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INTRODUCTION

The gastrointestinal tract is a continuous muscular tube extending from
the mouth to the anus. It serves as the primary pathway for food digestion,
nutrient absorption, and waste elimination. The Gl tract consists of several
specialized regions, each with distinct anatomical features and

physiological functions.



GENERAL STRUCTURE OF GI TRACT

The wall of the gastrointestinal tract consists of four distinct layers
throughout most of its length:

MUCOSA

e The innermost layer containing epithelial tissue
e Responsible for secretion and absorption
e Contains mucus-producing goblet cells

e Houses lymphoid tissue for immune protection
SUBMUCOSA

e Dense connective tissue layer beneath mucosa
e Contains blood vessels, lymphatic vessels, and nerves
e Houses submucosal plexus (Meissner's plexus)

e Provides structural support to mucosa
MUSCULARIS EXTERNA

e Consists of inner circular and outer longitudinal smooth muscle layers
e Contains myenteric plexus (Auerbach's plexus) between muscle layers
e Responsible for peristaltic movements

e Enables mechanical breakdown of food
SEROSA

e Outermost protective layer

e Composed of connective tissue and simple squamous epithelium



e Secretes serous fluid for lubrication

e Reduces friction during organ movement

STOMACH ANATOMY AND FUNCTIONS

ANATOMICAL STRUCTURE

The stomach is a J-shaped dilated portion of the alimentary canal located
in the upper left portion of the abdominal cavity. It serves as a temporary
storage site for food and plays a crucial role in chemical and mechanical
digestion.

REGIONS OF STOMACH

e Cardia: Junction area where esophagus connects to stomach
¢ Fundus: Upper curved portion above the level of cardia

¢ Body: Main central region of stomach

e Antrum: Lower section leading to pylorus

e Pylorus: Terminal portion with pyloric sphincter

GASTRIC WALL STRUCTURE

The stomach wall contains specialized cells arranged in gastric glands:

CHIEF CELLS (PEPTIC CELLS)

e Located primarily in gastric glands
e Secrete pepsinogen (inactive form of pepsin)

e Responsible for protein digestion initiation



PARIETAL CELLS (OXYNTIC CELLS)

e Found in gastric glands of fundus and body
e Secrete hydrochloric acid (HCI)

e Produce intrinsic factor for vitamin B12 absorption
MUCOUS CELLS

e Present throughout gastric mucosa
e Secrete alkaline mucus for protection

e Form protective barrier against acid damage
G CELLS

e Located in gastric antrum
e Secrete gastrin hormone

e Regulate gastric acid secretion

ACID PRODUCTION IN STOMACH -
MECHANISM OF HCI SECRETION Hydrochloric acid production occurs in
parietal cells through a complex enzymatic process:

e Carbonic Anhydrase Activity: CO, + H,O — H,CO; — H" + HCO3~

¢ Proton Pump Function: H*-K*-ATPase actively transports H* into

gastric lumen
¢ Chloride Secretion: CI™ ions follow H* through chloride channels

e HCI Formation: H" + CI” - HCl in gastric lumen

FUNCTIONS OF GASTRIC ACID



e Activates pepsinogen to pepsin

e Creates optimal pH (1.5-2.0) for pepsin activity
e Facilitates iron and calcium absorption

e Provides antimicrobial protection

e Stimulates pancreatic enzyme secretion

REGULATION OF ACID PRODUCTION ::
PARASYMPATHETIC NERVOUS SYSTEM CONTROL The vagus nerve
plays a crucial role in gastric acid regulation:
VAGAL STIMULATION PHASES
e Cephalic Phase: Thought, sight, smell, or taste of food stimulates
vagus nerve
¢ Direct Stimulation: Vagus nerve directly stimulates parietal cells
¢ Indirect Stimulation: Vagal stimulation releases acetylcholine

e Gastrin Release: VVagus nerve stimulates G cells to secrete gastrin
NEURAL PATHWAYS

