast to form the primitive yolk sac. An erosion of the endothelial lining of the maternal capillaries by the syncytiotrophoblastic cells of the sinusoids will form where the blood will begin to penetrate and flow through the trophoblast to give rise to the uteroplacental circulation.[10][11] Subsequently new cells derived from yolk sac will be established between trophoblast and exocelomic membrane and will give rise to extra-embryonic mesoderm, which will form the chorionic cavity.[9]

At the end of the second week of development, some cells of the trophoblast penetrate and form rounded columns into the syncytiotrophoblast. These columns are known as primary villi. At the same time, other migrating cells form into the exocelomic cavity a new cavity named the secondary or definitive yolk sac, smaller than the primitive yolk sac.[9][10]
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Main article: Implantation (human embryo)

After ovulation, the endometrial lining becomes transformed into a secretory lining in preparation of accepting the embryo. It becomes thickened, with its secretory glands becoming elongated, and is increasingly vascular. This lining of the uterine cavity (or womb) is now known as the decidua, and it produces a great number of large decidual cells in its increased interglandular tissue. The trophoblast then differentiates into an inner layer, the cytotrophoblast, and an outer layer, the syncytiotrophoblast. The cytotrophoblast contains cuboidal epithelial cells[image: External link] and is the source of dividing cells, and the syncytiotrophoblast is a syncytial[image: External link] layer without cell boundaries.

The syncytiotrophoblast implants the blastocyst in the decidual epithelium by projections of chorionic villi, forming the embryonic part of the placenta. The placenta develops once the blastocyst is implanted, connecting the embryo to the uterine wall. The decidua here is termed the decidua basalis; it lies between the blastocyst and the myometrium and forms the maternal part of the placenta. The implantation is assisted by hydrolytic enzymes that erode the epithelium. The syncytiotrophoblast also produces human chorionic gonadotropin, a hormone that stimulates the release of progesterone[image: External link] from the corpus luteum. Progesterone enriches the uterus with a thick lining of blood vessels and capillaries so that it can oxygenate and sustain the developing embryo. The uterus liberates sugar from stored glycogen from its cells to nourish the embryo.[12] The villi begin to branch and contain blood vessels of the embryo. Other villi, called terminal or free villi, exchange nutrients. The embryo is joined to the trophoblastic shell by a narrow connecting stalk that develops into the umbilical cord to attach the placenta to the embryo.[9][13] Arteries in the decidua are remodelled to increase the maternal blood flow into the intervillous spaces of the placenta, allowing gas exchange and the transfer of nutrients to the embryo. Waste products from the embryo will diffuse across the placenta.

As the syncytiotrophoblast starts to penetrate the uterine wall, the inner cell mass (embryoblast) also develops. The inner cell mass is the source of embryonic stem cells, which are pluripotent and can develop into any one of the three germ layer cells.
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 Embryonic disc



The embryoblast forms an embryonic disc, which is a bilaminar disc of two layers, an upper layer called the epiblast (primitive ectoderm) and a lower layer called the hypoblast (primitive endoderm). The disc is stretched between what will become the amniotic cavity and the yolk sac. The epiblast is adjacent to the trophoblast and made of columnar cells; the hypoblast is closest to the blastocyst cavity and made of cuboidal cells. The epiblast migrates away from the trophoblast downwards, forming the amniotic cavity, the lining of which is formed from amnioblasts developed from the epiblast. The hypoblast is pushed down and forms the yolk sac (exocoelomic cavity) lining. Some hypoblast cells migrate along the inner cytotrophoblast lining of the blastocoel, secreting an extracellular matrix along the way. These hypoblast cells and extracellular matrix are called Heuser's membrane (or the exocoelomic membrane), and they cover the blastocoel to form the yolk sac (or exocoelomic cavity). Cells of the epiblast migrate along the outer edges of this reticulum and form the extraembryonic mesoderm; this disrupts the extraembryonic reticulum. Soon pockets form in the reticulum, which ultimately coalesce to form the chorionic cavity or extraembryonic coelom.
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Main article: Gastrulation

The primitive streak, a linear band of cells formed by the migrating epiblast, appears, and this marks the beginning of gastrulation, which takes place around the seventeenth day (week 3) after fertilisation. The process of gastrulation reorganises the two-layer embryo into a three-layer embryo, and also gives the embryo its specific head-to-tail, and front-to-back orientation, by way of the primitive streak which establishes bilateral symmetry. A primitive node (or primitive knot) forms in front of the primitive streak which is the organiser of neurulation. A primitive pit forms as a depression in the centre of the primitive node which connects to the notochord which lies directly underneath. The node has arisen from epiblasts of the amniotic cavity floor, and it is this node that induces the formation of the neural plate which serves as the basis for the nervous system. The neural plate will form opposite the primitive streak from ectodermal tissue which thickens and flattens into the neural plate. The epiblast in that region moves down into the streak at the location of the primitive pit where the process called ingression, which leads to the formation of the mesoderm takes place. This ingression sees the cells from the epiblast move into the primitive streak in an epithelial-mesenchymal transition; epithelial cells become mesenchymal stem cells, multipotent stromal cells that can differentiate into various cell types. The hypoblast is pushed out of the way and goes on to form the amnion.The epiblast keeps moving and forms a second layer, the mesoderm. The epiblast has now differentiated into the three germ layers of the embryo, so that the bilaminar disc is now a trilaminar disc, the gastrula.

The three germ layers are the ectoderm, mesoderm and endoderm, and are formed as three overlapping flat discs. It is from these three layers that all the structures and organs of the body will be derived through the processes of somitogenesis, histogenesis and organogenesis.[14] The embryonic endoderm is formed by invagination of epiblastic cells that migrate to the hypoblast, while the mesoderm is formed by the cells that develop between the epiblast and endoderm. In general, all germ layers will derive from the epiblast.[9][13] The upper layer of ectoderm will give rise to the outermost layer of skin, central and peripheral nervous systems, eyes, inner ear, and many connective tissues.[15] The middle layer of mesoderm will give rise to the heart and the beginning of the circulatory system as well as the bones, muscles and kidneys. The inner layer of endoderm will serve as the starting point for the development of the lungs, intestine, thyroid, pancreas and bladder.

