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Practical class 1. 





Part 1. ELEMENTARY FUNCTIONAL ANATOMICAL CONSIDERATIONS


1. The main items in the study of the physiology of the digestive system


2. Nerve supply of the GI tract (GIT)


3. The GIT reflexes





The digestive system begins at the mouth cavity and ends in the anal orifice. It may be visualized essentially as a long hollow tube plus some glandular organs which have outgrown from it. The food is taken by the mouth, masticated when needed and sent downwards. As the food moves downwards, it comes in contact with a series of juices, called digestive juices, which contain various enzymes. The various components of food, viz. proteins, carbohydrates and fats are attacked by these enzymes, broken down to smaller particles, until these particles reach a stage when they can be absorbed. This stage is the end stage of digestion


The end stages of protein, carbohydrate and fat digestion are amino acids, monosaccharides, monoglycerides, fatty acids, glycerol etc. 


These are absorbed either via the portal vein or via the lymphatics. The portal vein opens into the liver. In the liver, most of the absorbed end products of digestion are processed and then the processed materials are disgorged into the hepatic veins which open into the terminal portion of the inferior vena cava.


The lymphatic route also ultimately opens into the systemic circulation.


The main items in the study of the physiology of the digestive system are —


the mechanism of the secretions of the digestive juice as well as how these juices break the food matters to finer particles, 


(ii) how the chyme is pushed more and more in the aboral direction, i.e. the mechanism of the movements of the alimentary canal.


The contents of large intestine become solid again (feces). Besides, the large intestine does some other functions which are beneficial to the body and these functions are therefore also parts of the subject matter of digestive system. Further, absorption of the end products of digestion will also be considered here although that portion is sometimes regarded as part of metabolism.


The mouth is the first part of the digestive system. Into it, three pairs of salivary glands


parotid, 


submaxillary and 


sublingual glands open via their ducts.


The mouth leads to the esophagus, through which the food descends. The esophagus opens into the stomach, the stomach into the small intestine. The first part of the small intestine is called the duodenum , which has four parts. Into the second part of duodenum, the ducts conveying the pancreatic juice as well as the duct carrying the bile, open. Into the curvature of the duodenum, the head of the pancreas fits in. Although pancreas has endocrinal functions, traditionally the pancreas is regarded as a part of digestive system.


The duodenum opens into the jejunum, and the jejunum into the ileum with which the small intestine ends. The contents of ileum is disgorged into the large intestine (colon) which has several parts, e.g. ascending, transverse, descending, sigmoid colon and the rectum.


Most of the digestion occurs in the stomach and small intestine whereas the absorption of the end products of digestion occurs in the small intestine. Stool is formed in the large intestine.





Nerve supply of the GI tract (GIT)


There are two sets of nerves in the GIT, 


the intrinsic, and 


the extrinsic nerves.


Intrinsic nerves consist mostly of two plexuses, 


(a) the Auerbach or the myenteric plexus, lying in between the longitudinal and the circular layers of the muscularis externa 


(b) the Meissner's or the submucosal plexus lying in the submucous coat. Besides these two plexuses it is now known, that other plexuses also exist, but they are not so important.


The intrinsic nervous system of the GIT (gastrointestinal tract) consists of nerve fibers and ganglia. These two plexuses (viz, the Auerbach's and the Meissner's) communicate with each other extensively.


Nerve fibers of these plexuses are both motor and sensory.


Therefore, as a result of the activities of these intrinsic motor nerves of the GIT, mucosal glands secrete, the APUD cells also secrete and the muscular coat contracts or relaxes. 


The extrinsic nerves (i.e., the sympathetic and the parasympathetic) terminate on the ganglia of the intrinsic plexus. Few sympathetic (postganglionic) fibers however, may terminate directly on the muscularis externa, as well as on the blood vessels.


Thus, the motor (efferent) fibers of the intrinsic nerves of the GIT are strongly influenced by the extrinsic (sympathetic and the parasympathetic) nerves. However, the intrinsic nerves are capable of functioning absolutely independently. That is, these (intrinsic) nerves can and do function in total absence of the extrinsic nerves( enteric nervous system, ENS)


There are about 100 million of neurons in the intrinsic plexus. In total absence of the intrinsic nerves, as in Hirsprung's disease.


The neurotransmitters (which are released by the intrinsic motor nerves and act as chemical mediators on the target cells like the exocrine glands, smooth muscles of GIT) at the terminals of these intrinsic motor nerves are 


Serotonin (5HT), 


CCK


VIP,


Encephalins 


Somatostatin, 


angiotensin II 


ACh, 


noradrenalin (NA) 


dopamine (DA).


The afferent fibers of these intrinsic nervous system bring sensation, usually from the mucous layer. They bring the sensations of — 


distension (due to say the bolus of the food or chyme), 


chemical sensation (of composition of the chyme).


These afferent fibers act as the afferent limb of either 


a local reflex, or 


a long reflex. 


The extrinsic nerves are 


(i) parasympathetic and (ii) the sympathetic.


There are two sources of the parasympathetic, 


(a) vagus, supplying upto the junctional region between proximal 2/ 3rd and distal 1 /3rd of the transverse colon, and 


(b) the rest of the GIT is supplied by the pelvic splanchnic nerves, that is, the parasympathetic nerves which arise from the lateral horns of sacral 2nd, 3rd and the 4th segments of both sides of the spinal cord.


The preganglionic parasympathetic nerves terminate on the ganglia of the Auerbach's and Meissner's plexuses. The parasympathetic fibers produce their effects via the intrinsic plexus.


The effects of the parasympathetic stimulation are — it causes 


stimulation of the secretion (gastric secretion/HCl secretion) 


increase in the motility of the GIT (e.g. peristalsis).


The neurotransmitter (NT) which is released at the terminal of the post ganglionic parasympathetic nerves of GIT is acetyl choline (Ach).


The vagus nerves, in addition to the motor (efferent) fibers, carry plenty of afferent fibers. These afferent fibers are stimulated when there is distension of the GIT or mucous membrane of the GIT is stimulated by the chemical composition of the chyme. These afferent fibers are the afferent limbs of many reflexes (better called, long reflexes). One such reflex is 'vago vagal' reflex, gastro colic reflex. 


The motor (efferent) sympathetic fibers that reach the GIT are post ganglionic fibers. Most of these post ganglionic fibers terminate (i.e., make synapses) with the ganglia of the intrinsic plexus, but some terminate directly on their target cells.


It follows, the intrinsic nervous system (ENS) receives (opposing) influences from the sympathetic as well as the parasympathetic (recall, the effects of sympathetic and parasympathetic stimulation are opposing). The resultant of these two opposing influences determine the outcome at a given moment


The blood vessels within the walls of GIT, usually receive a direct supply from the sympathetic (i.e., not via the intrinsic plexus).


The sympathetic stimulation causes, 


inhibition of muscles (muscularis externa) of the GIT (but the sphincters are contracted; thus peristalsis is inhibited and chyme held up under sympathetic stimulation), 


vasoconstriction


some effects (which cannot be generalised) on the gland. For, example, the effects of sympathetic stimulation on gastric gland (chap 3, sec III, 'nerve supply of the stomach' ) may be recalled.


The post ganglionic NT at the sympathetic nerve ending is noradrenalin (NA) mainly, but some fibers are also cholinergic.


There are afferent fibers in the sympathetics too. They carry pain sensation from the GIT.


The GIT reflexes 


Motor effects [e.g. contraction of the intestinal (or gastric) muscles or relaxation, secretion of the exocrine glands] produced as a result of stimulation of afferent nerves (the stimulus originates in the mucous membrane of the GIT; for example suitable osmolality of the chyme/distension produced by the chyme, and so forth can be such stimuli) are the GIT reflexes.


Such reflexes are : 


(i) hyperosmolality of the chyme in the duodenum → inhibition of gastric muscle tone → delaying of gastric emptying; or, 


(ii) stretch due to distension of chyme in the intestine → contraction of the intestine.


Two types of reflexes:


(i) Local reflex. In such reflexes the afferent and efferent limbs are confined within the intrinsic plexus so that these persist even if the extrinsic nerves (sympathetic and the parasympathetic) are removed. Obviously such reflexes are exceptional reflexes because they do not involve the CNS (intramural reflex)


(ii) Long reflex. Stimulus arises from the mucous membrane as usual but the stimulus ultimately travels up via the afferent fibers of the vagus → to vagal center of medulla (or in case of lower areas of colon, pelvic splanchnic centers at S2, S3 and S4) → back to the GIT via the vagus → to the ganglia of the intrinsic plexus → effector organ (muscularis externa/exocrine gland/APUD cells). (vago vagal reflex).





Part 2. THE SALIVARY GLANDS


 Functional anatomy.


 Composition and functions of saliva.


 Mechanism and control of salivary secretion.


 Applied physiology.


Functional Anatomy


There are three pairs of salivary glands, (the parotid, submaxillary and sublingual).


The parotid glands, one on either side, lie in the groove between the ramus of mandible and mastoid process, i.e., below the ear. In mumps , where the glands become swollen due to viral infection, this groove is therefore obliterated. The duct of the parotid (duct of Stensen) opens into the vestibule of the mouth cavity, near the crown of the upper second molar tooth.


Submaxillary glands are situated medial to the mandible in the submaxillary triangle. It's duct (duct of Wharton) runs anteriorly and medially to open in the floor of the mouth. 


The sublingual glands are situated beneath the tongue and each sublingual gland has about ten or so ducts (called ducts of Rivinus) opening into the floor of the mouth.


Nerve supply. The secretomotor fibers of the salivary glands are parasympathetic fibers. 


These parasympathetic motor fibers arise from a center called 'salivary nucleus' situated in the lower part of pons and upper part of medulla. The cranial part of this center is called the superior salivary nucleus, whereas the caudal part is known as the inferior salivary nucleus.


Parasympathetic fibers arising from the superior salivary nucleus proceed first via facial nerve and then via chorda tympani nerve to reach the submaxillary and sublingual glands. The parasympathetic nerve supply for the parotid gland comes from inferior salivary nucleus via the glossopharyngeal nerve. 


Stimulation of parasympathetic nerves causes salivary secretion, as well as dilatation of the blood vessels.


Sympathetic supply to the salivary glands, although existing, is not of so much importance; its stimulation causes a small amount of secretion.


The parotid gland secretion is very rich in salivary amylase, a starch splitting enzyme, but comparatively poor in mucin, whereas the secretion of sublingual and submaxillary, particularly the sublingual gland is rich in mucin but poor in enzyme. 


Composition and functions of saliva.


Composition of saliva. In twentyfour hours, about a liter of saliva is ordinarily secreted. It's pH is around 6,0.


About 99.5% of saliva is water and the rest is solid. Of the solid materials, the electrolytes like, Na+ K+, and bicarbonate ions, the organic matters like amylase, lyso-zymes, mucin and the acid, H2CO3 are important. The saliva also contains calcium, urea, free amino acids and immunoglobulins. In recent years two further substances, viz. parotin and nerve growth factor (NGF) have been isolated. 


Functions of saliva


The amylase acts actually on boiled starch, breaking down the big polysaccharide molecule into maltose and triose. Its optimum pH is about 7.0. When food is chewed or passe's through the mouth cavity, the saliva gets mixed up with the food and amylase gets a chance to act particularly because, the usual pH at mouth cavity is near the optimal pH for amylase activity. However, ordinarily the food stays only for a very short period in the mouth cavity and when it reaches the stomach, it is exposed to the strongly acidic gastric juice. However, the gastric juice at first can lower the pH of the bolus only at the surface; but at the core of the bolus, the pH still remains fairly high and the amylase continues to act; in those portions of the bolus, where the pH becomes too low, the salivary amylase becomes ineffective.


Lysozyme causes lysis of many common bacteria that may be present in the mouth. Further, people with dry mouth have a tendency to develop infections of the mouth which may be due to absence of saliva and lysozyme.


Mucin makes the food slippery. This slipperiness subsequently facilitates the swallowing of the food. Facilitation of swallowing is also helped by the watery nature of the saliva.


Immunoglobulins. These are antibodies. They perhaps act against various bacteria that may be present in the mouth cavity, but this is not firmly proved.


Parotin. This is a local hormone, and probably helps in calcium deposition in the teeth.


Nerve growth factor. This is believed to help the growth of sympathetic ganglia. H2CO3 and the bicarbonates: The saliva contains both H2CO3 and NaHCO3 and the pH of the saliva depends on the ratio of H2CO3 and NaHCO3. In conditions where the blood pCO2 is high (e.g. cor pulmonale) the H2CO3 of the saliva increases and the pH falls.


