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Objectives 

To understand the general 
organization of organs of the 
digestive system and how they 
function to obtain metabolites 
necessary for growth and energy for 
the body, yet maintain a barrier 
between the environment and the 
internal milieu of the body 

To identify and describe functions of 
cellular  structures, cells,  

 and groups of cells in the digestive 
system. 





Three Key Steps of Combating 

Infections 

reak the cycle of transmission 

ill the infectious agent 

ncrease host resistance 

e.g., increase immunity  

 of host 



Lines of Defense 

First Line: Physical 

Barrier 

– Skin: Stratum 

Cornium 

– HCl in Stomach 

– Mucus in Intestines 

 reak the cycle  

of transmission 
 



Three Basic Functions of the G.I. Tract 

Movement of food 

 

 

Secretion of digestive juices 

 

 

Absorption of digested foods, water, 
and electrolytes  



Adaptation of G.I. Tract for 

Specific Function  

Function      Organ 

 

Simple passage  

from one part          Esophagus                  

to another 

 

Storage of food or feces    Stomach         
    or distal colon 

 

Digestion           
                                    Stomach, small    
             intestine 

 

Absorption of end products  Small  intestine,   
             proximal colon 







 

CELLS, CELLULAR  
STRUCTURES,  

 AND GROUPS OF CELLS IN  

THE DIGESTIVE SYSTEM 
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Small intestine 

Large intestine 

Small intestine 

http://viewer.serenusview.com/Viewer.aspx?SlideId=8babe679-95cb-44a8-9561-0ab0e8b43c5f


General Structure 

of the Digestive 

Tract 

Epithelium 

Lamina propria 

 

Submucosa 

Muscularis  

 externa 

Serosa 
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Muscularis externa 
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145 

Serosa 

153 

  Inner, thicker circular layer  

Outer longitudinal layer of the muscularis externa 

 

Muscularis externa 

153 

Mesothelium 

Muscularis externa 

Stomach 

Large intestine 

http://viewer.serenusview.com/Viewer.aspx?SlideId=152b1321-36f5-4695-bd76-f378ee9351d8
http://viewer.serenusview.com/Viewer.aspx?SlideId=e50522c8-797e-4317-a299-b6a250ea0ab2
http://viewer.serenusview.com/Viewer.aspx?SlideId=e50522c8-797e-4317-a299-b6a250ea0ab2


 



MUCOCUTANEOUS 
 JUNCTIONS 



 



Cells of glands  

and taste buds 



Oral cavity: 

Epidermis-like 

epithelium 

Tongue: 

Filiform, fungiform, 

and circumvallate 

papillae 

Mucocutaneous  

interactions 



Filiform Papillae Histo 51 

Mucus and  

Serous glands,  

Non-keratinized stratified 

squamous epithelium.  

Skeletal muscle  

http://viewer.serenusview.com/Viewer.aspx?SlideId=d4811872-9b03-4454-b626-85ab70e1bfec


Filiform Papillae 

 

Can be have keratinized stratified squamous epithelium 



FILIFORM PAPILLAE 

 



Filiform 
 Papillae 

  
 
 
 
 
Fungiform 
 Papillae 



Fungiform Papillae 

 



  

 

CIRCUMVALLATE PAPILLAE 



Fungiform, foliate, and circumvallate 

Papillae have Taste buds 



Skeletal muscle 

Filiform papillae  

Foliate papillae  

that  

possess  

Taste buds  

Serous glands 

Slide #12 (1101). Tongue, rabbit. 

http://viewer.serenusview.com/Viewer.aspx?SlideId=3edbfa95-95df-4cff-b437-1b6a2a628335




 



Slide 52: Tongue (cross section, lingual tonsil) 

Lymph tissue of lingual tonsil 
Serous glands Mucous glands Skeletal muscle 

Serous glands secretions contain a lipase that prevents the 

formation of a hydrophobic film on taste buds that would hinder 

gustation.  Gustation is the act or sensation of tasting 



Slide 39: Upper esophagus 

Lamina propria 

Muscularis mucosa  

Submucosa 

Muscular externa 

Adventia 

Mucosal epithelium 

Lumen 



Slide 53: Esophagus (upper portion) 

Lumen 

Nonkeratinized stratified 

squamous epithelium 

Lamina propria Muscularis mucosa  

Submucosa Muscular externa Adventia Mucosal epithelium 



Esophagus  

Epithelium 

Glands 

Esophageal glands, 

proper 

Esophageal glands, 

cardiac 

Muscularis  

 mucosa 



Esophagus 
137 

Muscularis externa  of the 

upper esophagus 

 is composed mostly of 

skeletal muscle  

The muscularis externa in middle to 

lower esophagus is composed 

mostly of smooth muscle. 



