
Anatomy/physiology large bowel

DD 
University of Pretoria 

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.  |  Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.

Dr israa.H.Bashir 
University of Pretoria 



Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Anatomical Extent

• Terminal portion of the gastrointestinal tract extending from 
the ileocecal valve to the anal verge.

• Comprises the colon, rectum and anal canal.

• Average adult length: approximately 150 cm.

• Serves as the interface between the small intestine and the 
anorectum.
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Components of the Large Bowel

• Cecum (with vermiform appendix)

• Ascending colon

• Hepatic (right colic) flexure

• Transverse colon

• Splenic (left colic) flexure

• Descending colon

• Sigmoid colon

• Rectum

• Anal canal
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Distinguishing Features

• Three taeniae coli (libera, omentalis and mesocolica).

• Haustra (segmental sacculations).

• Semilunar folds (plicae semilunares coli).

• Appendices epiploicae (fat-filled peritoneal appendages).

• Straight crypts of Lieberkühn with abundant goblet cells.

• Absence of villi.

• Progressive reduction in luminal diameter from cecum to sigmoid colon.
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The Large Bowel
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Hallmark Microscopic Features

• Normal colon has straight, parallel crypts extending from muscularis mucosae to the luminal surface; 

unlike small bowel, there are no villi.

•  Crypt epithelium is dominated by absorptive colonocytes and abundant MUC2-rich goblet cells; 
enteroendocrine and tuft cells are sparse.
•  Crypt architecture is uniform: regular spacing, similar crypt diameter and orderly maturation along the 
crypt–surface axis.
•  Lamina propria contains a physiologic mononuclear infiltrate (lymphocytes, plasma cells and 
macrophages); density normally increases toward the surface.
•  Neutrophils in crypt epithelium (cryptitis/crypt abscesses), basal plasmacytosis, crypt distortion/branching 
or Paneth-cell metaplasia in the left colon support pathologic chronic-active colitis.

Feakins RM, et al. J Crohns Colitis. 2024;18:175–191.  |  Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.



Colonoscopy& Clinical Relevance

• Recognition of taeniae coli, haustra and semilunar folds facilitates accurate segment identification.

• Anatomical landmarks improve cecal intubation, lesion localization and therapeutic endoscopy.

• Segment-specific anatomy influences the distribution of colorectal cancer, diverticular disease, volvulus 

and inflammatory bowel disease.
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Cecum

• Blind-ended intraperitoneal pouch in the right iliac fossa; widest segment of the colon.

• Boundaries: ileocecal valve proximally; ascending colon distally.

• Key landmarks: ileocecal valve, appendiceal orifice, triradiate fold, convergence of the three taeniae 

coli.

• Relations: terminal ileum (medial), anterior abdominal wall (anterior), iliacus and psoas (posterior).

• Peritoneal relationship: usually intraperitoneal with variable mobility.

• Endoscopic recognition: appendiceal orifice + ileocecal valve confirm cecal intubation.

• Clinical relevance: sessile serrated lesions, appendiceal –orifice pathology, ileocecal Crohn disease/ 

TB, anomalous fixation →mobile cecum →cecal volvulus.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Ascending Colon

• Extends from the cecum to the hepatic flexure (~15–20 cm).

• Three taeniae coli, haustra and appendices epiploicae present.

• Relations: right kidney posteriorly; liver superiorly; lateral abdominal wall laterally.

• Peritoneal relationship: secondarily retroperitonea.

• Endoscopic landmarks: straight lumen with widely spaced haustra.

• Clinical relevance: right-sided CRC, angioectasia, important site of fluid and electrolyte absorption.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Transverse Colon

• Longest and most mobile colonic segment.

• Extends from hepatic to splenic flexure.

• Suspended by the transverse mesocolon.

• Relations: stomach superiorly; pancreas posteriorly; greater omentum anteriorly.

• Peritoneal relationship: completely intraperitoneal.

• Endoscopic relevance: redundant loops are common; requires torque reduction.

• Clinical relevance: mobile transverse mesocolon and middle colic vessels are key surgical planes. close 

relation to stomach and pancreas matter in locally advanced disease .
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Descending Colon

• Extends from splenic flexure to sigmoid colon.

