Eckert 14: Ionic and osmotic balance

After PowerPoint presentation.
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581. Oxygen (→H2O permeability) and nutrients → cannot seal off. Toxic by-products metabolism. Kidneys rid organic wastes & osmoregulate (also involves maintaining solute concentrations).
582. Osmoregulator vs osmoconformer (cells can cope Δosmo). Vertebrates hyperosmotic freshwater, marine invertebrates isoosmotic. Organic osmolytes (e.g. urea & trimethylamine oxide). Obligatory (no control) vs regulated osmotic exchanges (→ homeo).
583. – 592. (..)

593. ATPases (V, P, F): ion pumps. 
594. Transporters combined channels: transport across cell.
595. (..)

596. Kidneys: cortex, medulla, urethra. Nephron (renal tubes: 1 cell layer, tight junctions), 3 regions: proximal nephron (Bowman’s capsule; glomerulus: ultrafiltratoin; proximal tubule), loop of Henle (concentrates), distal nephron (distal tubule). Also collecting ducts. 
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Juxtamedullary (glomeruli inner cortex, Henle deep medulla) vs cortical nephrons (glomeruli outer cortex, Henle short medulla). Afferent arterioles (supply blood nephron), efferent arterioles (around Henle: vasa recta).
599. Kidneys filter plasma and take back needed: (1) filtration blood plasma [blood cells & proteins], (2) tubular reapsorbtion 99% H2O and salts, (3) tubular secretion substances. Filtration: (1) net hydrostatic pressure capillaries & lumen, (2) colloid osmotic pressure (proteins), (3) hydraulic permeability.
600. Filtrate: fenestrated capillaries, basement membrane (collagen & negative glycoproteins repel protein-), filtration slits pedicels podocytes.

601. – 602. Regulation: (1) P↑ → afferent arteriole contracts → increased resistance, (2) juxtaglomerular apparatus secretes substances modulate renal bloodflow (mod distal-tubule form macula densa: paracrine: vasoconstriction or –dialation; mod smooth muscle granular/juxtaglomerular cells: enzyme renin → angiotensin II → constriction all arterioles, low level → efferent → Pglom↑; high lvl both → filtr↓), (3) sympatic neuronal control vasoconstriction afferent art / close glomeruli. Podocytes can also contract → # filtration slits↓.

603. Renal clearance = amount urine/removed blood. 

604. Proximal tube reabsorbs Na+ (basolateral Na+/K+ pump), H2O (coupled sodiumtransport) & Cl- follow (70%, isoosmotic), also glucose and amino acids (co transport sodium). Phosphates,Ca2+, electrolytes taken up needed. 
605. Loop Henle (low permeability water & ureum): thin cells (few mitochondria, no brush border), thick ascending medullary limb (actively transports NaCl). Distal tubule (important K+, H+, NH3 → lumen; Na+, Cl-, HCO3- → interstitium [water follows]; under endocrine control).
606. Angiotensin → angiotensin I (Renin) → angiotensin II (ACE) → adrenal cortex → aldosterone → sodium reabsorption↑ (sodium pump, metabolic → Na/K↑, permease → sodiumchannels↑) Also AII → ADH hypothalamus → water perm↑ → reabsorption↑. Atrial natriuretic peptide (ANP) →| ADH, renin, sodium absorption kidneys.
607. Liver conjugates organic substances with glucuronic acid or its sulphate → organic anionic & cationic active transport systems (sodium gradient) → excreted.
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K+ reabsorbed proximal tube & Henle (Na+/2Cl-/K+ cotransport, Na+/K+ pumps & K+ channels basolateral). [K+body]↑ (& [Na+]↓) → aldosterone → excretion K+ distally (dependent basal Na+/K+ pump, tubular fluid electronegative cytosol → diffusion → lumen). [K+]↑ → insulin → K+ uptake (especially fat) cells → slowly released.

609. (..)

612. Loop Henle (length) → hypertonic urine. Henle is countercurrent multiplier system: osmolarity increases deeper medulla. Na/Cl actively transported thick ascending limb, deep collecting duct permeable ureum → [ureum]↑ deep. Draws water descending → NaCl leak ascending. No disturbance gradient arteries, also countercurrent.
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Osmolarity & pressure blood → neurosecretory cells hypothalamus → ADH → ↑aquaporins & urea transporter (sodium antiport) vesicles → membrane collecting duct. Via blood pressure↑ → barroreceptors →| neurosecretory cells hypo. 
614. – 621. (..)

622. – 623. Malpighian tubules (surrounded pressureless hemolymph; secretion → hindgut → dehydrated) & hindgut [= ileum, colon, rectum]: Transport KCl & NaCl → lumen, along uric acid & allontoin (passive); isoosmotic hemolymph. KCl & NaCl transported back. 
624. (..)

625. AA catabolised → amino group (NH2) released → secreted [toxic] → (different animals: ) ammonia (toxic, removed diffusion: #water↑), urea  (synthesized, #water↓), uric acid (#water↓↓; solves badly, precipitates → no tonicity). Availability water → type. Ammonia-excreting animals.
