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1. Features of Liver

           The liver (Greek, hepar: hence the adjective hepatic) lies in the right upper quadrant of the abdomen, immediately inferior to the diaphragm. The liver, the largest gland in the body, has both external and internal secretions, which are formed in the hepatic cells. Its external secretion, the bile, is collected after passing through the bile capillaries by the bile ducts, which join like the twigs and branches of a tree to form two large ducts that unite to form the hepatic duct. The bile is either carried to the gall-bladder by the cystic duct or poured directly into the duodenum by the common bile duct where it aids in digestion. The internal secretions are concerned with the metabolism of both nitrogenous and carbohydrate materials absorbed from the intestine and carried to the liver by the portal vein. The carbohydrates are stored in the hepatic cells in the form of glycogen which is secreted in the form of sugar directly into the blood stream. In the male it weighs from 1.4 to 1.6 kilogram, in the female from 1.2 to 1.4 kilogram. It is relatively much larger in the fetus than in the adult, constituting, in the former, about one-eighteenth, and in the latter about one thirty-sixth of the entire body weight. Its greatest transverse measurement is from 20 to 22.5 cm. Vertically, near its lateral or right surface, it measures about 15 to 17.5 cm., while its greatest anterior-posterior diameter is on a level with the upper end of the right kidney, and is from 10 to 12.5 cm. Opposite the vertebral column its measurement from before backward is reduced to about 7.5 cm. Its consistence is that of a soft solid; it is friable, easily lacerated and highly vascular; its color is a dark reddish brown and soft organ, and its specific gravity is 1.05.




2. Development
 The liver arises in the form of a diverticulum or hollow outgrowth from the ventral surface of that portion of the gut which afterward becomes the descending part of the duodenum. This diverticulum is lined by entoderm, and grows upward and forward into the septum transversum, a mass of mesoderm between the vitelline duct and the pericardial cavity, and there gives off two solid buds of cells which represent the right and the left lobes of the liver. The solid buds of cells grow into columns or cylinders, termed the hepatic cylinders, which branch and anastomose to form a close meshwork. This network invades the vitelline and umbilical veins, and breaks up these vessels into a series of capillary-like vessels termed sinusoids (Minot), which ramify in the meshes of the cellular network and ultimately form the venous capillaries of the liver. By the continued growth and ramification of the hepatic cylinders the mass of the liver is gradually formed. The original diverticulum from the duodenum forms the common bileduct, and from this the cystic duct and gall-bladder arise as a solid outgrowth which later acquires a lumen. The opening of the common duct is at first in the ventral wall of the duodenum; later, owing to the rotation of the gut, the opening is carried to the left and then dorsal ward to the position it occupies in the adult.
As the liver undergoes enlargement, both it and the ventral mesogastrium of the fore-gut are gradually differentiated from the septum transversum; and from the under surface of the latter the liver projects downward into the abdominal cavity. By the growth of the liver the ventral mesogastrium is divided into two parts, of which the anterior forms the falciform and coronary ligaments, and the posterior the lesser omentum. About the third month the liver almost fills the abdominal cavity, and its left lobe is nearly as large as its right. From this period the relative development of the liver is less active, more especially that of the left lobe, which actually undergoes some degeneration and becomes smaller than the right; but up to the end of fetal life the liver remains relatively larger than in the adult.
3. Peritoneal Relations
The liver is nearly surrounded by peritoneum, which (as the ventral mesogastrium of the embryo) attaches it to the body wall (falciform ligament) and to the stomach. The falciform ligament connects the anterior abdominal wall and diaphragm to the liver. The free edge of the falciform ligament meets the inferior border of the liver at a notch for the ligamentum teres, where that ligament (obliterated left umbilical vein) is conveyed to the porta. As the two layers of the falciform ligament reach the liver, the left layer becomes continuous superiorly with the left triangular ligament and the right layer with the upper layer of the coronary ligament. The upper and lower layers of the coronary ligament, which meet at the right as the right triangular ligament, diverge toward the left and enclose the triangular "bare area" of the liver, which is in direct contact with the diaphragm. The junction of the left triangular and coronary ligaments leads to the lesser omentum, which has an L-shaped attachment to the liver. 