¢ Preganglionic vagal fibers synapse in gastric wall

e Postganglionic neurons release acetylcholine

e Acetylcholine binds to muscarinic receptors on parietal cells
e Activation increases intracellular cAMP and Ca**

e Enhanced H*-K*-ATPase activity increases acid secretion



PEPSIN ROLE IN PROTEIN DIGESTION &

PEPSINOGEN ACTIVATION

e Chief cells secrete inactive pepsinogen
e HCI converts pepsinogen to active pepsin
e Pepsin exhibits autocatalytic activation

e Optimal activity at pH 1.5-2.0
PROTEIN DIGESTION MECHANISM

e Pepsin is an endopeptidase enzyme

e Cleaves peptide bonds between aromatic amino acids
e Breaks down proteins into smaller polypeptides

e |Initiates protein digestion process

e Does not completely digest proteins to amino acids
PEPSIN CHARACTERISTICS

e Molecular weight: approximately 35,000 Da
e Stable in highly acidic environment
¢ |nactivated when pH rises above 5.0

e Works synergistically with gastric acid




SMALL INTESTINE STRUCTURE AND FUNCTIONS

ANATOMICAL DIVISIONS

The small intestine is the longest portion of the Gl tract, measuring

approximately 6-7 meters in length. It consists of three distinct regions:
DUODENUM

e First 25 cm of small intestine

C-shaped structure surrounding pancreatic head

Receives bile from gallbladder via common bile duct

Site of pancreatic enzyme entry through ampulla of Vater

Contains Brunner's glands secreting alkaline mucus
JEJUNUM

e Middle portion (approximately 2.5 meters)
e Characterized by prominent circular folds (plicae circulares)
e Rich vascular supply giving characteristic red appearance

e Primary site for nutrient absorption
ILEUM

e Terminal portion (approximately 3.5 meters)
e Contains Peyer's patches (lymphoid aggregations)
e Site of vitamin B12 and bile acid absorption

e Connects to large intestine at ileocecal junction



STRUCTURAL ADAPTATIONS FOR ABSORPTION &

SURFACE AREA ENHANCEMENT The small intestine maximizes
absorption through three levels of structural organization:

CIRCULAR FOLDS (PLICAE CIRCULARES)

e Permanent transverse folds of mucosa and submucosa
¢ Increase surface area by factor of 3
e Force chyme to follow spiral path

e Enhance mixing and contact time
INTESTINAL VILLI

¢ Finger-like projections of mucosa
e Approximately 0.5-1.5 mm in height
e Contain capillary network and central lacteal

e Increase surface area by factor of 10
MICROVILLI (BRUSH BORDER)

e Microscopic projections on epithelial cell surface

Contain digestive enzymes

Increase surface area by factor of 20

Total surface area amplification: 600-fold

SMALL INTESTINE FUNCTIONS
DIGESTION COMPLETION



e Pancreatic enzymes complete macronutrient breakdown
e Brush border enzymes finalize carbohydrate and protein digestion

¢ Bile acids emulsify fats for lipase action
NUTRIENT ABSORPTION

e Carbohydrates absorbed as monosaccharides
e Proteins absorbed as amino acids and dipeptides
e Lipids absorbed as fatty acids and monoglycerides

e Water-soluble vitamins absorbed by specific transport mechanisms

WATER AND ELECTROLYTE BALANCE

e Absorbs 8-10 liters of fluid daily
e Maintains sodium-potassium balance

e Regulates chloride and bicarbonate levels

LARGE INTESTINE ANATOMY AND PHYSIOLOGY ©

ANATOMICAL STRUCTURE

The large intestine extends from the ileocecal junction to the anus,
measuring approximately 1.5 meters in length. It consists of several distinct

regions with specialized functions.
REGIONAL DIVISIONS

e Cecum: Pouch-like initial portion with vermiform appendix

¢ Ascending Colon: Extends upward along right side of abdomen



¢ Transverse Colon: Crosses abdomen from right to left

¢ Descending Colon: Descends along left side of abdomen
e Sigmoid Colon: S-shaped portion leading to rectum

e Rectum: Terminal storage chamber for feces

e Anal Canal: Final passage with internal and external sphincters

STRUCTURAL CHARACTERISTICS
DISTINCTIVE FEATURES

e Teniae Coli: Three longitudinal muscle bands
e Haustra: Pouched sections between teniae coli
¢ Epiploic Appendages: Small fat-filled pouches

e **Larger diameter than small intestine
COLONIC WALL STRUCTURE

e Mucosa lacks villi but contains numerous crypts
e Abundant goblet cells producing protective mucus
e Muscularis externa modified with teniae coli arrangement

e Serosa covers most of large intestine

LARGE INTESTINE FUNCTIONS
WATER ABSORPTION

e Absorbs 1-2 liters of water daily
e Concentrates liquid chyme into semi-solid feces

e Maintains body fluid balance



ELECTROLYTE ABSORPTION

e Absorbs sodium, chloride, and potassium
e Secretes potassium and bicarbonate

e Maintains electrolyte homeostasis
FECAL FORMATION AND STORAGE

e Compacts waste material into feces
e Stores feces in sigmoid colon and rectum

e Controls defecation through sphincter mechanisms
BACTERIAL FERMENTATION

e Houses beneficial microbiota
e Fermentation produces short-chain fatty acids

e Synthesizes vitamin K and some B vitamins

ACCESSORY DIGESTIVE ORGANS ..