Following ingression, a blastopore[image: External link] develops where the cells have ingressed, in one side of the embryo and it deepens to become the archenteron, the first formative stage of the gut. As in all deuterostomes, the blastopore becomes the anus whilst the gut tunnels through the embryo to the other side where the opening becomes the mouth. With a functioning digestive tube, gastrulation is now completed and the next stage of neurulation can begin.
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Main article: Neurulation

Following gastrulation, the ectoderm gives rise to epithelial and neural tissue, and the gastrula is now referred to as the neurula. The neural plate that has formed as a thickened plate from the ectoderm, continues to broaden and its ends start to fold upwards as neural folds. Neurulation refers to this folding process whereby the neural plate is transformed into the neural tube, and this takes place during the fourth week. They fold, along a shallow neural groove which has formed as a dividing median line in the neural plate. This deepens as the folds continue to gain height, when they will meet and close together at the neural crest. The cells that migrate through the most cranial part of the primitive line form the paraxial mesoderm, which will give rise to the somitomeres that in the process of somitogenesis will differentiate into somites that will form the sclerotome, the syndetome,[16] the myotome and the dermatome to form cartilage and bone, tendons, dermis (skin), and muscle. The intermediate mesoderm gives rise to the urogenital tract and consists of cells that migrate from the middle region of the primitive line. Other cells migrate through the caudal part of the primitive line and form the lateral mesoderm, and those cells migrating by the most caudal part contribute to the extraembryonic mesoderm.[9][13]

The embryonic disc begins flat and round, but eventually elongates to have a wider cephalic part and narrow-shaped caudal end.[8] At the beginning, the primitive line extends in cephalic direction and 18 days after fertilization returns caudally until it disappears. In the cephalic portion, the germ layer shows specific differentiation at the beginning of the 4th week, while in the caudal portion it occurs at the end of the 4th week.[9] Cranial and caudal neuropores[image: External link] become progressively smaller until they close completely (by day 26) forming the neural tube.[17]
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Main articles: Neural development and Development of the nervous system in humans

Late in the fourth week, the superior part of the neural tube flexes at the level of the future midbrain—the mesencephalon. Above the mesencephalon is the prosencephalon (future forebrain) and beneath it is the rhombencephalon (future hindbrain).

Cranial neural crest cells migrate to the pharyngeal arches as neural stem cells, where they develop in the process of neurogenesis into neurons.

The optical vesicle (which eventually becomes the optic nerve, retina and iris) forms at the basal plate of the prosencephalon. The alar plate of the prosencephalon expands to form the cerebral hemispheres (the telencephalon) whilst its basal plate becomes the diencephalon. Finally, the optic vesicle grows to form an optic outgrowth.
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 Blood cell development



Haematopoietic stem cells that give rise to all the blood cells develop from the mesoderm.

[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Organogenesis



The development of the organs starts during the third to eighth weeks of embryogenesis.
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 Development of the heart and circulatory system



Main article: Heart development

The heart is the first functional organ to develop and starts to beat and pump blood at around 21 or 22 days.[18] Cardiac myoblasts and blood islands in the splanchnopleuric mesenchyme on each side of the neural plate, give rise to the cardiogenic region.[9]:165This is a horseshoe-shaped area near to the head of the embryo. By day 19, following cell signalling, two strands begin to form as tubes in this region, as a lumen develops within them. These two endocardial tubes grow and by day 21 have migrated towards each other and fused to form a single primitive heart tube, the tubular heart. This is enabled by the folding of the embryo which pushes the tubes into the thoracic cavity.[19]

Also at the same time that the tubes are forming, vasculogenesis (the development of the circulatory system) has begun. This starts on day 18 with cells in the splanchnopleuric mesoderm differentiating into angioblasts that develop into flattened endothelial cells. These join to form small vesicles called angiocysts which join up to form long vessels called angioblastic cords. These cords develop into a pervasive network of plexuses in the formation of the vascular network. This network grows by the additional budding and sprouting of new vessels in the process of angiogenesis.[19]

The tubular heart quickly forms five distinct regions. From head to tail, these are the infundibulum, bulbus cordis, primitive ventricle, primitive atrium, and the sinus venosus. Initially, all venous blood flows into the sinus venosus, and is propelled from tail to head to the truncus arteriosus. This will divide to form the aorta and pulmonary artery; the bulbus cordis will develop into the right (primitive) ventricle; the primitive ventricle will form the left ventricle; the primitive atrium will become the front parts of the left and right atria and their appendages, and the sinus venosus will develop into the posterior part of the right atrium, the sinoatrial node and the coronary sinus.[18]

Cardiac looping begins to shape the heart as one of the processes of morphogenesis, and this completes by the end of the fourth week. Programmed cell death (apoptosis) is involved in this process, at the joining surfaces enabling fusion to take place.[19] In the middle of the fourth week, the sinus venosus receives blood from the three major veins: the vitelline, the umbilical and the common cardinal veins.

During the first two months of development, the interatrial septum begins to form. This septum divides the primitive atrium into a right and a left atrium. Firstly it starts as a crescent-shaped piece of tissue which grows downwards as the septum primum. The crescent shape prevents the complete closure of the atria allowing blood to be shunted from the right to the left atrium through the opening known as the ostium primum. This closes with further development of the system but before it does, a second opening (the ostium secundum) begins to form in the upper atrium enabling the continued shunting of blood.[19]

A second septum (the septum secundum) begins to form to the right of the septum primum. This also leaves a small opening, the foramen ovale which is continuous with the previous opening of the ostium secundum. The septum primum is reduced to a small flap that acts as the valve of the foramen ovale and this remains until its closure at birth. Between the ventricles the septum inferius also forms which develops into the muscular interventricular septum.[19]
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 Development of the face and neck



Main article: Face and neck development of the embryo

From the third to the eighth week the face and neck develop.
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 Development of the limbs



Main articles: Limb development and Limb bud

In the fourth week limb development begins.
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 Clinical significance



Toxic exposures during the germinal stage may cause prenatal death resulting in a miscarriage, but do not cause developmental defects. However, toxic exposures in the embryonic period can be the cause of major congenital malformations, since the precursors of the major organ systems are now developing.

