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		DIGESTIVE SYSTEM






		Human Digestive System



The digestive system is responsible for the ingestion, digestion, absorption, and elimination of food. It includes the gastrointestinal (GI) tract and accessory digestive organs that assist in chemical and mechanical breakdown.


		
Length of GI tract (adult): approximately 9 meters (30 feet)

		Main functions:




		Ingestion of food

		Mechanical and chemical digestion

		Absorption of nutrients and water

		Elimination of waste



Major Components

1. Gastrointestinal Tract (GI Tract)

The GI tract is a continuous tube extending from the mouth to the anus. It includes:


		

				Part

				Main Function

		

		
				Mouth

				Ingestion, mastication, salivation, and swallowing

		

		
				Pharynx

				Passage of food from mouth to esophagus

		

		
				Esophagus

				Transports food via peristalsis to the stomach

		

		
				Stomach

				Churning and enzymatic breakdown of food into chyme

		

		
				Small Intestine

				Primary site of digestion and nutrient absorption

		

		
				Large Intestine

				Absorption of water, electrolytes, and formation of feces

		

		
				Rectum and Anus

				Storage and elimination of feces

		

	




2. Accessory Digestive Organs

These organs secrete enzymes and fluids aiding digestion but are not part of the direct alimentary canal.


		

				Organ

				Function

		

		
				Tongue

				Assists in chewing, mixing, and swallowing; contains taste receptors

		

		
				Teeth

				Mechanically break down food into smaller particles

		

		
				Salivary Glands

				Secrete saliva containing amylase and lingual lipase

		

		
				Liver

				Produces bile for fat emulsification

		

		
				Gallbladder

				Stores and releases bile into the duodenum

		

		
				Pancreas

				Secretes digestive enzymes (amylase, lipase, proteases) and bicarbonate

		

	





		Phases of Digestion



Digestion is the physiological process by which complex food substances are mechanically and chemically broken down into simpler molecules that can be absorbed and utilized by the body.

This process involves neural, hormonal, and mechanical control mechanisms operating throughout the gastrointestinal tract (GIT).

Traditionally, digestion is divided into three major phases —


		
Cephalic Phase,

		
Gastric Phase, and

		
Intestinal Phase —



each regulated by both neural and endocrine pathways, and they overlap with each other.

A fourth basal or interdigestive phase is also recognized, occurring between meals.

Overview of Phases of Digestion


		

				Phase

				Initiating Site

				Main Regulatory Mechanism

				Major Function

		

		
				Cephalic Phase

				Brain (sight, smell, taste, thought of food)

				Vagal (parasympathetic) reflexes

				Preparation for food intake (stimulates salivation, gastric secretion, and motility)

		

		
				Gastric Phase

				Stomach

				Local (myenteric) and vagovagal reflexes; Gastrin release

				Major secretion of gastric acid and enzymes; mixing of food to form chyme

		

		
				Intestinal Phase

				Duodenum and small intestine

				Enterogastric neural reflexes; hormones (CCK, Secretin, GIP)

				Regulation of gastric emptying and stimulation of intestinal digestion and absorption

		

		
				Basal (Interdigestive)

				Entire GIT between meals

				Migrating Motor Complex (MMC)

				Housekeeping phase — clears residual contents, maintains readiness for next meal

		

	




I. Cephalic Phase of Digestion

The cephalic phase begins before food enters the stomach and is triggered by the sight, smell, taste, or thought of food.

This phase prepares the digestive tract for incoming food through vagal stimulation of secretory glands and motility.

Mechanism:


		Sensory input from olfactory, gustatory, and visual receptors → hypothalamus → medulla oblongata.

		From the dorsal motor nucleus of the vagus, vagal efferents activate:




		
Salivary glands → secretion of saliva (amylase, lipase).

		
Gastric glands → secretion of acid and pepsinogen.

		
Pancreas → enzyme-rich pancreatic juice.

		
Gallbladder → mild contraction to prime bile release.




		
Neurotransmitter: Acetylcholine (ACh).

		
Gastrin-releasing peptide (GRP) from vagal neurons → stimulates G cells in antrum → gastrin release.



Physiological Effects:


		Stimulates gastric acid secretion (~20% of total).

		Promotes gastric motility and mixing movements.

		Increases salivary and pancreatic enzyme secretion.

		Conditioned reflex enhances appetite and readiness for digestion.



Inhibition:


		Loss of appetite, emotional stress, or sympathetic activation inhibit the cephalic phase.





II. Gastric Phase of Digestion

The gastric phase begins when food enters the stomach and accounts for about 50–60% of total gastric secretion.

It is initiated by mechanical distension of the stomach and chemical stimulation by peptides and amino acids.

Mechanisms:

1. Mechanical Stimulation


		Stretch of stomach wall → activates:




		
Short reflex (via enteric plexus): local ACh release.

		
Long reflex (vagovagal): afferent and efferent vagal fibers → increased acid secretion and motility.



2. Chemical Stimulation


		
Peptides and amino acids stimulate G cells → gastrin secretion.

		
Gastrin acts directly on parietal cells and indirectly through ECL cells (histamine release) to enhance acid output.

