IV
Nutrition and the Gastrointestinal System
Theme 1: Overview of the GIT system
1.1 To provide an overview of the GIT system, its components & general functions

· Fn: ingestion of food, optimal digestion & absorption, secretion of fluids, salts & digestive enzymes – digestion, absorption, defecation
· Components: digestive tract – tube that extends from mouth to anus including oral cavity, pharynx, esophagus, stomach, small intestine, large intestine, rectum & anal canal
· Accessory organs – teeth, tongue, salivary glands, pancreas, liver & gallbladder

· Mouth – food mixed with saliva – salivary amylase: starch → disaccharides

· Stomach – acid & gastric proteases: proteins → polypeptides, temporary storage (chyme); mechanical digestion – controlled release chyme into small intestine; secretion of intrinsic factor (B12)

· Small intestine – major site of digestion & absorption: bile, pancreatic enzymes (protease, lipase, amylase): starch → monosaccharides, proteins → dipeptides/a.a., fats → f.a./monoglycerides; IF-B12 complex binds receptors in ileum → absorption of B12
· Large intestine – absorb residual water & electrolytes, ↓ digestion (bacterial action), secretes mucus → lubricates feces, bacteria synthesizes vit K, storage of food residues before elimination

· Rectum – normally empty → mass movement force feces into rectum → urge to defecate → IAS, not voluntary, contraction s.m. (symp), relaxation (para)

Theme 2: Functional anatomy of GIT

(Cross-refer to Prof Gopal lecture)

2.1 To relate the gross & microscopic structure of the GIT tract to their functions

· Detailed features differ but common features present: (outward → inward) serosa, outer longitudinal s.m., inner circular s.m., submucosa, mucosa ( with layer of s.m. – muscularis mucosa)

· Serosal/adventitia → outer layer of loose supporting tissue → conducts major vessels & nerves → where gut lies within peritoneal cavity, adventitia referred to as serosa & is lined by simple squamous epithelium (mesothelium) → elsewhere, adventitial layer merges with retroperitoneal tissues

· Muscularis externa → 2 layers of s.m. → mixes & propels food → circular layer 3-5x thicker

· Submucosa → loose connective tissue with collagen, elastin fibrils, bld vessels, lymphatics & submucosal glds (at times)

· Mucosa aka mucous membrane → subdivided into 1.epithelium, 2.basement membrane (lamina propria), 3.muscularis mucosa (may control shape of mucosa, produces local movement & folding of mucosa)

· Epithelium

1. Mouth, esophagus & anus → ↑ abrasion, stratified squamous
2. Intestines → ↑  absorption & secretion, simple columnar →  ↑  absorption by finger-like projections of mucosa (villi) & microvilli

Theme 3: Physiological Basis of eating behaviour
3.1 To identify the hypothalamic centers impt in regulation of food intake

Hypothalamus – location of the feeding centers

· Ventromedial Nucleus (VMN): provides satiety (lack of desire to continue feeding) signals  → stimulation of VMN causes satiety; lesion causes hyperphagia & obesity

· Lateral Nucleus (LN): serves as hunger center  →  stimulation of LN causes hyperphagia; lesion stops eating

3.2 To describe the various peripheral mechanisms operating to signal the neural centers regulating food intake

Alimentary regulation

· Chewing/swallowing → satisfies appetite briefly

· Esophageal fistula: food entering mouth but not reaching stomach – food reduces hunger temporarily

· Destruction of taste sensation

· Mild hunger contractions begin when stomach is empty; therefore filled stomach & intestine produce satiety

Nutrition/Metabolic regulation

· Thermostatic regulation → ↑ BMR & heat production after eating → provides satiety signal to hypothalamus

· Glucostatic hypothesis → blood metabolites act as satiety signal i.e. glucose, f.f.a., specific a.a. NB: only glucose acts directly on hypothalamus → ↓ glucose ↓ VMN activity; therefore hunger stimulated
Hormonal regulation

· Leptin (peptide) → ↑ leptin produced when lipid ↑ → leptin receptors in hypothalamus → controls amt of white adipose tissue stored → regulate hunger: satiety signaled by ↑ leptin binding to receptors in hypothalamus

· Cholecystokinine (CCK) → appetite suppressant → a.a. & f.a. stimulate duodenum secretion of CCK
3.3 To identify the factors that affect food intake

· Psychological state → learned behaviour, emotionally induced eating/not eating

· Pharmacology → stimulants depress & depressants stimulate eating

· Neurotransmitters: norepinephrine → inhibits GIT activity; neuropeptide Y (NPY) → stimulate food intake, ↓ leptin release from adipose tissue, ↑ [insulin], ↓ lipolysis → ↑body fat, weight gain & obesity

Theme 4: Importance of nutrition in medicine

4.1 To describe the general elements of a diet

	
	Nutrients
	Non-nutrients

	Macro
	Carbohydrates
	Additives : colourings, flavourings, preservatives (non Vit E), artificial sweeteners (cyclamate)

	
	Fat
	

	
	Water (55-75%)
	

	
	Dietary fiber
	

	

	Micro
	Vitamins
	Contaminants: pollutants @ source (insecticide), product/processing contaminants

	
	Minerals
	

	

	Additives
	Vit/minerals
	Cooking: flame cooked meat, heterocyclic amines

	
	Carbohydrates/a.a. based sweeteners
	Storage: lipid oxidation (rancid)

	
	Protein
	


4.2 To identify common diseases related to oversufficiency of nutrients

· Obesity

· Cardiovascular disease

· Hypertension

· Some cancers?

· Alcohol-related conditions

· Diabetes

· Dental cavities

4.3 To identify common disorders caused by undersupply of nutrients

· Marasmus/kwashiorkor/anorexia

· Avitaminoses

· Osteomalacia/osteoporosis

· Essential f.a. deficiency

· Goitre

· Iron deficiency anaemia

· Other mineral deficiency

4.4 To identify diseases in which diet is part of therapy

· All in 4.2 & 4.3

· Many inherited disorders i.e. phenylketonuria, urea cycle defects

· Gout

· Kidney failure

· AIDS

· Enteral & parental support in intensive care, post-surgery, convalescence

· Diseases of prematurity

4.5 To  define obesity & to discuss common medical conditions associated with it

Definition: BMI → 20-25 normal, 26-30 → borderline overweight, 31-39 obese, >40 grossly obese; therefore obese is BMI >26/if their adipose tissue is 30-40% of body weight
Common medical conditions associated

· Diabetes

· Cardiovascular

· Hypertension

· Gallstones

· Cerebrovascular

· Respiratory

· Hernia

· Osteoarthritis?

· Cancer?