Each cell of the preimplantation embryo has the potential to form all of the different cell types in the developing embryo. This cell potency means that some cells can be removed from the preimplantation embryo and the remaining cells will compensate for their absence. This has allowed the development of a technique known as preimplantation genetic diagnosis, whereby a small number of cells from the preimplantation embryo created by IVF, can be removed by biopsy and subjected to genetic diagnosis. This allows embryos that are not affected by defined genetic diseases to be selected and then transferred to the mother's uterus.

Sacrococcygeal teratomas, tumours formed from different types of tissue, that can form, are thought to be related to primitive streak remnants, which ordinarily disappear.[8][9][11]

First arch syndromes are congenital disorders of facial deformities, caused by the failure of neural crest cells to migrate to the first pharyngeal arch.

Spina bifida a congenital disorder is the result of the incomplete closure of the neural tube.

Vertically transmitted infections can be passed from the mother to the unborn child at any stage of its development.

Hypoxia a condition of inadequate oxygen supply can be a serious consequence of a preterm or premature birth.
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Embryogenesis






This article is about embryogenesis of all animals. For human embryogenesis, see Human embryogenesis. For plant embryogenesis, see Plant embryogenesis[image: External link].

Embryogenesis is the process by which the embryo forms and develops. In mammals, the term refers chiefly to early stages of prenatal development, whereas the terms fetus and fetal development[image: External link] describe later stages.

Embryogenesis starts with the fertilization[image: External link] of the egg cell (ovum) by a sperm cell, (spermatozoon). Once fertilized, the ovum is referred to as a zygote, a single diploid cell. The zygote undergoes mitotic divisions with no significant growth (a process known as cleavage) and cellular differentiation, leading to development of a multicellular embryo.

Although embryogenesis occurs in both animal[image: External link] and plant development[image: External link], this article addresses the common features among different animals, with some emphasis on the embryonic development of vertebrates[image: External link] and mammals[image: External link].
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 Fertilization and the zygote



Main article: Zygote

The egg cell is generally asymmetric, having an "animal pole[image: External link]" (future ectoderm and mesoderm) and a "vegetal pole[image: External link]" (future endoderm). It is covered with protective envelopes, with different layers. The first envelope - the one in contact with the membrane of the egg - is made of glycoproteins and is known as the vitelline membrane[image: External link] (zona pellucida in mammals[image: External link]). Different taxa[image: External link] show different cellular and acellular envelopes englobing the vitelline membrane.

Fertilization[image: External link] (also known as 'conception', 'fecundation' and 'syngamy') is the fusion of gametes[image: External link] to produce a new organism. In animals, the process involves a sperm fusing with an ovum, which eventually leads to the development of an embryo. Depending on the animal species, the process can occur within the body of the female in internal fertilisation, or outside in the case of external fertilisation. The fertilized egg cell is known as the zygote.

[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Cleavage and morula



Further information: Cleavage (embryo)

Cell division with no significant growth, producing a cluster of cells that is the same size as the original zygote, is called cleavage. At least four initial cell divisions occur, resulting in a dense ball of at least sixteen cells called the morula. The different cells derived from cleavage, up to the blastula stage, are called blastomeres. Depending mostly on the amount of yolk[image: External link] in the egg, the cleavage can be holoblastic[image: External link] (total) or meroblastic[image: External link] (partial) [1][image: External link].

Holoblastic cleavage occurs in animals with little yolk in their eggs, such as humans and other mammals who receive nourishment as embryos from the mother, via the placenta or milk[image: External link], such as might be secreted from a marsupium[image: External link]. On the other hand, meroblastic cleavage occurs in animals whose eggs have more yolk; i.e. birds and reptiles. Because cleavage is impeded in the vegetal pole[image: External link], there is a very uneven distribution and size of cells, being more numerous and smaller at the animal pole of the zygote [2][image: External link].

In holoblastic eggs the first cleavage always occurs along the vegetal-animal axis of the egg, and the second cleavage is perpendicular to the first. From here the spatial arrangement of blastomeres can follow various patterns, due to different planes of cleavage, in various organisms:



	Cleavage patterns followed by holoblastic and meroblastic eggs



	Holoblastic
	Meroblastic



	

	Radial (sea urchin[image: External link], amphioxus[image: External link])

	Bilateral ( tunicates[image: External link], amphibians[image: External link])

	Spiral ( annelids[image: External link], mollusks[image: External link])

	Rotational ( mammals[image: External link], nematodes[image: External link])




	

	Discoidal ( fish[image: External link], birds[image: External link], reptiles[image: External link])

	Superficial ( insects[image: External link])








The end of cleavage is known as midblastula transition[image: External link] and coincides with the onset of zygotic transcription[image: External link].

In amniotes, the cells of the morula are at first closely aggregated, but soon they become arranged into an outer or peripheral layer, the trophoblast, which does not contribute to the formation of the embryo proper, and an inner cell mass, from which the embryo is developed. Fluid collects between the trophoblast and the greater part of the inner cell-mass, and thus the morula is converted into a vesicle[image: External link], called the blastodermic vesicle. The inner cell mass remains in contact, however, with the trophoblast at one pole of the ovum; this is named the embryonic pole, since it indicates the location where the future embryo will be developed.[1]
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 Formation of the blastula



After the 7th cleavage has produced 128 cells[image: External link], the embryo is called a blastula. [3][image: External link] The blastula is usually a spherical layer of cells (the blastoderm[image: External link]) surrounding a fluid-filled or yolk-filled cavity (the blastocoel).

Mammals at this stage form a structure called the blastocyst, [4][image: External link] characterized by an inner cell mass that is distinct from the surrounding blastula. The blastocyst must not be confused with the blastula; even though they are similar in structure, their cells have different fates.

