Clinical Nutrition Review – 2007
Note:      ® = Stressed During the Course ®eview → know everything under it unless otherwise noted!!
◙= N◙T on test!!

Lecture 1 - Principals of Nutrition, Digestion of Macronutrients
1. Inborn Errors of Metabolism
1.1. ® Phenylketonuria (PKU) – Phenylalanine Hydroxylase or coenzyme Tetrahydrobiopterin (THB) deficiency

1.1.1. Inability to convert Phenylalanine → Tyrosine (precursor to NE, E)
1.1.2. Tyrosine becomes essential AA (i.e. it is conditionally essential)
1.1.3. Buildup of Phenylalanine, Phenyl Pyruvic Acid and Phenyl Lactic Acid → brain damage during development unless Dr. diagnoses within first 3 weeks
1.1.3.1. Acid in urine indicates PKU

1.1.4. Treat by ↓ Phe intake and ↑ Tyr intake

1.2. Fructose Intolerance – Fructose-1-Phosphate Aldolase B enzyme Deficiency

1.2.1. Inability to metabolize fructose

1.2.2. Cannot convert F-1-P into DAP + Glyceraldehydes

1.2.3. Buildup of F-1-P → disables glycogen breakdown and gluconeogenesis → Hypoglycemia
1.2.4. Treat by limiting fructose and sucrose intake

1.3. ®  Glucose-6-Phosphate Dehydrogenase Deficiency – major enzyme of Pentose Phosphate Shunt →produces NADPH
1.3.1. Inability to produce ample NADPH and Nucleic Acids

1.3.1.1. NADPH req’d for reduced Glutathione → removes free radicals/peroxides/oxidants

1.3.1.1.1. Leads to Hemolytic Anemia → Pentose Shunt is only source of NADPH for RBC (which lack of mitochondria)

1.3.1.2. Confers resistance to Malaria → starves disease of NADPH

1.4. Galactosemia – defect in Galactokinase / Galactose 1-Phosphate Uridyl Transferase / Epimerase

1.4.1. Galactokinase deficiency = mild
1.4.2. Other 2 = cataracts + vomiting + diarrhea + growth retardation

2. ® Enteral Nutrition: tube feeding directly into the stomach/duodenum

2.1.1. Bypass of upper GI organs that may make it impossible for nutrition to reach SI

2.1.2. Favored Form of Feeding: Keeps GI in Shape

2.1.3. Know this stuff from Surgery Clin. Corr.

3. ® Parenteral Nutrition: IV of glc + electrolytes
3.1. Allows GI Atrophy

4. Glycemic Index: rate at which nutrient/food affects blood glucose levels → white bread standard

5. Glycemic Load: amount of carb. * glycemic index
6. ® Carbohydrates (CHO’s) → 50-100 g/day

6.1. Starch

6.1.1. Amylose – (( 1-4) linked, digestible 

6.1.2. Amylopectin – (( 1-6) + (( 1-4) branched chain, non-digestible 

6.1.3. SI Surface Cell Enzymes secreted by Brush Border

6.1.3.1. Endosaccharidases → break down carbohydrates

6.1.3.1.1. Amylase (saliva/pancreas) enzyme only breaks down internal (( 1-4) linkages leaving 3 products:
6.1.3.1.1.1. Maltose [Glc-(( 1-4)-Glc] → Glc + Glc by Maltase
6.1.3.1.1.2. Maltotriose [Glc-(( 1-4)-Glc-(( 1-4)-Glc] → Glc + Glc + Glc by Glucoamylase (cleaves terminal (( 1-4))
6.1.3.1.1.3. (-limit dextrin [Maltose-(( 1-6)-Maltose] → Maltose + Maltose by Isomaltase AKA Dextrinase (cleaves (( 1-6))
6.1.3.1.2. Sucrase converts Sucrose → Glc + Fructose
6.1.3.1.3. Lactase converts Lactose → Galactose + Glc
6.1.4. LI → Any undigested CHO will eventually reach LI where it will be acted upon by microorganisms forming: CH4, CO2 and H2 gas

6.1.4.1. CHO malabsorption is characterized by ↑ H2 gas excretion in breath = how Dr.’s test their patients
6.2. ◙ 3 Oligosacc’s that we have no enzymes to break down (can cause bad gas, etc.)