4.6 To describe the role of the adipocyte in operating a set point for fat mass in man

Adipocyte

· Role in glucose-f.a. cycle → restricts fat use when alternative fuel is available → ↑ glucose levels suppress lipolysis

· FFA metabolism also provides substantial proportion of daily energy requirements

· FFA derived from diet diet/released from fat stores in adipose tissue

· ↑ glucose → ↑ uptake of FA by adipose tissue (aided by insulin)

· Release of FA from adipocyte stimulated by adrenaline, glucagons & GH

· Role in leptin production → adipocytes secrete leptin → ↑ fat cells → ↑ leptin → signal hypothalamus/brain/leptin receptors → effectors → ↓ neuropeptide Y (↓ food intake), ↑ sympathetic activity (↑ metabolic activity, ↑ temp, ↑ activity levels), ↓ insulin/cortisol, ↑ GH → ↓ fat cells

4.7 To discuss the important role of the hormone leptin

· Endocrine interaction between leptin & insulin regulates food intake
· Leptin → product of ob gene → 18kDa protein → produced by adipocytes → circulating [leptin] proportional to size of adipose tissue mass i.e. ↑ adipose → ↑ leptin

· Leptin binding sites in hypothalamus, pancreas, hippocampus, choroids plexus & brain capillary endothelium → mediate leptin endocytosis across bld-brain barrier

· ↑ insulin → ↑ ob gene expression, ↑ leptin → ↓ insulin release from pancreas

· Adipocytes secrete leptin → ↑ fat cells → ↑ leptin → signal hypothalamus/brain/leptin receptors → effectors → ↓ neuropeptide Y (↓ food intake), ↑ sympathetic activity (↑ metabolic rate, ↑ temp, ↑ activity levels), ↓ insulin/cortical, ↑ GH → ↓ fat cells
· Plasma leptin ↑ after eating & ↓ after weight loss

Theme 5: Starvation

5.1 To discuss how imbalance between energy requirement and intake can lead to starvation

· Law of thermodynamics → steady state: input (basic food components) = output (work → BMR, thermogenesis, activity)

· BMR → absolute minimal energy expenditure to maintain body processes i.e. respiration, circulation, digestion

· Less quantities of energy enter the body than expended

· Therefore ↓ intake that cannot match output requirement (BMR) → starvation

5.2 To identify the energy stores in the adult

· Energy usually stored in form of fat (75%) → highest energy density

· Protein → 25%
· Carbohydrate → <1 to 25% in liver, 75% in muscle
· Diet/fuel

5.3 To describe how energy stores in the form of glycogen, lipid & protein are depleted in starvation
Starvation → ↓ insulin/glucagons ratio, therefore liver → ↑ glycogenolysis, lipolysis, ketogenesis; fat → ↑ lipolysis

· Tissues prefer carbo for energy over fat/protein but carbo store depleted rapidly (few hundred grams as glycogen in muscles/liver) → sustains body for half a day

· Fat → prime source of energy (100x more energy than carbo), therefore fat depletion continues unabated till most fat stores are gone

· Protein → 3 stages of depletion → 1.rapid depletion, because easily mobilizable protein for direct metabolism/conversion to glucose mainly by brain, 2.greatly slowed depletion, because remaining protein not easily removed → rate of gluconeogenesis ↓ 1/3 to 1/5 previous rate → ↓ glucose availability → ↑ fat utilization & conversion of fat breakdown priducts to ketone bodies → ketosis → 2/3 of brain energy sustained by ketone bodies → partial preservation of protein stores, 3.rapid depletion before death, because fat stores depleted → only stores left are protein stores, therefore protein stores → rapid depletion; but since proteins essential for maintenance of cellular function, therefore death ensues when protein levels ↓ to ½ normal levels
5.4 To discuss the fasting-feeding cycle which incorporates endocrine function switches involving insulin, glucagons & cortisol

Ratio of insulin to glucagons determines storage or metabolism of energy substrates

· Fasting → ↓ glucose levels in blood → ↓ insulin ↑ glucagons i.e. ↓ insulin/glucagons ratio

· ↓ insulin → ↑ lipolysis & release of FFA providing energy, stop synthesis of glycogen → prevents further glucose uptake by liver

· ↑ glucagons → ↑ gluconeogenesis → ↑ blood glucose concentration

Cortisol → stimulated by ACTH from ant pit → gluconeogenesis, protein & fat mobilization

5.5 To identify starving scenarios in Singaporeans

· Anorexia nervosa

· Poverty

5.6 To explain the basis for marasmus & kwashiorkor

· Marasmus → ↓ food (prolonged severe caloric deficiency) → extensive loss of muscles & subcutaneous fat i.e. gluconeogenesis → in children may lead to ↓ brain development

· Kwashiokor → malnutrition → ↓ protein/energy producing food → retarded growth, changes in skin, immune deficiency, edema

Theme 6: Control of gastrointestinal function

6.1 To describe the microstructural basis for function of the upper gastrointestinal tract

· Oral cavity/pharynx/esophagus → stratified squamous → protective function

· Stomach → glandular secretory mucosa, mucosa thrown into prominent folds/rugae → 1.gastric glands: mucus-secreting cells @ luminal surface, parietal cells (secrete acid, along length of gld but mainly in middle/isthmus of gld) look like fried egg, chief cells @ base of gastric gld with basal nucleus (secrete pepsinogen) → 2.pyloric glands: deepened & branched (almost exclusively mucus-secreting cells with ↓ no. of acid secreting cells)

6.2 To identify the primary GI hormones & describe their primary physiological actions & roles in regulating GI function
6.3 To identify the primary stimuli for secretion of each of the GI hormones

· Gastrin → released by G cells in stomach & upper intestine, inhibited by ↓ antral pH & somatostatin → in response to products of digestion, extrinsic nerve stimulation & antral distension → ↑ secretion of HCL, pepsinogen & IF, ↑ gastric & intestinal motility, ↑ pancreatic secretions, proper growth of GI mucosa

· CCK → released by I cells in small intestine → in response to products of digestion → ↑ secretion of enzyme rich fluid from pancreatic acinar cells, contraction of gallbladder & relaxation of sphincter of Oddi, ↓ gastric emptying, trophic effect on pancreatic acinar cells

· Secretin → released by S cells in upper small intestine → in response to ↓ pH & FA in upper intestine → ↑ secretion of HCO3 – rich fluid from pancreatic & hepatic duct cells, ↓ acid secretion, trophic effect on pancreatic duct cells
· GIP → released by K cells in upper small intestine → in response to fat, a.a. & glucose → releases insulin from pancreatic β cells, ↓ gastric acid secretion & motility

· Enterglucagon → released by L cells in distal ileum & colon → in response to glucose & fat in the lumen → ↓ gastric & intestinal motility, trophic effect on intestinal crypt cells