Before gastrulation, the cells of the trophoblast become differentiated into two strata: The outer stratum forms a syncytium[image: External link] (i.e., a layer of protoplasm studded with nuclei, but showing no evidence of subdivision into cells), termed the syncytiotrophoblast, while the inner layer, the cytotrophoblast or "Layer of Langhans," consists of well-defined cells. As already stated, the cells of the trophoblast do not contribute to the formation of the embryo proper; they form the ectoderm of the chorion and play an important part in the development of the placenta. On the deep surface of the inner cell mass, a layer of flattened cells, called the endoderm, is differentiated and quickly assumes the form of a small sac, called the yolk sac. Spaces appear between the remaining cells of the mass and, by the enlargement and coalescence of these spaces, a cavity called the amniotic cavity is gradually developed. The floor of this cavity is formed by the embryonic disk[image: External link], which is composed of a layer of prismatic cells, the embryonic ectoderm, derived from the inner cell mass and lying in apposition with the endoderm.[1]

[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Formation of the germ layers



The embryonic disk[image: External link] becomes oval and then pear-shaped, the wider end being directed forward. Near the narrow, posterior end, an opaque streak, called the primitive streak, makes its appearance and extends along the middle of the disk for about one-half of its length; at the anterior end of the streak there is a knob-like thickening termed the primitive node or knot, (known as Hensen's knot in birds). A shallow groove, the primitive groove, appears on the surface of the streak, and the anterior end of this groove communicates by means of an aperture, the blastopore, with the yolk sac. The primitive streak is produced by a thickening of the axial part of the ectoderm, the cells of which multiply, grow downward, and blend with those of the subjacent endoderm. From the sides of the primitive streak a third layer of cells, the mesoderm, extends laterally between the ectoderm and endoderm; the caudal end of the primitive streak forms the cloacal membrane[image: External link]. The blastoderm now consists of three layers, named from without inward: ectoderm, mesoderm, and endoderm; each has distinctive characteristics and gives rise to certain tissues of the body. For many mammals, it is sometime during formation of the germ layers that implantation of the embryo in the uterus of the mother occurs.[1]
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 Formation of the gastrula



Main article: Gastrulation

During gastrulation cells migrate to the interior of the blastula, subsequently forming two (in diploblastic[image: External link] animals) or three ( triploblastic[image: External link]) germ layers. The embryo during this process is called a gastrula. The germ layers are referred to as the ectoderm, mesoderm and endoderm. In diploblastic[image: External link] animals only the ectoderm and the endoderm are present [5][image: External link].


	Among different animals, different combinations of the following processes occur to place the cells in the interior of the embryo:

	Epiboly[image: External link] - expansion of one cell sheet over other cells [6][image: External link]

	Ingression - migration of individual cells into the embryo (cells move with pseudopods[image: External link]) [7][image: External link]

	Invagination - infolding of cell sheet into embryo, forming the mouth[image: External link], anus, and archenteron [8][image: External link]

	Delamination - splitting or migration of one sheet into two sheets

	Involution - inturning of cell sheet over the basal surface of an outer layer

	Polar proliferation - Cells at the polar ends of the blastula/gastrula proliferate, mostly at the animal pole.





	Other major changes during gastrulation:

	Heavy RNA transcription[image: External link] using embryonic genes; up to this point the RNAs[image: External link] used were maternal (stored in the unfertilized egg).

	Cells start major differentiation processes, losing their totipotentiality[image: External link].







In most animals, a blastopore is formed at the point where cells are entering the embryo. Two major groups of animals can be distinguished according to the blastopore's fate. In deuterostomes the anus forms from the blastopore, while in protostomes[image: External link] it develops into the mouth. See Embryological origins of the mouth and anus[image: External link] for more information.
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 Formation of the early nervous system - neural groove, tube and notochord



In front of the primitive streak, two longitudinal ridges, caused by a folding up of the ectoderm, make their appearance, one on either side of the middle line formed by the streak. These are named the neural folds; they commence some little distance behind the anterior[image: External link] end of the embryonic disk[image: External link], where they are continuous with each other, and from there gradually extend backward, one on either side of the anterior end of the primitive streak. Between these folds is a shallow median[image: External link] groove, the neural groove. The groove gradually deepens as the neural folds become elevated, and ultimately the folds meet and coalesce in the middle line and convert the groove into a closed tube, the neural tube or canal, the ectodermal wall of which forms the rudiment of the nervous system. After the coalescence of the neural folds over the anterior end of the primitive streak, the blastopore no longer opens on the surface but into the closed canal of the neural tube, and thus a transitory communication, the neurenteric canal[image: External link], is established between the neural tube and the primitive digestive tube[image: External link]. The coalescence of the neural folds occurs first in the region of the hind brain, and from there extends forward and backward; toward the end of the third week, the front opening (anterior neuropore[image: External link]) of the tube finally closes at the anterior end of the future brain[image: External link], and forms a recess that is in contact, for a time, with the overlying ectoderm; the hinder part of the neural groove presents for a time a rhomboidal shape[image: External link], and to this expanded portion the term sinus rhomboidalis has been applied. Before the neural groove is closed, a ridge of ectodermal cells appears along the prominent margin of each neural fold; this is termed the neural crest or ganglion ridge, and from it the spinal[image: External link] and cranial[image: External link] nerve ganglia and the ganglia of the sympathetic nervous system[image: External link] are developed. By the upward growth of the mesoderm, the neural tube is ultimately separated from the overlying ectoderm.[2]

The cephalic end of the neural groove exhibits several dilatations that, when the tube is shut, assume the form of three vesicles; these constitute the three primary cerebral vesicles, and correspond, respectively, to the future 'fore-brain' (prosencephalon), 'midbrain' (mesencephalon), and 'hind-brain' (rhombencephalon) (Fig. 18). The walls of the vesicles are developed into the nervous tissue and neuroglia of the brain, and their cavities are modified to form its ventricles. The remainder of the tube forms the spinal cord[image: External link] (medulla spinalis); from its ectodermal wall the nervous and neuroglial elements of the spinal cord are developed, while the cavity persists as the central canal[image: External link].[2]
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 Formation of the early septum



The extension of the mesoderm takes place throughout the whole of the embryonic and extra-embryonic areas of the ovum, except in certain regions. One of these is seen immediately in front of the neural tube. Here the mesoderm extends forward in the form of two crescentic masses, which meet in the middle line so as to enclose behind them an area that is devoid of mesoderm. Over this area, the ectoderm and endoderm come into direct contact with each other and constitute a thin membrane, the buccopharyngeal membrane[image: External link], which forms a septum between the primitive mouth and pharynx[image: External link].[1]
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 Early formation of the heart and other primitive structures



In front of the buccopharyngeal area, where the lateral crescents of mesoderm fuse in the middle line, the pericardium[image: External link] is afterward developed, and this region is therefore designated the pericardial area. A second region where the mesoderm is absent, at least for a time, is that immediately in front of the pericardial area. This is termed the proamniotic area, and is the region where the proamnion is developed; in humans, however, it appears that a proamnion is never formed. A third region is at the hind end of the embryo, where the ectoderm and endoderm come into apposition and form the cloacal membrane[image: External link].[1]
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 Somitogenesis



Main article: Somitogenesis

Somitogenesis is the process by which somites (primitive segments) are produced. These segmented tissue blocks differentiate into skeletal muscle, vertebrae, and dermis of all vertebrates.