4. Surfaces
         The liver possesses three surfaces- superior, inferior and posterior.  A sharp, well-defined margin divides the inferior from the superior in front; the other margins are rounded. 
4.1 Superior Surface
The superior surface (Image4.1 Superior surface of liver-http://commons.wikimedia.org/wiki/File:Gray1085.png) is attached to the diaphragm and anterior abdominal wall by a triangular or falciform fold of peritoneum, the falciform ligament,in the free margin of which is a rounded cord, the ligamentum teres (obliterated umbilical vein). The line of attachment of the falciform ligament divides the liver into two parts, termed the right and left lobes, the right being much the larger. The inferior and posterior surfaces are divided into four lobes by five fossæ, which are arranged in the form of the letter H. The left limb of the H marks on these surfaces the division of the liver into right and left lobes; it is known as the left sagittal fossa, and consists of two parts, the fossa for the umbilical vein in front and the fossa for the ductus venosus behind. The right limb of the H is formed in front by the fossa for the gall-bladder, and behind by the fossa for the inferior vena cava; these two fossae are separated from one another by a band of liver substance, termed the caudate process. The bar connecting the two limbs of the H is the porta (transverse fissure); in front of it is the quadrate lobe, behind it the caudate lobe. The superior surface (facies superior) comprises a part of both lobes and, as a whole, is convex, and fits under the vault of the diaphragm which in front separates it on the right from the sixth to the tenth ribs and their cartilages, and on the left from the seventh and eighth costal cartilages. 

Image4.1 Superior surface of liver
4.2 Inferior Surface
 	The inferior surface (4.2 Inferior surface of liver-http://prep4medicine.com/biliarytree.html) is uneven, concave, directed downward, backward, and to the left, and is in relation with the stomach and duodenum, the right colic flexure, and the right kidney and suprarenal gland. The surface is almost completely invested by peritoneum; the only parts devoid of this covering are where the gall-bladder is attached to the liver and at the porta hepatis where the two layers of the lesser omentum are separated from each other by the blood vessels and ducts of the liver. The inferior surface of the left lobe presents behind and to the left the gastric impression, moulded over the antero-superior surface of the stomach, and to the right of this a rounded eminence, the tuber omentale, which fits into the concavity of the lesser curvature of the stomach and lies in front of the anterior layer of the lesser omentum. The under surface of the right lobe is divided into two unequal portions by the fossa for the gall-bladder; the portion to the left, the smaller of the two, is the quadrate lobe, and is in relation with the pyloric end of the stomach, the superior portion of the duodenum, and the transverse colon. The portion of the under surface of the right lobe to the right of the fossa for the gall-bladder presents two impressions, one situated behind the other, and separated by a ridge. The anterior of these two impressions, the colic impression, is shallow and is produced by the right colic flexure; the posterior, the renal impression, is deeper and is occupied by the upper part of the right kidney and lower part of the right suprarenal gland. Medial to the renal impression is a third and slightly marked impression, lying between it and the neck of the gall-bladder. This is caused by the descending portion of the duodenum, and is known as the duodenal impression. Just in front of the inferior vena cava is a narrow strip of liver tissue, the caudate process, which connects the right inferior angle of the caudate lobe to the under surface of the right lobe. It forms the upper boundary of the epiploic foramen of the peritoneum.