SALIVARY GLANDS ()
MAJOR SALIVARY GLANDS



Daily

Gland Location Secretion Type
Output
Below and in front of 1000-1500
Parotid Serous (watery)
ears ml
Mixed (serous and
Submandibular | Floor of mouth 700 ml
mucous)
Sublingual Under tongue Mucous (thick) 70 ml

SALIVARY COMPOSITION AND FUNCTIONS

e Water: 99.5% of saliva volume

e Amylase: Initiates starch digestion

e Lysozyme: Antimicrobial enzyme

e Immunoglobulin A: Immune protection

e Mucin: Lubrication and protection

e Electrolytes: Sodium, potassium, chloride, bicarbonate

PHYSIOLOGICAL FUNCTIONS

¢ Moistens and lubricates food for swallowing

e Begins carbohydrate digestion through a-amylase

e Provides antimicrobial protection

e Maintains oral pH through bicarbonate buffering

e Facilitates taste perception

e Aids in speech articulation

PANCREAS &




ANATOMICAL STRUCTURE The pancreas is a mixed gland with both
exocrine and endocrine functions, located posterior to the stomach in the

retroperitoneal space.
REGIONAL ANATOMY

e Head: Nestled in curve of duodenum
e Body: Central portion crossing vertebral column

e Tail: Extends toward spleen
PANCREATIC DUCT SYSTEM

e Main pancreatic duct (Wirsung) drains entire gland
e Accessory pancreatic duct (Santorini) drains upper portion

e Ampulla of Vater: Common opening with bile duct

EXOCRINE FUNCTIONS The pancreas produces 1.5-2.0 liters of pancreatic

juice daily containing:
DIGESTIVE ENZYMES

¢ Trypsinogen: Activated to trypsin for protein digestion

Chymotrypsinogen: Activated to chymotrypsin

Proelastase: Activated to elastase

Pancreatic Lipase: Digests triglycerides

Pancreatic Amylase: Digests starch and glycogen

¢ Ribonuclease and Deoxyribonuclease: Digest nucleic acids

BICARBONATE SECRETION



e Neutralizes acidic chyme from stomach

e Creates optimal pH (8.0-8.5) for enzyme activity

e Protects duodenal mucosa from acid damage

LIVER &

ANATOMICAL ORGANIZATION The liver is the largest internal organ,

weighing approximately 1.4 kg in adults. It consists of functional units

called hepatic lobules.

HEPATIC LOBULE STRUCTURE

e Hepatocytes: Primary functional cells arranged in plates

e Central Vein:; Drains blood from lobule center

e Portal Triads: Contains hepatic artery, portal vein, and bile duct

¢ Sinusoids: Blood spaces between hepatocyte plates

o Kupffer Cells: Resident macrophages in sinusoids

HEPATIC FUNCTIONS

Function Category

Specific Functions

Metabolic

Glucose homeostasis, protein synthesis, lipid metabolism

Detoxification

Drug metabolism, toxin neutralization

Storage

Glycogen, vitamins A, D, E, K, B12, iron

Synthesis

Plasma proteins, clotting factors, bile

BILE PRODUCTION AND COMPOSITION

e Daily production: 600-1200 ml




¢ Bile Salts: Emulsify dietary fats

¢ Bilirubin: Waste product from hemoglobin breakdown
e Cholesterol: Precursor for bile acid synthesis

e Phospholipids: Aid in fat digestion

e Electrolytes: Maintain osmotic balance
GALLBLADDER FUNCTION

e Concentrates bile by removing water and electrolytes
e Stores 30-50 ml of concentrated bile
e Contracts in response to cholecystokinin (CCK)

e Releases bile into duodenum during fat digestion

GASTROINTESTINAL MOVEMENTS

TYPES OF GASTROINTESTINAL MOTILITY

PERISTALSIS Peristalsis is a coordinated wave of muscle contractions that
propels contents through the Gl tract.