Somitogenesis begins with the formation of somitomeres (whorls of concentric mesoderm) marking the future somites in the presomitic mesoderm (unsegmented paraxial). The presomitic mesoderm gives rise to successive pairs of somites, identical in appearance that differentiate into the same cell types but the structures formed by the cells vary depending upon the anteroposterior (e.g., the thoracic[image: External link] vertebrae have ribs, the lumbar[image: External link] vertebrae do not). Somites have unique positional values along this axis and it is thought that these are specified by the Hox[image: External link] homeotic genes[image: External link].

Toward the end of the second week after fertilization, transverse[image: External link] segmentation of the paraxial mesoderm begins, and it is converted into a series of well-defined, more or less cubical masses, also known as the somites, which occupy the entire length of the trunk on either side of the middle line from the occipital[image: External link] region of the head. Each segment contains a central cavity (known as a myocoel), which, however, is soon filled with angular and spindle-shape cells. The somites lie immediately under the ectoderm on the lateral aspect of the neural tube and notochord, and are connected to the lateral mesoderm by the intermediate cell mass[image: External link]. Those of the trunk may be arranged in the following groups, viz.: cervical[image: External link] 8, thoracic[image: External link] 12, lumbar[image: External link] 5, sacral[image: External link] 5, and coccygeal[image: External link] from 5 to 8. Those of the occipital region of the head are usually described as being four in number. In mammals, somites of the head can be recognized only in the occipital region, but a study of the lower vertebrates leads to the belief that they are present also in the anterior part of the head and that, altogether, nine segments are represented in the cephalic region.[3]
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 Organogenesis



Main article: organogenesis

At some point after the different germ layers are defined, organogenesis begins. The first stage in vertebrates[image: External link] is called neurulation, where the neural plate folds forming the neural tube (see above). [9][image: External link] Other common organs or structures that arise at this time include the heart[image: External link] and somites (also above), but from now on embryogenesis follows no common pattern among the different taxa[image: External link] of the animal kingdom[image: External link].

In most animals organogenesis along with morphogenesis will result in a larva[image: External link]. The hatching of the larva, which must then undergo metamorphosis[image: External link], marks the end of embryonic development.
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Human development (biology)






"Developmental" redirects here. For other uses, see Development[image: External link].

Human development is the process of growing[image: External link] to maturity. In biological terms, this entails growth from a one-celled zygote to an adult human being[image: External link].
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 Biological development
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 General aspects



Fertilization occurs when the sperm successfully enters the ovum's membrane. The genetical material of the sperm and egg that combine to form a single cell, called a zygote, and the germinal stage of prenatal development commences.[1] The germinal stage refers to the time from fertilization, through the development of the early embryo, up until implantation. The germinal stage is over at about 10 days of gestation.[2]

The zygote contains a full complement of genetic material[image: External link] and develops into the embryo. Briefly, embryonic developments have four stages: the morula stage, the bastula stage, the gastrula stage, and the neurula stage. Prior to implantation, the embryo remains in a protein shell, the zona pellucida, and undergoes a series of cell divisions, called mitosis. A week after fertilization the embryo still has not grown in size, but hatches from the zona pellucida and adheres to the lining of the mother's uterus. This induces a decidual reaction[image: External link], wherein the uterine cells proliferate and surround the embryo thus causing it to become embedded within the uterine tissue. The embryo, meanwhile, proliferates and develops both into embryonic and extra-embryonic tissue, the latter forming the fetal membranes[image: External link] and the placenta. In humans, the embryo is referred to as a fetus in the later stages of prenatal development. The transition from embryo to fetus is arbitrarily defined as occurring 8 weeks after fertilization. In comparison to the embryo, the fetus has more recognizable external features and a set of progressively developing internal organs. A nearly identical process occurs in other species.
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 Physical stages



The following are some approximate age ranges for physical development stages:




	Prenatal (sperm fertilizes egg - birth)

	Embryo (fertilization - 8 weeks after fertilization)

	Zygote, the single cell stage which occurs after fertilization[image: External link]

	Blastocyst, the stage prior to implantation, when the embryo is a hollow sphere

	Post-implantation embryo, the period 1 – 8 weeks after fertilization (3 to 10 weeks gestation)





	Fetus, (10th week of pregnancy - birth)









Further information: Child development[image: External link] and Child development stages


	Childhood[image: External link]/ Juvenile[image: External link] (Childbirth) (0 - 19)

	Neonate (newborn) (0 – 28 days)

	Infant (baby) (0 month - 12 months)

	Toddler (1 – 3 years)

	Play age (3 – 5 years)

	Primary school[image: External link] age (middle childhood also called prepubescence) (6 - 11)

	Elementary school[image: External link] age (6 - 11)

	Preadolescence (The child in this and the previous phase are called schoolchild (schoolboy or schoolgirl), when still of primary school age.) (9 – 11 years)





	Adolescence (12 – 19 years)

	Peripuberty (8[3]-10[4] until 15[4]-17[5])









	Adulthood[image: External link] (20+ years)

	Young adulthood (20 – 39 years)

	Middle adulthood (40 – 60 years)

	Elder/Senior citizen[image: External link] (60+ years)





	Death (unpredictable)

	Decomposition[image: External link] (breakdown of the body after death)







Also sometimes used are terms that specify one's age in numbers, such as:


	Baby (0)

	Toddler (1 - 2)

	Preschooler (3 - 4)

	Main childhood (5 - 9)

	Pre-teenager[image: External link] (10-12)

	Teenager[image: External link] (13-19)

	Twentysomething[image: External link] (20-29)

	Thirtysomething[image: External link] (30-39)

	Fortysomething[image: External link] (40-49)

	Fiftysomething[image: External link] (50-59)

	Sixtysomething[image: External link] (60-69)

	Seventysomething (70-79)

	Eightysomething (80-89)

	Ninetysomething (90-99)

	Centenarian[image: External link] (100-109)

	Supercentenarian[image: External link] (110+)



The Tanner stages[image: External link] can be used to approximately judge a child's age based on physical development.
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	Child development[image: External link]
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Fetus






This article is about the stage of prenatal development. For other uses, see Fetus (disambiguation)[image: External link].