When the salivary pH rises, (e.g. when there is mouth breathing resulting in loss of CO2 from the saliva), calcium precipitates on the teeth, specially on those situated on " the lower jaw and is now called, tartar. Thus drying up of mouth due to mouth breathing helps tartar deposition.


Food may accumulate in the tooth and act as nidus for bacterial action. If the bacterial action produces a local fall of pH, calcium from the tooth is absorbed (recall, low pH facilitates Ca solution), reducing the thickness and size of the tooth.





Role of saliva


the saliva helps to wash out bacteria of the mouth, 


helps in speech, 


many heavy metals (e.g. Hg, Pb) are also excreted via saliva, 


saliva acts as a solvent of many substances. 


Such substances when dissolved in the mouth and comes in contact with the 'taste bud', produces the sensation of taste, 


Saliva also contains kallikrein 


Mechanism and control of salivary secretion.


Mechanism of secretion


This is an active process where much work is done by the end piece cells. These cells do work and utilize energy for the synthesis of various organic matters like mucin and amylase. When the saliva passes through the duct, Na+ are actively reabsorbed by the epithelium of the duct so that sodium concentration of the saliva is low.' 


Control of salivary secretion


(a) Spontaneous secretion (also called 'resting secretion'), occurs continuously and without known stimulus. It's mechanism is not clear. This secretion helps to keep our mouth moist all the time.


(b) Secretion after a stimulus. Food, when placed on the tongue, particularly acid food, or smell or even thought of palatable foods, cause salivary secretion. This flow occurs in gush and copious flow of saliva is the rule. 


The efferent limb of the reflex arc is constituted by the parasympathetic fiber coming through the glossopharyngeal or through the chorda tympani, supplying the parotid, or submaxillary and sublingual, glands respectively. 


The afferent limb which reaches the salivary nucleus, may arise from the tongue (when the reflex is initiated by a taste sensation), or it may arise from various other areas. For example, thought of acid food may produce salivary secretion. The thought develops in higher centers of brain and the afferent limb in this case starts from that higher center to end in the salivary center.


Two types of salivary reflexes: 


Conditioned and 


Unconditioned


Conditioned reflex 


An example of both these types of reflexes will help their understanding. A boy has taken and known the nature of a particular food, say tomato sauce. Subsequently when he sees tomato sauce, he begins to salivate.


Unconditioned reflex On the other hand, if an acid food like tomato juice be placed on the tongue of anybody who has never tasted it (including a new born) there will be salivation. This is. Therefore the conditioned reflexes occurs only when there is previous experience or training, whereas unconditioned reflexes are inborn.


The neurotransmitter at the end of parasympathetic post ganglionic nerve ending is, acetyl choline. Acetyl choline is opposed by the drug atropine (obtained from belladonna). Therefore atropine, opposes the action of parasympathetic action, [it is a parasympatholytic drug] and stops the flow of saliva.


When chorda tympani, which carries the secretomotor fibers to submaxillary and submandibular glands, are stimulated, there is not only salivation but also a remarkable vasodilatation of the local region. The generally (but not universally) agreed explanation of the vasodilatation is as follows:


The salivary glands on being stimulated via chorda tympani release an enzyme called kallikrein. Kallikrein acts on the globulins of local interstitial fluid to produce bradykinin which is a very powerful vasodilator; hence the vasodilatation occurs. Therefore, it is not that the parasympathetic fibers are dilators to the local blood vessel; the vasodilatation is an indirect effect of parasympathetic stimulation. Besides bradykinin, other contributory mechanism or mechanisms perhaps exist. For example, parasympathetic stimulation perhaps cause release of 'vasoactive intestinal polypeptide' (VIP) which produces vasodilatation. However, it is not ruled out that parasympathetic stimulation causes some direct vasodilatation.


Applied Physiology


If the mouth remains dry for long periods, oral sepsis is likely to develop. Dry mouth is frequently seen in patients with high fever, particularly in fever associated with lesions of nervous system and coma, as in tubercular meningitis. Eventually, the oral sepsis may spread through the salivary ducts and produce acute infection of the salivary glands, which by itself was a serious matter before the days of antibiotics. 


The drug atropine is sometimes chronically used in some diseases like peptic ulcer. Dryness of mouth in such patient is often troublesome, particularly if the subject's profession involves much talking, as in teaching or in practice of law.


Excessive salivation is called sialorrhoea. One of the important causes of sialorrhoea is irritation of the esophagus, by, say, a cancer.


The salivary center (= superior salivary nucleus + the inferior salivary nucleus) lies close to two other important medullary centers, 


the vomiting, and 


the medullary respiratory center. Cross connections (between the salivary center and these centers) exist. Therefore in the early phase of vomiting, there is usually profuse salivation and a catch in the respiration.





Part 3. THE STOMACH AND ITS SECRETION


 Functional anatomy.


 Composition and functions of gastric juice and mechanism of secretion.


 Control of gastric secretion.


Functional anatomy


The stomach is a hollow muscular organ. In the above, the esophagus opens into it and below the stomach opens into the duodenum.


The stomach is divided into several portions


The upper part of the stomach is called the fundus. 


The body of the stomach is that part which is between the fundus and a line joining the incisure angularis or angular notch in the lesser curvature to a point opposite the angular notch in the greater curvature.


The part distal to the body is called pyloric area. Pyloric area is divisible into two portions : the first part is called the antrum and the distal part is the pyloric canal. 


The terminal part of the pyloric region where it joins with the duodenum is called the pylorus. The pyloric sphincter is situated in the pylorus. 


There are two ends of the stomach 


the cardiac end, where it receives the esophagus, and 


the pyloric end where it opens into the duodenum. 


There are two curvatures of the stomach : 


the greater curvature in the left and 


the lesser curvature in the right side.


The stomach walls, consist of


a serous coat, i.e., the peritoneal covering, 


a muscular coat which is very thick 


a submucous coat and 


mucous coat.


The muscular coat, made up of smooth muscles, has several layers, 


a longitudinal layer which is external and 


a circular layer which is internally situated. 


In the cardiac end of the stomach, a third layer, called oblique layer is also seen. The oblique layer extends along the lesser curvature.


Mucous membrane of the stomach


The mucous membrane of the stomach is thick and when the stomach is empty, is thrown into numerous longitudinal folds called, rugae. However, when the stomach is distended they are not seen. The mucous membrane is covered, in life, by a very thick mucus (about 2 mm thick) called 'visible mucus'.





The gastric glands are named as follows: 


fundic glands (also called main gastric glands) are found in the body and fundus of the stomach 


pyloric glands, found in the pyloric area, 


cardiac glands, found in the cardiac area.


The fundic (oxyntic) glands secrete 


HC1, 


pepsinogen and 


soluble mucin and the secretion is strongly acid. 


2) The pyloric glands secretion is slightly alkaline in reaction and is rich in mucin but contains no HC1. 


(3) The cardiac glands secrete mucin plus only a little pepsinogen.


The intrinsic factor is secreted by the fundic glands. The pyloric glands secrete 'gastrin'.





The surface epithelium secrete mucus called visible mucus which is thick and different from the soluble mucin secreted by the gastric glands. 


The secretion of visible mucus increases 


when mucous membrane is irritated or 


as a result of action of some drugs. 


It is likely that the rubbing of the mucous membrane by coarse food causes increase of secretion of visible mucus.


The surface epithelium also secretes bicarbonates, which are so important for the resistance against ulcer formation.


Fundic or main gastric glands 


Several (3 to 7) fundic glands open through a common opening called, 'gastric pit'. A fundic gland has the following parts :


isthmus, 


neck 


the body.


The neck mucous cells produce soluble mucin, the parietal cells the HC1, as well as the intrinsic factor, IF, whereas the peptic cells produce pepsinogen. Occasional argentaffin secrete serotonin. In addition to mucin, the neck mucous cells also secrete little pepsinogen.


The neck mucus cells show high degree of mitosis and it is believed that after maturation these cells go either further down to form the peptic cells or go up to form the surface columnar epithelium. All the time the gastric cells are dying and are being cast aside (according to one estimate, about 500,000 cells die and are thrown away in every minute in the stomach), but the tremendous rate of mitosis makes up the loss. Within about 5 days, the mucosal cells of the stomach are replaced, normally.


The peptic cells, in addition to pepsinogen, also secrete rennin, a milk splitting enzyme. Rennin, however, is absent in human gastric juice.


The parietal cells also secrete the intrinsic factor.


The pyloric glands and cardiac glands are very much alike. 


The pyloric glands consist almost wholly of mucous cell and their secretion is alkaline. In addition, they contain, 'G' cells which secrete 'gastrin'. G cells are endocrinal cells which secrete gastrointestinal hormones.They are called APUD (amine precursor uptake and decarboxylation) cells.


In the mucosa of the antral region, another gut endocrinal (APUD) cells, the D cells (also called D type cells), secreting somatostatin (which is an HC1 secretion inhibitor), are found. 


Near the parietal cells of the main (fundic) gastric glands, (situated near the base of these cells) mast cells, which secrete histamine (H) are found. reaches the parietal cell and stimulates the parietal cell to produce HC1.


The parietal cells have at least three sets of receptors, viz, those for —


the histamine (H), (these being the H2 variety of receptors), 


acetyl choline (ACh) 


gastrin (G).


So the parietal glands can be stimulated by three different chemicals (to secrete HCl), viz (i) H, (ii) ACh & (iii) gastrin.


The cardiac glands contain, in addition to the mucous cells, a few peptic cells.


The parietal cells are also known as oxyntic cells because they produce acid. 


Nerve supply of the stomach


The stomach is supplied both by the parasympathetic and sympathetic fibers.


The efferent parasympathetic fibers arise from the dorsal nucleus of the vagus. 


The preganglionic fibers, make synapse with myenteric or submucous plexuses of the ENS in the stomach.. 


The post ganglionic fibers arise from these plexuses and supply —


the glands or 


the smooth muscles of the stomach.


When the parasympathetic fibers are stimulated, there develop 


increased secretion of the gastric glands (that is, the gastric juice secretion is enhanced) and 


increased contraction of the gastric muscles.


The drug atropine opposes the action of the parasympathetic, that is, it causes a temporary suspension (paralysis) of parasympathetic system.


The parasympathetic stimulation causes stimulation of the various cells of the fundic glands, e.g. the parietal, peptic and mucus secreting cells as well as the G cells.


The vagus nerve also carries large number of afferent fibers. They are the afferent limbs of various reflexes.


The efferent sympathetic fibers arise from the lateral horn cells of the spinal cord and the preganglionic fibers destined to supply the stomach relay in the celiac ganglia within the celiac plexus (situated in front of abdominal aorta near the origin of the celiac artery. This plexus is also called 'solar plexus'). The post ganglionic fibers arise from here and proceed along with the arteries to the stomach.


Stimulation of efferent sympathetic nerves causes inhibition of the gastric muscles.


Both the a adrenergic and the β adrenergic sympathetic nerves are present in the gastric mucosa and their job seems to be to control the gastrin secretion. It appears that the a adrenergic variety inhibits while the β adrenergic variety augments the distension induced gastrin secretion


Gastric distension causes gastric secretion. The viscera (including stomach) are insensitive to such stimulations like touch or temperature. However, the viscera are sensitive to pain. The pain sensation of abdominal viscera (including stomach) are carried up by the afferent sympathetic nerves.





COMPOSITION, FUNCTION AND MECHANISM OF GASTRIC SECRETION


Composition. Gastric juice is a mixture of the secretions of 


various types of gastric glands and 


the visible mucus of the surface columnar cells. 


Total Volume ; In 24 hours it is between 2000 to 1500 ml. After a meal there is a spate of secretion and the secretion continues for several hours after the meal is over. The term 'interdigestive phase' is used to mean the phase when the effect (i.e. the secretion) due to one meal is over and the next meal is not taken yet. Even during interdigestive phase some secretion, although very small in amount, continues.


Reaction ; It is strongly acid and the acidity is due to the HCI. HCI is secreted by the oxyntic cells alone. HCI concentration of pure oxyntic cells, is about 150 meq/liter, with pH of 0.8. Fasting whole gastric juice in healthy subjects has an HC1 concentration between 40 to 60 meq/liter and a pH between 0.9 to 1.3. Presence of food in the stomach reduces the acidity by dilution as well as by buffering action.