4.2 Inferior surface of liver
4.3Posterior Surface
The posterior surface is rounded and broad behind the right lobe, but narrow on the left. Over a large part of its extent it is not covered by peritoneum; this uncovered portion is about 7.5 cm. broad at its widest part, and is in direct contact with the diaphragm. The central part of the posterior surface presents a deep concavity which is moulded on the vertebral column and crura of the diaphragm. To the right of this the inferior vena cava is lodged in its fossa between the uncovered area and the caudate lobe. Close to the right of this fossa and immediately above the renal impression is a small triangular depressed area, thesuprarenal impression, the greater part of which is devoid of peritoneum; it lodges the right suprarenal gland. To the left of the inferior vena cava is the caudate lobe, which lies between the fossa for the vena cava and the fossa for the ductus venosus. Its lower end projects and forms part of the posterior boundary of the porta; on the right, it is connected with the under surface of the right lobe of the liver by theee caudate process,and on the left it presents an elevation, the papillary process. Its posterior surface rests upon the diaphragm, being separated from it merely by the upper part of the omental bursa. To the left of the fossa for the ductus venosus is a groove in which lies the antrum cardiacum of the esophagus.  The anterior border is thin and sharp, and marked opposite the attachment of the falciform ligament by a deep notch, the umbilical notch, and opposite the cartilage of the ninth rib by a second notch for the fundus of the gall-bladder. In adult males this border generally corresponds with the lower margin of the thorax in the right mammillary line; but in women and children it usually projects below the ribs. The left extremity of the liver is thin and flattened from above downward. The left sagittal fossa is a deep groove, which extends from the notch on the anterior margin of the liver to the upper border of the posterior surface of the organ; it separates the right and left lobes. The porta joins it, at right angles, and divides it into two parts. The anterior part, or fossa for the umbilical vein, lodges the umbilical vein in the fetus, and its remains (the ligamentum teres) in the adult; it lies between the quadrate lobe and the left lobe of the liver, and is often partially bridged over by a prolongation of the hepatic substance, the pons hepatis.The posterior part, or fossa for the ductus venosus, lies between the left lobe and the caudate lobe; it lodges in the fetus, the ductus venosus, and in the adult a slender fibrous cord, the ligamentum venosum, the obliterated remains of that vessel.  The porta or transverse fissure is a short but deep fissure, about 5 cm. long, extending transversely across the under surface of the left portion of the right lobe. It joins nearly at right angles with the left sagittal fossa, and separates the quadrate lobe in front from the caudate lobe and process behind. It transmits the portal vein, the hepatic artery and nerves, and the hepatic duct and lymphatics. The hepatic duct lies in front and to the right, the hepatic artery to the left, and the portal vein behind and between the duct and artery. The fossa for the inferior vena cava is a short deep depression, occasionally a complete canal in consequence of the substance of the liver surrounding the vena cava. It extends obliquely upward on the posterior surface between the caudate lobe and the bare area of the liver. 
5. Lobes
The right lobe (lobus hepatis dexter) is much larger than the left; the proportion between them being as six to one. It occupies the right hypochondrium, and is separated from the left lobe on its upper surface by the falciform ligament; on its under and posterior surfaces by the left sagittal fossa; and in front by the umbilical notch. It is of a somewhat quadrilateral form, it’s under and posterior surfaces being marked by three fossæ: the porta and the fossæ for the gall-bladder and inferior vena cava, which separate its left part into two smaller lobes; the quadrate and caudate lobes. The impressions on the right lobe have already been described.
The quadrate lobe (lobus quadratus) is situated on the under surface of the right lobe, bounded in front by the anterior margin of the liver; behind by the porta; on the right, by the fossa for the gall-bladder; and on the left, by the fossa for the umbilical vein. It is oblong in shape, its antero-posterior diameter being greater than its transverse. The caudate lobe (lobus caudatus; Spigelian lobe) is situated upon the posterior surface of the right lobe of the liver, opposite the tenth and eleventh thoracic vertebræ. It is bounded, below, by the porta; on the right, by the fossa for the inferior vena cava; and, on the left, by the fossa for the ductus venosus. It looks backward, being nearly vertical in position; it is longer from above downward than from side to side, and is somewhat concave in the transverse direction. The caudate process is a small elevation of the hepatic substance extending obliquely lateralward, from the lower extremity of the caudate lobe to the under surface of the right lobe. It is situated behind the porta, and separates the fossa for the gall-bladder from the commencement of the fossa for the inferior vena cava.



