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Introduction

The human liver, a vital organ of immense complexity, plays a pivotal role in nu-
merous physiological processes, necessitating a profound understanding of its
structural intricacies. This comprehensive exploration delves into the gross and
microscopic anatomical features of the human liver, providing a foundational un-
derstanding essential for comprehending hepatobiliary pathologies. The organ's
overall structure, encompassing its distinct lobes, supportive ligaments, and in-
tricate vascular supply, forms the macroscopic framework upon which its myriad
functions depend. Transitioning from the gross to the microscopic level, this ex-
amination meticulously describes the fundamental cellular components, the spe-
cialized sinusoidal network, and the critical portal triad, which collectively govern
hepatic function. Key functional units, such as the hepatic lobule and the hepatic
acinus, are also detailed, highlighting their indispensable significance in main-
taining liver physiology and homeostasis. The vascular architecture of the liver
is a subject of paramount importance, featuring an intricate network comprising
the portal vein, hepatic artery, and hepatic veins. Understanding how this unique
dual blood supply underpins essential liver functions is crucial, and this review ex-
amines the implications of vascular anomalies in the context of hepatic diseases,
including microcirculatory aspects within the sinusoids. Furthermore, a detailed
histological analysis of the liver parenchyma focuses on its cellular components,
emphasizing the roles of hepatocytes, Kupffer cells, and stellate cells. The pre-
cise organization of the liver tissue into lobules and acini is described using high-
resolution microscopy, correlating structural arrangements with functional zonation
across the parenchyma. The developmental trajectory and structural variations of
the human liver are also explored, covering congenital anomalies and variations
in gross morphology. Microscopic details of the developing liver, including the
formation of sinusoids and bile ductules, are presented, offering valuable insights
into the establishment of typical adult anatomy. The biliary system, intimately con-
nected with the liver, is examined from both gross and microscopic perspectives.
This includes a description of the intrahepatic and extrahepatic bile ducts, the gall-
bladder, and their precise connections, alongside the cellular composition of bile
duct epithelium and its role in bile transport, providing a comprehensive view of the
bile drainage pathway. The functional anatomy of the liver integrates its gross and
microscopic features to elucidate the correlation between structural organization,
such as lobular and acinar units, and key metabolic functions, detoxification pro-
cesses, and bile production. The crucial roles of specific cell types and the vascular
supply in sustaining these functions are underscored. A comparative analysis of
liver anatomy across different species, with a particular emphasis on human liver
structure, elaborates on unique anatomical features at both gross and microscopic
levels, highlighting aspects particularly relevant to clinical practice and ongoing
research. The peritoneal attachments and ligaments of the liver are described
in detail, offering essential context for its gross anatomical positioning within the
abdominal cavity. A microscopic examination of Glisson’s capsule and its sup-
portive role for the liver parenchyma is also discussed, contributing to a holistic

understanding of hepatic support structures. Finally, the applied anatomy of the
liver, focusing on how its gross and microscopic features are critical for diagnos-
tic imaging and surgical procedures, is reviewed. This highlights key anatomical
landmarks and their significance in understanding the presentation and manage-
ment of liver diseases, bridging fundamental knowledge with clinical application.

Description

The human liver is characterized by a distinct gross and microscopic anatomical
organization that is fundamental to its diverse physiological functions. The organ’s
overall structure is delineated by its lobes, including the right, left, caudate, and
quadrate lobes, which are further subdivided by fissures and supported by various
ligaments, such as the falciform, coronary, and triangular ligaments, anchoring
it within the abdominal cavity. The vascular supply is a complex network of the
portal vein, which delivers nutrient-rich blood from the gastrointestinal tract, and
the hepatic artery, providing oxygenated blood. This dual blood supply converges
within the liver's microvasculature, forming sinusoids that bathe hepatocytes, the
primary functional cells of the liver. At the cellular level, hepatocytes constitute
the bulk of the liver parenchyma and are responsible for a vast array of metabolic,
synthetic, and detoxification processes. Surrounding the hepatocytes are special-
ized sinusoidal capillaries, which are lined by fenestrated endothelial cells and
Kupffer cells, resident macrophages involved in immune surveillance and debris
removal. The portal triad, located at the periphery of the hepatic lobule, comprises
a portal venule, an arteriole, and a bile ductule, serving as the conduit for blood
and bile flow into and out of the lobule. The hepatic lobule, a hexagonal structural
unit, serves as a primary functional model, with blood flowing from the portal triad
towards a central vein. However, the hepatic acinus, a diamond-shaped unit ori-
ented around the terminal branches of the portal vein and hepatic artery, offers a
more functional perspective, highlighting metabolic zonation based on oxygen and
nutrient gradients. The vascular anatomy of the liver is a marvel of biological en-
gineering, featuring an intricate interplay between the portal vein, hepatic artery,
and hepatic veins. The portal vein collects deoxygenated blood from the spleen,
stomach, pancreas, and intestines, carrying nutrients and toxins to the liver for pro-
cessing. The hepatic artery supplies oxygenated blood to maintain hepatocellular
viability. This dual supply ensures that hepatocytes receive both the necessary
oxygen and the substrates for their metabolic activities. The hepatic veins then
drain processed blood from the liver into the inferior vena cava. Understanding the
implications of vascular anomalies, such as portal hypertension or hepatic artery
thrombosis, is crucial for diagnosing and managing various hepatic diseases. The
microcirculation within the sinusoids facilitates efficient exchange between blood
and hepatocytes. Histologically, the liver parenchyma is composed of hepatocytes
arranged in cords or plates radiating from the central vein. These hepatocytes
are highly specialized cells with abundant endoplasmic reticulum, Golgi appara-



Tanabe A.