• Fixed along the left lateral abdominal wall.

• Relations: left kidney posteriorly; abdominal wall laterally.

• Peritoneal relationship: secondarily retroperitoneal.

• Endoscopic recognition: relatively fixed, narrow lumen.

• Clinical relevance: ischemic colitis ; splenic flexure is a watershed region (Griffith point). left-sided 

colorectal cancer.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Sigmoid Colon

• S-shaped highly mobile intraperitoneal segment extending to the rectosigmoid junction (S3).

• Attached by a long sigmoid mesocolon.

 .    Relations: pelvic viscera, left ureter, iliac vessels.

• Endoscopic relevance: commonest site of  colonoscope loop formation.

• Clinical relevance: diverticular disease, sigmoid volvulus .

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Rectum

• Measures 12–15 cm from rectosigmoid junction to anorectal junction.

• No taeniae coli, haustra or appendices epiploicae.

• Contains rectal ampulla and three transverse folds (valves of Houston).

• Surrounded by mesorectum containing vessels and lymphatics; enclosed by mesorectal fascia.

• Peritoneal relationship: upper third covered anteriorly/laterally; middle third anterior only; lower third 

entirely extraperitoneal.

• Relations: sacrum posteriorly; bladder/prostate (male) or uterus/vagina (female) anteriorly.

• Endoscopic landmarks: rectosigmoid junction, valves of Houston, anorectal junction.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Valves of Houston (Transverse Rectal Folds)

Definition

• Usually three permanent transverse folds of the rectum composed of mucosa, submucosa and some circular 

muscle.

• The middle fold (Kohlrausch's fold) is the largest and most constant. 

Functions

• Support the rectal reservoir /fecal column .

Clinical Importance

• Kohlrausch's fold approximates the level of the anterior peritoneal reflection, but anatomy is variable .

.       Careful endoscopic inspection is required as lesions may hide behind the folds.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.
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Anal Canal

• Measures approximately 3–4 cm from anorectal junction to anal verge. entirely extraperitoneal.

• Divided into columnar, transitional and squamous zones.

• Key landmarks: anal columns, anal valves, dentate line, white line of Hilton, anal verge.

• Internal anal sphincter (smooth muscle) and external anal sphincter (striated muscle); puborectalis 

contributes to continence.

• Dentate line: corresponds  to the endoderm-ectoderm embryological junction ;a key clinical 

watershed for epithelium ,sensation, vascular and lymphatic drainage .

• Endoscopic relevance: retroflexion permits assessment of distal rectum and anal canal.

• Clinical relevance: hemorrhoids, fissures, fistula-in-ano, HPV-associated anal neoplasia.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Embryologic Origin and Gut Rotation

• Primitive gut tube divides into foregut, midgut and hindgut (week 4).

• Midgut derivatives: cecum, appendix, ascending nin, proximal two-thirds of transverse colon.

• Hindgut derivatives: distal one-third of transverse colon, descending colon, sigmoid colon, rectum 

and upper anal canal.

• Midgut undergoes physiological herniation (week 6), 270° counter-clockwise rotation around the 

SMA, returning during weeks 10–12.

• Arterial territories established: SMA (midgut), IMA (hindgut).

Sadler TW. Langman's Medical Embryology. 15th ed. 2023.



Fixation and Anorectal Development

• Cecal bud appears during week 6; appendix develops from its distal end.

• Ascending and descending colon become secondarily retroperitoneal; transverse and sigmoid colon 

retain mesocolon.

• Cloaca is divided by the urorectal septum into the anorectal canal and urogenital sinus.

• Dentate line marks the transition between endoderm-derived upper anal canal and ectoderm-derived 

lower anal canal.

• Neural crest migration forms the enteric nervous system.

Sadler TW. Langman's Medical Embryology. 15th ed. 2023.



Clinical Correlation

• Hirschsprung disease: failure of neural crest migration.

• Malrotation and non-rotation result from abnormal midgut rotation.

• Mobile cecum and abnormal fixation predispose to volvulus.