Inorganic constituents : About 99.5% of gastric juice is water and the rest, i.e. 0.5% is solid. The solids are of two types, inorganic and organic.


The most important inorganic constitutent in gastric juice is HC1. Chlorides bind not only with the hydrogen to form HC1 but also with other ions, notably with the potassium, but the amount of this non HC1 chlorides is small. When acidity of the juice is very high, the non HC1 chloride concentration becomes even smaller.


Organic constituents are mucus and the gastric enzymes. Besides, intrinsic factor is also present.


Mucus. The stomach produces two types of mucus, viz. 


visible mucus and 


soluble mucus.


Visible mucus is secreted by the surface columnar cells. It forms a thick (about 2 mm) coat on the surface of the gastric mucous membrane. The soluble mucus is transparent, has a pH between 7.0 to 7.5 and is secreted by the mucus secreting cells of the neck of the fundic glands, by the pyloric and cardiac glands.


Gastric enzymes. The most important gastric enzyme is pepsin. Besides pepsin, gastric lipase and lysozyme are also found. 


The precursors of pepsin are pepsinogens, present in the gastric glandular cells as zymogen granules. There are several types of pepsinogens. 


The group I pepsinogen is secreted by the chief or peptic cells of the gastric glands of the fundus and the body. The other types of pepsinogens are secreted not only from the gastric glands but also from other sources like Brunner's glands of duodenum.


In presence of acid as well as small amounts of previously formed pepsin, pepsinogens, which have a larger molecular weight, are converted into smaller fragments called pepsins which are the active agents.


Some pepsinogens are absorbed into the blood and can be detected in human plasma. Group I pepsinogen has also been detected in human urine, where it is known as uropepsinogen. Concentration of plasma (group I) pepsinogen is related to the mass of peptic cells of the stomach.


Pepsinogen II is produced by the pyloric glands.


Intrinsic factor is secreted by the oxyntic cells of the gastric glands.


Bicarbonates (HCO-3) are secreted by the surface epithelial cells of the stomach.


It has already been stated that the mucus forms a layer of gels (of about 2 mm thickness) over the surface of the gastric mucosa. This mucus gel layer is called the 'unstirred layer' of mucus. The bicarbonates are found within this unstirred layer as well as in between the unstirred layer and the surface epithelial cells. It is estimated that the concentration of the bicarbonates, is about 5 to 10% of the equivalent of


The eicosanoids are produced by the mucosa of the antral region and are considered to be important agents for the 'cytoprotective action' (vide infra).


Functions


Of HCl : 


(1) HC1 is necessary for conversion of pepsinogen into pepsin.


The gastric chyme is acid in reaction. When the acid gastric chyme enters the small intestine, it stimulates liberation of some gastrointestinal hormones, like secretin and cholecystokinin- pancreozymin (CCK-PZ). These hormones further help in the process of digestion and propulsion of food.


HCl kills many bacteria of the food. 


11. Pepsin. It breaks down protein molecules of food into peptones, proteoses and polypeptides, but free amino acids are not formed. These partially digested proteins, when they enter the small intestine, provoke the secretions of further gastrointestinal hormones. The optimal pH for the action of pepsin is around 2.0 and it becomes inactive when the pH rises to 5 or more. Pepsin acts on peptide linkages between aromatic amino acids and aliphatic amino acids. By itself, it is not a very powerful proteolytic enzyme. Other gastric enzymes like gastric lipase, rennin etc. have no real importance in man.


111. Mucus . Gastric mucus has several functions, viz,


protecting the gastric mucosa against the probable injury by the acid pepsin mixture and other injurious agents. 


to lubricate the mucosa, which in turn assists in the movement of food in the stomach, and 


to retain water within it so that the gastric epithelium retains a watery environment.


IV.	Intrinsic factor combines with the extrinsic factor (vit B12) and the vit B12 from the combined material is absorbed from the lower part of small intestine. Vit B12 is essential for erythropoiesis. The role of intrinsic factor is that it helps in absorption of vit B12. If however vit B12 is given by injection, the need of intrinsic factor 


V.	Blood group substances. Gastric juice also contain agglutinogens similar to those found in the erythrocytes. They probably work against digestion of the gastric/ duodenal mucous membrane by the acid pepsin mixture. 


Mechanism of Secretion HCl. 


Water molecules, in the parietal cell, split into H+ and OH+ ions.


The H+ ions are pumped out into the canaliculi (proton pump). Within the canaliculi, the concentration of H+ ions are much greater than that in the parietal cell. Therefore, for this active transport, against concentration gradient, energy is required and it comes from ATP.


The special enzyme required for pumping out the H+ ions (from inside of the parietal cell to the canaliculi) is called H+K+ ATP use and is closely allied to the Na+K+ ATP ase. The newly discovered drug omeprazole inhibits this enzyme.


CO2 within the parietal cell combines with H2O un der the influence of carbonic anhydrase to form H2CO3 which splits into H+ and HCO-3 ions.


The HCO-3 ions diffuse back into blood to react with a+ of NaCl of blood. The Cl- ions thus released come inside the canaliculi of the parietal cells and meet the H+ ions which entered the canaliculi as described in step (2). The two together form HCl.


The Cl- ions enter into the canaliculi against concentration gradient as well as against electric gradient (the interior of the canaliculi has a net negative charge and hence repel the entering Cl- ions). This is possible because of the existence of a 'chloride pump' which require considerable expenditure of energy.


As a result, one molecule of NaHCO3 is formed in the blood against one molecule of HCl formed and excreted (thrown out of the body, the lumen of gastro intestinal tract is to be regarded as outside the body) into the stomach.


The H+ ions, developed as stated in step (3), join with the OH" ions as described in step (1) to form H2O.


It follows that, use of an H + K+ ATPase inhibitor like omeprazole will abolish all HCl secretion.Thus, the parietal cell can be stimulated to secrete HCl by three agents, ACh, H and gastrin and inhibited by omeprazole, H2 blockers and ACh blockers.


II. Of Pepsinogen . The probable sequence of events are as follows:


The ingredient aminoacids (for the synthesis of pepsinogen) come from blood; they are then utilized to synthesize pepsinogen by the ribosomes hanging from the endoplasmic reticulum of the peptic cell and finally passed to the Golgi apparatus, where further modification occurs. The final product is stored as zymogen granules. When the peptic cell secretes, these granules dissolve and pepsinogen appears in the gastric juice. Ultimately, as described previously, in presence of acidity, the pepsinogen is converted into pepsin.


Control of Secretion of Gastric Juice


The secretion of gastric juice is controlled by the parasympathetic nerves (the right and the left vagi) as well as by the gastrointestinal hormones. The sequence of events are as follows:


(i) Cephalic phase of gastric secretion.


Sighting or smelling of the food, or presence of the food in the mouth, causes the stomach to secrete. That is, before the food reaches the stomach, secretion in the stomach begins, as if, the stomach prepares itself for its digestive duty even before it has actually received the food. This is mediated by the vagus and is called cephalic phase of gastric secretion.


(ii) Gastric phase.


The food, therefore, when reaches the stomach, find that there is plenty of gastric juice. The gastric digestion therefore begins immediately. But the presence of food causes a further wave of secretion. This further wave is due to: 


the gastrointestinal hormone called gastrin as well as further 


neural (vagal) stimulation.





�


Fig. Secretion of Gastric Juice





(iii) Intestinal phase. After some time, the acid gastric chyme enters the small intestine, and causes a further secretion of gastric juice. This phase is called the intestinal phase. Exact cause of the intestinal phase is uncertain but it may be due to further secretion of gastrin (or rather intestinal gastrin). It should be noted that during intestinal phase, if the gastric chyme is too much acid or contains excessive fat, by reflex or gastrointestinal hormonal mechanism, the gastric secretion may be inhibited.


The sequence of events has been depicted graphically in the accompanying diagram (fig.).


Some details of the individual phases


I.	Cephalic phase is due to reflex activity. Efferent limb of the reflex is parasympathetic nerves via the vagus. Afferent limb of the reflex is made up by the sensory paths arising from retina, tongue, ear etc.


The efferent vagal fibers arise from the dorsal nucleus of the vagus. Therefore, all afferent limbs, mentioned just above, must ultimately terminate on the dorsal nucleus of the vagus..


Cephalic phase secretion may be due to two types of stimuli, 


stimulus arising from the mouth cavity due to the presence of food in it, 


stimulus coming from retina, etc., when the secretion of gastric juice follows sighting, smelling etc. of the food. In connection with the second category of stimuli, i.e., cases where the food is actually not present in the mouth, the term psychic juice or appetite juice is used.


As this phase (cephalic phase) is vagal mediated, vagotomy or atropinization stops this secretion. The vagal stimulation also causes some gastrin release, because, the pyloric glands containing G cells, (which liberate gastrin), are also stimulated by the vagal stimulation.


II.	Gastric phase. As food enters the stomach, as already stated, a second spate of gastric secretion occurs. 


Gastric phase secretion is due to the following reasons :


Further nervous stimulation.


Release of the gastrointestinal hormone called gastrin.





Nervous Stimulation — As soon as the food enters the stomach, two sets of reflexes are set up as follows:


Presence of food in the stomach causes stimulation of afferent vagal nerve fibers which arise from the stomach. This causes reflex stimulation of body and fundic glands and gastric secretion. When vagal fibers are stimulated, the body and fundic glands are stimulated no doubt but in addition, the G cells of the pyloric glands are also stimulated, so that gastrin is also produced. Gastrin further stimulates the gastric glands. This reflex is called the 'vagovagal' reflex or long reflex. In short, long or vagovagal reflex is : food in stomach → afferent impulses via vagus → vagal nucleus at medulla → efferent path via vagus → target cells in stomach. The food acts as a stimulus probably by distending the stomach.


The distension produced by the food also sets up a local reflex, called short or intramural reflex, which is independent of the vagus and is solely mediated by intrinsic plexus and this local reflex also stimulates the gastrin secretion.


Side by side, the partially digested food matters, particularly the partially digested food proteins like the peptides, stimulate the G cells and gastrin is produced. Gastrin secretion is inhibited by somatostatin.


Therefore the gastrin is produced by the following mechanisms:


Efferent vagal stimulation, due to vagovagal reflex. 


Local (intramural) reflex activation, (iii) Peptides acting on the pyloric glands.


The G Cells. These cells are found in the pyloric glands as well as in the upper part of small intestine. They are endocrinal (the gut endocrinal) cells and are members of the 'APUD' group of cells.


Actions of gastrin. Gastrin produced by the pyloric glands are absorbed by the gastric veins → eventually enters the right side of the heart → comes to the left side of the heart and arterial system → reenters the body and fundus of the stomach (via gastric arteries) to act on the parietal cells to produce HCl. (gastrin also stimulates the peptic cells very mildly to produce pepsin).


The synthetic drug pentagastrin contains a structure closely resembling this residue and when administered, behaves like gastrin in the body. Pentagastrin is used to see whether there is complete achlorhydria or not in connection with the investigations of the diseases of the stomach.


If the gastric juice becomes too much (pH < 2.5) acid, gastric secretion stops. Mechanism of this stoppage is : highly acid juice when comes in contact with the antral region of the stomach stops gastrin secretion. This, therefore, is an inbuilt check in the gastric system to prevent excessive acid secretion.


Other actions of gastrin are as follows : 


It increases secretions of Brunner's gland, succus entericus, bicarbonate and enzymes of the pancreas and bile, 


It increases the tone of stomach and upper intestine, 


It stimulates the secretion of insulin as well as calcitonin.


Gastrin inhibitors


(i) The most important factor, as stated already, is the pH of the antral region. If the pH of this region is 2.5 or lower, gastrin secretion, stops. Conversely, if the pH of this region is made high by washing this region by alkali, gastrin secretion is greatly enhanced.


(ii) Vagal stimulation causes gastrin secretion; thus vagotomy sharply reduces gastrin secretion.


(iii) Fasting reduces gastrin secretion.


Somatostatin. Somatostatin inhibits gastrin secretion. 


Histamine and gastric secretion


Histamine causes HC1 secretion. Histamine has two major groups of actions as follows : (A) histamine acts on the smooth muscles of bronchus, arterioles of the skin and subcutaneous tissue etc. to produce such symptoms like bronchospasm ('asthma'), triple response, urticaria and vasodilatation and in susceptible cases, an alarming fall of arterial blood pressure. (B) histamine also causes an increased gastric HC1 secretions.


Traditional antihistaminic drugs like pyrilamine oppose the actions of histamine on bronchial muscle, prevent the development of urticaria or triple response but have no action on gastric HC1 secretion.