242 

Monkey Esophagus  

Esophageal  

glands 

Muscularis mucosae 

Lymphic nodule 

Stratified squamous 

 epithelium 

Blood 

 vessel 





437 Cardio-esophageal junction 

Luminal epithelium  

changes from stratified 

squamous  to simple 

columnar epithelium  

in the cardiac region  

Sratified squamous  

http://viewer.serenusview.com/Viewer.aspx?SlideId=67301842-6533-4d62-8e02-79e164e13c6f


 



 



Dog cross section of body 

Stomach Liver 

Esophagus 

Intestine 

Pancreas 





CARDIAC 

GLANDS 
 



General organization of Stomach 

Gastric mucosa 

epithelium 

 
Surface epithelium 

 

Cardiac glands 

Gastric glands (oxyntic 

  Glands) 

Pyloric glands 



 

http://www.emedicinehealth.com/image-

gallery/stomach_picture/images.htm 

Rugae 





Rugae 



Simple Tubular   -- intestine 
Simple Coiled tubular   -- sweat gland 
Simple Branched   -- stomach glands 

Simple 

 glands 



Glandular 

epithelial cells of  

stomach 

Surface mucous cells 

Mucous neck cell 

Chief cell (zymogenic cell) 

Parietal cell (oxyntic cell) 

Endocrine cell (Argentaffin or 

enterochromaffin cell) 

 





 Fundic stomach, monkey (PAS) 

   

 

243 

Surface mucous cells  

Mucous neck 

cells 

Parietal cells 

Chief cells       

Enteroendocrine cells       

http://viewer.serenusview.com/Viewer.aspx?SlideId=3d651332-f20b-4710-a72b-1d2df28d1087




 

Chief cell        Parietal cell  Argentaffin cell 



EM 16 

• Granules of surface mucous 

cells 

• Mitochondria 

• Nuclei 

• Lumen  

 

PAS 
H&E 

Toluidine blue 

Surface  

mucus cells 



Chief cell  

 



stomach 

244 



 

Chief cell      Argentaffin cell       Parietal cell 



 

Parietal cell 



 



Parietal cell 

 



 



Protective  

bicarbonate flux 



EM 15   Parietal cell   produces 

1. HCl 

2. Bicarbonate 

3. Intrinsic factor for vitamin B12 

absorption by gut: needed in red 

blood cell formation 



Gastric atrophy  

• Gastric atrophy is characterized by chronic inflammation of the gastric 

mucosa, resulting in loss of gastric glandular cells, and overall atrophy of the 

gastric mucosa. 

 

• Gastric atrophy may result in extensive loss of parietal cells. This loss of 

parietal cells may result in decreased secretion of intrinsic factor, which is 

necessary for vitamin B12 absorption. Vitamin B12 is a necessary cofactor 

required for DNA synthesis; low levels of vitamin B12 can reduce proliferation 

of erythroblasts, producing pernicious anemia.  

 



 

ARGENTAFFIN  
CELL 



Argentaffin cell (Enteroendocrine cell) 



EM 14 

• Large granules of chief cell 

• Granules of an argentaffin 

cell 

• Lamina propria 

• Nuclei  

 

Granules of an 

 argentaffin cell 

Large granules 

 of chief cell 



Stomach 

Muscularis mucosa 

Submucosa 

Muscularis externa 

Histophysiology 



Acid treatment 

Acid treatment 

with aspirin 

Mucosa of 

 stomach 



Pyloric Glands 

Stomach 



Small Intestine 

 

General organization 

 

Crypts of Lieberkuhn 

 

Intestinal epithelium 

 

Absorptive cells 

Enteroendocrine cells 

Paneth cells 

Goblet cell 



EPITHELIUM of the intestine - SIMPLE COLUMNAR  

 

ABSORPTIVE CELLS 

GOBLET CELLS 

ARGENTAFFIN CELLS 

PANETH CELLS 

and cells of duodenal 

glands 

Submucosal Brunner’s glands 



Simple columnar 

glandular epithelial cells 

Simple columnar absorptive 

 and goblet epithelial cells 

Pyloric glands 



Pyloroduodenal junction, baboon  

  

 

147 



147 

Stomach 

Intestine 

Muscularis externa 

Junction 

Muscularis mucosa 

Lamina propria 

Gastric glands  

Crypts of Lieberkühn 

 (intestinal glands). 