• Mesenteric lymphovascular anatomy determines routes of colorectal cancer spread .

Sadler TW. Langman's Medical Embryology. 15th ed. 2023.  |  Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Normal Colonic Histology & Functional Microanatomy

. Architecture: flat mucosal surface NO villi, straight, parallel crypts extend to the muscularis mucosae .        
•   Epithelium: Simple columnar with absorptive colonocytes + abundant goblet cells  MUC2 mucus and 
tight junctions maintain the mucosal barrier.
•  Lamina propria: normally contains plasma cells, lymphocytes, macrophages and lymphoid aggregates; 
epithelial neutrophils indicate active inflamation.

•  Crypt–surface axis: proliferative stem/progenitor cells proliferate at the crypt base → differentiate and 
migrate toward the surface.

•  Clinical pearl: Neutrophilic cryptitis/crypt abscesses=activity ;crypt distortion/branching + basal 
plasmacytosis + Paneth-cell metaplasia (distal to splenic flexure) support chronic mucosal injury.

Sleisenger & Fordtran. 12th ed. Elsevier; 2026. | Harrison’s Principles of Internal Medicine. 22nd ed. McGraw Hill; 2025. | Feakins R, et al. J Crohns Colitis. 2024;18:175–191.
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Arterial Supply

• Superior mesenteric artery (SMA): ileocolic, right colic and middle colic arteries supply the caecum, 

ascending colon and proximal two-thirds of the transverse colon.

• Inferior mesenteric artery (IMA): left colic, sigmoid and superior rectal arteries supply the distal 

transverse colon, descending colon, sigmoid colon and upper rectum.

• Middle rectal artery (internal iliac): variable contribution to the mid rectum.

• Inferior rectal artery (internal pudendal): supplies the anal canal below the dentate line.

• Marginal artery of Drummond provides the principal longitudinal collateral arcade.

• Arc of Riolan may enlarge in chronic mesenteric occlusive disease.

Clinical Pearls

- Griffith's point (splenic flexure) and Sudeck's point (rectosigmoid junction) are watershed areas susceptible to ischaemia.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Venous Drainage

• Veins accompany corresponding arteries.

• SMV drains right colon and proximal transverse colon.

• IMV drains left colon and sigmoid colon, usually into the splenic vein.

• Superior rectal vein drains to the portal venous system.

• Middle and inferior rectal veins drain into the internal iliac system (systemic circulation).

Clinical Pearls
- Rectum is a major porto-systemic anastomotic site.
- Explains preferential hepatic metastases from colon cancer and dual metastatic pathways from distal rectal cancer.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Lymphatic Drainage

• Colon: epicolic → paracolic → intermediate → central (apical) lymph nodes along SMA/IMA.

• Upper rectum drains to inferior mesenteric nodes.

• Mid and lower rectum drain predominantly to internal iliac nodes.

• Anal canal above dentate line drains to internal iliac/inferior mesenteric pathways.

• Anal canal below dentate line drains to superficial inguinal lymph nodes.

Clinical Pearls

- Lymphatic spread follows arterial pedicles and determines oncological resection planes.

- Inguinal node involvement is characteristic of squamous cell carcinoma below the dentate line.

Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.
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Integrated Neural Control of the Colon

• ENS = intrinsic controller: enteric sensory neurons, interneurons and motor/secretomotor neurons 

generate local reflexes within the bowel wall and can function independently of the CNS.

• Myenteric (Auerbach) plexus primarily coordinates smooth-muscle activity and motility; submucosal 

plexuses regulate secretion, absorption and mucosal blood flow.

• Extrinsic autonomic input tunes ENS circuits: parasympathetic input is generally pro-mobility and pro- 

-excitatory, whereas sympathetic pathways generally inhibit motility/secretion and regulate vascular 

tone.

  .  Take-home: colonic function emerges from ENS–ICC–smooth-muscle integration, continuously 

modulated by autonomic/CNS input—not from a single neural pathway.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.  |  Furness JB. Nat Rev Gastroenterol Hepatol. 2012;9:286–294.