The explanation became clear in the early seventies. There are two sub types of H receptors, viz. H1 and H2 receptors. The H1 receptors are present in the bronchial or arteriolar smooth muscles and when histamine combines with H1 receptors, symptoms like bronchospasm develops. H2 receptors on the other hand are present in the parietal cells and combination of histamine with the H2 receptors produce secretion of gastric HC1.


The traditional antihistamines block the H1 receptors but not the H2 receptors, Cimetidine therefore opposes the effect of histamine on H2 receptors.


H2 blockers are drugs that prevent the histamine to combine with the H2 receptors and thus prevent the actions of histamine. These drugs can enter the brain and act on hypothalamic H2 receptors also, which probaby explains their (i.e. the drug's) actions on breast and gonads. Cimetidine, the most well known of the H2 blockers, can cause gynaecomastia, fall of the sperm count and impotence. These may be due to such effects of cimetidine like rise of prolactin (which develops due to cimetidine therapy) or action on gonadotropin releasing hormone; all of them may be due to H2 blocking action on hypothalamus].


The vagal induced juice is rich in both acid and pepsin but gastrin induced juice is rich in acid but poor in pepsin.


III. The intestinal phase . When the gastric chyme enters the upper part of small intestine, a new spate of secretion occurs. The intensity of this secretion is not high, but it is sustained for hours.


Cause of intestinal phase is to fresh gastrin secretion from upper part of small intestine.


However, if the gastric chyme that enters the duodenum is excessively acid, gastric secretion stops. If the gastric chyme is too acid, and comes in contact with the duodenal mucosa, something happens that causes inhibition of the gastric secretion. What is this 'something' is not clear. One possibility is,


a gastrointestinal hormone(s) is released which suppresses gastric HC1 secretion.


CCK-PZ has an inhibitory effect on gastric secretion. CCK-PZ ( = CCK) secretion is stimulated by presence of fat in the duodenum 


excessive sugary or salty gastric chyme, which has a high degree of tonicity (hypertonic) can cause gastric inhibition 


prostaglandins can behave as gastric inhibitor 


once upon a time it was believed that presence of fat in the duodenum elicits the release of a GI hormone called enterogastrone which powerfully inhibits gastric secretion and gastric motility. 


Fatty foods or hypertonic (due to heavy amounts of sugar or salt) gastric chyme can also inhibit gastric secretion and motility. In addition, one should remember that too much acidity within the stomach itself, by coming in contact with the antrum can inhibit gastric secretion.]


Interdigestive phase. Small amounts of secretion continues in this phase


Nervous system and gastric secretion.


The parasympathetic nerve (vagus) is intensely related with gastric secretion, the sympathetic not so intensely. The intragastric nerves (Auerbach's as well as Meissner's) are also related. Even other parts of the brain (other than the nucleus of vagus) play some parts.


Vagus


Vagal stimulation leads to : 


increased gastric juice secretion 


increased HCl secretion 


increased gastric motility.


Vagotomy causes sharp reduction of gastric motility and HCl secretion. 


Vagal fibers (via the intrinsic plexus), innervate the parietal cells, vagal stimulation causes enhancement of gastrin release and reduction of somatostatin secretion. The effects of vagal stimulation can be produced by acetylcholine (ACh) and prevented by atropine. Recall, ACh is the major neurotransmitter (NT) at the parasympathetic post ganglionic nerve ending and atropine opposes the action of ACh at the parasympathetic post ganglionic nerve ending.


The effects of vagal stimulation (on HCl secretion) can largely be neutralized by H2 blockers.


As stated already, psychic juice secretion is mediated by vagus. It has been estimated that about 1 /3rd of the total effect of vagal stimulation is accounted by the psychic juice.


It has been already stated that distension of the antral region produce excessive gastrin release and extra HCl secretion. Vagal stimulation can be produced 


sham feeding the human equivalent of sham feeding is 'psychic juice'.


hypoglycemia (by insulin injection; marked hypoglycemia can produce severe vagal stimulation and strong HCl secretory response), 


administration of 2 deoxyglucose (this substance does not produce hypoglycemia but blocks the glucose metabolism inside the cell).


Hypoglycemia and HCl secretion. The path for this appears to be as follows : hypoglycemia → stimulation of hypothalamus → dorsal nucleus of vagus → vagal stimulation. It is possible that one of the ways by which the hypothalamus is stimulated is as follows : vagal afferent fibers detect the concentration of sugar in the portal vein and find it is low → relay to the hypothalamus.


Emotion and gastric juice secretion


Various emotions have strong influences on gastric juice secretion. 


In summary, deep seated anger, bitterness and frustration, which are too common in modern life, stimulate gastric secretion. Anxiety also has a similar effect. Cortisol. Acute stress produces stress ulcers. Stress is associated with excess secretion of Cortisol from adrenal cortex. In clinical practice, presence of peptic ulcer is regarded as a contraindication of Cortisol therapy. However, controlled experiments have shown that acute administration of Cortisol does not increase gastric HC1 secretion.


However, Cortisol probably has permissive role in gastric secretion and chronic administration of Cortisol in animals increase both acid and pepsin secretion. In addition, excess Cortisol may alter the character of the gastric mucus so that the mucous membrane becomes susceptible to the gastric digestion.





Practical class 2.


Part 4. PANCREAS


 Functional anatomy.


 Composition and function of pancreatic juice.


 Mechanism of secretion.


 Control of secretion.


FUNCTIONAL ANATOMY


The pancreas consists of a head, neck, body and tail.


The head of the pancreas fits in the 'C shaped curve of duodenum (fig.), its body extends to the left and tail of the pancreas touches the spleen.
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Fig. The biliary tract and the pancreatic duct





The pancreas is an exocrine as well as an endocrine organ. The exocrine portion consists of numerous acini which drain into the small ductules. These ductules unite with similar ductules to form bigger ducts and in this way ultimately the main duct ('duct of Wirsung') is produced. The main duct, called the 'pancreatic duct' unites with the common bile duct at its terminal portion..


The acinar cells secrete enzymes only whereas the ductular and centroacinar cells secrete HCO-3 and water. Cholecystokinin pancreozymin (CCK-PZ, also abbreviated simply, CCK) acts on the acinar cells whereas secretin acts on the ductular and centre acinar cells.


Endocrine portion of the pancreas


In between groups of acini, masses of cells without any draining duct, looking like small islands, surrounded on all sides by the acini, are present. These are called islets (= small islands) of Langerhans and are the endocrinal portions. The exocrinal portions however, account for about 85% of the pancreas.


Nerve supply


The pancreas is supplied by both parasympathetic and sympathetic nerves. The parasympathetic supply is through the both vagi (right and left), the ganglia being situated in the pancreas itself. Postganglionic fibers supply the acinar cells and the smooth muscles of the duct. Stimulation of parasympathetic, thus, leads to secretion of pancreas, the juice containing the enzymes but almost devoid of HCO-3. 	Parasympathetic fibers also supply the islets.


The neurotransmitter released by the post ganglionic parasympathetic vagal nerve ending is mainly acetyl choline (ACh). Vagal stimulation also causes a release of VIP. ACh receptors on the acinar cells are of muscarinic, M, type. 


The sympathetic fibers destined to supply the pancreas, relay largely in the celiac plexus and the post ganglionic fibers supply the blood vessels of the pancreas only. Stimulation of sympathetic fibers lead to vasoconstriction. Afferent fibers from pancreas go up to the brain via sympathetic fibers; they carry pain sensation. Pancreatic pain is thus carried by the afferent sympathetic fibers.


Blood supply. Special features


It has been shown recently that the anatomical arrangement of the blood vessels are such that the blood which drains the islets of Langerhans perfuse the acinar cells. 


Composition of pancreatic juice :


Quantity. 2.5.1/day; pH, between 7.5 to 8.5 Inorganic matters:


Bicarbonates and chlorides, chiefly of sodium Organic matters :


A.	Proteolytic enzymes :


Trypsinogen.


Chymotrypsinogen.


Procarboxypeptidases, A & B.


Proelastase


B.	Amylolytic enzyme :


1. a Pancreatic amylase.


C.	Lipolytic enzymes :


Pancreatic lipase.


Phospholipases, A1 & A2 .


Colipase


D.	Nucleic acid splitting enzymes (nucleases) :


DNA ase.


RNA ase.


Organic matters in the pancreatic juice


These are mainly enzymes. The major enzymes secreted by the pancreas (altogether, some 20 enzymes have been discovered in pancreatic juice) can be divided into the following categories :


Proteolytic, 


Amylolytic, 


Lipolytic 


Nucleic acid splitting.


In addition there is considerable amount of 'trypsin inhibitor'. 


Proteolytic enzymes of pancreas are (a)trypsinogen, (b) chymotrypsinogen, (c) procarboxypeptidases "and (d)proelastase. All these enzymes are inactive, but once they are poured into the duodenum and get favorable environment , they are converted into trypsin, chymotrypsin, carboxypeptidases and elastase respectively. Of these, the trypsin is the most important enzyme.


Trypsin. The inactive form, trypsinogen, is produced by the acinar cells. When trypsinogen is exposed to the acidity of the chyme in the duodenum or to the enzyme called enterokinase (released from the duodenal mucosa) it is converted into the active form called trypsin.


Once trypsin is formed, it can activate further quantities of trypsinogen into trypsin.


Trypsin hydrolyzes proteins into proteoses and peptones; it can coagulate blood. In the pancreatic duct, the trypsinogen is not converted into trypsin because of the presence of 'trypsin inhibitor', but once inside the duodenal cavity, because of the presence of the acid and enterokinase, the tendency of the trypsinogen to become trypsin is so great that the trypsin inhibitors fail to stop this conversion.


Trypsin can also convert chymotrypsinogen and procarboxypeptidases into their corresponding active forms. Thus, trypsin is the fundamental proteolytic enzyme of the pancreas.


Chymotrypsinogen


The conversion of chymotrypsinogen into chymotrypsin is made by trypsin. From chymotrypsinogen, several types of chymotrypsin, viz α, β, γ, δ, chymotrypsins can be formed, depending upon such factors like the amount of trypsin available during conversion.


Action of chymotrypsin is almost like that of trypsin, it is an endopeptidase, converting proteins into polypeptides. But, it does not clot blood. 


Procarboxypeptidases


There are two procarboxypeptidases, A and B. The active forms are carboxypeptidases. They act on polypeptides (formed by the action of trypsin and chymotrypsin), so that terminal amino acids are split off. This results in formation of free amino acids which are the end products of protein digestion.


Proelastase is converted into elastase by trypsin. It breaks down elastin. Amylolytic enzyme


Pancreatic amylase is a starch splitting enzyme, acts on starch as well as on related polysaccharides, hydrolyzing them at 1, 4 linkages. The ultimate end product is maltose. It acts on boiled as well as on unboiled starch (cf. salivary amylase, which acts on boiled starch only).Pancreatic amylase is secreted in an active form. A small fraction of it is normally absorbed by blood and appears in the urine. Amount of urinary amylase, is thus a good indicator of pancreatic activity.


Lipolytic enzymes


The pancreatic lipase acts on triglyceride (neutral fat) molecules, hydrolyzing them into fatty acid and monoglycerides. Pancreatic insufficiency thus usually causes steatorrhea or fatty diarrhoea.


Pancreatic juice also contains phospholipases (phospholipase A1 & A2) which hydrolyze the phospholipids (e.g. lecithin) into smaller molecules.


Inorganic constituents of pancreatic juice


The major inorganic compounds of the pancreatic juice are the bicarbonates and chlorides. When the bicarbonate concentration of the pancreatic juice rises, that of the chloride falls, and when the bicarbonate falls the chloride rises. The sum total of the bicarbonate and chloride in pancreatic juice is around 154 meq/liter.


The bicarbonate is present mostly as NaHCO3. Its concentration varies between 27-140 meq/liter. It raises the pH of the chyme that comes from the stomach. This elevation of the pH has several beneficial effects, like 


it inactivates the pepsin. 


all pancreatic enzymes can act at a pH which is. around 7, but they become inactive when the pH of the substrate is too low (indeed optimum pH for trypsin is about 8.5 while that of the pancreatic amylase is about 7.0). 


The appearance of the NaHCO3 of the pancreatic juice the pH of the chyme is raised and reaches a value of near 7.0, but it may not be frankly alkaline. In this connection, it is reminded that bile from human common bile duct is also similarly an alkaline juice and this also helps to raise the pH of the chyme. Severe diarrhea (resulting in non absorption of bicarbonates) can, obviously, lead to acidosis.