· Somatostatin → released by D cells in intestine & pancreatic islets → in response to glucose, fats & bile salts in the intestinal lumen → ↓ gastric acid & pepsin secretion, ↓ gastrin release, ↓ pancreatic enzyme secretion, ↓ insulin & glucagons release, inhibits trophic effect of gastrin

· Neurotensin, mobilin, pancreatic polypeptide

6.4 To list the regulators of gastrin secretion and to explain the mechanisms through which they operate

Cephalic phase

·  Sight, smell, taste, chewing of food → vagal stimulation → secretion of Ach by postganglionic parasympathetic fibers in myenteric plexus → secretion of gastrin from G cells in antral glds

Gastric phase

· Distension of stomach → activates mechanoreceptors → short-loop (myenteric) & long-loop vagovagal reflexes → secretion of Ach → secretion of gastrin

· Inhibition by ↓ pH (2-3) (i.e. ↑ acid/protein digestion product), somatostatin secretion

Intestineal phase

· Protein digestion products in duodenum → stimulate gastrin release from G cells in intestine

· But as acid chyme distends duodenum → enterogastric reflex initiated → secretion of secretin, CCK, GIP → ↓ gastric secretory activity → ↓ gastrin release

5.5 To describe the general organization & function of the enteric nervous system
· 2 well-defined network of nerve fibers & ganglion cell bodies → in GIT between esophagus & rectum → enteric nervous system

1. myenteric (Auerbach’s) plexus → between s.m. layers of muscularis externa

2. submucosa (Meissner’s) plexus → between circular s.m. & muscularis mucosae

· Function → modify secretions & absorptions, excite/inhibit s.m. fibers → input from ANS & intrinsic chemoreceptors & mechanoreceptors

1. mainly motor in function

2. mainly sensory → receive signals from intestinal epithelium & stretch receptors

6.6 To explain the differential regulation of GI functions by sympathetic & parasympathetic innervation

Sympathetic

· Postganglionic → cell bodies in celiac, superior/inferior mesenteric & hypogastric plexuses → most terminate @ mucosal & myenteric plexuses → inhibit synaptic transmission

· Innervate bld vessels → vasoconstrictor

· Enter glandular tissue → innervate secretory cells
· Effect on smooth muscles esp. circular layer in intestines → inhibitory

Parasympathetic

· Stimulates motility & secretory activity

· Vagus nerve relays parasympathetic innervation to stomach, small intestine, cecum, appendix, asc. & transverse colon; rest supplied by hypogastric plexus via pelvic nerves

· All terminate within myenteric plexus & are highly cholinergic

Theme 7: Gastrointestinal tract motility

7.1 To distinguish between various types of gastrointestinal movement from the oral cavity to the rectum

· Oral cavity → chewing → swallowing → reflex action → swallowing centre in medulla oblongata → 1.elevation of soft palate closes nasopharynx, 2.raising larynx closes entrance, 3.approximation of vocal cords closes glottis, 4.inhibition of breathing, 5.relaxation of UES, 6.bolus enters pharynx, epiglottis tilts back, aids closure of respiratory tract, 7.muscles of pharynx contract → food enters esophagus

· Esophagus → peristaltic wave (ring of contraction of circular s.m. just before food mass followed by relaxation) → propels food to stomach

· Stomach → peristaltic waves @ transitional zone → pass over distal/pyloric region → rapid/forceful

· Small intestine → 3 motility patterns → 1.segmentation → alternate contraction & relaxation of complete segments of small intestine [knead material back & forth without forward movement@ fast rate → circular muscle contracts, longitudinal muscle relaxes (contracting segment) & vice versa], 2.pendular movements → contraction of longitudinal muscle (move intestinal wall over food, therefore mix & propel food through small intestine), 3.peristaltic contraction → main propulsive force → moving ring-like contractions → elicited by luminal distension
· Large intestine → contractions usually segmental (↓frequency compared small intestine), peristaltic & mass movement

· Rectum → normally empty → distension by mass movement →induce relaxation of internal anal sphincter but voluntary control of external anal sphincter controls defecation

7.2 To differentiate between the roles of central & local reflexes in mixing & propulsion

Longitudinal movement & mixing essential → upper GIT movement rapid, therefore direct CNS control, movement concerned with mixing & slow propulsion (digestion/absorption) → motility controlled by mechanisms inherent in muscle i.e. myogenic, neural & hormonal mechanisms
Central reflexes (extrinsic) → involve CNS, allows ↑ regulation/coordination of GIT over large distance

· Afferent fibers run with ANS supplying gut → convey info from chemo/mechano receptors in gut wall

· Efferent fibers → via sym/para nerves from CNS

· Change neuronal activity within intramural plexus/act on effector cells in secretory organs
· Intestinointestinal inhibitory reflex → distension of one intestinal segment causes complete intestinal inhibition

· Anointestinal inhibitory reflex  distension of anus causes intestinal inhibition

· Gastrointestinal reflex → food entering stomach causes excitation of intestinal motility

· Complex coordinated behaviour i.e. chewing & swallowing

Local reflexes (intrinsic) → confined to wall of gut itself, effective over small distances (cm)

· Local excitatory & inhibitory reflexes → act together → propel bolus in coordinated way i.e. peristaltic reflex

· Receptors respond to ↑ stimuli i.e. stretch, pH, osmolarity, products of digestion

· Activate afferent fibers → cell bodies in intramural plexus → synapse in plexus → efferent neurons supplying nearby s.m., secretory cells or hormone producing cells

7.3 To discuss the role of the lower esophageal sphincter & proximal stomach in the normal response to an ingested meal

· Junction between esophagus & stomach → slight thickening of circular s.m. → LES
· Acts as valve → closed when food not being swallowed, therefore prevents regurgitation of food, acid & air

· Relaxes just before peristaltic wave (& food) reaches end of esophagus

· Proximal stomach = fundus + body → act as temporary reservoir of food → can accommodate ↑ volume with no ↑ in intragastric pressure, because relax in response to food (reflex mediated by vagus → stretch → vagal reflex → inhibits muscle activity in body of stomach)

7.4 To identify the regulators of gastric emptying & explain how they operate

· For digestion/absorption to be high → chyme must be delivered @ optimal rate

· Important in preventing duodenal regurgitation → ulcer formation

· Depends on factors that influence motor activity if GIT (same factors as gastric secretion)

· Volume of stomach → full → ↑ rapid emptying, because of distension

· ↑ receptors in duodenum via enterogastric reflex (all hormonal/neural mechanisms that mediate intestinal control of gastric emptying)

