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Definition and Primary Role

The placenta is a highly specialized, temporary organ characteristic of viviparous mammals,

uniquely developed during gestation to serve as the critical interface between the developing fetus

and the maternal uterine wall. Deriving from both fetal (chorion frondosum) and maternal (decidua

basalis) tissues, the placenta establishes the necessary metabolic and circulatory connection

essential for sustaining embryonic and fetal life. Its fundamental purpose is to function as a

substitute for the respiratory, gastrointestinal, renal, and endocrine systems of the fetus until birth,

mediating all exchanges required for growth and survival within the intrauterine environment. This

specialized organ is the sole mechanism by which the maternal circulation provides energy,

nutrients, and gas exchange, while simultaneously facilitating the removal of fetal metabolic waste

products.

Originating early in gestation, the formation of the placenta is triggered by the implantation of the

blastocyst into the endometrium. The complexity of its structure reflects its multifaceted

physiological requirements, demanding a vast surface area for efficient bidirectional transfer.

Unlike permanent organs, the placenta exhibits rapid development, high metabolic activity, and

distinct senescence, culminating in its expulsion shortly after parturition--a process commonly

referred to as the afterbirth. The efficiency and integrity of this organ are paramount; any

compromise in placental function directly impacts fetal well-being, potentially leading to restricted

growth, distress, or severe clinical complications.

The critical necessity of the placenta is underscored by the fact that the fetal and maternal blood

supplies must remain completely separate to prevent immunological rejection and maintain distinct

oxygen saturation levels, yet close enough for effective gas and nutrient transfer. This separation is

maintained by the placental barrier. Consequently, the placenta acts not merely as a conduit but as

an active biochemical filter and regulator, processing substances and synthesizing hormones

necessary to maintain the delicate balance of pregnancy. Its dual origin and temporary existence

highlight its unique biological standing, representing a remarkable feat of adaptation in

reproductive physiology.

Anatomical Structure and Morphology

In humans, the mature placenta typically assumes a discoid shape, measuring approximately 15 to

25 centimeters in diameter and weighing between 500 and 600 grams at term. It is characterized

by two distinct surfaces: the fetal surface, known as the chorionic plate, and the maternal surface,

referred to as the basal plate. The fetal surface is smooth and covered by the amnion, from the

center of which emerges the umbilical cord, carrying the fetal vessels. These vessels branch out

across the chorionic plate before diving into the placental substance. The maternal surface,

conversely, is rough, irregular, and divided into 15 to 20 convex areas called cotyledons, which
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are separated by septa derived from the maternal decidua.

The functional unit of the placenta is the chorionic villus. These villi are finger-like projections that

extend into the intervillous space, which is filled with maternal blood. The core of each villus

contains fetal capillaries, ensuring an intimate yet separated relationship between the two

circulatory systems. The terminal villi are highly vascularized and represent the primary site of

exchange. Maternal arterial blood is pumped into the intervillous space via spiral arteries, bathing

the surfaces of the villi. This blood then drains back into the maternal venous system. This

continuous flow ensures steep concentration gradients necessary for efficient diffusion of gases

and nutrients.

The umbilical cord serves as the direct physical link, containing two umbilical arteries, which carry

deoxygenated blood and waste products from the fetus to the placenta, and one umbilical vein,

which carries oxygenated, nutrient-rich blood back to the fetus. These vessels are encased in a

protective gelatinous substance known as Wharton's jelly. The morphology of the placenta,

particularly the immense surface area provided by the villous tree structure, is crucial for

maximizing the rate of transfer, allowing the relatively small organ to support the exponential

growth demands of the developing fetus.

Placental Development (Placentation)

Placentation begins with the successful implantation of the blastocyst, typically around six days

post-fertilization. The outermost layer of the blastocyst, the trophoblast, is critical for this process,

differentiating rapidly into two layers: the inner cytotrophoblast and the outer

syncytiotrophoblast. The syncytiotrophoblast is a multinucleated mass that lacks cell boundaries;

it is highly invasive, actively eroding the maternal uterine lining (endometrium) to secure the

embryo and gain access to maternal blood vessels.

During the second week of development, the syncytiotrophoblast establishes numerous lacunae,

or small cavities, which rapidly fill with maternal blood and cellular debris as the

syncytiotrophoblast digests the walls of the maternal capillaries and glands. This marks the

beginning of the uteroplacental circulation. Simultaneously, the cytotrophoblast cells proliferate and

push into the syncytiotrophoblast, forming primary chorionic villi. As fetal mesoderm penetrates

these primary villi, they become secondary villi. By the third week, fetal blood vessels develop

within the mesodermal core, transforming them into tertiary chorionic villi, thus establishing the

definitive fetoplacental circulation.