Gastric pits  

Submucosa 

Villi 

Goblet cells and  intestinal absorptive cells with a brush border   

Pyloroduodenal junction, baboon  

  

 

http://viewer.serenusview.com/Viewer.aspx?SlideId=9a6a76ab-5328-48c5-a7a6-d3445bb61156


Duodenum 152 
Brunner’s glands 

Intestinal villus 

Absorptive cells  

Enteroendocrine cell 

Goblet 

 cells 

Paneth cell  

http://viewer.serenusview.com/Viewer.aspx?SlideId=9af3349e-3d59-40f4-80d9-e5c8f5ed1520


 



Ileum 148 
Paneth cell  

Small  

intestinal villi 

Meissner’s plexus cell bodies in submucosa 

Submucosa 

http://viewer.serenusview.com/Viewer.aspx?SlideId=6ffb3aec-4a6a-4227-915c-eb85797f128f


Argentaffin cells  of Ileum, monkey  

 

250 

Enteroendocrine  

cells  also called Argentaffin cells 

 

Paneth cell  

http://viewer.serenusview.com/Viewer.aspx?SlideId=ebbb966d-6544-4935-bc1e-af659ea0bc69


Small Intestine 

Lamina propria 

Submucosa (glands of 

Brunner) 

Muscularis externa 

Histophysiology 

1) Cell turnover and 

renewal 

2) Secretary immune 

system of intestine 



 

Small Intestine 



Lamina propria 

Submucosa (Glands of Brunner) 

 



Surface Area Amplification  

Component   Size      Amplification 

 

Plicae circulares  10 mm       3 fold         

 or valves of kerckring 

 

Intestinal villi   0.5 to 1 mm       10 fold 

 

Microvilli (600/cell)          1um x 0.1 um       20 fold 

 

Total surface area 550 sq. meters 



 

Intestinal villi  0.5 to 1 mm       10 Fold 

 



 

Microvilli (600/cell)         1um x 0.1 um         20 fold 



ABSORPTIVE CELL 

BRUSH BORDER 

GLYCOCALYX 

• PROTECTION AGAINST 

ENZYMES 

• ACTIVE IN DEIGESTION 

TERMINAL WEB 

ELONGATED MITOCHONDRIA 

GOLGI COMPLEX LARGE 

SER & RER 

LATERAL SURFACES - 

INTERDIGITATION 



BRUSH BORDER 

GLYCOCALYX 

• PROTECTION AGAINST 
ENZYMES 

• ACTIVE IN DEIGESTION 

GLYCOCALYX 



BRUSH BORDER 

GLYCOCALYX 

• PROTECTION AGAINST ENZYMES 

• ACTIVE IN DEIGESTION 



Lamina propria  

Connective tissue between 
intestinal glands and forms cores 
of intestinal villi 

Central lacteal 

Large numbers of lymphocytes, 
plasma cells, eosinophils, mast 
cells, and macrophages 

Smooth muscle innervated by 
Meissner’s plexus 



Lamina Propria  

Connective tissue between 
intestinal glands and 
forms cores of intestinal 
villi 

 

Central lacteal 

 

Smooth muscle innervated 
by Meissner’s plexus in 
submucosa 

32409 
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rat intestine 



Lamina Propria 

 



 



447 Small intestine 
Intestinal villus 

Macrophages 

Intestinal absorptive cell 

 Brush border 

Central lacteal 

Intestinal absorptive cell 

 Brush border 

249 PAS 

Mucus of goblet cells and 

 the carbohydrates in the 

 brush border are PAS positive 

for sugars  

Goblet 

 cells  

http://viewer.serenusview.com/Viewer.aspx?SlideId=9bb16f78-979f-4427-b825-457a7bf2e0b4


Digestive System continued 



 





 



 



Herring bodies in pars  

nervosa of Hypophysis  

  

 Pars  

nervosa 

490 

http://viewer.serenusview.com/Viewer.aspx?SlideId=7ecb15db-c328-4444-b550-a82e065483bb


Digestive System 

continued 



Objectives 

To understand the general 
organization of organs of the 
digestive system and how they 
function to obtain metabolites 
necessary for growth and energy 
for the body, yet maintain a barrier 
between the environment and the 
internal milieu of the body 

To identify and describe functions of 
cellular  structures, cells,  

 and groups of cells in the 
digestive system. 

















Small int.. 