6.2.1. Stachyose, Raffinose, Trehalose

7. ® Lipids 
7.1. Enzymes = Water Soluble, Fat = Water Insoluble
7.1.1. Thus enzymes must work on surface of fat droplets → ↑SA = ↑ Enzyme activity
7.2. Any Lipid malabsorption affects fat-soluble vitamins (usually creating a deficiency, exp. Vit E)
7.3. Bile = Bile Salts + Phospholipids (detergents) → form many smaller amphipathic micelles (lipid droplets) that increase SA of TG’s

7.3.1. Bile covers surface of these lipid droplets, blocking enz. Activity (relieved by Colipase)

7.4. Lipase: breaks down TG (at C1 + C3) into 1 Monogylceride (MG) and 2 Free Fatty Acids (FA)

7.4.1. These products are absorbed into the Intestine, re-esterified into TG’s and transported in Chylomicrons

7.4.2. See Steatorrhea
7.5. Procolipase (from pancreas) → Colipase (not an enzyme) by Trypsin
7.5.1. Colipase anchors lipid droplets to lipase to facilitate activity
7.6. Enterohepatic Circulation 

7.6.1. After bile salts do work, most reabsorbed at ileum → liver

7.6.2. Important b/c some drugs interrupt circulation

8. ® Proteins
8.1. Multiple digestive hormones/enzymes exist in Stomach/Pancreas → must digest ingested proteins without digesting own proteins → do so by utilizing “pro”-enzymes (zymogens)
8.2. Zymogens: inactive proteolysis enzymes located all over body and activated in GI lumen to digest only ingested proteins.

8.3. Stomach: HCl (from Parietal cells, recall also secrete Intrinsic Factor) activates Pepsinogen (from Chief Cells) → Pepsin (breaks bonds of aromatic AA’s (Phe/Tyr/Trp))
8.4. Sm. Int.

8.4.1. Entero-peptidase/-kinase (from sm. Int.) activates Trypsinogen (in Pancreas) → Trypsin (breaks bonds by Arg/Lys)

8.5. Pancreas 

8.5.1. Bicarbonate (HCO3)

8.5.2. Trypsin then activates: Trypsinogen → Trypsin (Arg/Lys, “autoactivation”), Chymotrypsinogen → Chymotrypsin (Phe/Tyr/Trp, Aromatics), Pro-elastase → elastase, and Pro-carboxypeptidase’s → carboxypeptidase’s (terminal AA’s at Carboxy Terminus)

8.6. GI PEPTIDE Hormones

8.6.1. Gastrin – from antral stomach, stimulated by food

8.6.1.1. ↑ HCl secretion → activating Pepsinogen → Pepsin
8.6.2. Secretin – from SI, stimulated by acid
8.6.2.1. Pancreatic juice (HCO3 rich) release from pancreas to neutralize acids
8.6.3. CholeCystoKinin (CCK) – from SI, stimulated by digestion products 
8.6.3.1. ↑ Pancreatic enzyme secretion
8.6.3.2. ↑ Bile via GB contraction

9. Malabsorption Diseases (pg. 27)

9.1. ® Celiac Disease – gluten enteropathy allergy (wheat, rye, barley + oats) causing immune response and flattening of SI microvilli (↓ SA) along with a ↓ enzyme release

9.1.1. often goes undiagnosed

9.2. ® Cystic Fibrosis – exocrine gland dysfunction → Cl- level abnormalities = ↑mucus = plugs ducts = ↓ pancreatic enzymes → malabsorption
9.2.1. Mutation in a.a. → unfolded protein

9.3. ® Hartnup’s – malabsorption of neutral amino acids in epithelium of GI/renal tubules

9.3.1. defect in transport of Trp (a precursor to Niacin (nicotinic acid that ↑HDL while ↓TG and ↓VLDL)) → Niacin Deficiency (see Pellagra)
9.4. ® Steatorrhea – lipids found in stool due to malabsorption of lipids caused by:

9.4.1. Defective Lipolysis

9.4.1.1. defective Lipase/Lipidosis
9.4.1.2. Bile Salt Deficiency

9.4.1.3. ↓pH affects enz. Activity

9.4.2. Defective Mucosal Cell Metabolism

9.4.2.1. AbetaLipoproteinEmia: Impaired apo-B48 synthesis → failure to form chylomicrons

9.4.2.1.1. after absorption by epith. Cells, reformed TG’s cannot leave the cells as chylomicrons

9.4.2.1.2. Treatment = Medium Chain TGs (don’t require Chylomicrons for absorption)

9.4.2.2. ◙ Tropical Sprue – diarrhea and Steatorrhea in tropical region caused by infectious agents

9.5. ® Vit E Deficiency: fat-soluble Vitamins not absorbed

9.6. ® Short Bowel – GI problems resulting from resection of varying lengths of SI (in Clin Corr.)
Lecture 2 - Energy Requirements

® Carbohydrate – 4 kcal/gm
® Protein – 4 kcal/gm



® 1 LB of body weight = 3500 kCal

® Alcohol – 7 kcal/gm





® Lipids – 9 kcal/gm
1. ® Basal Metabolism (BMR) → energy required when body is at rest

1.1. Hypometabolism: starvation → ↓ BMR

1.2. Hypermetabolism: fracture + burns + fever + flu

1.2.1. Patients who lose 30-50% of protein → kidney failure

2. ® Resting Energy Expenditure (REE) → energy expended ~ 2 hrs after meal (postabsorptive state), approximately 10% > BMR

3. ® Thermic Effect of Food (TEF) AKA Specific Dynamic Action (SDA) → food digested → ↑ heat production → ↑ metabolism
3.1. basically the % of a meal lost as heat

4. ® Respiratory Quotient → measurement of metabolism = CO2 produced/O2 consumed (see slide 1, pg. 25 in notes)
4.1. Glucose = 1, Fat = 0.7, Protein = 0.8, Mixed Diet = 0.85

4.2. RQ < 1 → low CO2 release, lung problems

4.3. RQ > 1 → increased fat synthesis due to excess CHO intake, fatty liver (occurs often with IV)
4.3.1. Treatment: replace CHO with fat or prot. (in IV)
5. ® Fuel Reserve (can be used during starvation)
5.1. Muscle stores 6kg of protein for reserve.  Any mass used beyond this is vital for organ fx (eg. Kidneys)

5.2. Therefore, must restore any amount of this 6kg used up for NRG

6. ® Alcohol Metabolism
6.1. Enzymes
6.1.1. Liver Alcohol Dehydrogenase (ADH) + NAD → converts alcohol → acetaldehyde (acid anhydride)
6.1.1.1. Enzyme contains Zinc

6.1.2. Acetaldehyde Dehydrogenase (ALDH) + NAD → converts acetaldehyde → acetyl CoA (used for energy)
6.1.2.1. Both use NAD → so alcoholic complications due to ↑NADH/↓NAD = ↓gluconeogenesis = hypoglycemia
6.1.2.2. Oriental Flush – mutation causing ↓ in Acetaldehyde Dehydrogenase activity → accumulation of acetaldehyde (toxic effects) = vasodilatation, facial flush, tachycardia

7. ® Calories

7.1. Caloric Requirements = BMR + SDA + Activity
7.2. 1 LB of body weight = 3500 kCal
8. ® Carbohydrate Metabolism → ® 100 g/day (50-60% of ingested calories)
8.1. No true need for carbs, BUT they prevent ketosis + electrolyte (Na+/H2O) loss

8.1.1. All pathways utilizing acetyl CoA need carbs except Ketone Body formation
8.2. Caloric Sugar Substitutes (Sugar Alcohols)
8.2.1. Sorbitol, Mannitol
8.2.2. Inositol → hexose with 6 OH’s

8.2.3. Phytic Acid → Inositol with OH’s replaced with PO3 

8.2.3.1. ◙ binds to Ca2+, Fe2+/3+ and Zn- , removing them as nutrients → causes deficiency
8.3. Non-Caloric Sweeteners 
8.3.1. ◙ Aspartame = dipeptide [Aspartic Acid-Phenyalanine-Methyl] →→ Aspartic Acid + Phenylalanine + Methyl Alcohol by esterase and dipeptidase
8.3.2. ® Just know Aspartame has Phe and PKU pts. should not consume this