		
ACh, Histamine, and Gastrin are the three synergistic stimulators of parietal cells.



3. Resulting Actions:


		
HCl secretion by parietal cells.

		
Pepsinogen secretion by chief cells (converted to pepsin in acid environment).

		
Increased motility → churning and mixing of food → formation of chyme.



4. Feedback Regulation:


		As gastric pH drops (<3), D cells release somatostatin, which:




		Inhibits G cells → ↓ gastrin.

		Directly inhibits parietal cells → ↓ acid secretion.




		This negative feedback prevents excessive acidification.





III. Intestinal Phase of Digestion

The intestinal phase begins when chyme enters the duodenum, triggering both stimulatory and inhibitory responses.

It represents 5–10% of total gastric secretion.

Mechanisms:

1. Stimulatory Component (Early Intestinal Phase):


		Small quantities of chyme with peptones and amino acids in the duodenum:




		Stimulate duodenal G cells → gastrin release → mild increase in gastric acid secretion.

		Promote release of an additional humoral factor called enterooxytonin (stimulates gastric activity).



2. Inhibitory Component (Late Intestinal Phase):


		As more chyme enters, duodenum detects:




		
High acidity (low pH),

		
Fatty acids, and

		
Hyperosmolar chyme.




		This activates enterogastric reflexes and intestinal hormones to inhibit gastric activity.



A. Enterogastric Neural Reflex


		Duodenal chemoreceptors and stretch receptors → ENS and vagal afferents → medulla → inhibit vagal stimulation to stomach.

		Sympathetic efferents increase inhibitory tone.



B. Hormonal Response


		
Secretin: Released from S cells in response to acid; inhibits gastric acid secretion; stimulates pancreatic bicarbonate.

		
Cholecystokinin (CCK): Released in response to fats; slows gastric emptying; stimulates gallbladder contraction and pancreatic enzymes.

		
GIP (Glucose-dependent Insulinotropic Peptide): Induces insulin release; mild inhibition of gastric motility.

		
Motilin: Promotes migrating motor complex between meals.



3. Result:


		Inhibition of gastric acid secretion.

		
Tightening of pyloric sphincter to regulate chyme entry.

		Stimulation of intestinal digestion and absorption.





IV. Basal or Interdigestive Phase

The basal phase represents the period between meals when no active digestion is occurring.

Characteristics:


		
Basal acid output: <10 mEq/hour.

		Controlled by circadian rhythm and basal vagal tone.

		Regulated by migrating motor complex (MMC):




		Originates in stomach and small intestine.

		Clears residual food and secretions (“housekeeping function”).




		
Acid secretion minimal but continues for mucosal maintenance.
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Neural and Hormonal Integration


		

				System

				Primary Components

				Functions in Digestion

		

		
				Neural (ENS + ANS)

				Vagus (parasympathetic), Sympathetic, Enteric Plexuses

				Modulate secretion, motility, and blood flow

		

		
				Endocrine

				Gastrin, Secretin, CCK, GIP, Somatostatin, Motilin

				Coordinate sequential digestion and absorption

		

		
				Paracrine

				Histamine, Somatostatin, Serotonin

				Local control of secretion and motility

		

	




Summary

Sight/Smell → Hypothalamus → Medulla → Vagus → Stomach
↓
Cephalic Phase → Gastric Juice Secretion (ACh, Gastrin, Histamine)
↓
Food in Stomach → Gastric Phase → Stretch + Peptides → More Gastrin → More Acid
↓
Chyme Enters Duodenum → Intestinal Phase → Secretin, CCK → Inhibit Stomach; Stimulate Pancreas & Gallbladder
↓
Basal Phase → MMC Clears Residues



Clinical Relevance


		

				Disorder

				Phase Affected

				Mechanism

		

		
				Peptic Ulcer Disease

				Gastric, Intestinal

				Excess gastrin or histamine, impaired somatostatin inhibition

		

		
				Zollinger–Ellison Syndrome

				Gastric Phase

				Gastrinoma causes uncontrolled acid secretion

		

		
				Gastroparesis

				Gastric & Intestinal

				Impaired vagal reflex and motility

		

		
				Dumping Syndrome

				Intestinal Phase

				Rapid gastric emptying → fluid shift and hypoglycemia

		

	







		Alimentary Canal



The human digestive canal is a long muscular tube that extends from the mouth to the anus. It consists of the following parts arranged sequentially from above downward:

Mouth, tongue, pharynx, oesophagus, stomach, small intestine, large intestine, rectum, and anal canal.

The mouth is guarded by lips and teeth, and receives the ducts of the salivary glands.
The proximal end of the stomach (its junction with the oesophagus) is guarded by the cardiac sphincter, while the distal end is guarded by the pyloric sphincter.

The small intestine, which begins at the pyloric sphincter, is subdivided into the duodenum, jejunum, and ileum.


		The duodenum receives chyme from the stomach and is joined by the common bile duct and pancreatic duct through the ampulla of Vater.

		At the junction of the duodenum and jejunum, the ligament of Treitz (a condensation of connective tissue and muscle fibers) supports the mesentery.