MECHANISM

e Sequential contraction of circular muscle behind bolus
e Simultaneous relaxation of circular muscle ahead of bolus
e Coordinated by enteric nervous system

e Unidirectional movement toward anus

REGIONAL VARIATIONS



e Esophageal: Primary and secondary waves

e Gastric: Antral contractions for grinding

¢ Small Intestinal: Migrating motor complexes
e Colonic: Mass movements for propulsion

SEGMENTATION Segmentation involves localized contractions that mix

intestinal contents without significant propulsion.
CHARACTERISTICS

e Alternating contraction and relaxation of circular muscle
e Creates chopping and mixing motion
e Enhances contact between chyme and absorptive surface

e Predominant in small intestine during digestive period

GASTRIC MOTILITY PATTERNS
RECEPTIVE RELAXATION

e Fundus and body relax to accommodate food
e Mediated by vagal-cholinergic pathways
e Allows storage without pressure increase

e Facilitates gradual gastric emptying
ANTRAL CONTRACTIONS

e Strong peristaltic waves in gastric antrum
e Grind food particles against closed pyloric sphincter

e Break down food into particles smaller than 2mm



e Coordinate with pyloric sphincter opening
GASTRIC EMPTYING REGULATION

e Liquids: Empty exponentially based on volume
¢ Solids: Empty linearly after lag phase
e Neural Control: Vagal stimulation accelerates emptying

e Hormonal Control: CCK and GIP slow emptying

SMALL INTESTINAL MOTILITY
FED STATE MOTILITY

e Irregular segmental contractions
e Facilitate mixing and absorption
e Slow propulsive movement

e Coordinated by enteric nervous system
FASTED STATE MOTILITY Migrating Motor Complex (MMC)

e Occurs every 90-120 minutes during fasting

e Consists of three distinct phases

¢ Phase I: Motor quiescence (45-60 minutes)

e Phase Il: Irregular contractions (20-40 minutes)

e Phase Ill: Regular powerful contractions (5-10 minutes)

e Sweeps undigested material toward colon



COLONIC MOTILITY PATTERNS

SEGMENTAL CONTRACTIONS

e |ocalized contractions creating haustral sacs
e Promote water absorption
e Mix colonic contents

¢ Slow movement allows bacterial fermentation
MASS MOVEMENTS

e Strong propulsive contractions
e Move contents overlong distances
e Occur 1-3 times daily

e Often triggered by meals (gastrocolic reflex)
DEFECATION REFLEX

¢ |Initiated by rectal distension
e Relaxation of internal anal sphincter
e \oluntary control of external anal sphincter

e Coordinated by sacral spinal centers

DIGESTION AND ABSORPTION |-

CARBOHYDRATE DIGESTION AND ABSORPTION
DIGESTION PHASES



Location Enzyme Substrate Product

Mouth Salivary amylase Starch Maltose, dextrins

Small Intestine | Pancreatic amylase | Starch, glycogen | Maltose, isomaltose

Brush Border Maltase Maltose Glucose
Brush Border Sucrase Sucrose Glucose + Fructose
Brush Border Lactase Lactose Glucose + Galactose

ABSORPTION MECHANISMS

¢ Glucose and Galactose: SGLT1 (sodium-dependent) transporter
e Fructose: GLUT5 facilitated diffusion
e Basolateral Transport: GLUT?2 transporter into blood

e Portal Circulation: Transport to liver for metabolism

PROTEIN DIGESTION AND ABSORPTION
GASTRIC PHASE

e Pepsin cleaves proteins into polypeptides
e Optimal activity in acidic environment (pH 1.5-2.0)
e Denatures protein structure

e Activates pancreatic enzyme precursors
PANCREATIC PHASE Endopeptidases

e Trypsin: Cleaves after basic amino acids (lysine, arginine)
e Chymotrypsin: Cleaves after aromatic amino acids

e Elastase: Cleaves after small, uncharged amino acids



Exopeptidases

e Carboxypeptidase A: Removes aromatic and branched amino acids

e Carboxypeptidase B: Removes basic amino acids
BRUSH BORDER DIGESTION
e Multiple peptidases complete protein breakdown

e Dipeptidases and tripeptidases

e Aminopeptidases remove N-terminal amino acids
ABSORPTION MECHANISMS

e Amino Acids: Multiple specific transporters

e Dipeptides/Tripeptides: PepT1 transporter

e Basolateral Transport: Various amino acid transporters

e Portal Circulation: Transport to liver

LIPID DIGESTION AND ABSORPTION
EMULSIFICATION

¢ Bile salts reduce surface tension
e Create stable emulsion of fat droplets
¢ Increase surface area for enzyme action