6. Ligaments
The liver is connected to the under surface of the diaphragm and to the anterior wall of the abdomen by five ligaments; four of these—the falciform, thecoronary, and the two lateral—are peritoneal folds; the fifth, the round ligament, is a fibrous cord, the obliterated umbilical vein. 
6.1The Falciform Ligament 
 The falciform ligament is a broad and thin antero-posterior peritoneal fold, falciform in shape, its base being directed downward and backward, its apex upward and backward. It is attached by its left margin to the under surface of the diaphragm, and the posterior surface of the sheath of the right Rectus as low down as the umbilicus; by its right margin it extends from the notch on the anterior margin of the liver, as far back as the posterior surface. 
6.2 The Coronary Ligament 
The coronary ligament consists of an upper and a lower layer. The upper layer is formed by the reflection of the peritoneum from the upper margin of the bare area of the liver to the under surface of the diaphragm, and is continuous with the right layer of the falciform ligament. The lower layer is reflected from the lower margin of the bare area on to the right kidney and suprarenal gland.
6.3 The Triangular Ligaments 
The triangular ligaments are two in number, right and left. The right triangular ligament is situated at the right extremity of the bare area, and is a small fold which passes to the diaphragm, being formed by the aposition of the upper and lower layers of the coronary ligament. The left triangular ligament is a fold of some considerable size, which connects the posterior part of the upper surface of the left lobe to the diaphragm; its anterior layer is continuous with the left layer of the falciform ligament.
6.4 The Round Ligament 	
The round ligament is a fibrous cord resulting from the obliteration of the umbilical vein. It ascends from the umbilicus, in the free margin of the falciform ligament, to the umbilical notch of the liver, from which it may be traced in its proper fossa on the inferior surface of the liver to the porta, where it becomes continuous with the ligamentum venosum.













7. Vessels 
The vessels connected with the liver are: the hepatic artery, theportal vein, and the hepatic veins (Image7.1 Vascular anatomy of liver-http://imgarcade.com/1/anatomy-of-liver-vessels/).

Image7.1 Vascular anatomy of liver
 The hepatic artery and portal vein, accompanied by numerous nerves, ascend to the porta, between the layers of the lesser omentum. The bile duct and the lymphatic vessels descend from the porta between the layers of the same omentum. The relative positions of the three structures are as follows: the bile duct lies to the right, the hepatic artery to the left, and the portal vein behind and between the other two. They are enveloped in a loose areolar tissue, the fibrous capsule of Glisson, which accompanies the vessels in their course through the portal canals in the interior of the organ. They have very little cellular investment, and what there is binds their parietes closely to the walls of the canals through which they run; so that, on section of the organ, they remain widely open and are solitary, and may be easily distinguished from the branches of the portal vein, which are more or less collapsed, and always accompanied by an artery and duct.

8. Structure of the Liver
The substance of the liver is composed of lobules, held together by an extremely fine areolar tissue, in which ramify the portal vein, hepatic ducts, hepatic artery, hepatic veins, lymphatics, and nerves; the whole being invested by a serous and a fibrous coat. The serous coat (tunica serosa) is derived from the peritoneum, and invests the greater part of the surface of the organ. It is intimately adherent to the fibrous coat. The fibrous coat lies beneath the serous investment, and covers the entire surface of the organ. It is difficult of demonstration, excepting where the serous coat is deficient. At the porta it is continuous with the fibrous capsule of Glisson, and on the surface of the organ with the areolar tissue separating the lobules. The lobules(8.1Image Histology and chematic diagram of single lobule of liver-https://cms.webstudy.com/WebstudyFileSystem/testovaci/GetFile/293875/Ch%2022/Ch22b/Ch22b_print.html and http://www.vivo.colostate.edu/hbooks/pathphys/digestion/liver/histo_lobule.html) (lobuli hepatis) form the chief mass of the hepatic substance; they may be seen either on the surface of the organ, or by making a section through the gland, as small granular bodies, about the size of a millet-seed, measuring from 1 to 2.5 mm. in diameter. In the human subject their outlines are very irregular; but in some of the lower animals (for example, the pig) they are well-defined, and, when divided transversely, have polygonal outlines. The bases of the lobules are clustered around the smallest radicles (sublobular) of the hepatic veins, to which each is connected  by means of a small branch which issues from the center of the lobule (intralobular). The remaining part of the surface of each lobule is imperfectly isolated from the surrounding lobules by a thin stratum of areolar tissue, in which is contained a plexus of vessels, theinterlobular plexus, and ducts. In some animals, as the pig, the lobules are completely isolated from one another by the interlobular areolar tissue.