· FA/monoglycerides in duodenum → ↑ contractility of pyloric sphincter, therefore ↓ gastric emptying, because CCK/GIP secreted due to FA ↓ gastric motility → important, because fat ↑ digestion time

· Peptides/a.a. → ↑ gastrin produced from antrum & duodenum → ↑ contraction of antrum, therefore ↑ gastric emptying

· Carbohydrates → ↑ GIP → ↑ contractility of pyloric sphincter → ↓ gastric emptying

· Acid enter duodenum → ↑ gastric emptying, because ↑ secretin → ↓ acid production/gastric motility, ↑ HCO3-
7.5 To describe how the rate of transit through the alimentary canal can affect digestion & absorption

· Controlled gastric emptying ensues small intestine to optimally process chyme esp. the slow fat digestion process in the small intestine → too rapid emptying → duodenal ulcers

· Slow transit in colon → aid carbohydrate digestion by microbes, ↑resorption of water/electrolytes

7.6 To describe the functional consequences of the frequency gradient for slow wave activity in the small intestine

· Intestinal slow wave activity determines frequency & direction of contraction
· Uncoupling of slow wave activity → ↓ slow wave frequency → occurs in stepwise manner → ‘mechanical stopclocks’ to prevent long fistance propulsion → more pronounced in ileum than duodenum → ↓ propulsions in ileum than duodenum → allow ↑ absorption of more slowly digested products in ileum, allow ↑ propulsion of nutrients over ↑ S.A. of mucosa of duodenum for rapid digestion & absorption

Theme 8: Salivary secretion

8.1 To identify the basic constituents of saliva & their functions

· α-amylase → parotid gld →initiate carbohydrate digestion

· lingual lipase → glds in mucosa of tongue → ↓ fat digestion

· mucous secretion → sublingual & submandibular glds → lubricates & moisten food, helps swallowing & aids secretion

· serous secretion → parotid & submandibular glds → mainly water & ions partially dissolves ingested material → help taste

8.2 To discuss the cellular & physiological mechanisms by which saliva flow is activated

Basal secretion of secretion, ↑ when see food/think of food/eat (chew) food

· Isotonic fluid (primary secretion) formed by acinar cells → via A.T. of electrolytes & passive diffusion of water
· Secondary modification occurs via ion transport in epithelial cells → Na+ actively reabsorbed with Cl-, ↓ K+ secretion but actual concentration depends in flow rate → ↑ rate, ↑ Na+, HCO3- & Cl-
8.3 To explain the stimuli & mechanisms by which salivary secretion is regulated

· Mainly by reflexes mediated by ANS (basal rate – 0.5ml/min)

· Maximal stimulation by sapid substances → smell, chew food → 7ml/min

· Sensory receptors → mouth, pharynx, olfactory area → relay presence of food + taste + smell→ salivary nucleus (medulla)

· Medulla → both facilitatory & inihibitory impulses from hypothalamic appetite area & regions of cerebral cortex concerned with perception of taste & smell

· ↑ salivary responses by para efferents from salivary nuclei
· Para stimulation → ↑ secretion of watery saliva, ↑ amylase & mucins → ↑ HCO3-, ↓ Na+ & Cl- resorption → ↑ bld flow to salivary glds

· Sym stimulation → ↑ amylase secretion → ↓ bld flow to salivary glds via vasoconstriction → ↓ secretion rate

Theme 9: Gastric secretions

9.1 To describe the components of gastric secretions, the cells from which specific components arise, and the role of each component

· HCL → kill bacteria → cleavage of pepsinogen to pepsin (activation) → from parietal (oxyntic) cells in fundus & body region of stomach; NB parietal cells lie closer to gld opening

· Pepsinogen → precursor of protease → from peptic (chief) cells in fundus & body
· IF → vit B12-IFcomplex (absorbed @ terminal ileum) → for vit B12 absorption → from parietal cells → important for life → pernicious anemia

· Gastrin → regulate gastric acid secretion → G cells → antrum & pyloric regions

· Mucus → trap HCO3- secreted by epithelial cells of stomach, therefore protects gastric mucosa from mechanical & chemical destruction → from mucus-secreting cells

· Renin & gastric lipase → not in adults

9.2 To describe the cellular mechanism for HCL secretion & to explain the mechanisms by which it can be modulated under various physiological conditions

· K+ leaves cell with Cl- then reenters cell in exchange for H+
· H+ moves down electrical gradient but against concentration gradient, therefore energy needed

· ATP hydrolysis drives H+/K+ ATPase pump → pump H+ out in exchange for K+
· Cl- leaves cell with K+ via Cl- channel & K+/Cl- cotransporter system ( Cl- A.T. out of cell → against chemical & electrical gradient)

· H+ ions from H2O ↔ H+ ( secreted) + OH- → OH- + CO2 ↔ HCO3- passed out of cell into bld via HCO3-/ Cl- exchanger → provides Cl- source that accompanies H+ secretion

· Major stimulants → histamine, Ach, gastrin

· Stimulation (cephalic phase) → chewing, swallowing, though, sight, smell & taste → stimulate dorsal motor nucleus of vagus → ↑ para output to stomach → excite postganglionic fibers in ENS → release Ach around oxyntic cells (30-40%)

· Stimulation (gastric phase) → distension of stomach → stimulates ENS → ↑ acid production via local intrinsic reflex & vagovagal reflex & products of digestion → a.a., ethanol, coffee & calcium → act directly on open G cells → ↑ gastrin (50-60
%)

· Stimulation (intestinal phase) → duodenum distension, presence of protein digestion products → mainly via endocrine mechanisms

· Inhibition (gastric) → ↑ acid in stomach → pH <2 inhibits HCL & gastrin secretion → direct effect on open G cells via H+ stimulation open D cells → somatostatin secretion

· Inhibition (intestinal) → presence of acid, fat digestion products & hyperosmolarity in duodenum → largely hormonally mediated → CCK, GIP released

9.3 To explain why the stomach doesn’t digest itself

· Stomach form mucosal barrier → 1.tight junctions between mucosal epithelial cells, therefore no leakage of gastric juice into underlying layers, 2.mucus secretion from surface epithelial cells & neck cells of gastric glds → adhere to mucosa, 3.alkaline mucus → ↑ K+  & HCO3- → ↑ secretion of mucus & alkaline after eating → protection

· Prostaglandin E → ↑ thickness of mucus gel layer, ↑ HCO3- production (↑ neutralization → ↑ repair) → ↑ vasodilation of microvasculature of mucosa, therefore ↑ supply of mutrients to damaged mucosa