e Essential for efficient lipid digestion

ENZYMATIC DIGESTION

e Pancreatic Lipase: Hydrolyzes triglycerides



¢ Colipase: Cofactor for pancreatic lipase
¢ Phospholipase A2: Digests phospholipids

e Cholesterol Esterase: Digests cholesterol esters
MICELLE FORMATION

e Bile salts form mixed micelles with digestion products
e Facilitate transport to brush border
e Enable absorption of fat-soluble vitamins

e Critical for lipid absorption
ABSORPTION AND TRANSPORT

¢ Short-chain fatty acids: Direct portal circulation
¢ Long-chain fatty acids: Chylomicron formation
¢ Fat-soluble vitamins: Incorporated into chylomicrons

e Lymphatic transport: Chylomicrons enter lymph system

DISORDERS OF GASTROINTESTINAL TRACT !

GASTRIC DISORDERS
PEPTIC ULCER DISEASE Peptic ulcers are erosions in gastric or duodenal

mucosa extending through muscularis mucosa.
ETIOLOGY

¢ Helicobacter pylori infection: Most common cause (70% of gastric,
90% of duodenal ulcers)



¢ NSAIDs: Inhibit cyclooxygenase, reduce prostaglandin protection
¢ Zollinger-Ellison syndrome: Gastrin-secreting tumors

e Stress ulcers: ICU patients, burns, trauma
PATHOPHYSIOLOGY

¢ Imbalance between aggressive factors (acid, pepsin) and protective
factors (mucus, bicarbonate)

e H. pylori disrupts mucus layer and stimulates inflammatory response

e NSAIDs reduce prostaglandin-mediated protection

GASTROESOPHAGEAL REFLUX DISEASE (GERD) Chronic condition

characterized by reflux of gastric contents into esophagus.
MECHANISM

e Lower esophageal sphincter dysfunction
e |Impaired esophageal clearance mechanisms
e Delayed gastric emptying

e Hiatal hernia contribution

SMALL INTESTINAL DISORDERS
MALABSORPTION SYNDROMES Conditions characterized by inadequate

absorption of nutrients.
CELIAC DISEASE

e Autoimmune disorder triggered by gluten

e Villous atrophy and crypt hyperplasia



e Malabsorption of nutrients, especially fat-soluble vitamins

e Treatment: Gluten-free diet

CROHN'S DISEASE

¢ Inflammatory bowel disease affecting any part of Gl tract

e Transmural inflammation with granulomas
e Skip lesions with normal mucosa between affected areas

e Complications: Strictures, fistulas, abscesses

LARGE INTESTINAL DISORDERS

ULCERATIVE COLITIS
¢ Inflammatory bowel disease limited to colon and rectum
e Continuous mucosal and submucosal inflammation

e Begins in rectum and extends proximally

¢ |ncreased risk of colorectal cancer
IRRITABLE BOWEL SYNDROME (IBS)

e Functional disorder without structural abnormalities
e Altered gut-brain axis communication
e Symptoms: Abdominal pain, altered bowel habits

e Treatment: Dietary modifications, stress management
CONSTIPATION

e Decreased frequency of bowel movements



e Hard, dry stools difficult to pass
e May result from slow colonic transit or defecatory disorders

e Treatment: Increased fiber, fluids, exercise

ENERGETICS AND ATP FORMATION

ATP (ADENOSINE TRIPHOSPHATE) STRUCTURE AND
FUNCTION

MOLECULAR STRUCTURE ATP consists of three components:

e Adenine: Purine base

¢ Ribose: Five-carbon sugar

e Three Phosphate Groups: Connected by high-energy
phosphoanhydride bonds

HIGH-ENERGY BONDS
e Terminal two phosphate bonds contain high energy (7.3 kcal/mol
each)
e Energy released during ATP hydrolysis powers cellular processes
e ATP + H,O — ADP + Pi + Energy

e Reversible reaction requiring energy input for ATP synthesis

ATP FORMATION PATHWAYS

CELLULAR RESPIRATION The primary method of ATP production in cells

occurs through three interconnected processes:



GLYCOLYSIS

e Occurs in cytoplasm

e Glucose broken down to pyruvate

e Net production: 2 ATP molecules per glucose
e Anaerobic process (doesn't require oxygen)

e Substrate-level phosphorylation
CITRIC ACID CYCLE (KREBS CYCLE)

e Occurs in mitochondrial matrix

e Pyruvate oxidized to CO, and H,O

e Net production: 2 ATP molecules per glucose

e Produces'NADH and FADH, for electron transport

e Requires oxygen indirectly
ELECTRON TRANSPORT CHAIN

e Located in inner mitochondrial membrane

e NADH and FADH, oxidized to produce ATP

¢ Net production: 32-34 ATP molecules per glucose
e Oxidative phosphorylation process

e Directly requires oxygen as terminal electron acceptor



TOTAL ATP YIELD FROM GLUCOSE

Oxygen
Process Location ATP Yield w9
Required
Glycolysis Cytoplasm 2 ATP No
Citric Acid Cycle | Mitochondrial Matrix 2 ATP Indirectly
Electron Inner Mitochondrial
32-34 ATP | Yes
Transport Membrane
36-38
Total
ATP

ALTERNATIVE ENERGY SOURCES

e Fatty Acid Oxidation: Produces more ATP per carbon than glucose

¢ Protein Catabolism: Amino acids enter various points in metabolic

pathways

¢ Ketone Bodies: Alternative fuel during fasting or low carbohydrate

states

CREATINE PHOSPHATE SYSTEM ~
STRUCTURE AND FUNCTION Creatine phosphate serves as a rapid

energy buffer in muscle tissue.
MOLECULAR CHARACTERISTICS

e High-energy phosphate compound
e Molecular formula: C4H1oN3OsP

e Stores energy in phosphocreatine bonds



e Higher energy content than ATP (10.3 kcal/mol)
CREATINE PHOSPHATE SHUTTLE Energy Storage Phase (muscle rest):

e ATP + Creatine — ADP + Phosphocreatine
e (Catalyzed by creatine kinase enzyme

e Occurs when ATP levels are high
Energy Release Phase (muscle contraction):

e Phosphocreatine + ADP — ATP + Creatine
e Rapidly regenerates ATP during high-energy demands

e Provides energy for first 10-15 seconds of intense activity
PHYSIOLOGICAL SIGNIFICANCE

e Maintains ATP levels during rapid energy demands

Particularly important in skeletal and cardiac muscle

Enables sustained muscle contraction

Buffer against ATP depletion

Facilitates energy transport from mitochondria to myofibrils

ENERGY METABOLISM INTEGRATION
METABOLIC FLEXIBILITY

e Cells adapt fuel utilization based on availability
e Fed state: Glucose primary fuel source

e Fasted state: Shift to fatty acid oxidation



e Exercise: Utilization of muscle glycogen and creatine phosphate
ENERGY REGULATION MECHANISMS

¢ Allosteric Regulation: Key enzymes respond to energy charge
e Hormonal Control: Insulin, glucagon, epinephrine modulate pathways

e Substrate Availability: Fuel selection based on nutrient status

BASAL METABOLIC RATE (BMR) |

DEFINITION AND CONCEPT

Basal Metabolic Rate represents the minimum energy expenditure required
to maintain essential physiological functions in a resting, fasted state at

thermoneutral temperature.
MEASUREMENT CONDITIONS

¢ Resting State: No physical activity for at least 12 hours

Fasted Condition: No food intake for 12-14 hours

Thermoneutral Environment: Comfortable temperature (20-25°C)

Mental Rest: No psychological stress or excitement

Post-absorptive State: Complete digestion and absorption

BMR COMPONENTS AND ENERGY DISTRIBUTION

ORGAN SYSTEM CONTRIBUTIONS



Organ

BMR
Energy Functions
System Percentage
) Neural transmission, maintenance of ion
Brain 20% .
gradients
Liver 18% Protein synthesis, detoxification, metabolism
Skeletal ) S
18% Protein turnover, maintaining muscle tone
Muscle
Heart 10% Cardiac muscle contraction, circulation
Kidneys 7% Filtration, reabsorption, ion regulation
Other Organs | 27% Various metabolic processes

CELLULAR ENERGY REQUIREMENTS

¢ Protein Synthesis: 20% of cellular energy expenditure

¢ Na*-K* ATPase: 19% for maintaining ion gradients

¢ Gluconeogenesis: 10% for glucose production

¢ Lipogenesis: 8% for fat synthesis

e Substrate Cycling: Various futile cycles consuming energy

FACTORS AFFECTING BMR
PHYSIOLOGICAL FACTORS

e Body Size: Larger individuals have higher absolute BMR

¢ Body Surface Area: Heat loss proportional to surface area

e Age: BMR decreases approximately 2% per decade after age 30

¢ Gender: Males typically have 10-15% higher BMR than females




e Muscle Mass: Metabolically active tissue increases BMR

HORMONAL INFLUENCES

¢ Thyroid Hormones: Primary regulators of metabolic rate
e Growth Hormone: Stimulates protein synthesis and metabolism

e Catecholamines: Increase metabolic rate through -adrenergic
stimulation

¢ Insulin: Affects glucose metabolism and anabolic processes
ENVIRONMENTAL FACTORS

e Temperature: Cold exposure increases BMR (thermogenesis)
e Altitude: Higher altitudes may increase metabolic demands