8.1Image Histology and schematic diagram of single lobule of liver

8.1Microscopic Appearance 
Microscopic appearance each lobule consists of a mass of cells, hepatic cells, arranged in irregular radiating columns between which are the blood channels (sinusoids). These convey the blood from the circumference to the center of the lobule, and end in the intralobular vein, which runs through its center, to open at its base into one of the sublobular veins. Between the cells are also the minute bile capillaries. Therefore, in the lobule there are all the essentials of a secreting gland; that is to say: (1) cells, by which the secretion is formed; (2) bloodvessels, in close relation with the cells, containing the blood from which the secretion is derived; (3) ducts, by which the secretion, when formed, is carried away. 





9. Excretory Apparatus of the Liver
The excretory apparatus of the liver consists of (1) the hepatic duct, formed by the junction of the two main ducts, which pass out of the liver at the porta; (2) the gall-bladder, which serves as a reservoir for the bile; (3) thecystic duct, or the duct of the gall-bladder; and (4) the common bile duct, formed by the junction of the hepatic and cystic ducts.
The Hepatic Duct (ductus hepaticus) —Two main trunks of nearly equal size issue from the liver at the porta, one from the right, the other from the left lobe; these unite to form the hepatic duct, which passes downward and to the right for about 4 cm, between the layers of the lesser omentum, where it is joined at an acute angle by the cystic duct, and so forms the common bile duct. The hepatic duct is accompanied by the hepatic artery and portal vein.
 	The Gall-bladder (vesica fellea) — The Gall-bladder is a conical or pear-shaped musculomembranous sac, lodged in a fossa on the under surface of the right lobe of the liver, and extending from near the right extremity of the porta to the anterior border of the organ. It is from 7 to 10 cm. in length, 2.5 cm. in breadth at its widest part, and holds from 30 to35 c.c. It is divided into a fundus, body, and neck. The fundus, or broad extremity, is directed downward, forward, and to the right, and projects beyond the anterior border of the liver; the body and neck are directed upward and backward to the left. The upper surface of the gall-bladder is attached to the liver by connective tissue and vessels. The under surface is covered by peritoneum, which is reflected on to it from the surface of the liver. Occasionally the whole of the organ is invested by the serous membrane, and is then connected to the liver by a kind of mesentery.


10.  Segmentation of Liver
The human liver is divided by the falciform ligament into an anatomical right lobe and left lobe. The liver also has a functional right and left side, divided by Cantlie's line: a hypothetical line from the gallbladder fossa to the middle hepatic vein. Functional hemi-liver is composed of two sections: on the right, an anterior section (segments 5, 8) and a posterior section (segments 6, 7) separated by the right hepatic vein; and on the left, a lateral section (segments 2, 3) and a medial section (segment 4) separated by the left hepatic vein and the falciform ligament. (Image10 Segmentation of Liver-http://www.nature.com/nrclinonc/journal/v11/n8/fig_tab/nrclinonc.2014.90_F1.html).
I: Caudate
II: Superior subsegment of the lateral segment
III: Inferior subsegment of the lateral segment
IVa: Superior subsegment of the medial segment
IVb: Inferior subsegment of the medial segment
V: Inferior subsegment of the anterior segment
VI: Inferior subsegment of the posterior segment
VII: Superior subsegment of the posterior segment
VIII: Superior subsegment of the anterior segment

Image10 Segmentation of Liver
11. Liver Disease
There are over 100 different forms of liver disease that affect men, woman and children.
11.1Cirrhosis
Cirrhosis is considered to be a form of liver disease and may be the only liver-related condition that many people have heard of. Cirrhosis is a condition that results from permanent damage or scarring of the liver. It is the end stage of many different forms of liver hepatitis caused by viruses that attack the liver. The most common forms world-wide are hepatitis A, B, and C. Although hepatitis A and B can be prevented by vaccine, there is no vaccine for hepatitis C. In Canada, hepatitis C is the leading cause of liver transplants.
 	11.2 Alcoholic Fatty Liver Disease
Drink a large amount of alcohol, even for only a few days, can lead to a build-up of fats in the liver. This is called alcoholic fatty liver disease, and it's the first stage of ARLD. Fatty liver disease rarely causes any symptoms but it is an important warning sign that you are drinking at a level harmful to your health. Fatty liver disease is reversible. If you stop drinking alcohol for two weeks, your liver should return to normal.