Enteric Nervous System

• Excitatory transmitters: acetylcholine, substance P, tachykinins.

• Inhibitory transmitters: nitric oxide, VIP, ATP/purines.

Furness JB. Nat Rev Gastroenterol Hepatol. 2012;9:286-294.



Enteric nervous system: motor and sensory organization

Myenteric (Auerbach) plexus
between circular and longitudinal 
muscle; principal motility plexus.

Submucosal plexuses
Meissner and Schabadasch
networks regulate mucosal 
sensation, secretion absorption, 
and blood flow.

Intrinsic sensory neurons
Detect mechanical and chemical 
signals from the mucosa/gut wall.

Interneuronal circuits
link oral and aboral pathways to 
coordinate local reflexes.

Motor output
targets smooth muscle ,epithelium
and submucosal vasculature.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran's Gastrointestinal and Liver Disease. 12th ed. Elsevier; 2026. Ch 102, Fig. 102.4.



Interstitial Cells of Cajal (ICC)

• ICC are specialized mesenchymal pacemaker cells expressing KIT (CD117) and ANO1 

(TMEM16A/DOG1).

• Major colonic subtypes: ICC-MY(myenteric), ICC-IM (intramuscular), ICC-SM/SMP (submucosal).

• SIP syncytium :Smooth muscle cells+ICC =PDGFR⍺+cells are electrically coupled and function as an 

integrated unit, controlling smooth muscle excitability and contractility .

• Clinical pearl: ICC network loss/ dysfunction is associated with enteric neuromuscular dysmotility , 

particularly slow-transit constipation and chronic intestinal pseudo-obstruction .

Sanders KM, et al. Physiol Rev. 2014;94:859-907.



Extrinsic Autonomic Regulation

• Parasympathetic : Vagus nerve →proximal colon; pelvic splanchnic nerves (S2–S4) supply distal colon 

and rectum→↑motility and secretion.

• Sympathetic :thoracolumbar pathways(T10-L12) → mesenteric and hypogastric plexuses → ↓ motility 

and secretion ,vasoconstriction, and support IAS tone.

Furness JB. Nat Rev Gastroenterol Hepatol. 2012;9:286-294.  |  Standring S, ed. Gray's Anatomy. 43rd ed. Elsevier; 2026.



Extrinsic Innervation of the Human Colon

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran's Gastrointestinal and Liver Disease. 12th ed. Elsevier; 2026. Ch 102, Fig. 102.3.



Patterns of Colonic Motility & High-Resolution Colonic Manometry 
(HRCM)

Overview
Major motor patterns: Haustral contractions, Haustral fragmentation, Cyclic Motor Pattern (CMP), High-
Amplitude Propagated Contractions (HAPCs), Simultaneous Pressure Waves (SPWs).

Haustral Contractions

Segmenting contractions, slow ,rhythmic  non-propagating, that mix luminal contents, enhance 

water/electrolyte absorption and bacterial fermentation.(the commonest motor activity of the colon.

Haustral Fragmentation
Independent contraction of portions of a haustrum fragments stool, increasing surface area for 
fermentation and SCFA production.

Cyclic Motor Pattern (Rectosigmoid Brake)

Repetitive, retrograde contractions (2–6 cycles/min) in the rectosigmoid region limit rectal filling, 

contributing to continence. 

Lin AY, et al. Am J Physiol Gastrointest Liver Physiol. 2017;312:G508-G515.  |  Camilleri M, et al. Nat Rev Dis Primers. 2017;3:17095.



Colonic Motor Patterns: Propulsion & Clinical Manometry

High-Amplitude Propagated Contractions (HAPCs)
Most powerful propulsive contractions (>75–100 mmHg, often >30 cm propagation). Occur after waking, after meals, and 
with stimulant laxatives; responsible for mass movements and defecation. Reduced in slow-transit constipation/colonic 
inertia.

Simultaneous Pressure Waves
Non-propulsive pressure events that  are often associated with rapid movement of gas and/or liquid contents

High-Resolution Colonic Manometry (HRCM)

Uses closely spaced pressure sensors to characterize HAPCs, CMP, retrograde propagating sequences, and segmental 

motor patterns. Used in refractory constipation, suspected colonic inertia, pseudo-obstruction, pre-colectomy evaluation, 

and specialized motility assessment.