Large int.. 
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Height of villi varies with location 

 



Lamina propria 

Submucosa  

(glands of Brunner) 

 

 

Duodenum  



Duodenum 

152 



 Duodenum, monkey    



 



Submucosal intestinal glands of Brunner - 

simple branched tubuloacinar gland 



Submucosal intestinal glands of Brunner - 

simple branched tubuloacinar gland 

SIMPLE BRANCHED  
TUBULOACINAR GLAND 



Submucosal intestinal glands of Brunner - 

simple branched tubuloacinar gland 

Located at first few cm of duodenum 
mainly between pylorus and papilla of 
vater where pancreatic juices and bile 
empty into duodenum.  Also found in 
proximal jejunum in horse, pig, and 
large ruminants. 

 

Secretion in response to 

A. direct tactile stimuli or irritation 

B. vagal stimulation 

C. intestinal hormones 



Submucosal intestinal glands of Brunner - 

simple branched tubuloacinar gland 

 

Function of secretions 

• Protect duodenum wall from 
digestion 

 

Secretion strongly inhibited by 
sympathetic 

• 50% of ulcers occur in 
duodenum 

 

• Mucous - ruminants & dog 

• Mixed - mucous-serous in cats 

• Serous - horse, pigs 





 



 







 



Large Intestine 

Taeniae coli: longitudinal 
muscle in three flat bands 
in humans, 1-4 bands in 
horses, and none in some 
species 

Haustrations: sack-like 
bulges 

No villi yet, thick mucosa 

Numerous goblet cells in 
intestinal crypts (of 
Lieberkuhn) 



Compare luminal surfaces of the 

small and large intestines 

NO Villi Villi small intestines large intestines 



No villi yet, thick mucosa 

Numerous goblet cells in intestinal glands (Crypts of 

Lieberkuhn) 

 



Large intestine or Colon, monkey 
153 

http://viewer.serenusview.com/Viewer.aspx?SlideId=e50522c8-797e-4317-a299-b6a250ea0ab2


No villi yet, thick mucosa 

Numerous goblet cells in 

intestinal glands (Crypts of 

Lieberkuhn) 

 



Large Intestine  

General organization 

The appendix 

The cecum and colon 

The rectum and anus 

Histophysiology of the 

intestine  



Epithelium, lamina propria, muscularis mucosa, submucosa, 

muscularis externa, and serosa 

 

Large intestines 



 

The Appendix 



Intestinal Glands 

 (Crypts of Lieberkuhn)  

Secretion - 3000 ml 

per day 

Neutral pH (6.5 to 7.5) 

Secretions provide 

vehicle for 

absorption 

Mitosis to replace 

epithelium 

Paneth cells at base 



EPITHELIUM of the intestine - SIMPLE COLUMNAR  
 

ABSORPTIVE CELLS 

GOBLET CELLS 

ARGENTAFFIN CELLS 

PANETH CELLS 

and cells of duodenal 

glands 

Submucosal 

 Brunner’s glands 

Mitotic figures 



Absorptive cell 

Brush border 

Glycocalyx 

• Protection against 

enzymes 

• Active in digestion 

Terminal web 

Elongated mitochondria 

Golgi complex large 

SER & RER 

Lateral surfaces - 

interdigitation 



Glycocalyx 



Brush border 

Glycocalyx 

– Protection against  

enzymes 

– Active in digestion 



Enzymes of Intestinal 

 Absorptive Cell 
Several peptidases  

 polypeptides to amino 

acids 

Four disaccharides  

 disaccharides to 

monosaccharide 

Lipase   

 neutral fats to glycerol   

 and fatty acid 

Carbohydratases small 

 amount of amylase 



Basic Mechanism  

of  Absorption 

Active transport 

Monosaccharides 

Amino acids 

 

Passive diffusion fatty acids 

Monoglycerides  

 

 

 
Resynthesis of triglycerides in SER 





 

• Function: 

– Synthesis & Transport 

of lipids in the 

intestines 

Smooth endoplasmic reticulum 



 



Paneth Cells  

Depths of crypts of Lieberkuhn 

Stable population 

Abundant in humans, horse, & ruminants 

– (Absent in other domestic species) 

Organelles indicative of protein synthesis 

Large secretory granules 

Granules 

– Acidophilic (Eosin) 

– Lysozyme capable of  

   lysing  bacteria 

Concentration of  

  radioactive zinc 



Ileum 148 
Paneth cell  

Small  

intestinal villi 

Meissner’s plexus cell bodies in submucosa 

Submucosa 

http://viewer.serenusview.com/Viewer.aspx?SlideId=6ffb3aec-4a6a-4227-915c-eb85797f128f




Goblet cell 
Unicellular gland 

Theca 

Flattened nucleus 

Short lived - one 

Mucus 

• Raw egg white 

• Lubricate and protect 



Goblet 

Cell 



Function of Mucus in  

 Large Intestines 

 

Protects wall against excoriation 

 