· Dynamic growth, migration & desquamation of epithelium → constant renewal

Theme 10: Pancreatic secretions

10.1 To compare & contrast the organization & regulation of secretion from the pancreas & the salivary glds

	
	Pancreatic gld
	Salivary gld

	Organization
	Lobules with acinar cells → secretion enzymes, fluids → duct system (inter, intra)

	Regulation
	Chiefly hormonal through cephalic phase controlled by para nerves
	Mainly by reflexes mediated by ANS

	
	↑ secretion of enz → gastrin, CCK, Ach
	Para → ↑ secretion of watery saliva → ↑ amylase, mucus, ↑ bld flow

	
	↓ secretion of enz → somatostatin
	

	
	↑ enz synthesis → insulin, IGF
	Sym → ↑ amylase but ↓ bl flow to glds → ↓ secretion rate

	
	↑ HCO3- secretion → VIP
	


10.2 To list the components of pancreatic exocrine secretion & describe their digestive function

· Trypsin, chymotrypsin, elastase → cleave internal peptide bonds

· Carboxypeptidase → attacks peptides @ C-terminal end

· Amylase → digest starch to maltose & oligosaccharides

· Lipase → cleaves glycerides → release FA & glycerol

· Colipase → binds micelles to anchor lipase to lipase

· Phospholipase A2 → cleaves FA from phospholipids

· Cholesterol esterase → releases esterified cholesterol

· RNAase/DNAase → cleaves RNA/DNA into short fragments

10.3 To explain how secretion of each class of compound is regulated

· Cephalic phase → para innervates acinar cells & s.m. of ducts & bld vessels, therefore para stimulation causes release of zymogen granules from acinar into ducts & ↑ bld flow → para enhanced by sight, smell & taste of food → Ach & VIP released
· Gastric phase → ↑ gastrin secretion, because distension of stomach & a.a./peptides in antrum

· Intestinal phase → 70% of total secretion → CCK & secretin secretion, because FA,monoglyceride, a.a., peptide & acid in duodenum stimulate release → CCK stimulate release of enz rich secretion from acinar cells & ↑ secretin effect, secretin ↑ rate of flow of HCO3- from ducts

Theme 11: Functions of the liver

11.1 To describe the microstructural basis for function of the hepatobiliary system

· Gallbladder attached to liver @ recess on inferior surface of liver → bile leaves liver via terminal ducts → fuse → common heptic duct → fuse with cystic duct from gallbladder → bile duct

· Bile duct enters duodenum via sphincter of Oddi → prevents reflux of bile

· Liver → 50-100,000 hexagonal lobules → separated by septa → 1 lobule with central vein → drain into hepatic vein from single columns of hepatocytes → radiate out from central vein→ between hepatocytes → bile canaliculi → empty into bile duct; NB: @ 6 corners of lobule → portal triad → consist of hepatic artery, br of portal vein & bile duct
11.2 To list the components of bile, to describe the role of each in digestion & the mechanisms involved in their cycling during a meal

· Bile salts → metab cholesterol → cholic & chenodeoxycholic acid (hepatocytes) → primary bile acids → intestine → dehydroxylation (bacteria) → deoxycholic & lithocholic acids → secondary bile acids; primary bile acids conjugated with glycine/taurine in complex with Na+ → bile salts (soluble) → amphipatic → aggregate → micelles → excretion of cholesterol, phospholipids → emulsify fats, ↑ digestion

· Bile pigments → excretion products of heme i.e. RBC breakdown (pleen → bilirubin) → low solubility → little excretion via kidney

· Cholesterol → in hydrophobic core of micelles

· Lecithin → in micelles

· Mucus

· HCO3- → neutralize acid from stomach

· 94% bile salts reabsorbed into portal circulation @ distal ileum → carried to liver via portal circulation  → hepatocytes accumulate bile from circulation via Na+-dependent secondary active transport  → conjugated bile salts via Na+-dependent mechanism, unconjugated via Na+-independent transporter → secreted across canaliculi memb of hepatocytes via ATP-dependent primary transporters

11.3 To explain the cellular & physiological mechanisms that regulate bile secretion

· Return of bile salts to hepatocytes → ↑ recycled, ↓ production

· Hormonal control → acid chyme in duodenum → release secretin → ↑ HCO3- production from duct cells & ↑ flow of bile by stimulating emptying of gallbladder together with CCK & gastrin

· ↑ postganglionic para activity → ↑ secretion, sym splanchnic nerves → vasoconstriction

11.4 To explain the role of the liver in blood coagulation 

· Forms large portion of bld substances that are used in coagulation → fibrinogen, prothrombin, accelerator globulin, factor VII & other important factors

· With vit K → esp prothrombin, factor VII, IX & X, therefore ↓ vit K ↓ bld substances → ↓ coagulation

11.5 To explain the role of the liver in plasma oncotic pressure & ECF maintenance
· Liver produces albumin & plasma proteins

· Proteins are the only dissolved substances that do not diffuse readily through capillary memb

· [protein]plasma = 3 x [protein]interstitium → exerts osmotic pressure i.e. colloid osmotic pressure/oncotic pressure

· Plasma colloid osmotic pressure tends to move fluid inward → important in maintenance of ECF coz pressure difference between arterial & venous ends causes outward flow of fluid, therefore oncotic pressure causes 9/10 of fluid filtered out to be reabsorbed back @ venous end → no loss of too much fluid maintain ECF

11.6 To describe the metabolic functions of the liver

Carbohydrate metabolism

· Storage of glycogen

· Conversion of galactose & fructose to glucose

· Gluconeogenesis

· Formation of important compounds from intermediate products of carbohydrate metabolism
· Glucose buffering effect of liver

Fat metabolism

· ↑ oxidation of FA → energy for body function (β-oxidation/formation of acetoacetic acid)

· Lipoprotein formation (most)

· Synthesis of cholesterol & phospholipids (80% cholesterol → bile salts)

· Conversion of carbohydrates/proteins to fats

Protein metabolism

· Deamination of a.a. → essential before used as energy source/conversion to carbo/fats
· Urea formation (remove NH2)

· Plasma protein formation (most)

· Synthesis/interconversion of a.a. & between with other compounds

Theme 12: Clinical correlates – liver & biliary system

12.1 To describe the major consequences of liver failure

12.2 To correlate the pathophysiology of liver failure to patient symptoms & signs

· Severe hypoglycemia, because liver important for glucose buffering → ↑ galactose (no conversion)
· Bile production ↓/stops → impair digestion & absorption of fats → steatorrhoea

· ↓ urea, ↑ NH3 → toxicity → hepatic coma

· Production of  plasma protein ↓ → ↓ albumin & certain globulins, therefore ↓ plasma oncotic pressure

· Enzymes (ALT, AST) enter bld, because leak out of damaged cells → index for extent of failure