¢ Seasonal Variations: BMR may fluctuate with seasonal changes

NUTRITIONAL STATUS
¢ Caloric Restriction: Prolonged fasting decreases BMR (adaptive
thermogenesis)
¢ Overfeeding: May slightly increase BMR

¢ Protein Intake: Higher thermic effect compared to carbohydrates and
fats

BMR MEASUREMENT METHODS
DIRECT CALORIMETRY

e Measures heat production directly

e Subject placed in insulated chamber



e Heat output measured by temperature changes

e Gold standard but impractical for routine use
INDIRECT CALORIMETRY

e Measures oxygen consumption and CO, production
e Calculates energy expenditure using respiratory quotient
e More practical for clinical and research applications

e Metabolic carts commonly used in hospitals
PREDICTIVE EQUATIONS Common equations for estimating BMR:
Harris-Benedict Equation (Revised)

e Men: BMR = 88.362 + (13.397 x weight in kg) + (4.799 x height in cm)
- (5.677 x age in years)
e Women: BMR = 447.593 + (9.247 x weight in kg) + (3.098 x height in
cm) - (4.330 x age in years)
Mifflin-St Jeor Equation
e Men: BMR = (10 x weight in kg) + (6.25 x height in cm) - (5 x age in
years) + 5

e Women: BMR = (10 x weight in kg) + (6.25 x height in cm) - (5 x age
in years) - 161

BMR CLINICAL SIGNIFICANCE
METABOLIC ASSESSMENT

e Baseline for calculating total daily energy expenditure



e Assessment of metabolic health status
e Monitoring response to therapeutic interventions

e Evaluation of thyroid function abnormalities
NUTRITIONAL PLANNING

e Foundation for determining caloric requirements
e Weight management program development
e Clinical nutrition support calculations

e Sports nutrition and performance optimization
DISEASE STATES AFFECTING BMR
HYPERTHYROIDISM

e Increased BMR by 20-30%
e Elevated T3 and T4 hormone levels
e Symptoms: Weight loss, heat intolerance, tachycardia

e Treatment normalizes BMR
HYPOTHYROIDISM

e Decreased BMR by 15-20%
e Reduced thyroid hormone production
e Symptoms: Weight gain, cold intolerance, fatigue

e Hormone replacement therapy restores normal BMR

FEVER



e BMR increases 7% per degree Celsius elevation

¢ Increased protein catabolism and energy demands

e Enhanced immune system activity

e Temporary elevation during illness
MALNUTRITION

e Adaptive decrease in BMR (up to 40%)

e Preservation mechanism during starvation

e Reduced lean body mass

e Metabolic adaptation to caloric restriction

TOTAL DAILY ENERGY EXPENDITURE (TDEE)

COMPONENTS OF ENERGY EXPENDITURE

Percentage of

Component Description

TDEE
BMR/RMR 60-75% Basic physiological functions
Thermic Effect of

8-10% Energy cost of digestion
Food
Physical Activity 15-25% Planned exercise and sports

Non-exercise activity

NEAT 5-15%

thermogenesis

THERMIC EFFECT OF FOOD (TEF)

e Energy cost of digesting, absorbing, and metabolizing nutrients




Protein: 20-30% of calories consumed

Carbohydrates: 5-10% of calories consumed

Fats: 0-3% of calories consumed

Peak effect 1-3 hours after meal consumption
NON-EXERCISE ACTIVITY THERMOGENESIS (NEAT)
e Energy expended for activities other than sleeping, eating, or sports-

like exercise

¢ Includes fidgeting, maintaining posture, spontaneous muscle

contraction
e Highly variable between individuals

e Can vary by up to 2000 calories daily between people

METABOLIC ADAPTATION AND REGULATION
ADAPTIVE THERMOGENESIS

e Metabolic adjustment to changes in energy intake
e Decrease in BMR during prolonged caloric restriction
e Mechanism for energy conservation during food scarcity

e Can persist after weight loss, complicating weight maintenance
BROWN ADIPOSE TISSUE THERMOGENESIS

e Specialized fat tissue for heat production
e Contains mitochondria rich in uncoupling protein 1 (UCP1)