Provides adherent qualities to 

feces 

 

Protects wall against bacterial 

activity 



Skin and GI tract  function as part of the 

 First of Defense against infections 

First line - physical 

barrier 

• Skin - stratum 

corium 

• HCl in stomach 

• Mucus in intestines 

 reak the cycle  

of transmission 
 



Argentaffin Cells 



 Argentaffin  

 (basal granular cells) 

In crypts and villi 

Granules at base 

Widely scattered throughout GI 

tract 

Secretions - serotonin 

vigorous contraction of 

smooth muscle nervous 

system  



Argentaffin Cells 

They 

extend into 

the lumen 

to detect 

luminal 

contents 



 



Basal Granular Cells (Argentaffin) 

Organ Abundance 

Stomach Moderate 

Duodenum Common 

Jejunum and Ileum Sparse 

Appendix Abundant 



Secretions of Gut  

Argentaffin Cells 

Cell Name Location Product Major Action 

A Stomach Pancreatic 

glucagon 

Hepatic 

glycogenolysis 

B Pylorus, duodenum Somatostatin Local inhibition of 

endocrine cells (?) 

D Stomach, intestines Vasoactive 

intestinal peptide 

(VIP) 

Ion/water secretion, 

gut motility 

EC Stomach, intestine, 

submucosal glands, 

appendix, etc. 

Serotonin (5-HT), 

motilin, substance 

P 

Gut motility 



Secretions of Gut  

Argentaffin Cells 

Cell Name Location Product Major Action 

G Pylorus, duodenum Gastrin Gastric acid 

secretion 

I Small intestine Cholecystokinin Pancreatic enzyme 

secretion, 

gallbladder 

emptying 

K Small intestine Gastric inhibitory 

peptide (GIP) 

Inhibition of gastric 

acid secretion 

L Small intestine, colon Gut-type 

glucagon, 

pancreatic 

glucagon 

Hepatic 

glycogenolysis 

N Small intestine Neurotensin   

S Small intestine Secretin Pancreatic and 

biliary ion/water 

secretion 



Types of  

Movements  

Rhythmic Segmentation 

• Mixing 



Types of Movements  

Peristalsis 

• Progressive Forward 

• Rotation 

http://www.youtube.com/watch?v=LeVAeNM3Kd4&NR=1 

http://www.youtube.com/watch?v=LeVAeNM3Kd4&NR=1


Nervous Stimulation 

Parasympathetic - Activates Auerbach's  

    Plexus 

 

Sympathetic - inhibitory to GI tract   

   movements  

• Excites Ileocecal Sphincter 

• Internal Anal Sphincter 



Intramural nerve plexus extends from 

esophagus to anus 

Meissner's  

Plexus 

in submucosa 

muscularis 

mucosa 

 

Auerbach's 

 Plexus 

Muscularis 

Externa 

 

M 

A 
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Auerbach’s Plexus  

Meissner’s plexus 

Rat small intestine 



 
Auerbach’s Plexus (“Myenteric Plexus”) is 

sandwiched between the two layers of smooth 

muscle in the muscularis externa that controls gut 

peristalsis 
Ganglia - collections of nerve cell bodies in PNS 

Smooth muscle Smooth muscle 



 

 Auerbach's plexus over smooth muscle cells 



Auerbach's plexus: 

control of contraction 

Tonic contraction 

(tone) 

Intensity of rhythmic 

contraction 

Rate of rhythmic 

contraction 

Velocity of 

conduction of 

excitatory waves 

along the gut wall 



Large intestines 



Large intestine or Colon, monkey 153 

Solitary lymph follicles in the lamina propria  seen throughout the 

GI tract help the immune system  maintain a barrier between the 

environment and the internal milieu of the body. Other contributors 

include luminal epithelium, HCl in the stomach, and mucus 

produced my many goblet cells in the intestines. 

 

Esophagus Stomach Duodenum 

Ileum 

http://viewer.serenusview.com/Viewer.aspx?SlideId=e50522c8-797e-4317-a299-b6a250ea0ab2


Human appendix 

32412 

http://viewer.serenusview.com/Viewer.aspx?SlideId=1b94f83e-0cc6-4eb9-8295-25c806df5834




Slide 66: Recto-anal junction 

Internal anal sphincter 

Rectum Anus 



Slide 66: Recto-anal junction 

Anus 

Keratinized stratified 

squamous epithelium 

Hair follicles 

Sebaceous glands 

Apocrine glands 

Gland ducts 



 

Large intestines Anal skin 
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Liver, Gallbladder, Pancreas, and 

Salivary Glands  

Next time  