Concurrently, the maternal endometrium surrounding the implantation site undergoes specialized

changes, transforming into the decidua. The decidua basalis is the segment underlying the

embryo and contributes to the maternal portion of the placenta. The successful formation and

remodeling of the maternal spiral arteries by invading trophoblast cells are essential; this process
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transforms the small, high-resistance arteries into wide, low-resistance uteroplacental vessels,

ensuring the massive blood flow required for late gestation. Failure in this vascular remodeling

process is often implicated in severe pregnancy complications such as preeclampsia.

Physiological Functions: Transport and Exchange

The primary physiological mandate of the placenta is the highly efficient transport and exchange of

substances between the mother and the fetus. This process relies on several mechanisms,

including simple diffusion, facilitated diffusion, active transport, and pinocytosis. Gases, such as

oxygen and carbon dioxide, cross the placental membrane primarily via simple diffusion, driven

by steep concentration gradients. Fetal blood has a higher affinity for oxygen (due to fetal

hemoglobin), which aids in the extraction of oxygen from the maternal blood in the intervillous

space, while carbon dioxide readily diffuses into the maternal circulation for excretion via the

mother's lungs.

Nutrient delivery is complex and highly regulated. Glucose, the main source of energy for the

fetus, crosses via facilitated diffusion using specific carrier proteins (GLUT transporters) and is

largely independent of maternal insulin levels. However, the transfer of essential substances like

amino acids and vitamins often requires energy-dependent active transport systems. These

systems allow the placenta to maintain fetal concentrations of these substances at levels

significantly higher than those in the maternal circulation, reflecting the prioritizing of fetal anabolic

needs over maternal homeostasis.

The placenta also functions as the fetal excretory organ. Metabolic waste products generated by

the fetus, notably urea, creatinine, and uric acid, are transferred across the villous membrane

down their concentration gradients into the maternal blood. Once in the maternal circulation, these

waste products are then filtered and excreted by the mother's kidneys. This highly effective system

ensures that the fetal environment remains clean and conducive to optimal development

throughout the nine months of gestation, underscoring the vital role of the placenta as the

temporary kidney of the fetus.

Endocrine Function and Hormonal Regulation

Beyond its roles in transport and exchange, the placenta serves as a major, albeit temporary,

endocrine gland, synthesizing and secreting large quantities of hormones essential for maintaining

pregnancy and preparing the maternal body for birth and lactation. The syncytiotrophoblast layer is

responsible for the synthesis of these crucial hormones. One of the earliest and most important is

human Chorionic Gonadotropin (hCG). This glycoprotein hormone acts to rescue and maintain

the maternal corpus luteum in the ovary, ensuring the continued production of progesterone during

the critical early stages of implantation and gestation before the placenta can synthesize sufficient
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levels itself.

The placenta becomes the principal source of progesterone after the first trimester. Progesterone

is vital for maintaining uterine quiescence by inhibiting contractions of the myometrium, thus

preventing premature labor. It also plays a key role in the suppression of the maternal immune

response to the fetal allograft. In conjunction with progesterone, the placenta synthesizes large

amounts of estrogens, particularly estriol. Unlike progesterone, the placenta cannot synthesize

estrogen entirely on its own; it requires precursor androgens supplied by both the maternal adrenal

glands and, importantly, the fetal adrenal glands, making estrogen production a cooperative feto-

placental unit function. Estrogens promote uterine growth, increase uterine blood flow, and

stimulate mammary gland development.

Another significant polypeptide hormone produced is Human Placental Lactogen (hPL),

sometimes referred to as human chorionic somatomammotropin (hCS). HPL modulates maternal

metabolism to favor fetal nutrient supply. Specifically, it acts as an anti-insulin agent, increasing

maternal insulin resistance and lipolysis, thereby diverting maternal glucose and free fatty acids

towards the fetus. HPL also contributes to the preparation of the mammary glands for lactation.

The vast endocrine output of the placenta demonstrates its profound influence not only on the

immediate intrauterine environment but also on systemic maternal physiology.

The Placental Barrier

The term placental barrier refers to the layers of tissue that separate the maternal blood in the

intervillous space from the fetal blood within the capillaries of the chorionic villi. Historically, this

term suggested an impermeable membrane, but modern understanding recognizes it as a

selectively permeable interface designed to regulate transfer and protect the fetus from potentially

harmful substances. The structural components of the barrier include the syncytiotrophoblast, the

cytotrophoblast (present early in gestation but thinning later), the basement membrane of the

trophoblast, the connective tissue core of the villus, and the fetal capillary endothelium.