· No conjugation of bilirubin → unbound, unconjugated bilirubin accumulates in plasma → yellowing of skin → jaundice; NB: @ high levels, brain jaundice → damage of basal ganglion

· Production of clotting factors ↓ → ↓ clotting → spontaneous bleeding from skin & mucous memb

· ↓ detoxification of poisonous substance → prolonged drug actions

12.3 To describe the major consequences of portal hypertension

12.4 To correlate the pathophysiology of portal hypertension to patient symptoms & signs

· ↑ TPR → heart work ↑ to maintain stroke vol → heart muscle hypertrophies to compensate for ↑ work load → O2 diffusion across enlarged fibers less efficient, therefore gradually left ventricular function ↓ → over time → LV failure
· ↑ TPR → ↑ vascular resistance in all vessels → narrowing of vessels esp small arteries & arterioles, because myogenic response of vascular s.m. to ↑ degree of stretching → over time → hypertrophy of tunica media → ↓ lumen

· Pportal vein ≈ 9mmHg, PIVC ≈ 0mmHg → low resistance, high bld flow (1.45L/min); ↑ fibrous tissue within liver → destroy parenchyma cells → cells contract around bld vessels → ↓ portal bld flow through liver → cirrhosis of liver → poisons/hepatitis; large clots → develop in portal vein/major branches → block portal system
· Block return of bld from intestines & spleen through portal flow system to systemic circulation → capillary pressure in intestinal wall ↑ 15-22mmHg above normal
· Patient correlation → splenomegaly→ spleen enlarge → ascites→ hepatic vein pressure ↑ → bleeding from gastroesophageal junction → ↑ collateral circulation; NB: patient often dies within few hours due to excessive loss of fluid from capillaries into lumens & walls of intestines
12.5 To describe segmental liver anatomy

· Largest gld in body → function: production of bile, metabolic activity, filtration of bld

· Soft, pliable, @ upper part of abdominal cavity just beneath diaphragm

· Divided into right & left lobes by attachment of peritoneum → falciform ligament

· Right lobe further divided into caudate lobe (above) & quadrate lobe (below) by gallbladder

· Caudate & quadrate lobes → functional part of left lobe

· On basis of intrahepatic distribution of hepatic artery, portal vein & biliary ducts, liver is divided into right & left functional lobes → separated by fossa of gallbladder → post passes through middle of caudate lobe → right lobe divided into ant/post, left lobe divided into med/lat segments → 4 segments

12.6 To discuss how pathology around biliary tract causes obstructive jaundice

· Obstruction of bile ducts (i.e. by gallstone or cancer)/damage to hepatic cell (hepatitis)
· Bile cannot enter duodenum → pile up of bile in ducts → rupture of congested bile canaliculi → return bilirubin to bld → circulate in body → accumulate → jaundice

· Rate of bilirubin formation normal but bilirubin formed cannot pass from bld into intestine

· Bilirubin still enters liver cells & becomes conjugated

12.7 To describe the function of bile & explain the consequences of obstructive jaundice

· Function: emulsifies fat, aid digestion & absorption of fat

· In obstructive jaundice, since no bile can enter intestine to help fat digestion/absorption, ↓ fat digested/absorbed → passed into feces → steatorrhoea

· Accumulation of bilirubin in body i.e. yellowing of skin, sclera of eye

· No bilirubin enter intestine, therefore no urobilinogen reabsorbed & excreted into urine, feces clay-coloured, because ↓ stercobilin & bile pigments

Theme 13 Secretions of the intestines

13.1 To describe the microstructural basis for function of the lower gastrointestinal tract

· Small intestine → mucosa thrown into folds (esp jujenum) → ↓ speed of chyme → villi projections into lumen with microvilli @ surface → ↑ S.A. → between villi are crptys → with undifferentiated cells → proliferate & replace lost cells → Peyer’s patches → clusters of lymph nodules @ ileum → D cells (somatostatin), S cells (secretin), N cells (neurotensin), cells secrete CCK & 5HT found in crypts & villi → Brunner’s glds in duodenum → secrete HCO3- rich alkaline fluid with mucus → protect duodenum mucosa

· Intestinal wall → ↑ finger-like projections → villi which is lined by simple columnar epithelium

· Duodenum → glonet cells, Brunner’s glds (coiled, branched, tubular in submucosa), glandular crypts between villi (crypts of Lieberkuhn)

· Jejunum → globet cells, long villi (simple columnar), Paneth cells (cluster @ base of crypts)

· Ileum → Peyer’s patches extend from mucosa through lamina propria into submucosa

· Large intestine → globet cells, no villi/brush border (compare with gallbladder: thin, sparse, irregular short villi, pale staining, ↑ lumen, no globet cells, simple columnar epithelium)

13.2 To list the primary secretions of the intestines & discuss the functions of each

Small intestine

Hormones

· CCK → I cells  stimulate pancreatic enz secretion, inhibits gastric acid secretion, ↑ HCO3- secretion, stimulate gallbladder contraction → release bile, ↓ gastric emptying, ↑ intestinal peristalsis

· Neurotensin → N cells → regulate gastric motility

· Secretin → S cells → stimulate HCO3- & pepsin release, inhibits gastric acid secretion, ↓ gastric emptying
· Serotonin (5HT) → enterochromaffin cells → activates sensory neurons that activate myenteric plexus → release substance P & Ach → s.m. contraction

· Somatostatin → D cells → ↓ gastric acid & pepsin secretion, ↓ gastrin release, ↓ pancreatic enz secretion, ↓ insulin & glucagons secretion

Other secretory products

· Mucus → globet cells → lubrication  of food, binds some bacteria, holds immunoglobulins in place → binds pathogens, protects duodenal mucosa

· Isotonic fluid → crypts → 2-3L/day → for absorption of substances from chyme

· Alkaline fluid → Brunner’s glds → neutralize acidic chyme, protect mucosa

· Enzymes (brush border) → enterocytes covering villi → peptidase, maltase, sucrase, isomaltase, lactase, intestinal lipase

Large intestine

· Mucus secretion with HCO3- → protects wall against excoriation, adds adherence for fecal matter, prevent acids in large intestine from attacking wall & secretion of water & electrolytes in response to irritation → dilute irritants, propel fecal matter towards anus → diarrhea
13.3 To explain the cellular mechanisms of intestinal secretion & its regulation

· Mechanism of secretion of watery fluid from small intestine → 1. active secretion of Cl- into crypts, 2. active secretion of HCO3- (from Brunner’s glds) → secretion of ions esp Cl- causes electrical drag of Na+ through memb → all 3 ions cause osmotic movement of water