e Activated by cold exposure and sympathetic nervous system



e Contributes to metabolic rate regulation
HORMONAL REGULATION OF METABOLISM
LEPTIN

e Produced by adipose tissue
¢ Signals energy sufficiency to hypothalamus
e Increases energy expenditure when levels are high

e Decreases during caloric restriction, reducing BMR
GHRELIN

e Produced by stomach during fasting
e Stimulates appetite and reduces energy expenditure
e Levels increase before meals and decrease after eating

e Part of homeostatic energy balance system

CLINICAL APPLICATIONS AND IMPLICATIONS
OBESITY MANAGEMENT

e BMR assessment guides caloric restriction recommendations
e Understanding of metabolic adaptation informs treatment strategies
e Preservation of lean body mass maintains higher BMR

e Exercise programs enhance total daily energy expenditure
CRITICAL ILLNESS

e BMR may increase 20-50% during severe illness



e Hypermetabolism due to inflammatory response
¢ Increased protein requirements for healing

e Nutritional support based on measured or estimated energy needs
AGING AND METABOLISM

e Progressive decline in BMR with advancing age
e Loss of muscle mass (sarcopenia) major contributing factor
e Hormonal changes affect metabolic rate

e Resistance training helps maintain metabolic rate

GENDER DIFFERENCES IN METABOLISM

e Women typically have lower BMR due to smaller body size and less
muscle mass

e Hormonal fluctuations during menstrual cycle affect metabolic rate

e Pregnancy and lactation significantly increase energy requirements

e Menopause associated with metabolic changes

PRACTICAL CONSIDERATIONS
BMR TESTING PROTOCOLS

e 12-hour fast prior to measurement

Avoid caffeine, nicotine, and alcohol

Comfortable room temperature (22-26°C)

Lying position with minimal movement

10-30 minute measurement period for accuracy



LIMITATIONS OF PREDICTIVE EQUATIONS

e May overestimate or underestimate individual BMR by 10-20%
e Based on population averages, not individual variations
e Do not account for metabolic adaptations

e Less accurate in very lean or obese individuals
FACTORS IMPROVING BMR ACCURACY

e Use of indirect calorimetry when available
e Consideration of body composition (muscle vs. fat mass)
e Assessment of thyroid function in suspected cases

¢ Accounting for medications affecting metabolism

SUMMARY AND INTEGRATION @

DIGESTIVE SYSTEM INTEGRATION

The digestive system represents a complex, coordinated network of organs
working together to accomplish the fundamental task of nutrient
acquisition and processing. From the initial mechanical and chemical
breakdown in the mouth and stomach, through the sophisticated
absorption mechanisms of the small intestine, to the final water recovery
and waste processing in the large intestine, each component plays a crucial

role in maintaining nutritional homeostasis.

KEY PHYSIOLOGICAL CONCEPTS



e Surface Area Maximization: The 600-fold increase in surface area
through circular folds, villi, and microvilli demonstrates the

evolutionary optimization for absorption efficiency

¢ Neural and Hormonal Coordination: The enteric nervous system,
combined with hormonal signals like gastrin, CCK, and secretin,

ensures appropriate timing and magnitude of digestive responses

¢ Protective Mechanisms: Multiple layers of protection, from salivary
antimicrobials to gastric mucus barriers, maintain system integrity

while processing potentially harmful substances

ENERGETICS AND METABOLISM

The intricate relationship between nutrient processing and energy
production highlights the fundamental importance of the digestive system
in cellular energetics. The coordination between ATP production pathways,
creatine phosphate systems, and basal metabolic requirements ensures

continuous energy availability for all physiological processes.
METABOLIC FLEXIBILITY
e The body's ability to shift between different fuel sources (glucose, fatty
acids, amino acids) based on availability and physiological demands

¢ Integration of fed and fasted states through hormonal regulation

e Adaptation of metabolic rate to environmental and nutritional

challenges

CLINICAL RELEVANCE

Understanding the normal physiology of digestion and energetics provides

the foundation for recognizing and treating pathological conditions. From



peptic ulcer disease to metabolic disorders, the principles covered in this

unit form the basis for clinical decision-making in healthcare practice.
FUTURE CONSIDERATIONS

e Microbiome interactions with digestive physiology
e Personalized nutrition based on individual metabolic profiles
e Therapeutic targeting of specific digestive and metabolic pathways

¢ Integration of digestive health with overall systemic wellness

This comprehensive overview of the digestive system and energetics
provides the essential knowledge base for understanding human

physiology and its clinical applications in pharmacy practice.