A fetus is a stage in the prenatal development[image: External link] of viviparous[image: External link] organisms[image: External link]. In human development, a fetus or[image: External link] foetus (/'fi:tes /[image: External link]; plural fetuses or foetuses) is a prenatal human between the embryonic state and birth[image: External link]. The fetal stage of development tends to be taken as beginning at the gestational age[image: External link] of eleven weeks, i.e. nine weeks after fertilization[image: External link].[1][2] In biological terms, however, prenatal development is a continuum, with no clear defining feature distinguishing an embryo from a fetus. The use of the term "fetus" generally implies that an embryo has developed to the point of being recognizable as a human[image: External link]; this is the point usually taken to be the ninth week after fertilization. A fetus is also characterized by the presence of all the major body organs, though they will not yet be fully developed and functional and some not yet situated in their final anatomical location[image: External link].
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 Etymology



The word fetus[image: External link] (plural fetuses[image: External link]) is from the Latin[image: External link] fētus[image: External link] (“offspring”, “bringing forth”, “hatching of young”).[3][4][5] The British, Irish, and Commonwealth spelling is foetus[image: External link], which has been in use since at least 1594.[6] It arose as a hypercorrection[image: External link] based on an incorrect etymology[image: External link] (i.e. due to insufficient knowledge of Latin) that may have originated with an error by Isidore of Seville[image: External link] in AD 620.[7][8] This spelling is the most common in most Commonwealth nations[image: External link], except in the medical literature, where fetus is used. The etymologically accurate original spelling fetus is used in Canada and the United States. In addition, fetus is now the standard English spelling throughout the world in medical journals.[9] The spelling faetus[image: External link] was used historically.[10]
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 Development



Main article: Prenatal development
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 Weeks 9 to 16 (2¼ to 4 months)



In humans, the fetal stage commences at the beginning of the ninth week.[1] At the start of the fetal stage, the fetus is typically about 30 millimetres (1.2 in) in length from crown to rump, and weighs about 8 grams.[1] The head makes up nearly half of the fetus' size.[11] Breathing-like movement of the fetus is necessary for stimulation of lung development, rather than for obtaining oxygen.[12] The heart, hands, feet, brain and other organs are present, but are only at the beginning of development and have minimal operation.[13][14] The genitalia of the fetus starts to form and placenta becomes fully functional during week 9.[15]

At this point in development, uncontrolled movements and twitches occur as muscles, the brain, and pathways begin to develop.[16]
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 Weeks 17 to 25 (4¼ to 6¼ months)



A woman pregnant for the first time (primiparous), typically feels fetal movements at about 21 weeks, whereas a woman who has given birth at least once (multiparous), will typically feel movements by 20 weeks.[17] By the end of the fifth month, the fetus is about 20 cm (8 inches) long.
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 Weeks 26 to 38 (6½ to 9½ months)



The amount of body fat rapidly increases. Lungs are not fully mature. Thalamic[image: External link] brain connections, which mediate sensory input, form. Bones are fully developed, but are still soft and pliable. Iron[image: External link], calcium[image: External link], and phosphorus[image: External link] become more abundant. Fingernails reach the end of the fingertips. The lanugo[image: External link], or fine hair, begins to disappear, until it is gone except on the upper arms and shoulders. Small breast buds[image: External link] are present on both sexes. Head hair becomes coarse and thicker. Birth is imminent and occurs around the 38th week after fertilization. The fetus is considered full-term between weeks 36 and 40, when it is sufficiently developed for life outside the uterus.[19][20] It may be 48 to 53 cm (19 to 21 inches) in length, when born. Control of movement is limited at birth, and purposeful voluntary movements develop all the way until puberty.[21][22]
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 Variation in growth



See also: Birth weight[image: External link]

There is much variation in the growth of the human fetus. When fetal size is less than expected, that condition is known as intrauterine growth restriction (IUGR) also called fetal growth restriction (FGR); factors affecting fetal growth can be maternal, placental, or fetal.[23]

Maternal factors include maternal weight[image: External link], body mass index[image: External link], nutritional state, emotional stress[image: External link], toxin exposure (including tobacco[image: External link], alcohol[image: External link], heroin[image: External link], and other drugs which can also harm the fetus in other ways), and uterine blood[image: External link] flow.

Placental factors include size, microstructure (densities and architecture), umbilical[image: External link] blood flow, transporters and binding proteins, nutrient utilization and nutrient production.

Fetal factors include the fetus genome, nutrient production, and hormone output. Also, female fetuses tend to weigh less than males, at full term.[23]

Fetal growth is often classified as follows: small for gestational age (SGA), appropriate for gestational age (AGA), and large for gestational age (LGA).[24] SGA can result in low birth weight[image: External link], although premature birth can also result in low birth weight. Low birth weight increases risk for perinatal mortality (death shortly after birth), asphyxia[image: External link], hypothermia[image: External link], polycythemia[image: External link], hypocalcemia[image: External link], immune dysfunction[image: External link], neurologic[image: External link] abnormalities, and other long-term health problems. SGA may be associated with growth delay, or it may instead be associated with absolute stunting of growth.