· Regulation → local stimuli very important → ↑ ENS activity → reflexes by ENS → in response to chyme in duodenum → hormonal regulation → secretin & CCK → ↑ secretion with para, ↓ secretion with ↓ sym → wall easier to erode
· Large intestine muscus secretion → active transport of HCO3- via exchanger with Cl- → regulation → ↑ para (stimulation of pelvic nerves) → ↑ secretion of mucus, ↑ sym → ↓ secretion of mucus

Theme 14: Digestion & absorption of nutrients

14.1 To discuss the mechanism of digestion & absorption of the primary metabolites

Carbohydrate

· Mainly in mouth & small intestine

· Salivary & pancreatic amylase: carbohydrate → ↓ glucose polymer & disaccharides

· No digestion in stomach, therefore salivary amylase inactivated @ low pH, resume in small intestine

· Small intestine → all disaccharides broken into monosaccharides via maltase, sucrase & lactase (brush border enz) → only then can absorption take place

· Absorption of glucose (& galactose → competes with glucose for cotransport carrier) via apical Na+-glucose symport protein & basolateral facilitated diffusion carrier; NB: depends in Na+ in lumen, diffusion of Na+ down electrochemical gradient provides driving force

· Fructose absorbed via facilitated diffusion across both memb

· Fructose absorbed @ apical memb via GLUT 2, leaves basolateral memb with glucose via GLUT 2

Protein

· Begins @ stomach → gastric protease pepsin → with acid environment, destroy tertiary tructure

· @ small intestine, pancreatic proteases with brush border peptidases & proteases breakdown protein into free a.a., di/tripeptides that can be absorbed

· Absorption normally in duodenum & upper jujenum via Na+-dependent mechanisms

· > 4 different mechanisms for neutral, basic, acidic a.a. & imno acids

· Basic & neutral a.a. also absorbed via facilitated diffusion

· Di/tripeptides absorbed intact via H+-dependent protein → inside epithelial cell, digested into a.a. by cytoplasmic peptidases → a.a. transport across basolateral memb into circulation

Fat

· ↑ lipid droplets broken into small droplets, via gastric/intestinal motility → stabilized by bile salts → prevent coalescence

· Digestion initiated by lingual & gastric lipase → liberate short, medium-chain & unsaturated FA; NB: no effect on long-chain FA

· In duodenum, emulsification aided by bile salts & lecithin → ↑ SA → colipase binds to pancreatic lipase & bile acid → act @ oil-water interface of emulsion → convert triglycerides to FFA & 2-monoglycerides → these together with cholesterol, fat-soluble vit form micelles

· Micelles diffuse to luminal cellular memb → monoglycerides & FA diffuse passively across → once enter cells → transported to SER → triglycerides resynthesized → combine with cholesterol & proteins to form droplets called chylomicrons → packaged into secretory vesicles → leave epithelial cells via exocytosis → absorbed into lacteals → lymphatic sys → venous bld

· Glycerol & short/medium length FA diffuse directly to luminal memb & cross capillary basement memb → direct into bld

14.2 To explain the mechanism of absorption of electrolytes & vitamins

· NaCl → Na+ & Cl- transported from lumen into enterocyte → Na+ via 1.Na-glucose, Na+-a.a., Na+-di/tripeptide cotransport system, 2.neutral Na+-Cl- transport system, 3.passively down electrochemical gradient → transported across basolateral memb into  interstitium → Na+ via Na+-K+ ATPase A.T system; NB: Cl- follows passively down electrochemical gradient created by Na

· A.T. of Na+ stimulated by aldosterone

· Most of the time, anions follow passively electrical potential generated by A.T. of Na+ but Cl- A.T. @ lower ileum & HCO3- actively secreted into intestinal lumen → exchanged for Cl-
· K+ maybe actively secreted into gut though usually follows concentration gradient set up & water absorption

· Fat-soluble vit ADEK → part of micelle →absorbed with lipids in proximal intestine

· Water-soluble vit B & C absorbed by facilitated diffusion/Na+-dependent A.T. sys in prox int

· Vit B12 → bound to R-protein in stomach → IF< affinity for B12 then R-protein, therefore B12 bound to R-protein in stomach → in intestine, pancreatic proteases cleave R-protein, therefore B12 binds to IF → binds to receptor in ileal enterocytes

14.3 To discuss how water absorption can be modified & how such alterations can lead to diarrhea

· Movement of water → in response to osmotic gradients → secondary to solute absorption, because high water permeability in small intestine, therefore [solute] only needs to be slightly higher for water to diffuse into lateral intercellular spaces → movement of absorbed water driven by plasma colloid pressure, therefore changes in capillary hydrostatic/plasma colloid pressure may influence net water between bld & lumen
· Regulation of intestinal secretion & absorption mediated by nervous & hormonal control & bacteria in gut, immune system cells, mesenchymal cells in gut wall → release chemicals → modulate secretion/absorption → i.e. inflammatory mediators PGE/I, histamine, adenosine

· Failure to match secretion to absorption → secretory diarrhea → causes → 1.↑ stimulation of gut secretion, secretory diarrhea i.e. by stimulation of gastric, pancreatic & biliary, intestinal secretions (gastrin, secretin, VIP-producing tumors & bacteria endotoxins like cholera) →  mucosal injury, ↑ epithelial permeability → net movement of water from interstitium to lumen, 2.presence of non-reabsorbable solutes in lumen → osmotic diarrhea, because ingestion of laxatives like magnesium sulphate/impaired absorption of digested carbohydrate like lactose intolerance, 3.disorders of motility i.e. ↑ motility due to diabetic damage to ANS supplying intestine (uncommon) → but any disease that ↑ vol of fluid in intestine → distend lumen, stimulate stretch receptors, therefore ↑ s.m. activity & power of propulsion stimulated (part of immune response) → forceful, rapid propulsion of luminal contents over large distances
Theme 15: Vitamins

15.1 To define the term vitamin & to list the water-soluble & fat-soluble vitamins

· Definition: an organic compound needed in the diet in small quantities whose absence leads to a deficiency disease

· Fat-soluble → ADEK, water-soluble → C, B1, B2, B6, nicotinic acid, folic acid & B12

15.2 To recognize the different forms of vitamin A from plant & animal sources, & discuss the interconversion between forms

· Vit A → several molecular forms → major one → vit A1 (all trans-retinol)

· Fat-soluble alcohol → retinol (-CH2OH)

· Oxidation → aldehyde → retinal (-CHO), → acid retinoic acid (-COOH)

· Found in fish oils, milk, diary products, liver i.e. animal sources

· Also from carotenoids, esp β-carotene → green leafy vegetables, yellow/red fruits & vegetables & palm oils i.e. plant sources