Clinical pearls
• HAPCs are the principal propulsive motor events of the colon.
• CMP functions as the rectosigmoid brake.
• HRCM is reserved for complex colonic dysmotility and selected pre-operative assessment.

Lin AY, et al. Am J Physiol Gastrointest Liver Physiol. 2017;312:G508-G515.  |  Camilleri M, et al. Nat Rev Dis Primers. 2017;3:17095.



High-Resolution Colonic Manometry (HRCM): Catheter Position

Illustrative catheter course through the colon

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran's Gastrointestinal and Liver Disease. 12th ed. Elsevier; 2026. Ch 102.



High-Amplitude Propagating Contractions (HAPCs): Manometric Pattern

Clinical pearl: HAPCs propagate aborally over long colonic segments and are the manometric correlate of colonic mass movement.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran's Gastrointestinal and Liver Disease. 12th ed. Elsevier; 2026. Ch 102, Fig. 102.8. Courtesy Prof. Phil Dinning.



Cyclic Motor Pattern (CMP): The Rectosigmoid Brake

What the tracing shows
• Repetitive cyclic pressure activity, typically 2–6 cycles/min.

• Most prominent in the rectosigmoid region.

• Retrograde activity limits rectal filling — the “rectosigmoid brake”.

High-resolution pressure topography

Lin AY, et al. Am J Physiol Gastrointest Liver Physiol. 2017;312:G508–G515.



THE DEFECATORY PROCESS

FOUR DISTINCT PHASES OF DEFECATION

1
BASAL PHASE
The rectum is largely empty; resting anal pressure exceeds rectal pressure. IAS tonic contraction(most resting anal pressure)/pelvic-floor tone , puborectalis muscle,and the 
rectosigmoid brake maintain continence.

2

PRE-EXPULSIVE PHASE
Propulsive colonic activity moves contents distally while the rectosigmoid brake is dampened. Rectal filling/distension evokes sensation and RAIR, allowing sampling and 
generating the conscious urge to defecate.

3

EXPULSIVE PHASE
The rectoanal pressure gradient reverses: IAS/pelvic floor relax reflexly and EAS/puborectalis relax voluntarily. The anal canal opens and abdominal plus rectal propulsive 
pressure expels stool.

4

END PHASE
After evacuation, the closing reflex restores anal sphincter and pelvic-floor tone. The anorectal angle and basal 
rectoanal pressure gradient are re-established, returning the system to continence.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger and Fordtran's Gastrointestinal and Liver Disease. 12th ed. Elsevier; 2026. Ch 102. | Heitmann PT, et al. Nat Rev Gastroenterol Hepatol. 2021;18:751–769.

CLINICAL PEARL  Dyssynergic defecation reflects failure of 
coordinated rectal propulsion with puborectalis/EAS 
relaxation during the expulsive phase; anorectal manometry 
plus balloon-expulsion testing assesses this physiology.



Defecography: Mechanics of Defecation

During evacuation, the anorectal angle widens, the anal canal opens, and the pelvic floor/perineum descends, 
permitting expulsion of rectal contrast.

Sleisenger and Fordtran’s Gastrointestinal and Liver Disease. Fig. 102.11 (defecography sequence).



Reflexes

• Gastrocolic, colocolonic and rectocolic reflexes coordinate transit.

• Rectoanal inhibitory reflex (RAIR): Rectal distension→ transient IAS relaxation allowing anorectal 

sampling, continence is preserved by the EAS/ puborectalis until defecation is appropriate.it is 

mediated predominantly by enteric inhibitory neurons (NO/VIP).

• Defecation reflex: Rectal distension→IAS relaxation+rectal propulsion; coordinated voluntary relaxation 

of the puborectalis and EAS permits evacuation

Furness JB. Nat Rev Gastroenterol Hepatol. 2012;9:286-294.  |  Camilleri M, et al. Nat Rev Dis Primers. 2017;3:17095.