MECHANISM OF SECRETION OF ENZYMES


The cholecystokinin — pancreozymin hormone (CCK-PZ) acts on the surface of the acinar cells. As a result of the action of CCK-PZ, the permeability of the cell membrane changes. Calcium as well as sodium ions enter within the cell. The Ca++ come in contact with zymogen granules and the content of the zymogen granules are then released into the lumen of the acinus. The sodium ions together with some water are pumped into the lumen. Acetyl choline which is released at the post ganglionic vagal terminals, act in the same way so that there is a rise of intracellular Ca++ and discharge of products of zymogen granules occurs. On the other hand, secretin acts on centroacinar and duc-tular epithelial cells (but not on acinar cells). The secretin combines with a receptor on the external side of the membrane which leads to release of a 2nd messenger, cAMP, within the cell → biological effect.


Secretion of bicarbonate


The centroacinar and ductal cells are rich in carbonic anhydrase. Water and CO2 combine to form H2CO3 by the activity of carbonic anhydrase. Subsequently H2CO3 splits into H+ and HCO3. HCO3 is then poured into the ductules, while H+ diffuses back into the blood exchanging with Na+ which enters the ductule via the cell to form NaHCO3 


CONTROL OF SECRETION


The pancreatic secretion can be divided into three phases, viz. 


cephalic phase, 


gastric phase, and 


intestinal. Cephalic phase. As soon as food is sighted, or smelt, there is a pancreatic secretion, the secretion being dependent on the presence of the vagal fiber, i.e., this phase is due to the stimulation of parasympathetic fibers. Cephalic phase, of the pancreatic secretion is due to vagal stimulation. However, the neurotransmitters (NT) of these vagal nerves, are not only the ACh; VIP is another NT. The vagal induced cephalic phase secretion can produce a 50% or even 90% of the maximal secretory capacity of the pancreas.


Gastric phase. Distension of the stomach by the food initiates vagovagal reflex which therefore leads to vagal stimulation and pancreatic secretion. Vagal stimulation should produce a pancreatic secretion rich in enzyme but poor in NaHCO3. But the cephalic phase secretion, in practice, is rich in both NaHCO3 and in enzymes. Explanation is as follows :


Efferent vagal stimulation leads to secretion of gastric acid, in addition to the release of pancreatic juice rich in organic materials. 


The acid (which is secreted in the stomach as a result of vagal stimulation) when reaches duodenum causes release of secretin, which powerfully stimulates the release of NaHCO3.


Intestinal phase. Of the three phases, the intestinal phase is the most important one. In this phase two gastrointestinal hormones, viz. secretin and cholecystokininpancreozymin (CCK-PZ) are released.


Secretin is produced by the cells in duodenal mucosa when they come in contact with the HCI (present in the chyme released by the stomach). Secretin producing cells have been identified in the crypts of Lieberkuhn in the duodenum.


In the past, it used to be believed that there were two separate hormones : 


cholecystokinin, caused evacuation of bile from the gall bladder, and 


pancreozymin caused release of enzyme rich juice from the pancreas. 


The secretin or CCK-PZ is absorbed by venous blood → reaches the heart → distributed via arterial blood → reaches the pancreas to stimulate it; while secretin stimulates only the centroacinar and ductular cells, the CCK-PZ stimulates the acinar cells. Secretin causes secretion of watery juice rich in HCO-3 whereas the CCK-PZ causes secretion of thick juice rich in enzymes. 





Part 5. THE BILE


 Functional anatomy of the liver and the biliary tract.


 Composition of liver bile and gall bladder bile. Functions of gall bladder.


 Functions of bile.


 Enterohepatic circulation.


 Secretion and excretion of bile, control of secretion and control of excretion.


Functional anatomy of the liver and the biliary tract.


The liver cells synthesize bile which at first is conveyed by small canaliculi. These canaliculi join and ultimately form two hepatic ducts (right and left, fig.3.4.1). The two hepatic ducts join to form common hepatic duct. The bile of the common hepatic duct flows into the gall bladder via the cystic duct. Bile is continuously formed and delivered via the hepatic ducts and the process is called secretion. In the gall bladder the bile is stored and highly concentraied and delivered via the common bile duct (also called, 'bile duct') into second part of duodenum. The last part of common bile duct and pancreatic duct join together (usually) to form a single duct which opens in the duodenum. The opening of this duct is guarded by a sphincter, called sphincter of Oddi.


Composition of bile


The bile, which is secreted by the hepatocytes and flow through the hepatic ducts, is called liver bile whereas the bile that is released (evacuated) from the gall bladder and conveyed by the common bile duct to the duodenum is called gall bladder bile. Owing to the fact that the gall bladder absorbs water and NaHCO3, the compositions of liver and bladder bile differ. Table gives the compositions of the two.





Major constituents of liver and bladder bile�
�
�
Liver Bile (Values are only approx.)�
Bladder Bile (Values are only approx.)�
�
PH�
about 8.0�
about or little over 7.0�
�
Water�
98%�
89%�
�
Organic:�
�
�
�
(a) bile acids�
0.5 gm%�
6.0 gm%�
�
(b) bile pigments�
0.05 gm%�
0.3 gm%�
�
(c) cholesterol�
0.01 gm%�
0.5 gm%�
�
(d) lecithin�
0.05 gm%�
0.4 gm%�
�
Inorganic:�
�
�
�
(a) Na+�
150meq/liter�
135 meq/liter�
�
(b) K+�
4 meq/liter�
12 meq/liter�
�
(c) HCO-3�
30 meq/liter�
10 meq/liter�
�
Daily output�
about 0.5 liters�
�
�



(1) The gall bladder (GB) epithelium, so far as water and electrolytes are concerned, behave as a "leaky" (cf. intestine) epithelium. The GB epithelium is more permeable to K+ than Na+. The permeability for Na+ is more than that of Cl-. It appears that the water follows the Na+.


	 (2) The GB absorbs bicarbonate (HCO-3) so that al though the hepatic bile may be alkaline, in some animals at least, the GB bile may be frankly acid. The human GB


bile however, despite the absorption of HCO-3, remains slightly alkaline. 


Some proteins are also present in the bile. These pro teins are (a) enzymes like alkaline phosphatase, amylase and lysosomal enzymes, (b) immunoglobulins, and (c) gly coproteins, which may be constituents of the micelles. Dai ly output of biliary proteins is between 160-900 mg.


Many drugs are excreted via the biliary tract into the duodenum, is taken advantage of by the clinicians. Thus, doxycyline (a drug belonging to the class of tetracyclines) after oral ingestion, is excreted profusely by the biliary tract; while it is excreted it acts as a biliary tract purifier and doxycyline is used against biliary tract infection.


Bile acids are of two varieties, 


(a) Cholic acid and che-nodeoxycholic acids are primary bile acids, whereas (b) deoxycholic acid and lithocholic acid are the secondary bile acids.


The cholic acid accounts for 35%, the chenodeoxycholic 35%, deoxycholic acid 25% and the lithocholic acid 2% of the bile salts.


Mixed bile salt micelle can be sphere shaped or may be disc shaped. Transformation from sphere to disc depends upon the ratio between the bile salt and lecithin primarily, but may depend upon (to a much lesser extent) on other factors also.


The sphere forms of the micelle are bile salt rich whereas disc forms are lecithin rich.


The cholesterol and the triglycerides, as such, are, water insoluble but when they are within the micelle, they are fairly water soluble, because the micelle as a whole is water soluble.


The term, 'bile lipids' means bile acid + phospholipid (lecithin) + cholesterol. Bile lipids account for approximately 90% of the total biliary solids.


Bile acids are conjugated with taurine (a derivative of sulfur containing amino acid) or glycine (an amino acid) to become taurocholic or glycocholic acid. Normally, the ratio between the glycocholate and taurocholate is 3:1.


A small amount of bile acid, however, is synthesized daily. Its total amount is between 0.5 to 0.8 gm. Actually some fraction of the 'bile acid pool' of the body is lost daily and the lost amount (0.5 to 0.8 gm/day) is replenished by the newly synthesized bile acids.


A healthy adult contains a net amount of 2 to 4 gm of bile acids in his body and this is his (her) total body 'bile acid pool'. Some 600mg (range 500 to 800mg) of bile acids from this pool is daily lost via the feces and this amount is exactly replenished by new synthesis. During fasting or in the midnight or early morning (when there is no digestion) most of the bile acids of the pool are in the gall bladder whereas during digestive phases most of the amount resides in the intestine. Long periods of fasting causes stasis of bile in the GB which probably ushers the stone formation in GB.


Bile pigments. The major bile pigment in human bile is bilirubin. Little biliverdin is also present. Bilirubin is produced from the haem part of hemoglobin. In the liver, bilirubin is conjugated with glucuronic acid and water soluble bilirubin glucuronides are secreted via the bile. The yellow is ness of the bile is due to its bilirubin content.


Cholesterol and lecithin


Cholesterol, lecithin and bile acids together form a complex in the bile which is known as micelle. Micelles, therefore, are molecular aggregates. In a single micelle there are about ten or so molecules of bile acids and the lecithin molecules interdigitate with the bile acid molecules whereas the cholesterol molecules occupy the core of the micelle. Such a micelle is often called a mixed micelle. The micelle is water soluble. However, in a micelle, the proportion of bile acids and lecithin should be high and those of cholesterol low, otherwise cholesterol precipitates out of the solution, and leads to gall stone formation.


Functions of gall bladder(GB)


The gall bladder stores the bile, concentrates it and absorbs some HCO-3 from the stored bile and adds mucus to the bile. Therefore, gall bladder bile is less alkaline than hepatic bile. When there is a need (vide infra), the gall bladder expels a little bile to the duodenum, a process called, bile evacuation.


The gall bladder is not essential for life. Cholecystectomy (removal of gall bladder) is often done in patients suffering from gall bladder diseases and the patients do not suffer from any major disadvantage due to the removal of the gall bladder. 


Functions of bile


In fact, most of the functions of bile are due to the bile salts. Following are the major functions of the bile salts :


1.	They are necessary for the digestion and absorption of fats 


activate pancreatic lipase, 


lp in emulsification of food fats in intestine, 


form micelles and 


help in fat absorption. In this way they also help in the absorption of fat soluble vitamins like A, D, E and K.


Bile salts stimulate secretion of more bile from the liver, a process called choleretic action of the bile salts (vide infra).


Bile salts keep cholesterol in solution in the bile.


Bile salts probably inhibit the endogenous synthesis of cholesterol by the liver.


Bile salts have a mild cathartic (purgative) action. Commercial preparations of some purgatives contain bile salts.


It is said that bile salts have an anti bacterial action.


It represents a major avenue for loss of cholesterol in our body as bile acids are synthesized from cholesterol. Cholesterol accumulation in our body leads to such diseases like atherosclerosis. The loss of bile salts via the feces represent an important avenue for cholesterol loss.


REABSORPTION OF BILE FROM LIVER


Normally, bile does not go back from canaliculi to the liver cell and then to the blood. But this occurs when the pressure in the biliary channel becomes very high as in the case of obstruction in the bile duct. Whole chain of events, in such cases, is as follows:


Obstruction in the common bile duct (due to say, impacted stone in the common bile duct) →rise of pressure in the biliary channels (including the smallest canaliculi) → back diffusion of bile from biliary canaliculi to the hepatic cells → to the sinusoids → to the hepatic vein → general circulation. Or in the other words in presence of an obstruction ('obstructive jaundice') bile (both salts and the pigments) appear in general circulation. The pigments in this case will be bilirubin glucuronides (water soluble and passable through renal filter).


CONTROL OF SECRETION


Bile is continuously secreted by the liver cells. However, certain factors influence them, as listed below :


1. Bile acids. Presence of bile acids in the intestine or liver cause greater secretion of bile; this is called choleretic action. Bile acids are therefore choleretics.


The choleretic action of bile can be explained as follows:


Bile acids in the duodenum → via enterohepatic cycle, into the portal blood → hepatocytes are now stimulated to transfer and secrete them into the biliary tree. At this stage, two terms, viz. 'bile acid dependent flow' (BADF) and 'bile acid independent flow' (BAIF) will be explained:


BADF and BAIF


It follows from what has been stated above that more the bile acids reaching the hepatocyte, more is the secretion of bile acid, together with water and electrolytes (i.e. more is the flow of the bile) and vice versa. This small amount of flow is the BAIF. The rest is BADF.