· 6μg β-carotene = 1μg retinol
· Interconversion: 
β-carotene

↓ O2, Fe2+, 15,15’-dioxygenase

all trans-retinal


↓ 2NADH, 2H+, retinol dehydrogenase

all trans-retinol (vit A1)

15.3 To discuss the actions of retinoids in tissues

· Vision → rods (low light vision) & cones (colour) → formation of visual pigments i.e. protein (opsin) + visual purple (rhodopsin) → 11-cis retinal → light → all trans → conformational change → dissociation from protein → reconversion to 11-cis → rebind to protein

· Retinoic acid regulates gene expression during growth & development, esp in sperm, skin, respiratory tract; used in dermatology & sometimes cancer treatment

15.4 To discuss the toxicity due to excessive vit A & vit D intakes

· Excess vit A → >300mg → toxic → headaches, hypertension, bone deformation (?), teratogenicity (induce fetal developmental abnormalities); NB: carotenoids not toxic but can discolour skin if taken purely

· Excess vit D → hypercalcemia, mobilization of Ca2+ from the bone & renal dysfunction
Theme 16: Importance of vitamins B & C in the diet

16.1 To explain why populations dependent on milled cereal are prone to athiaminosis

· In vegetables products, vit B mainly in the form of thiamine

· Outer layers of cereal grains esp rich in thiamine

· Machine-milled rice is a poor source of thiamine

· Hence, populations highly independent on milled cereals are prone to athiaminosis

16.2 To discuss the importance of vitamin B & the specific functions of vitamins B1 & B12

· Vit B → complex of water-soluble vitamins → important as 1.precursors of enz cofactors, FMN, FAD, 2.precursor of cofactor pyridoxal phosphate involved in a.a. metabolism, 3.precursor of cofactor thiamine pyrophosphate, NAD+, NADP+, 4.involved in synthesis of DNA precursors & other metabolic reactions

· B1 (thiamine) → precursor of cofactor thiamine pyrophosphate in pyruvate DH, ketoglutarate DH (Kreb’s) & transketolase

· B12 (folic acid/cobalamine) → involved in synthesis of DNA precursors & other metabolic reactions

16.3 To describe the consequences of thiamine deficiency

· Beri-beri

· Wet-form → edema, cardiomyopathy, lung congestion, heart failure

· Dry-form → peripheral neuropathy, muscle weakness, pain, uncoordinated movement

· Sources → most foods esp cereals, brown rice, nuts, meat

· Wernicke-Korsakoff syndrome → alcohol-related dementia due to ↓ thiamine uptake from gut (antagonized by alcohol)

16.4 To list the main sources of vitaminC

· Many vegetables & fruits i.e. lime, orange
16.5 To discuss the involvement of vitamin C in hydroxylation reactions & the metabolic importance of this

· Ascorbic acid → ascorbate + H+
· Ascorbate ↔ dehydroascorbate + 2e- + H+
· Properties relate to ability to act as R.A. i.e. oxidized easily to dehydroascorbate

· Importance: collagen, carnitine, adrenaline, noradrenaline synthesis, uptake of iron, antioxidant (with/without vit E)

16.6 To describe the consequences of vitamin C deficiency

· Scurvy → weakened limbs (swollen, discoloured &gangrenous), teeth fell out of mouths, rotten gums that bleed profusely, body thin & weak

· Bleeding, weakening of connective tissue, anemia & infection

16.7 To appreciate the controversy of use of megadoses of vitamin C

· Vit C has many important functions → powerful oxidizer when given in massive amounts (50-150g) intravenously for certain pathological conditions → also powerful reducing agent → neutralizing action on certain toxins, exotoxins, virus infections, endotoxins & histamine is in direct proportion to the amount of the lethal factor involved & the amount of ascorbic acid given
· [vit C] at least 500mg → ↓ cardiovascular disease & immune based diseases & cancer

· Vit C required for synthesis of collagen → intercellular glue

· Potent anti-oxidant → protects from free radicals, pollution carcinogens, heavy metals, toxin

· Strongly antiviral & mildly antibacterial

· Required for energy production in cells

Theme 17 Alcohol in nutrition

17.1 To explain why alcoholics are often ‘malnourished’ although alcohol is a source of energy

· Alcohol → preferentially oxidized over glucose, FA, etc, because no hormonal control & rapid distribution (crosses all cell memb easily, including bld-brain barrier)

· Therefore, alcoholics are often ‘malnourished’

17.2 To explain why alcohol is a precursor of lipid

17.3 To describe the metabolism of alcohol
· CH3CH2OH + NAD+ → alcohol DH → CH3CHO + NADH + H+
· CH3CHO + NAD+ → aldehyde DH → CH3COOH + NADH + H+
· CH3COOH rapidly converted to acetyl CoA which is converted into malonyl CoA → precursor in FA synthesis

· Acetyl CoA can also enter Kreb’s cycle

17.4 To explain the basis for the alcohol flushing syndrome

· Ingestion of methanol/ethane-1,2-diol (anti-freeze, sweet taste)

· CH3OH → alcohol DH → HCHO, formaldehyde → toxic

· Ethan-1,2-diol → alcohol DH → oxalic acid → toxic

· Treat by cautious administration of ethanol, because ethanol is preferred substrate of alcohol DH

17.5 To appreciate that alcohol raises plasma HDL

NB: only in moderation

17.6 To explain the concepts of nutritional standards, allowances & differing requirements in childhood, old age, pregnancy & illness

· Childhood → actively growing → ↑ food i.e. vit, calcium, etc.
· Old age → ↓ metabolic rate, therefore require less food substances, etc.

· Pregnancy → ↑ food substances for healthy growth of fetus & for well-being of both mother & child

· Illness → need to recover from illness → therefore, need ↑ food substances for repair

Theme 18: Common GIT disorders

18.1 To summarize the important aspects of the gastrointestinal system & nutrition & how these relate to proper function of the human body

· Oral cavity → mastication, begin starch (some fat) digestion

· Stomach → churning/acidic environment → breakdown of food → protein (some fat) digestion → chyme

· Small intestine → ↑ digestion of fats, carbohydrate & protein digestion as well as absorption of nutrients

· Large intestine → absorb remaining water & nutrients

· Rectum → store fecal matter before expulsion via anal canal

· If overstimulation of stomach → ↑ gastric emptying → small intestine cannot cope → diarrhea

· If secretion > absorption→ diarrhea

· Blocked bile duct/cancer of head of pancreas → bile does not enter small intestine → steatorrhoea → bile duct clogged → burst → jaundice

· Nutrients → must balance diet → moderation of alcohol intake → must take essential nutrients i.e. vitamins, FA

18.2 To describe common GIT disorders arising from disordered physiology

· Diarrhoea

· Jaundice

· Vomiting