[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Viability



Main article: Fetal viability[image: External link]

Viability refers to a point in fetal development at which the fetus may survive outside the womb. The lower limit of viability[image: External link] is approximately 5-3/4 months gestational age[image: External link] and is usually later.[25]

There is no sharp limit of development, age, or weight at which a fetus automatically becomes viable.[26] According to data from 2003–05, survival rates are 20–35% for babies born at 23 weeks of gestation[image: External link] (5-3/4 months); 50–70% at 24-25 weeks (6 - 6-1/4 months); and >90% at 26-27 weeks (6-1/2 - 6-3/4 months) and over.[27] It is rare for a baby weighing less than 1.1 pounds (0.50 kg) to survive.[26]

When such premature[image: External link] babies are born, the main causes of perinatal mortality[image: External link] are that the respiratory system and the central nervous system are not completely differentiated. If given expert postnatal care, some fetuses weighing less than 1.1 pounds (0.50 kg) may survive, and are referred to as extremely low birth weight or immature infants.[26] Preterm birth is the most common cause of perinatal mortality, causing almost 30 percent of neonatal deaths.[27]
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 Fetal pain



Main article: Fetal pain[image: External link]

Fetal pain[image: External link], its existence and its implications are debated politically and academically. According to the conclusions of a review published in 2005, "Evidence regarding the capacity for fetal pain is limited but indicates that fetal perception of pain is unlikely before the third trimester."[28][29] However, developmental neurobiologists[image: External link] argue that the establishment of thalamocortical[image: External link] connections (at about 6-1/2 months) is an essential event with regard to fetal perception of pain.[30] Nevertheless, the perception of pain involves sensory, emotional and cognitive factors and it is "impossible to know" when pain is experienced, even if it is known when thalamocortical connections are established.[30] Some authors [31] argue that fetal pain is possible from the second half of pregnancy[image: External link]: “The available scientific evidence makes it possible, even probable, that fetal pain perception occurs well before late gestation” wrote KJS Anand in the journal of the IASP[image: External link].[32]

Whether a fetus has the ability to feel pain and suffering[image: External link] is part of the abortion debate[image: External link].[33][34] In the United States, for example, pro-life advocates have proposed legislation that would require providers of abortions to inform women that their fetuses may feel pain during the procedure and that would require each woman to accept or decline anesthesia[image: External link] for the fetus.[35]
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 Circulatory system



Main article: Fetal circulation[image: External link]

The heart and blood vessels which form the circulatory system, form relatively early during embryonic development, but continue to grow and develop in complexity in the growing fetus. A functional circulatory system is a biological necessity, since mammalian tissues can not grow more than a few cell layers thick without an active blood supply. The prenatal circulation of blood is different than the postnatal circulation, mainly because the lungs are not in use. The fetus obtains oxygen[image: External link] and nutrients from the mother through the placenta and the umbilical cord[image: External link].[36]

Blood from the placenta is carried to the fetus by the umbilical vein. About half of this enters the fetal ductus venosus[image: External link] and is carried to the inferior vena cava[image: External link], while the other half enters the liver proper from the inferior border of the liver. The branch of the umbilical vein that supplies the right lobe of the liver first joins with the portal vein[image: External link]. The blood then moves to the right atrium of the heart[image: External link]. In the fetus, there is an opening between the right and left atrium (the foramen ovale), and most of the blood flows from the right into the left atrium, thus bypassing pulmonary circulation[image: External link]. The majority of blood flow is into the left ventricle from where it is pumped through the aorta into the body. Some of the blood moves from the aorta through the internal iliac arteries to the umbilical arteries, and re-enters the placenta, where carbon dioxide[image: External link] and other waste products from the fetus are taken up and enter the woman's circulation.[36]

Some of the blood from the right atrium does not enter the left atrium, but enters the right ventricle and is pumped into the pulmonary artery. In the fetus, there is a special connection between the pulmonary artery and the aorta, called the ductus arteriosus[image: External link], which directs most of this blood away from the lungs (which aren't being used for respiration at this point as the fetus is suspended in amniotic fluid[image: External link]).[36]
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 Postnatal development



Main article: Adaptation to extrauterine life[image: External link]

With the first breath after birth, the system changes suddenly. Pulmonary resistance is reduced dramatically, prompting more blood to move into the pulmonary arteries from the right atrium[image: External link] and ventricle[image: External link] of the heart and less to flow through the foramen ovale into the left atrium[image: External link]. The blood from the lungs travels through the pulmonary veins[image: External link] to the left atrium, producing an increase in pressure that pushes the septum primum against the septum secundum, closing the foramen ovale and completing the separation of the newborn's circulatory system into the standard left and right sides. Thereafter, the foramen ovale is known as the fossa ovalis.

The ductus arteriosus[image: External link] normally closes within one or two days of birth, leaving the ligamentum arteriosum[image: External link], while the umbilical vein and ductus venosus[image: External link] usually closes within two to five days after birth, leaving, respectively, the liver's ligamentum teres[image: External link] and ligamentum venosus[image: External link].
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 Differences between fetal and postnatal



Remnants of the fetal circulation can be found in the adult.[37][38]



	Fetal
	Developed



	foramen ovale
	fossa ovalis[image: External link]



	ductus arteriosus[image: External link]
	ligamentum arteriosum[image: External link]



	extra- hepatic[image: External link] portion of the fetal left umbilical vein
	ligamentum teres hepatis[image: External link]

("round ligament of the liver")



	intra-hepatic portion of the fetal left umbilical vein

(ductus venosus[image: External link])
	ligamentum venosum[image: External link]



	proximal[image: External link] portions of the fetal left and right umbilical arteries[image: External link] 
	umbilical branches[image: External link] of the internal iliac arteries[image: External link] 



	distal[image: External link] portions of the fetal left and right umbilical arteries
	medial umbilical ligaments[image: External link]





In addition to differences in circulation, the developing fetus also employs a different type of oxygen transport molecule[image: External link] in its hemoglobin[image: External link] from that when it is born and breathing its own oxygen. Fetal hemoglobin[image: External link] enhances the fetus' ability to draw oxygen from the placenta. Its oxygen-hemoglobin dissociation curve[image: External link] is shifted to the left, meaning that it is able to absorb oxygen at lower concentrations than adult hemoglobin. This enables fetal hemoglobin to absorb oxygen from adult hemoglobin in the placenta, where the oxygen pressure is lower than at the lungs. Until around six months' old, the human infant's hemoglobin molecule is made up of two alpha[image: External link] and two gamma chains[image: External link] (2α2γ). The gamma chains are gradually replaced by beta chains[image: External link] until the molecule becomes hemoglobin A[image: External link] with its two alpha and two beta chains (2α2β).
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 Immune system



The placenta functions as a maternal-fetal barrier[image: External link] against the transmission of microbes[image: External link]. When this is insufficient, mother-to-child transmission[image: External link] of infectious diseases can occur.