The efficiency of the barrier changes dramatically throughout gestation. In early pregnancy, the

barrier is relatively thick due to the presence of the cytotrophoblast layer. However, as pregnancy

progresses, the cytotrophoblast layer thins and often disappears, and the fetal capillaries move

closer to the syncytiotrophoblast, resulting in a much thinner barrier at term. This anatomical

change facilitates the rapid transfer of large volumes of oxygen and nutrients necessary to support

the rapidly growing fetus.

While highly selective, the placental barrier is permeable to many non-beneficial and potentially

harmful agents. Substances that cross easily include small molecules like alcohol, nicotine, and

many therapeutic and illicit drugs. Furthermore, the placenta actively transports immunoglobulin

G (IgG) antibodies from the mother to the fetus, providing crucial passive immunity against
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various pathogens during the newborn period. Conversely, the barrier is largely effective at

blocking larger molecules and certain pathogens, although some viruses, such as Rubella,

Cytomegalovirus (CMV), and Zika, are capable of crossing, leading to congenital infections and

severe fetal complications. The permeability of the placental barrier necessitates careful

consideration of maternal exposure to environmental toxins and pharmaceuticals during

pregnancy.

Comparative Placentation in Mammals

The structure and intimacy of the placenta vary significantly across different mammalian orders,

reflecting diverse evolutionary strategies in reproduction. Placentas are commonly classified based

on two criteria: the gross shape of the contact area and the microscopic degree of interdigitation

between maternal and fetal tissues. Morphologically, placentas can be classified as diffuse (villi

scattered over the entire surface, e.g., pigs and horses), cotyledonary (villi clustered in distinct

areas called cotyledons, e.g., ruminants like cows and sheep), zonary (villi form a band or belt

around the chorionic sac, e.g., carnivores like dogs and cats), or discoid (villi confined to a circular

disc, e.g., primates and rodents).

The histological classification, which describes the intimacy of the connection, is perhaps more

physiologically significant, focusing on the number of tissue layers separating the maternal and

fetal blood. The classification ranges from the least invasive to the most invasive. In the

epitheliochorial type (found in horses and pigs), all six layers are present: the maternal capillary

endothelium, uterine connective tissue, uterine epithelium, trophoblast, fetal connective tissue, and

fetal capillary endothelium. This results in minimal tissue erosion and the least intimate exchange.

Conversely, the hemochorial placenta (found in humans, primates, and rodents) is the most

intimate, where maternal blood directly bathes the fetal syncytiotrophoblast, eliminating the

maternal capillary endothelium, connective tissue, and uterine epithelium. This intimate contact

maximizes the efficiency of exchange but necessitates complex immunoregulatory mechanisms to

prevent maternal rejection of the fetal tissue. Intermediate types include the syndesmochorial

(e.g., goats, sheep, where the uterine epithelium is eroded) and the endotheliochorial (e.g., dogs,

cats, where the uterine epithelium and connective tissue are eroded). These comparative

differences highlight the specialized adaptations required for internal gestation across the

mammalian class.

Clinical Significance and Pathologies

Given its central role in fetal survival, placental pathology is a major cause of obstetric

complications and perinatal morbidity and mortality. Disorders of placental location include

Placenta Previa, a condition where the placenta implants low in the uterus, potentially covering
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the internal cervical os, leading to severe antepartum hemorrhage when the cervix begins to dilate.

Another critical condition is Placental Abruption, the premature separation of a normally

implanted placenta from the uterine wall before delivery, which can result in massive maternal

bleeding and acute fetal distress due to loss of oxygen supply.

Disorders of placental adherence, collectively known as the Placenta Accreta spectrum, involve

abnormal depth of penetration into the uterine wall. These conditions occur when the decidua

basalis is defective, allowing the trophoblast to invade the myometrium. Placenta Accreta involves

adherence to the myometrium surface; Placenta Increta involves deeper invasion into the muscle;

and Placenta Percreta involves invasion through the entire uterine wall, potentially reaching

adjacent organs like the bladder. These conditions frequently result in uncontrollable hemorrhage

at delivery, often necessitating a hysterectomy to save the mother's life.

Furthermore, poor placental perfusion and dysfunction are central to the pathogenesis of systemic

maternal diseases like preeclampsia, a hypertensive disorder of pregnancy characterized by

proteinuria and maternal organ damage. Preeclampsia is theorized to stem from inadequate

remodeling of the maternal spiral arteries early in gestation, leading to chronic placental ischemia

and the release of toxic factors into the maternal circulation. Placental dysfunction is also the

primary driver of Intrauterine Growth Restriction (IUGR), where compromised nutrient and

oxygen delivery limits fetal growth. Recognition and timely management of these placental

pathologies, often requiring emergency intervention such as a timely C-section, are cornerstones

of modern obstetric practice.
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