Eckert 15: acquiring energy: feeding, digestion and metabolism.
637. Unicellular: endocytosis, intracellular digestion by acids and enzymes food vacuoles.
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Batch reactors (blind tubes/cavities receive food & eliminate wastes pulsed fashion “batch”), continuous flow-stirred-tank reactor (continuously added [“in tank”] → homologues mass; removal waste), plug-flow-reactors (boles [discrete plug] food progressively digested through long tube like reactor). Many animals combination. >Flatworms alimentary canal[/gastrointestinal tract/gut].
640. Alimentary canal (mechanical, chemical & bacterial treatment), specialized regions (both acid & base treatment, different types digestive actions), divided: (1) Headgut (receives ingested material), (2) foregut (conducts, stores, digests), (3) midgut (digests & absorbs), hindgut (absorbs water). Considerable diversication.
641. (..) Salivary glands (saliva: lubrication by protein mucin, additionally digestive enzymes, toxins, anticoagulants).  (..)

642. Esophagus (conducts bolus by peristaltic movements; some animals have crop). Stomach (secretes pepsinogen [→pepsin] and HCl), contains gastric pits lined goblet cells (mucus) bottom gastric gland (parietal cells HCL, chief cells pepsinogen). Gastric ceca. Monogastric (single strong muscular tube/sac) vs digastric (symbiotic microorganism 1st ferment, regurgitate for remastication [=additional chewing] → 2nd digestion). (..)

643. Pyloric sphincter, duodenum. Carnivores (shorter & simpler intestines, digest meat) vs herbivores (vegetation).
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Intestine 3 portions: duodenum (secretes mucus, fluids, secretions from pancreas & liver), jejunum (secretes fluids, but also digestion & absorption), ileum (absorbs nutrients, some secretion). Bile salts (liver; emulsify fat, neutralizes acid), pancreatic juice (proteases, lipases, carbohydrases, neutralizes acid), bacteria, protozoans, fungi (synthesize vitamins). Mucosa: circular folds (surface area↑, food v↓), 
646. villi: goblet cells & columnar absorptive cells, microvilli (rhythmic motion, covered glycocalix [acidic mucopolysaccharides & glycoproteins] which traps water & mucus; desmosomes, tight junctions). Large intestine: absorption water & ions. Some species hindgut fermenters.
647. Surface ↔ use.
648. Motility: (1) propulsion food, (2) mechanical treatment to mix digestive juices, (3) stirring → continuous renewal. Contraction circular layer icw stretch longtidunal layer → constriction. Constriction preceded relaxation → peristalsis. Segmentation (rhythmic asynchronous contractions circular muscle, without longitudinal muscle). Swallowing (muscles tongue, pharynx, peristalsis; under control medulla oblongata).
649. Pacemaker cells alimentary canal generate basic electric rhythm (depolarizations & repolarizations), some → AP. Chemical stimulation chime → paracrine hormones & local influences → ↕BER. 
650. Also diffuse inervation autonomic NS, myenteric plexus & submucosal plexus: parasympathetic: (→ excitatory actions; ACh); sympatethic (inhibitory; norepinephrine; postganglionic neurons directly innervate all tissues gut wall, and both plexi). [figure 15.27] Host of other neurotransmitters also control alimentary canal.
652. Mucus (prevents mechanical and enzymatic injury). Water and electrolyte secretion passive ultrafiltration / active transport. Bile (digestion fats; weakly basic; water, lecithin, inorganic salts, bile salts [cholic acids + sodium-aminoacids; disperse fats & vitamins], cholesterol, bile pigments [breakdown haemoglobin] and other waste).
653. Digestive enzymes: (1) proteases (proteolytic; some specific) endo (inside) or exo (outside); 

654. (2) carbohydrases (polysaccharidases [cellulose, glycogen, starch glycosidic bonds; e.g. amylase] & glycosydases [@glycocalix, breakdown disaccharides]). Cellulose (glucose polymerized via β-1,4 bonds, broken down cellulase made symbiotic gut bacteria).

655. (3) Lipases (fats → micelles bile salts → degraded fatty acids + monoglycerids & diglycerids), (4) proenzymes (/zymogen; inactive form; activated pH↓ or other enzyme, removal portion molecule), (5) other digestive enzymes (not essential; e.g. nucleases, nucleotidases, nucleosidases, esterases [hydrolyze esters]). 
656. Presence food → chemoreceptors → reflex activation autonomic efferent neurons → activate / inhibit motility & exocrine secretion. Also cognition, & chemo R → Gastric & intestinal  submucosa → (gastro-intestinal) hormones circulation (some neuropeptides nervous system).
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Saliva (water, electrolytes [Na+, K+, Cl-, HCO3-, ruminants PO43-], mucin, amylase, antimicrobial agents [lysozyme, thiocyanate]). Gastric secretions: paras. vagus nerve, gastrin icw histamine, secretagogues (substances secretion↑) → HCl (enzymes, helps break peptide bonds, kills microorganisms; alkaline tide) by parietal cells (carbonic anhydrase: CO2 + H2O ↔ H2CO3 ↔ HCO3- [→ plasma exchange Cl-] + H+ [→lumen exchange K+]).
658. Vagus nerve, gastrin (chief cells → pepsinogen → pepsin (pH↓; specific endopeptidase). Goblet cells → mucus (mucopolysaccharides; coats gastric epithelium, protects with trapped alkaline electrolytes). 3 phases: (1) cephalic (fast; by brain & vagus nerve), (2) gastric (distension & chyme containing protein → pyloric region gastric mucosa gastrin and histamine → secretion & motility stomach), (3) intestinal (gastrin [duodenum], secretin, vasoactive intestinal peptide [VIP], gastric inhibitory peptide [GIP]; small role).
659. Enterogastric reflex (chyme stomach partially digested / pH↓), sympathetic nerve (norepinephrine) → gastric secretion↓. Secretin, GIP, gastrin, neuronal, distension, vagal innervation → small intestine → intestinal juice: alkaline (HCO3-, K+) mucoid fluid (counter acidic chime; Brunner’s gland) + thinner alkaline rich fluid (crypts of Lieberkuhn). Little by peptide hormones (secretin, VIP), cholecystokinin (CCK; response fatty acids & amino acids epithelium; also gallbladder secretion) → Pancreas (enzymes needing pH~↑: α-amylase, trypsin, chymotrypsin, elastase, carboxypeptidases, aminopeptidases, lipases, nucleases in alkaline bicarbonate-rich fluid). Also release somatostatin (→| gastric acid, pancreatic secretion, intestinal motility & blood flow) & enkephalin (→| gastric acid, intestinal motility; → pancreatic enzyme) upper intestinal mucosa. [figure 15-36] Also melatonin secretion.
660. Nutrient uptake. Brush border (microvilli + glycocalix) contains digestive enzymes. Absorption: simple (lipid bilayer, pores), facilitated diffusion (monosaccharides & amino acids hydrophobic & too large: transporter proteins), active (4 systems: (1) 3 dibasic AA, (2) two carboxyl group AA, (3) glycine, praline, hydroxyproline, (4) neutral AA, (5) di- & tripeptides) and cotransport, endocytosis. Sugars & AA’s → diffusion blood → again transported cells rest body (hepatic vain → liver → glucose uptake → glycogen).
661. Digestion products fat (monoglycerids, fatty acids, glycerol) → diffuse → inside cell reconstructed triglycerides → chylomicrons (droplets coated layer proteins, contained in vesicles golgi) → enter central lacteal → lymph → blood (thoracic duct). (..) 
662. – 665. (Water & electrolyte balance; nutritional requirements).