Key Clinical Pearls

• The colonic motility is an integrated neuromuscular process , Not simply smooth- muscle contraction .

• The SIP syncytium (SMC-ICC-PDGFR⍺+ cells) Integrates neural signals into coordinated motor activity.

• HRCM identifies distinct motor patterns particularly HAPCs and cyclic motor patterns .

Furness JB. Nat Rev Gastroenterol Hepatol. 2012;9:286-294.  |  Sanders KM, et al. Physiol Rev. 2014;94:859-907.  |  Lin AY, et al. Am J Physiol Gastrointest Liver Physiol. 2017;312:G508-G515.



Clinical Correlations

• Hirschsprung disease: congenital distal aganglionosis and absent RAIR.

• Slow-transit constipation: ↓HAPCs ± ICC/ enteric neuromuscular dysfunction. 

• Defecatory disorders: impaired rectoanal coordination→ obstructed evacuation.

Sanders KM, et al. Physiol Rev. 2014;94:859-907.  |  Camilleri M, et al. Nat Rev Dis Primers. 2017;3:17095.



Functional Overview

• Water and electrolyte absorption.

• Fermentation of dietary fibre by the colonic microbiota.

• Production and absorption of short-chain fatty acids.

• Formation, storage and controlled evacuation of stool.

• Maintenance of mucosal barrier and immune homeostasis.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.  |  Boron WF, Boulpaep EL. Medical Physiology. 4th ed. Elsevier; 2022.



What does the colon do?

• Fluid salvage: receives ≅1–2 L/day under usual conditions ; final stool water is usually only ~100–200 

mL/day.

• Electrolyte and acid–base handling: absorbs Na⁺ and Cl⁻, secretes HCO₃⁻ and K⁺, and participates in 

systemic potassium balance.

• Microbial fermentation: converts otherwise indigestible carbohydrate into SCFAs, gases and microbial 

biomass.

• Barrier and immune organ: maintains a mucus-separated microbial ecosystem while permitting 

sampling of antigens and  mucosal tolerance.

• Storage and propulsion: dehydrates, stores and periodically expels fecal contents through 

coordinated segmental and mass movements.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.  |  Boron WF, Boulpaep EL. Medical Physiology. 4th ed. Elsevier; 2022.



Regional specialization along the colon

Region Dominant physiological role

Cecum / ascending High substrate availability; vigorous fermentation; major NaCl, SCFA and water absorption; lower pH.

Transverse Continued fermentation and mixing ;ongoing fluid / electrolytes salvage .

Descending / sigmoid Stool dehydration + storage; aldosterone-sensitive ENaC Na⁺ absorption .

Rectum Reservoir +sensory organ→ continence and coordinated defecation. 
Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.  |  Boron WF, Boulpaep EL. Medical Physiology. 4th ed. Elsevier; 2022.



Functional compartmentalization of the colonic crypt

Parikh K, et al. Nature. 2019;567:49-55.  |  Boron WF, Boulpaep EL. Medical Physiology. 4th ed. Elsevier; 2022.



The colonic microbiota as an ecosystem

Fan Y, Pedersen O. Nat Rev Microbiol. 2021;19:55-71.



Microbiota composition: what is clinically defensible?

• Scale: the colon contains the highest microbial density in the gastrointestinal tract and includes 

bacteria, archaea, fungi, viruses and bacteriophages.

• Dominant bacterial groups: Bacillota/Firmicutes and Bacteroidota commonly predominate, with 

Actinomycetota, Verrucomicrobiota and Proteobacteria/Pseudomonadota represented.

• Inter-individual variation: diet, medication, geography, age, bowel habit and sampling method 

strongly influence profiles.

• There is no universally “normal” microbiome, and routine commercial dysbiosis indices are not yet 

substitutes for validated clinical tests.

Fan Y, Pedersen O. Nat Rev Microbiol. 2021;19:55-71.



Drivers of microbiota structure and function

Driver Physiological effect

Dietary substrate Fiber  promotes SCFA production;, protein/fat generate different microbial metabolites.

Transit time Determine fermentation time ; slow transit→ prolonged fermentation/proteolysis, rapid transit limits microbial processing .