Total amount of bile which flow through the common hepatic duct = BADF + BAIF + 'ductular secretion'.


Secretin causes increase in secretion of bile. Actually, only water and bicarbonate fractions of bile increase due to secretin. Secretin however is not a major factor.


Gastrin also causes increased secretion of bile. Vagus stimulation leads to increased secretion of bile but it appears that this is due to the effects of gastrin which is produced by vagal stimulation.


CONTROL OF EVACUATION OF GALL BLADDER


Secretion of bile by the liver is continuous. The expulsion of bile from the gall bladder, however, is intermittent. When the subject is fasting, the gall bladder does not evacuate itself and as a result it becomes distended.


The evacuation of the gall bladder is made possible by its contraction. Although, the musculature in the gall bladder wall is rather thin, yet their contraction sufficiently squeezes the gall bladder, so that the pressure in the common bile duct rises sufficiently to overcome the resistance offered by the sphincter of Oddi.


During meals, the gall bladder contracts and probably there is a concomitant relaxation of the sphincter of Oddi. 


The factors influencing the gall bladder contraction:


Neural. Intake of food, sometimes even the sight of food can cause evacuation of gall bladder by a neural mechanism.


Hormonal. Cholecystokinin, causes gall bladder contraction and evacuation of bile. CCK-PZ is liberated from the upper intestinal mucosa when it (the small intestine) is exposed to amino acids and fatty acids. In addition, various drugs can affect the evacuation.


Morphine and its pharmacological relative pethidine are powerful analgesics and apparently they can be used in biliary colic (to relieve pain). But they also cause spasm of the sphincter of Oddi and cause elevation of fluid pressure (in the already distended) gall bladder. Hence these drugs should not be used to relieve pain in biliary colic.


Role of duodenal contraction. When the duodenum contracts, it squeezes the wall of the terminal part of the duct. This obstructs the flow of bile. When the duodenal contraction ceases, bile expulsion is again resumed. The bile reaches the duodenum, therefore, intermittently.


It should be remembered that during fasting the sphincter remains contracted. This prevents reflux of bile within the pancreatic duct.





Part 6. THE SMALL INTESTINE


Introduction


Functional Anatomy


Synopsis of the functions of small intestine


Digestive and absorptive functions of the small intestine :


(A)	Succus Entericus :


(i) Composition and its functions (ii) Control of succus entericus secretion


Digestion and absorption of carbohydrate, protein and fat


Absorption of water, minerals and vitamins. Applied Physiology.


INTRODUCTION


The gastric chyme enters the duodenum (the first part of the small intestine) where (in the 2nd part of duodenum) it meets the pancreatic juice and the bile. The chyme is attacked by the pancreatic juice (aided by bile) and then meets the succus entericus. The succus entericus is produced by the glands of small intestine called crypts of Lieberkuhn. The final products of digestion, viz, monosaccharides and amino acids are formed and these being the absorbable forms, can be absorbed by the villi of the small intestine. Therefore, the crypts of Lieberkuhn secreted the juice and the villi absorbed the final products of digestion. 


FUNCTIONAL ANATOMY


Crypts of Lieberkuhn are simple tubular glands, opening into the lumen of the small intestine. They are lined by columnar epithelial cells. Besides these columnar epithelial cells, some other kinds of cells, viz. 


the enterochromaffin cell and 


mucus secreting goblet cells.


The rate of cell division by mitosis is very high amongst these columnar epithelial cells and the newly formed cells move upward. As they reach upwards, they reach the base of the villi, from where they further move up to replace the dead cells of the villi. These columnar epithelial cells, while in the crypts of Lieberkuhn, together with the goblet cells, secrete the succus entericus. The enterochromaffin cells secrete serotonin.


The small intestinal mucosa, also contain large number of endocrinal (gut endocrinal, APUD) cells 


The villi are small (about 1 mm in height), finger like projections in the small intestine. Because of their presence, the total surface of the small intestinal mucosa is tremendously increased. The lining cells of the villi are columnar epithelial cells and are called enterocytes. Numerous microvilli are seen on the surface of each enterocyte, and these microvilli, in turn, increase the surface area of each enterocyte. The total surface area of the mucous membrane of the small intestine is increased manifold. 


Ordinarily, the life span of an enterocyte is about 5 days.


Briinners glands are special glands found only in the duodenum. They open into the lumen of the duodenum and (like the crypts of Lieberkiihn) open in the spaces, in between the villi. But unlike the crypts of Lieberkuhn, they penetrate the muscularis mucosae and extend into the submucosa (whereas the crypts of Lieberkuhn never extend beyond the muscularis mucosae). These Briinner's glands secrete alkaline, mucus rich juice. It also produces little peptidase which however is not of any quantitative value.


SYNOPSIS OF THE FUNCTIONS OF SMALL INTESTINE


These are, 


the small intestine performs digestive functions, that is, end stages of digestion of protein, carbohydrate and fat occur here. 


absorptive functions. It absorbs the final products of digestions of protein, carbohydrate and fat. It also absorbs the minerals, vitamins and water. (


hormone secretion. Various gastrointestinal hormones are produced by the cells of the small intestine.


DIGESTIVE AND ABSORPTIVE FUNCTIONS OF THE SMALL INTESTINE


A. Succus entericus


The juice produced by crypts of Lieberkuhn is called the succus entericus.


Composition


Composition of succus entericus, in short is : it is a thin watery juice. Of the solid constituents, organic matters include the various enzymes. But the only enzyme of importance is the enterokinase (enteropeptidase) which activates trypsinogen into trypsin. Other enzymes are 


(i)disaccharidases such as lactase, sucrase and maltase, and 


(ii) dipeptidase. But these enzymes were actually present in the enterocytes and when the enterocytes die and are desquamated, the enzymes are released so that they appear to be present in the succus entericus.


The concentration of Na+, K+ and other electrolytes are almost as in plasma.


The total amount of succus entericus, ordinarily, is very low, perhaps only a few ml/hour; its pH is about 7.6.


Control of secretion of succus entericus


Mechanical stimulation (e.g. presence of chyme in the jejunum) causes stimulation of secretion. 


the gastrointestinal hormone gastrin stimulates the secretion of succus entericus, so do the other hormones like glucagon of pancreas and calcitonin of the thyroid. In man, the picture is perhaps similar.


Stimulation of vagus nerve stimulates secretion of succus entericus.


Paralytic secretion. If there is marked inhibition of the sympathetic nerves, large quantities of succus entericus is secreted. Its explanation is not clear. It may be due to the resulting vasodilatation of the intestine or may be due to the unopposed action of parasympathetic. 


B. Digestion and absorption of carbohydrate


The principal carbohydrate of our food is usually starch (from rice or wheat) which is broken down to maltose and maltotriose by the pancreatic amylase as well as by the salivary amylase. Besides starch, our food also contains sucrose (cane sugar) and lactose (from milk) which are disaccharides.


The previous idea was, that these disaccharides were broken down to their monosaccharide constituents by the corresponding enzymes of the succus entericus. Each disaccharide molecule, thus, is converted into two molecules of monosaccharides (one molecule of maltose → two molecules of glucose; sucrose → glucose + fructose; lactose → glucose + galactose). These monosaccharides, which are formed within the cells are then absorbed via the capillary blood within the villus into the portal vein and then into the liver. The portal vein blood therefore contains only the monosaccharides like glucose, galactose and fructose but no polysaccharide or disaccharide. The food may also contain monosaccharides like glucose. Glucose, of course, need not be digested further.


ABSORPTION OF CARBOHYDRATE


On the plasma membrane (cell membrane) of the enterocytes of villi, specific carriers are present. These carrier molecules combine with glucose as well as sodium, simultaneously. The resultant complex can cross the cell membrane and enter within the enterocyte. After entering the enterocyte the sodium and glucose are separated the sodium is pumped out of the cell (eventually, the Na+ enters the capillary blood within the villus); the glucose also goes out of the cell (as shown in the diagram), eventually to enter the capillary blood within the villus. Because two different kinds of molecules are simultaneously transported by this carrier mechanism, this type of carrier mediated transport across the cell membrane is also called 'symport,.


The absorption of glucose is facilitated by the presence of sodium ions or put in reverse way, the absorption of sodium is helped by a concomitant presence of glucose. 


�


Fig. Absorption of glucose





Fructose, on the other hand is absorbed passively.


Absorption of disaccharides. The disaccharide molecules first enter the enterocyte, hydrolyzed and the resulting monosaccharide molecules are transported out of the cell and then into the capillary blood.


insulin has practically no effect on intestinal glucose absorption, and, 


maximum rate of glucose, absorption is 1.4 gm/kg body wt/hr.


Absorption of amino acids


In the gastrointestinal tract, in addition to the dietary proteins (exogenous protein) there are also endogenous proteins. Sources of these endogenous proteins are — 


enzyme proteins from various digestive juices and 


desquamated epithelial cells. 


All these proteins are exposed to pepsin, trypsin, chymotrypsins, carboxypeptidases etc. and as a result they are converted into tri and dipeptides or free amino acids.


Aminoacids can be of two types, the L-amino acids and the D-amino acids. The L-amino acids are naturally occuring and are absorbed by active process, against the concentration gradient. Whereas the other variety of amino acids are absorbed passively by diffusion.


However, it is now known that di or tripeptides enter the enterocytes → hydrolyzed to their constituent aminoacids and then absorbed via portal blood. The dipeptidases necessary for this are present in the brush border of the enterocytes.


DIGESTION AND ABSORPTION OF FAT


One molecule of triglyceride is hydrolyzed into one molecule of monoglyceride and two molecules of fatty acids in the intestinal lumen.


This hydrolysis is made possible by the pancreatic lipase. The actions of this lipase is facilitated by fine emulsification and dispersion of the triglyceride molecules for which the bile salts are necessary. The hydrolysis is also facilitated by colipase, secreted by the pancreas.


After hydrolysis, the bile salt, monoglycerides and the fatty acids together produce a complex called a "mixed micelle". In a mixed micelle, the bile salt molecules are present in the outer areas, whereas the fatty acids which are hydrophobic and water insoluble are present near the center. The mixed micelle are comparatively water soluble.


This mixed micelle enters the enterocytes. How exactly does it cross the cell membrane is debated but probably this is by diffusion. After the micelle has entered the cell, the bile acid is released from the complex; the released bile acid comes


The monoglyceride and fatty acids are resynthesized within the enterocyte to form a molecule of triglyceride (which is water insoluble) again. This triglyceride molecule combines with a small amount of protein and the resultant complex is called a chylomicron and this chylomicron enters the lacteal. From the lacteal it proceeds via the lymphatics and then into the venous blood.


Sometimes after a heavy fatty meal the serum may become milky in appearance due to the presence of excessive chylomicron particles. 


Absorption of cholesterol


Normally the food contains variable amounts of cholesterol, 0.5 gm/24 per being an 'average' figure. However, some 2 gms of additional cholesterol ('endogenous cholesterol') are added into the intestinal lumen from the bile and desquamated epithelium.


Most of the food cholesterol is esterified but in the small intestine they are hydrolyzed by the pancreatic cholesteric esterase, so that before absorption, cholesterol molecules are mostly in free state. Inside the enterocyte, all the free cholesterol is liberated from the micelles, resterified, and finally discharged into the lymph along with triglycerides, but the process of discharging the cholesterol molecules into the lymph is very slow, often requiring 2 days or so.


Cholesterol absorption is facilitated by bile salts and dietary fatty acids.


Water


Absorption of water occurs mostly from the upper part of small intestine although a small fraction of the ingested water may be absorbed from the stomach. Water absorption is very quick. After water has reached the small intestine, within one minute some 25% of the water may be absorbed. Water absorption is passive.


Absorption of vitamins


The fat soluble vitamins are absorbed along with the dietary fat whereas the water soluble vitamins are absorbed by passive diffusion, but folic acid may be an exception.


Vit. B12 combines with the intrinsic factor and the resulting complex travels to the terminal portion of the ileum where it combines with specific receptors on the membrane of the mucosal cell. Now the intrinsic factor is released and the vit B12 enters within the cell and the intrinsic factor stays back in the intestinal lumen. 


Na and Water reabsorption from the gut


Many electrolytes are either secreted or absorbed by the gut epithelium. Absorption or secretion of Na causes a concomitant absorption or secretion of water too.


Mechanism of Na reabsorption


Small intestine and colon are the major sites of absorptions of Na. Three mechanisms, viz,


cotransport


electroneutral, and, 


electrogenic, mechanisms are involved. The first two occur chiefly in the small intestine whereas the last one in the colon.