11.3 Alcoholic Hepatitis
Alcoholic hepatitis is often the second, more serious stage of ARLD. When alcohol misuse over a longer period causes the tissues of the liver to become inflamed. Less commonly, alcoholic hepatitis can occur if you drink a large amount of alcohol in a short period of time. The liver damage associated with mild alcoholic hepatitis is reversible if stop drinking permanently. Severe alcoholic hepatitis, however, is a serious and life-threatening illness. Many people die from the condition each year. 
12.  Functions
Synthesis
· A large part of amino acid synthesis
· Gluconeogenesis(the synthesis of glucose from certain amino acids, lactate or glycerol)
· Glycogenolysis(the breakdown of glycogen into glucose)
· Glycogenesis(the formation of glycogen from glucose)(muscle tissues can also do this)
· The liver is responsible for the mainstay of protein metabolism, synthesis as well as degradation.
· The liver also performs several roles in lipid metabolism:
· Cholesterol synthesis
· Lipogenesis, the production of triglycerides (fats).
· A bulk of the lipoproteins are synthesized in the liver.
· The liver produces coagulation factors I (fibrinogen), II (prothrombin), V, VII, VIII, IX, X and XI, as well as protein C, protein S andantithrombin.
· In the first trimester fetus, the liver is the main site of red blood cell production. By the 32nd week of gestation, the bone marrow has almost completely taken over that task.
· The liver produces and excretes bile (a yellowish liquid) required for emulsifying fats and help the absorption of vitamin K from the diet. Some of the bile drains directly into the duodenum, and some is stored in the gallbladder.
· The liver also produces insulin-like growth factor 1 (IGF-1), a polypeptide protein hormone that plays an important role in childhood growth and continues to have anabolic effects in adults.
· The liver is a major site of thrombopoietin production. Thrombopoietin is a glycoprotein hormone that regulates the production ofplatelets by the bone marrow.
· The breakdown of insulin and other hormones
· The liver glucoronidates bilirubin, facilitating its excretion into bile.
· The liver breaks down or modifies toxic substances (e.g., methylation) and most medicinal products in a process called drug metabolism. This sometimes results in toxication, when the metabolite is more toxic than its precursor. Preferably, the toxins areconjugated to avail excretion in bile or urine.
· The liver converts ammonia to urea (urea cycle).
Other functions
· The liver stores a multitude of substances, including glucose (in the form of glycogen), vitamin A (1–2 years' supply), vitamin D (1–4 months' supply), vitamin B12 (1–3 years' supply), vitamin K, iron, and copper.
· The liver is responsible for immunological effects—the reticuloendothelial system of the liver contains many immunologically active cells, acting as a 'sieve' for antigens carried to it via the portal system.
· The liver produces albumin, the major osmolar component of blood serum.
· The liver synthesizes angiotensinogen, a hormone that is responsible for raising the blood pressure when activated by renin, an enzyme that is released when the kidney senses low blood pressure.








13.  Liver Regeneration
The liver is the only human internal organ that  has the capacity to regulate its growth and size in response to the demands of the body on hepatic function as little as 25% of a liver can regenerate into a whole liver.  This is, however, not true regeneration but rather compensatory growth in mammals. The lobes that are removed do not regrow and the growth of the liver is a restoration of function, not original form. This contrasts with true regeneration where both original function and form are restored. Thus, a human or animal liver transplant that is of a small size relative to a particular recipient will grow in the recipient until it reaches its optimal mass, at which point growth of the organ ceases. By contrast, a transplanted liver of larger than optimal size for a recipient will not grow - and might even decrease its mass. 
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