Maternal IgG antibodies[image: External link] cross the placenta, giving the fetus passive immunity[image: External link] against those diseases for which the mother has antibodies. This transfer of antibodies in humans begins as early as the fifth month (gestational age) and certainly by the sixth month.[39]
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 Developmental problems



See also: Congenital disorder

A developing fetus is highly susceptible to anomalies in its growth and metabolism, increasing the risk of birth defects. One area of concern is the pregnant woman's lifestyle choices made during pregnancy.[40] Diet is especially important in the early stages of development. Studies show that supplementation of the woman's diet with folic acid[image: External link] reduces the risk of spina bifida and other neural tube defects. Another dietary concern is whether breakfast is eaten. Skipping breakfast could lead to extended periods of lower than normal nutrients in the woman's blood, leading to a higher risk of prematurity, or other birth defects in the fetus. During this time alcohol consumption may increase the risk of the development of fetal alcohol syndrome[image: External link], a condition leading to intellectual disability[image: External link] in some infants.[41]

Smoking during pregnancy[image: External link] may also lead to reduced birth weight. Low birth weight is defined as 2500 grams (5.5 lb). Low birth weight is a concern for medical providers due to the tendency of these infants, described as "premature by weight", to have a higher risk of secondary medical problems. Some research shows that fetal ultrasounds (including Doppler, 3D/4D ultrasound and 2D ultrasound) can have negative effect on birth weight and neurodevelopment.[42]

Congenital anomalies are acquired before birth. Infants with certain congenital anomalies of the heart can survive only as long as the ductus remains open: in such cases the closure of the ductus can be delayed by the administration of prostaglandins[image: External link] to permit sufficient time for the surgical correction of the anomalies. Conversely, in cases of patent ductus arteriosus[image: External link], where the ductus does not properly close, drugs that inhibit prostaglandin synthesis can be used to encourage its closure, so that surgery can be avoided.
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 Legal issues



Abortion of a human pregnancy is legal[image: External link] and/or tolerated in most countries, although with gestational time limits that normally prohibit late-term abortions[image: External link].[43]
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 Other animals



Further information: Evolution of mammals[image: External link]

A fetus is a stage in the prenatal development[image: External link] of viviparous[image: External link] organisms. This stage lies between embryogenesis and birth. Many vertebrates have fetal stages, ranging from most mammals to many fish. In addition, some invertebrates bear live young, including some species of onychophora[image: External link][44] and many arthropods[image: External link]. The prevalence of convergent evolution[image: External link] to the fetal stage shows that it is relatively easy to develop. It presumably originates from a delay of egg release, with the eggs being hatched inside the parent before being laid. Over time, the robustness of the egg wall can be decreased until it becomes little more than a sac.

The fetuses of most mammals are situated similarly to the human fetus within their mothers.[45] However, the anatomy of the area surrounding a fetus is different in litter-bearing animals[image: External link] compared to humans: each fetus of a litter-bearing animal is surrounded by placental tissue[image: External link] and is lodged along one of two long uteri instead of the single uterus found in a human female.

Development at birth varies considerably among animals, and even among mammals. Altricial[image: External link] species are relatively helpless at birth and require considerable parental care and protection. In contrast, precocial[image: External link] animals are born with open eyes, have hair or down, have large brains, and are immediately mobile and somewhat able to flee from, or defend themselves against, predators[image: External link]. Primates[image: External link] are precocial at birth, with the exception of humans.[46]

The duration of gestation in placental mammals[image: External link] varies from 18 days in jumping mice[image: External link] to 23 months in elephants[image: External link].[47] Generally speaking, fetuses of larger land mammals require longer gestation periods.[47]

The benefits of a fetal stage means that young are more developed when they are born. Therefore, they may need less parental care and may be better able to fend for themselves. However, carrying fetuses exerts costs on the mother, who must take on extra food to fuel the growth of her offspring, and whose mobility and comfort may be affected (especially toward the end of the fetal stage).

In some instances, the presence of a fetal stage may allow organisms to time the birth of their offspring to a favorable season.[44]
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Infant






This article is about the very young child. For other uses, see Infant (disambiguation)[image: External link].

"Baby" and "Newborn" redirect here. For other uses, see Baby (disambiguation)[image: External link] and Newborn (disambiguation)[image: External link].

An infant (from the Latin word infans, meaning "unable to speak" or "speechless") is the more formal or specialised synonym for "baby", the very young offspring[image: External link] of a human or other animal.

A newborn is, in colloquial use, an infant who is only hours, days, or up to one month old. In medical contexts, newborn or neonate (from Latin, neonatus, newborn) refers to an infant in the first 28 days after birth;[1] the term applies to premature[image: External link], full term[image: External link], and postmature infants; before birth, the term "fetus" is used. The term "infant" is typically applied to young children between one month and one year of age; however, definitions may vary and may include children up to two years of age. When a human child learns to walk, the term "toddler" may be used instead.

In British English[image: External link], "infant" is a term that can be applied to school children aged between four and seven[image: External link]. As a legal term, "infancy" continues from birth until age 18.[2]
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 Physical characteristics of newborn



A newborn's shoulders and hips are wide, the abdomen protrudes slightly, and the arms and legs are relatively long with respect to the rest of their body. In first world nations, the average total body length of newborns are 35.6–50.8 cm (14.0–20.0 in), although premature newborns may be much smaller. The 




















	Normal infant



	Blood Pressure[image: External link]

( mmHg[image: External link])
	Systolic
	75–100[6]



	Diastolic
	50–70[6]



	Heart rate ( BPM[image: External link])
	120–160[6]



	Respiratory rate[image: External link]
	30–60[6]






















	Neonatal jaundice[image: External link]

	Infant respiratory distress syndrome[image: External link]

	Neonatal lupus erythematosus[image: External link]

	Neonatal conjunctivitis[image: External link]

	Neonatal tetanus[image: External link]

	Neonatal sepsis[image: External link]

	Neonatal bowel obstruction[image: External link]

	Benign neonatal seizures[image: External link]

	Neonatal diabetes mellitus[image: External link]

	Neonatal alloimmune thrombocytopenia[image: External link]

	Neonatal herpes simplex[image: External link]

	Neonatal hemochromatosis[image: External link]

	Neonatal meningitis[image: External link]

	Neonatal hepatitis[image: External link]

	Neonatal hypoglycemia[image: External link]
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	The impact of buggy orientation on parent-infant interaction and infant stress[image: External link]

	The World Health Report 2005 – Make Every Mother and Child[image: External link]

	Infant eyesight[image: External link] – University of Illinois[image: External link]
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