J Morphol Anat, Volume 9:4, 2025

tus, mitochondria, and lysosomes, reflecting their intense metabolic activity. In
addition to hepatocytes, other important cell types include Kupffer cells, which are
phagocytic cells integral to the liver's immune defense, and hepatic stellate cells
(Ito cells), which are located in the space of Disse and play a role in vitamin A stor-
age and the production of extracellular matrix, becoming activated in liver injury
and fibrosis. The organization of the liver tissue into lobules and acini, observ-
able under high-resolution microscopy, reveals a sophisticated architecture that
underpins functional zonation. Hepatocytes in different zones of the acinus exhibit
varying metabolic profiles, optimizing the liver's response to fluctuating physiolog-
ical demands. The development of the human liver involves a complex sequence
of events, beginning with the formation of hepatic diverticula from the foregut en-
doderm. Early hepatic cords arise from these progenitor cells, differentiating into
hepatocytes and cholangiocytes. The formation of the sinusoidal network, a critical
component of liver vasculature, occurs through the remodeling of primitive vascu-
lar channels. Congenital anomalies, such as accessory lobes or absence of certain
fissures, can arise during development, potentially impacting liver function or pre-
disposing to disease. Microscopic examination of the developing liver reveals the
intricate process of sinusoid formation and the emergence of bile ductules, which
will eventually form the intrahepatic biliary tree. The biliary system, an integral part
of the hepatobiliary complex, originates within the liver and extends to the gallblad-
der and duodenum. The intrahepatic bile ducts, formed by cholangiocytes, collect
bile produced by hepatocytes and transport it through progressively larger ducts
towards the common hepatic duct. The extrahepatic biliary system includes the
common hepatic duct, cystic duct, and common bile duct, which merge to drain bile
into the duodenum. The gallbladder serves as a reservoir for bile, concentrating it
between meals. The cellular composition of the bile duct epithelium, characterized
by specialized cholangiocytes, is crucial for regulating bile flow and composition.
The gross and microscopic anatomy of the liver are inextricably linked to its func-
tional capacity. The lobular and acinar units provide a structural basis for the spa-
tial distribution of metabolic processes, including carbohydrate metabolism, lipid
metabolism, protein synthesis, and detoxification. The specific arrangement of
hepatocytes and sinusoids optimizes the uptake of nutrients and the detoxification
of xenobiotics. The vascular supply ensures that blood flows in a direction that al-
lows for efficient processing of absorbed substances. The interplay between struc-
ture and function is evident in the liver's remarkable regenerative capacity. The
peritoneal reflections and connective tissues of the liver play a significant role in its
anatomical positioning and support. The visceral peritoneum, known as Glisson’s
capsule, invests the liver parenchyma, providing a protective outer layer. This cap-
sule is continuous with the fibrous septa that penetrate into the liver, dividing it into
lobes and lobules and housing the portal triads. The ligaments of the liver, such
as the falciform ligament, which attaches the liver to the anterior abdominal wall
and diaphragm, and the coronary and triangular ligaments, which anchor the liver
to the diaphragm, provide crucial stabilization. Microscopic examination of Glis-
son’s capsule reveals its dense connective tissue composition, contributing to the
structural integrity of the liver and providing a framework for vascular and biliary
structures. Applied anatomy of the liver is of paramount importance for diagnos-
tic imaging and surgical interventions. Key anatomical landmarks, such as the
fissures separating the lobes and the course of major vessels and bile ducts, are
critical for interpreting imaging studies like ultrasound, CT, and MRI. Surgeons rely
on a precise understanding of liver segmentation and vascular anatomy to perform
resections safely and effectively, minimizing damage to surrounding vital struc-
tures. Knowledge of these features aids in the diagnosis and management of liver
diseases, from identifying the location of tumors to understanding the pathways
of portal hypertension. The cellular ultrastructure and extracellular matrix of the
liver are crucial for maintaining tissue integrity and mediating cell-cell communi-
cation. Hepatocytes are interconnected by tight junctions, adherens junctions, and
gap junctions, which regulate paracellular transport, cell adhesion, and intercellu-
lar signaling. The space of Disse, located between the sinusoidal endothelium
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and hepatocytes, is filled with extracellular matrix components, including collagen
types | and 1V, fibronectin, and laminin, providing a scaffold for cells and facilitat-
ing nutrient and waste exchange. Hepatic stellate cells reside in this space and
are key regulators of matrix deposition, particularly in response to injury, where
they can differentiate into myofibroblast-like cells and contribute to fibrosis. The
intricate network of intercellular junctions and the composition of the extracellu-
lar matrix are essential for maintaining normal liver architecture and function, and
their disruption is a hallmark of many liver diseases.

Conclusion

The human liver's complex structure, from gross morphology to microscopic cellu-
lar organization, is essential for its vital functions. This article explores the liver's
lobes, ligaments, and vascular supply, moving to cellular components like hepato-
cytes, sinusoids, and the portal triad. Key functional units, including hepatic lob-
ules and acini, are detailed, emphasizing their importance in liver physiology. The
study also examines the liver's intricate vascular architecture, its developmental
anatomy and variations, and the connected biliary system. Applied anatomy rel-
evant to imaging and surgery, as well as cellular ultrastructure and extracellular
matrix, are also discussed, providing a comprehensive overview of hepatic struc-
ture and its functional implications.
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