Oxygen / redox Epithelial oxygen consumption favors obligate anaerobes ; inflammation favors facultative organisms.

Medications Antibiotics, PPIs, metformin, laxatives and immunosuppressive therapy can reshape communities.

Bile acids
Primary bile acids undergo microbial deconjugation and conversion to secondary bile acids→ modulate microbiota, colonic 
motility, and host FXR/TGR5 signaling .

Host factors Age, genetics, immunity, mucus and disease shape the microbial ecosystem .
Fan Y, Pedersen O. Nat Rev Microbiol. 2021;19:55-71.  |  Mukhopadhya I, Louis P. Nat Rev Microbiol. 2025;23:635-651.



Microbial metabolic functions of the colon

• Dietary fiber→ SCFAs: fermentation produces acetate, propionate and butyrate; butyrate is a major 

fuel for mature colonocytes and supports barrier integrity.

• SCFAs are signaling molecules: they modulate epithelial transport, mucosal immunity, 

enteroendocrine signaling and colonic motility.

• Microbial cross-feeding sustains the ecosystem: metabolites such as acetate and lactate can be 

converted by other organisms into butyrate.

• Microbes also transform bile acids, tryptophan and synthesize vitamins (K2 and several B vitamins) , 

generating  bioactive metabolites that influence epithelial and immune function.

Mukhopadhya I, Louis P. Nat Rev Microbiol. 2025;23:635–651.  |  Fan Y, Pedersen O. Nat Rev Microbiol. 2021;19:55–71.



SCFA production and cross-feeding

Mukhopadhya I, Louis P. Nat Rev Microbiol. 2025;23:635-651.



Microbiota–immune crosstalk

• Barrier & separation — MUC2 mucus, tight junctions and antimicrobial programs restrict direct 

microbial contact with the epithelium.

• Controlled sensing — epithelial cells, macrophages and dendritic cells use PRRs (TLRs/NOD2) to sense 

microbes without excessive inflammation.

• Tolerance — secretory IgA contains luminal microbes; tolerogenic dendritic-cell/Treg pathways 

maintain mucosal immune homeostasis.

• Microbial metabolites — SCFAs (especially butyrate), bile-acid and tryptophan metabolites reinforce 

epithelial and regulatory immune pathways.

• Take-home — barrier failure + dysbiosis + maladaptive immunity can sustain IBD inflammation; routine 

microbiome profiling is not yet a treat-to-target endpoint.

Kayama H, et al. Annu Rev Immunol. 2020;38:583–609.  |  Mukhopadhya I, Louis P. Nat Rev Microbiol. 2025;23:635–651.



Clinical Take-Home Framework
Translate colonic anatomy and physiology into better bedside decisions.

1  STRUCTURE → DISEASE
Regional anatomy, wall layers and vascular watershed zones explain 
patterns of ischaemia, inflammation, obstruction and procedural risk.

2  CRYPT → BARRIER
Stem-cell renewal, MUC2 mucus, tight junctions and mucosal immunity 
maintain homeostasis; persistent disruption links inflammation to 
dysplasia.

3  TRANSPORT → DIARRHOEA
NaCl and water absorption plus K⁺/HCO₃⁻ handling explain the fluid, 
electrolyte and acid–base consequences of colonic disease.

4  MOTILITY → SYMPTOMS
ENS–ICC–smooth-muscle integration, transit and anorectal coordination 
provide the physiology behind constipation and defecatory disorders.

5  MICROBIOME → FUNCTION
Think metabolites rather than taxonomy: fibre-derived SCFAs—especially butyrate—support colonocyte energy, barrier integrity and immune regulation.

Last but not least: localize the physiology behind the symptom, then choose the targeted test—not the other way around.

Chung RT, Rubin DT, Wilcox CM, eds. Sleisenger & Fordtran. 12th ed. Elsevier; 2026.  |  Standring S, ed. Gray’s Anatomy. 43rd ed. Elsevier; 2026.  |  Mukhopadhya I, Louis P. Nat Rev Microbiol. 2025;23:635–651.
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