Cotransport. In this mechanism, together with the Na+ ion, a molecule of glucose or amino acid is also absorbed. 


Electroneutral. In this mechanism, together with the Na+, an ion of Cl- is also absorbed.


Electrogenic. Na+ ions are absorbed through the sodium channels of the colonic epithelium. 


Regulation of sodium absorption. Molecular level physiology


Neurotransmitters and GI hormones like ACh, VIP, GIP influence the Na absorption. Gross outline is as follows :


The ligand (eg. ACh, GIP) binds with the cellular receptor → formation of a second messenger like cAMP or Ca++ or others (for clearer concept of second messenger, see chap 1 see VI) → the 2nd messenger in turn induces some changes within the epithelial cell (like opening of Na channels etc) → absorption of Na; water follows Na. Many classical hormones also have a role in such regulation. Aldosterone and Cortisol are notable examples.


The absorbed Na+ is nextly pumped out by Na+ K+ AT Pase and the pumped out Na+ enters the portal venous blood.


The sites of absorption of various food stuffs.


�


Fig. Sites of absorption of different end products in the GI tract.





Part 7. MOVEMENT OF THE ALIMENTARY TRACT


 Mastication.


 Deglutition.


 Movements of the stomach.


 Movements of the small intestine.


Movements of the large intestine; defecation.


All these movements are caused by the contractions of the appropriate muscle. For mastication and initial part of deglutition, muscles concerned are voluntary muscles, whereas movements of the stomach and intestine are carried on by contractions of the smooth muscles. For the act of defecation, voluntary muscles also come in the picture.


These movements are of reflex in origin. However, mastication can be initiated or stopped voluntarily. The initial phase of deglutition is also voluntary. Volition plays a significant role in the act of defecation.


MASTICATION


Mastication (chewing) is the first movement in the digestive tract.


Importance of mastication. The coarse chunks of food are broken down to smaller particles. This breaking down has the following advantages — 


it increases the surface area of the food so that digestive enzymes can act on a greater area; 


in case of some vegetable foods, where the surface coating of the food is made up of cellulose or hemicellulose, mastication causes exposure of the inner digestible material. The cellulose or hemicellulose is indigestible in human digestive system but the noncellulose inner material is digestible. Thus digestion is facilitated; 


it helps in the flow of saliva; 


it helps in subsequent deglutition.


Mechanism. The act of mastication is mostly due to the movements of the lower jaw (mandible). Various types of movements of the mandible, e.g., simple closing, side to side movements etc. are made possible by different muscles like the masseter, temporal and the internal as well as the external pterygoids. These muscles are all voluntary and are supplied by the trigeminal (5th cranial) nerve. During mastication the pressure exerted on the food matter, particularly those by the molar teeth may be truly considerable. On the basis of force exerted/gm muscle, the muscles of mastications are one of the strongest muscles in the body.


Mastication may be regarded as a voluntary as well as a reflex act. Mastication may be initiated, carried on or stopped voluntarily; at the same time, there are several areas in the brain which when stimulated cause masticatory movements without the participation of volition. Such areas in the brain are found in the cerebral cortex, amygdaloid nuclei and medulla.


DEGLUTITION (Swallowing)


Stages of deglutition with their mechanisms.


The lower esophageal sphincter (LES).


The neural and hormonal effects on the LES.


Neural control of deglutition. The deglutition center.


Stages (phases) of deglutition


Deglutition has been divided into three stages (phases), viz., 1st, 2nd and the 3rd stage.


First stage (the oral or buccal stage). In this stage, the following events take place :


the food is rolled adequately on the upper surface of the tongue to form a bolus, by suitable movements of the tongue. The admixture of saliva with the food matter also contributes to the formation of the bolus, 


the soft palate rises, the posterior wall of the nasopharynx also approaches towards the soft palate. Therefore the nasopharynx is sealed off and thus the nasal regurgitation is prevented, 


The respiration is reflexly stopped, 


Ultimately the bolus is pushed to the posterior part of the tongue. The initiation of the first stage is voluntary.


The second (pharyngeal) stage. 


The events in the 2nd stage are as follows:


By the movement of the tongue the bolus is pushed back against the epiglottis, 


Almost immediately, the epiglottis deflects in transverse direction, 


The laryngeal opening is closed by closure of vocal chords. The larynx is elevated. The respiration in the meantime has already stopped, 


The upper esophageal sphincter relaxes and the bolus enters the esophageal tube.


The 3rd (esophageal) stage.


The esophagus has (for physiological purposes) two sphincters, viz, 


upper (situated at the upper end of the esophagus) and 


the lower [the lower esophageal sphincter, abbreviation, LES] situated near where the esophagus opens into the stomach.


Both the sphincters are normally closed. At the end of the 2nd stage of deglutition, the upper sphincter opens and the bolus enters the esophagus. After the bolus has passed, this sphincter closes again. Now a wave of peristalsis is initiated at the upper end of the esophagus and travels downwards (aboral direction) propelling the bolus downwards. This downward movement of the food is helped considerably by the action of gravity, provided the subject is in an erect position.


As the bolus reaches the lower end of the esophagus the LES relaxes and the food enters the stomach.


When the bolus has passed out and entered the stomach, the LES constricts again. This marks the end of the deglutition.


The lower esophageal sphincter


Because of the presence of this sphincter, the gastric contents, which is highly acidic, cannot enter the esophagus to cause damage of the esophageal mucosa.


Normally, when there is no peristalsis (i.e., no act of swallowing), the LES is constricted, i.e., in a state of hypertonicity. During peristalsis, the LES relaxes.


This constriction and relaxation of LES is mediated by — 


neural, as well as 


GI hormonal and 


other endocrinal mechanism.


The neural mechanism is via both the 


extrinsic ( = parasympathetic and sympathetic, ANS) nerves, as well as 


intrinsic (Auerbach's and Meissner's, ENS) plexus.


The parasympathetic efferent nerves (= vagal) contain two sets of nerves, viz, 


the vagal excitatory fibers (VEF) and 


the vagal inhibitory fibers (VIF).


When the VIF are stimulated, the LES is relaxed. The neurotransmitters (NT) at the VIF post ganglionic nerve ending is not acetyl choline (ACh) but probably vaso active intestinal polypeptide (VIP). The VEF, when stimulated, causes the LES to contract. The NT at VEF endings is the ACh.


The sympathetic nerves, when stimulated causes constriction of LES. The NT is noradrenalin and the receptors are a receptors.


The exact role of intrinsic plexus is uncertain.


When all the extrinsic nerves to the LES are removed by sectioning, the LES still retains good deal of tone and can regulate the esophageal emptying into the stomach.


The exact role played by the gut (and other) endocrines (in constriction or relaxation of LES) are not clear. Yet they may have some clinical significance. Various GI hormones have been suspected to have influence on the tone of the LES.


During an esophageal peristalsis, as noted above, the LES relaxes. This relaxation is caused by stimulation of the VIF and inhibition of the VEF.





Neural control of deglutition


Although the first stage of swallowing (deglutition) is under voluntary control, the whole act of deglutition, on the whole, is a reflex act. The receptors of swallowing, in man, are situated in the pharynx and in the adjacent regions. The center of the deglutition is situated near the medullary portion of the respiratory center.


MOVEMENTS OF THE STOMACH


 Introduction.


 The movements—(a) Receptive relaxation, (b) Peristalsis. Their description and utilities.


 Effects of vagal and sympathetic nerves on the peristalsis.


 Effects of fat, osmolality and acidity of the chyme reaching duod enum on gastroduodenal pump. Effects of duodenal distension. Effects of gastric volume.


 Gastric filling.


 Gastric emptying.


 Electrical activity of the stomach.


Introduction. When the muscles of stomach contract, gastric tone is increased. Contractions of these muscles also produce peristalsis. Conversely, when these muscles relax (inhibited) the muscle tone is decreased. Even when the stomach is empty, there is a definite tone in its wall. Over and above this basic tone, 'hunger contractions', which are special types of peristalsis waves, may superimpose.


When food is taken, stomach relaxes, so that intragastric pressure remains almost same as that when it was empty.


However, soon after the meal is taken, peristalsis waves begin to appear. These waves have three major effects — 


driving out some foods into the duodenum,


mixing up of the food with gastric juice, 


breaking down of solid chunks of foods. 


Peristaltic waves become strong only at the pyloric region. While there is a strong peristaltic wave sweeping the pyloric region, often there is a concomitant relaxation of the duodenum, as a result of which the gastric chyme enters the duodenum rather easily. Therefore, the pyloric region and the duodenum together can be considered as an unit and this functional unit is called the gastroduodenal pump.


Many factors, like the 


composition of the chyme entering the duodenum, 


volume of the gastric content,


duodenal distension, 


stimulation or inhibition of extrinsic nerves etc., influence the gastroduodenal pump and hence the gastric emptying.


From movement point of view, the stomach can be regarded to be consisting of two portions. 


The first portion is the fundus and body of the stomach acting as a reservoir. 


The second portion, the pyloric region, acts as a pump and a 'mixer'.


In the pylorus, the musculature in the wall is heavy, and the diameter of the pyloric orifice is very small. When the pyloric musculature contracts powerfully this orifice easily occludes but even when the orifice is open, owing to the smallness of the diameter, large chunks of solid materials cannot pass. The musculature of the pylorus and that of the duodenum are discontinuous and connective tissues intervene between these two sets of musculatures. Auerbach's plexus however is continuous. Various agents can cause spasm (pylorospasm ) of the pylorus.


The movements of the stomach


The movements of stomach can be divided into 


those in full stomach 


those in empty stomach.


Movements in full stomach


Receptive relaxation. As the food reaches the stomach, the muscles of the stomach relaxes and therefore the intragastric pressure remains practically constant. This relaxation, which follows the arrival of food into the stomach, is called receptive relaxation. Owing to this receptive relaxation, the stomach can accommodate large volume of food. The receptive relaxation, thus, furthers the claim of the stomach as a reservior of food.


Mechanism of receptive relaxation can be explained by Laplace's law.


The presence of food in the stomach increases its radius R so that the P which is the intragastric (or transmural) pressure does not rise, although the wall tension T increases because of the distension.


When food reaches the stomach, the vagal nerve fibers may be stimulated and this may lead reflexly to diminution of tone of the stomach. This is another explanation of receptive relaxation, a term introduced by the great American physiologist Walter Bradford Cannon in the beginning of the 20th century.


Stimulation of vagal fibers, recall, usually, leads to contraction of GIT muscles (excepting the sphincters). However, stimulation of some vagal fibers, leads to relaxation. The neurotransmitter (NT) of these exceptional fibers (where stimulation leads to relaxation of gastric muscles) is not acetyl choline (ACh) but something else. Digestive Peristalsis waves develop somewhere in the fundal region of the stomach. As they travel towards the pyloric region, they become more and more strong and at near the pyloric antral region they become so intense so as to nearly bisect the stomach into an upper and lower half. All peristalsis waves, however, do not reach the pylorus. Some are weak and die somewhere in the middle of the body of the stomach.


The rate of digestive peristalsis is about 3 per minute and each peristalsis wave takes about 1 minute to travel from the fundus to the pylorus. Thus, three peristaltic waves are usually seen simultaneously in a stomach while it is full.


Effects of digestive peristalsis. At the pyloric region, the peristaltic waves become very strong. It should be remembered that diameter of the pylorus is small so that solid chunks of food cannot pass through it, but liquid and semi liquid mass can.


Due to a peristalsis wave, a little amount of liquid or semi liquid mass of chyme from the stomach is driven into the duodenum but rest of the gastric chyme rebounds back towards the body of the stomach, this phenomenon being called retropulsion. As the peristalsis wave reaches the pylorus, the pyloric orifice obliterates and the passage of the food from the stomach (to the duodenum) closes. But before this point is reached peristalsis causes driving out of little chyme. The gastric (digestive) peristalsis causes mixing up of the food with the gastric juice. In addition, some solid food matters are broken down to smaller pieces due to this rebound effect and this is allied to the gizzard action seen in birds. Gastric peristalsis causes — 


propulsion or evacuation of food into duodenum, i.e., gastric emptying and 


mixing and 


breaking up of food.


Movements in empty stomach


The empty stomach exhibits a tone (indeed, this tone is reduced during receptive relaxation). Besides, at intervals of one or two hours, the stomach exhibits 'hunger contractions '.


Hunger contractions. Migrating myoelectric complex.