		The small intestine in humans measures about 6 meters (20 feet) in length, while the large intestine is approximately 1.5 meters (5 feet) long.



The great length of the small intestine provides a large surface area and time for complete digestion and absorption of nutrients.

The small intestine opens into the large intestine through the ileocolic sphincter. The large intestine absorbs water and electrolytes and converts the contents into faeces, which pass into the rectum and finally through the anal canal to the exterior via the anal orifice.

Peritoneum and Mesentery

The peritoneum is a serous membrane lining the abdominal cavity and covering the abdominal organs.


		The parietal peritoneum lines the abdominal wall.

		The visceral peritoneum covers the organs.

		The mesentery is a double layer of peritoneum that suspends the small and large intestines from the dorsal abdominal wall.

		The lesser omentum connects the stomach and duodenum to the liver.

		The greater omentum hangs from the greater curvature of the stomach over the intestines like an apron and often contains fat deposits.




		Histological Structure of the Alimentary Canal



From the oesophagus to the anal canal, the wall of the alimentary canal consists of four concentric layers (tunics), arranged from outermost to innermost as follows:

1. Tunica Adventitia or Serosa


		The outer fibrous coat carrying large blood vessels and nerves.

		When covered by peritoneum, it is termed serosa; otherwise, tunica adventitia.



2. Tunica Muscularis


		Composed of two layers of smooth muscle:




		Inner circular layer

		Outer longitudinal layer




		Between these layers lie nerve and vascular plexuses (Auerbach’s plexus).

		Responsible for controlling intestinal diameter and propelling contents via peristalsis.



3. Tunica Submucosa


		A layer of loose areolar connective tissue containing large blood vessels, lymphatics, nerves, and glands in certain regions.



4. Tunica Mucosa (Mucous Membrane)


		The innermost layer, consisting of three sublayers:



(a) Epithelium: stratified squamous or simple columnar, depending on location.
(b) Lamina propria: delicate connective tissue infiltrated with lymphocytes and nodules.
(c) Muscularis mucosa: thin smooth muscle layer separating mucosa from submucosa.
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Innervation of the Digestive Tract

The nerve supply of the digestive tract consists of two major components:

A. Intrinsic Component


		Represented by neurons and fibers within the intestinal wall (the enteric nervous system).

		Controls smooth muscle activity and glandular secretion independently, though influenced by extrinsic input.

		Contains two major intramural plexuses:




		
Myenteric (Auerbach’s) Plexus – lies between circular and longitudinal muscle layers; controls motility.

		
Submucosal (Meissner’s) Plexus – lies in the submucosa; controls secretion and local blood flow.



The myenteric plexus originates from neurons in the medulla oblongata, transmitted via the vagus nerve.
The enteric nervous system (ENS) can function independently, but normal digestive activity requires coordination between the ENS and central nervous system (CNS).

Key neurotransmitters:


		
Acetylcholine, dopamine, serotonin, and substance P (which facilitates smooth muscle contraction and secretory activity).





B. Extrinsic Component


		Regulates and modulates the intrinsic (enteric) mechanisms.

		Supplied by both sympathetic and parasympathetic divisions of the autonomic nervous system (ANS).



Sympathetic fibers:


		Originate from the splanchnic nerves (via the coeliac and mesenteric ganglia).

		Branch in muscular layers and terminate on smooth muscle fibers and blood vessels.

		Generally inhibitory to peristalsis but excitatory to sphincters (e.g., ileocaecal and internal anal sphincters).

		Also influence vascular tone and mucosal folds.



Parasympathetic fibers:


		
Preganglionic fibers arise from:




		
Medulla oblongata (vagus nerve): supplies stomach, small intestine, and upper half of large intestine.

		
Sacral spinal cord: fibers pass via pelvic nerves to pelvic ganglion and supply the distal colon and rectum.




		
Parasympathetic activity is generally excitatory to the gastrointestinal musculature but inhibitory to sphincters.



The internal anal sphincter is controlled involuntarily by sympathetic fibers (superior rectal and hypogastric plexuses).
The external anal sphincter is supplied by somatic motor fibers and is voluntarily controlled.

Thus, the sympathetic and parasympathetic systems act antagonistically yet complementarily, coordinating the movement of chyme through the digestive tract.

Functions of the Digestive System

The digestive system performs the following major functions:


		
Ingestion: Intake of food through the mouth.

		Digestion:




		
Mechanical: Chewing and churning actions of muscles.

		
Chemical: Enzymatic breakdown of food, beginning in the mouth and continuing through the stomach and intestines.

		
Protein digestion begins in the stomach via pepsin.




		
Secretion: Release of digestive juices (saliva, gastric juice, bile, pancreatic enzymes).

		
Absorption: Uptake of water, electrolytes, vitamins, and the end products of digestion.

		
Excretion: Elimination of indigestible materials and metabolic waste (e.g., toxins, alkaloids, heavy metals).

		Movements:




		
Peristalsis: Propulsion of food through the GI tract.

		
Segmentation and mixing: Aid in digestion and absorption.

		
Defecation: Expulsion of fecal matter.
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