Assuming the stomach remains empty, ordinarily there is no peristaltic wave, the antral region of the stomach remains in quiescence for one to two hours; then a powerful peristaltic wave develops in the antral region and this wave sweeps down till it reaches the end of the ileum. These antral contractions are associated with pangs of hunger and are called 'hunger contractions'. The whole wave, which sweeps down until it reaches the end of ileum is called 'migrating myoelectric complex'. It is believed that these hunger contractions cause some remnant food matter to be driven out into the small intestine. It is called 'meyoelectric complex', because there are both muscular (= contraction) and electrical (see afterwards for details) components.


Effects of autonomic stimulation


The intrinsic nerves can and do act independently but the extrinsic nerves, which terminate on these intrinsic nerves, modify their (i.e. the intrinsic nerves') activity. On the whole the parasympathetic stimulation causes augmentation of the gastric peristalsis. Further, some vagal fibers, as shown above, carry inhibitory fibers and stimulation of these (inhibitory) fibers lead to inhibition of gastric contraction.


Sympathetic stimulation causes relaxation of the stomach.


Effects of osmolality, acid, fat and aminoacids on gastric peristalsis.


All these factors affect (either increases or decreases) the strength of the gastric peristalsis and the gastroduodenal pump and thus the gastric emptying. 


Gastric Filling


When solid food is taken, the food, after entering the stomach, comes to rest against the greater curvature. As more and more amount of food is taken, the solid food mass in the stomach approaches towards the lesser curvature. The upper part of the lesser curvature is the last part of the stomach to be occupied by the food.


On the contrary, when liquid is taken, the liquid passes through a zone near the lesser curvature. 


Gastric emptying


Factors controlling the gastric emptying 


i) Osmolality


If the chyme reaching the duodenum (and even the jejunum) is hyperosmolar, the gastric peristalsis is reduced and the gastric emptying delayed. Conversely, if the chyme is hypoosmolar, the peristalsis and emptying of the stomach increase.


Mechanism of this phenomenon is via osmoreceptors. There are osmoreceptors in the mucosa of both duodenum and jejunum. Hyperosmolar chyme causes a shrinkage of these osmoreceptors whereas the hypo ones produce their swelling. When these receptors are shrunk, the gastric emptying is delayed, and when swollen the emptying is enhanced. There are two mechanisms by which this is achieved,


a neural mechanism, by which afferent fibers from these receptors are stimulated and a reflex is set up, and 


a GI hormonal mechanism, by which the altered volume of these osmoreceptors causes release of an unknown GI hormone which adjusts the gastric emptying.


ii) Fat


Excess fat in the chyme (reaching the duodenum) reduces gastric emptying. 


Fat at in the chyme causes a GI hormone enterogastrone to be liberated from the upper small intestine → the enterogastrone is absorbed → circulates in the blood → reappears in the GIT, particularly, in the stomach → both the HCl secretion and gastric motility are supressed. Trouble is, however, enterogastrone could not be isolated.


Fat of the chyme (in the duodenum) elicits the elaboration of CCK-PZ as well as GIP (gastric inhibitory polypeptide). These two GI hormones, particularly the CCK may be the agents, through which gastric emptying, following a fat meal, is delayed.


Another point may be noted : fats with long chain fatty acids, (e.g., over C14) are particularly effective in delaying. If the chyme (reaching the duodenum) is very acidic, the gastric motility and the gastric emptying are inhibited.


Mechanism : Acid receptors are present in the duodenal and upper jejunal mucosa. They detect the excessive acidity in the chyme and sets up two sets of signals (a) neural, and (b) GI hormonal. The neural mechanism is a reflex operating through the vagus; the concerned hormone may be secretin .





iv) Peptides


Excess peptides in the stomach leads to excess gastrin secretion. 


v) Distension


If the stomach is overdistended by water alone, emptying is quickened, but if the distension is due to solid, the emptying is delayed.


vi) Emotion


Excitement causes faster rate of emptying but fear inhibits it.


Effects of vagal stimulation on gastric emptying


As stated already, in human beings, the overall effect of vagal (parasympathetic) stimulation is stimulation of gastric motility. Therefore, atropine or belladonna (parasympatholytic drugs) produce inhibition of gastric motility (in addition to their inhibitory effect on gastric secretion), and delays gastric emptying.


Effects of duodenal distension


Duodenal distension reduces the rate of gastric emptying. The mechanism of this may be via reflex or via gastrointestinal hormones.





MOVEMENT OF THE SMALL INTESTINE


The movements : the different types of movements, effects of nerves and hormones on them and conditions influencing them.


THE MOVEMENTS


(i) Segmentation or segmenting contractions were described by Cannon. In this movement, constrictions appear at several points in a portion of the intestine. Therefore, that portion of the intestine is divided into several segments, each bounded by a ring of constriction on either side. Each segment is about 1 or 2 cm long. Very soon a constriction ring appears in the middle of each segment but the previous constrictions now disappear. This process is repeated and the constriction rings again appear at the sites where they appeared first. 


Segmenting contractions, obviously, results in mixing of the food matter (chyme) with juices available in the intestine (like pancreatic juice and bile). This type of contractions cannot cause propulsion of the chyme in the aboral direction.


(ii) Pendular movements are similar to the segmenting contractions; however, the individual segments formed are large, about 20 cm in length. Therefore, the chyme moves forward i.e. in the aboral direction first and then retraces its path next. This type of movement helps the liquid chyme (recall, that the chyme delivered from the stomach is either liquid or nearly so) to move to and fro, like the pendulum of a wall clock, i.e, it is exposed to a large area of intestinal mucosa provided by the villi and microvilli. The intestine acts here as a powerful shaker.


(iii) Peristaltic waves, first described by Starling and Bayliss, consist of a ring of contraction which moves forwards, i.e. in the aboral, direction. The result is that the chyme moves in the forward, i.e. aboral, direction. So peristalsis is a propulsive movement. Because of the fact that it sweeps onwards, it is also spoken of as a translatory movement.


Starling and Bayliss visualized the whole process as follows : a sort of a mass of chyme appears somewhere in the small intestine and acts as a stimulus. As a result the ring of constriction appears behind (i.e. cranial to) the mass and relaxation occurs in front (i.e, caudal to) of the mass and the mass therefore moves forward. In its fresh, new position, the mass again acts as a stimulus and the whole process is repeated. This conception remains valid till to date. Peristalsis waves are superimposed on segmental movements.


Frequency of the segmenting contractions are highest in the duodenum; the frequency gradually declines caudally and it is least in the ileum. A 'pace maker' from which the myogenic activity arises and spreads aborally, exists in the 2nd part of duodenum.


The influences of nerves on the small intestinal movements


A.	Extrinsic nerves. On the segmenting contractions neither vagus (parasympathetic) nor sympathetic nerves have any action. Pendular movements, similarly remain unaffected by the vagal or sympathetic activity. Parasympathetic stimulation causes increases and sympathetic stimulation decrease, of peristalsis waves. But vagotomy does not abolish peristalsis completely.


B.	Local plexus of nerves. These consists of Auerbach's and Meissner's plexus. Their role is not completely clear


Intrinsic nerves (ENS) have only little role in segmenting contractions, but they are necessary for peristalsis.


The 'polarity' of intestine


Due to this polarity, peristalsis wave always moves in the aboral direction. Therefore, if a portion of the small intestine is cut out, reversed and sewn in the same host so that continuity of the lumen remains uninterrupted, the content of the intestine remains held up owing to the reversal of the ends. This 'polarity, is lost when ENS is inhibited.





The effects of hormones and other chemicals.


Large number of chemicals, gastrointestinal hormones and polypeptides either act as neurotransmitters of the Auerbach's and Meissner's plexuses or influence the release of neurotransmitters of these local plexuses; some of them may act directly on the muscles. 


Conditions influencing small intestinal motility


Emotions of different types may affect small intestinal motility. Distension (due to say saline purgatives) increase small intestinal motility.





MOVEMENTS OF THE LARGE INTESTINE


 Description of the movements.


 The role of nerves, emotions and drugs.


Introduction


From the ileum, a liquid slurry like material is discharged into the caecum. This slurry consists of materials which could not be digested (e.g., cellulose and hemicellu-lose), water and only very slight amount of unabsorbed pro-teinaceous, carbohydrate and lipid material.


In the large intestine, because of the mixing or nonpropulsive movements, the water is largely absorbed and solid feces are formed.


The large intestine also shows propulsive movements, which are essentially peristaltic waves. These waves drive the feces into the rectum. Normally when feces enter the rectum, the urge to defecate arises and the person evacuates. 


Description of the movements


As already stated, the large intestine shows two types of movements, viz—


mixing movements or segmental contractions, and 


propulsive movements, better known as mass peristalsis.


Mixing movements or segmental contractions are contractions or segmentations of large intestine, similar to those of the small intestine, described earlier this chapter occurring in small portions of the colon. They are nonpropulsive. They help in absorption of water from the large gut but they do not cause forward movement of the content. In fact, they probably hinder the forward movements of the content.


These movements produce the radiological appearance of 'haustration' (in Barium enema) and hence they are also called 'haustration' movements.


Mass peristalsis


In this type of movement, a contraction ring appears and moves (like the small intestinal peristalsis waves) aborally for a variable and usually a long distance. Such a ring may thus appear in or around the splenic flexure and proceed onwards and drive the feces from the splenic flexure to the rectum in a single attempt. However, all mass peristalsis waves do not necessarily bring the feces to the rectum.


Thus, the result of mass peristalsis is to move the feces forward. 


The mass peristalsis often develops after a meal and this is due to a reflex, called gastrocolic reflex. Following a meal, therefore, a desire to defecate may develop as, a gastrocolic reflex can develop after a meal.


The initiation of the mass peristalsis is dependent on the integrity of the intrinsic nerve plexuses although they are modified by external nerves, drugs and emotion.


The role of nerves, emotions and drugs on colonic motility


Parasympathetic stimulation increases colonic motility whereas sympathetic stimulation inhibits it. Such emotions like anxiety, resentment, hostility or sensation of guilt causes increase in colonic motility whereas dejection causes inhibition of colonic motility.


Drugs like morphine inhibit mass peristalsis but increases the nonpropulsive movements as well as tone of the gut. Therefore morphine (or opium) and its pharmacological relatives produce constipation.


Defecation


Habit of defecating varies tremendously. Thus, some one defecates only on every third day while some other does so three times a day and yet both of them may be perfectly normal. The important thing is the habit of defecating. Thus, he who defecates twice a day, if suddenly finds that he has to pass stool only on alternate days without any apparent reason, an underlying disease should be suspected.


Mechanism of defecation


After a mass peristalsis, if the fecal matters enter the rectum, the rectum is stretched. This stretching stimulates the afferent nerve fibers of the pelvic splanchnicus, a reflex is set up, rectum begins to contract strongly, a desire to defecate develops and the person eases himself.


If the environmental conditions are not suitable the urge to defecate develops no doubt, but the external sphincter, which is supplied by the pudendal nerves and is under voluntary control, remains firmly contracted. If this condition persists for a while, the rectum no longer remains sensitive to the stretch and the urge disappears.





GASTROINTESTINAL HORMONES, APUD CELLS


Throughout the stomach and intestine, large number of endocrinal cells, secreting various hormone like substances, are present in the mucosal cells. These endocrinal cells are known by various names like, the 'gut endocrinal' or APUD cells. These cells produce, as stated above, Hormones; these hormones are chemically polypeptides and hence GI hormones are also called, 'gut polypeptides'. At least, a few of these gut polypeptides act as neurotransmitters in the intrinsic plexus of nerves of the gastrointestinal tract (GI tract).


Another fascinating fact is that these hormones, although we call them GI hormones, are produced by, (in addition to the GI tract) various other structures, notably by the brain, where they act as neurotransmitters.


THE GI HORMONES


The well known GI hormones are :


gastrin, 


secretin, 


cholecystokinin pancreozymin


vaso active intestinal polypeptide (VIP) 


somatostatin 


gastric inhibitory peptide (GIP) 


neurotensin 


 motilin 


substance P Besides them, 


glucagon, 


serotonin 


opiod peptides, 


 bombesin are also secreted in the GI tract. 


Further, some GI hormones like (xiv) gastrin releasing peptide (GRP) and (xv) glicentin have only recently been discovered. In addition to this (formidable) list of 15 hormones, some traditional pituitary or hypothalamic hormones like ACTH and CRH have also been reported to be secreted by the GI tract. Most of these GI hormonal functions are related to the secretion and motility of the GI tract.
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