9. ® Lipid Metabolism → 20 g/day (<30% diet of ingested diet)
9.1. Needed 1) fat-sol. Vit. Transport, 2) essential FA’s, and 3) Energy Source
9.2. ® Lipid-NRG Nutrition

9.2.1. If NRG (Cal) taken in the diet is insufficient → Adipose Tissue Brkdwn for NRG (catabolic, -ve NRG Bal)

9.2.2. If NRG (Cal) taken in the diet is sufficient → Adipose Tissue Formation/Storage (anabolic, +ve NRG Bal)

9.3. Saturated - ↑ Plasma Cholesterol (Myristic, Palmitic, Stearic)

9.4. Monounsaturated – No effect on Cholesterol (Palmitoleic, Oleic, Erucic-high in rapeseed oil/low in canola oil)

9.4.1. Unsaturated Erucic Acid from Rapeseed oil causes Cardiomegaly → Canola Oil is harmless variant of Erucic Acid
9.4.2. Olive Oil is rich in Oleic Acid

9.5. Polyunsaturated - ↓ Plasma Cholesterol, Vit E (fat sol vit.) required to prevent peroxide formation

10. Protein Metabolism → 0.8g/kg body weight/day (10%-15% of ingested calories)
10.1. ® Needed to provide body with Amino Acids

10.2. ®Protein is 16% N, thus 1gm N is equivalent to 6.25gm Protein

10.2.1. In hospitals, multiply N content by 6.25 to get equivalent protein amount

10.3. ® 8  Essential Amino Acids → Lysine, Leucine, Isoleucine, Valine, Methionine, Tryptophan, Phenylalanine and Threonine

10.3.1. Infants also require Arginine

10.3.2. Know all AAs in case he asks to classify any as essential or non-essential

10.3.3. Ex. Question: Inadequate dietary intake of which of the following will cause negative nitrogen balance?

10.3.3.1. Glycine

10.3.3.2. Glutamate

10.3.3.3. Threonine → essential amino acid thus body cannot make to replace depleted amounts

10.3.3.4. Tyrosine → becomes essential in PKU, would cause –ve Nit Bal in PKU

10.3.3.5. Cysteine

10.4. Protein-NRG Nutrition

10.4.1. Nitrogen Balance, B = Intake – (Urine+Feces+S=Derm)
10.4.1.1. The amount of nitrogen excreted should = the amount ingested for proper balance/function

10.4.1.2. +ve Nitrogen Balance → intake is higher than excretion usually during infancy, pregnancy or when recovering from injury (if malnourished)

10.4.1.3. –ve Nitrogen Balance → excretion is higher than intake usually occurs during trauma or illness when body’s adaptive response causes ↑ catabolism of protein stores

10.5. Excess Protein: N has to be converted to urea → ↑ load on liver

→ ↑ load on kidney (excretion)

10.6. Pathways in Protein Metabolism

10.6.1. AA’s and FAs that are directly converted to Acetyl CoA can be used for NRG but not Gluoneogenesis

10.6.2. AA’s and FAs that are directly converted to Pyruvate or directly enter the TCA can be used for NRG and/or Gluoneogenesis

10.7. ®Prot-NRG Nutrition

10.7.1. If NRG (Cal) taken in the diet is insufficient → muscle prot. Brkdwn for NRG (catabolic, -ve N Bal)

10.7.2. If NRG (Cal) taken in the diet is sufficient → AAs used for prot. Synthesis (anabolic, +ve N Bal)

10.8. AA Imbalance

10.8.1. Ingesting a lot more of one Ess. AA (thru a vitamin, for example) creates an imbalance (throwing one into –ve N Balance)

10.8.2. Egg = Ideal Protein Source with an AA Score of 100

10.8.2.1. The key to raising an AA score of on protein source is to mix it with a variety of other protein sources (balance), allowing an improvement in the AA Score

10.8.2.2. Mixing Foods allows for the proper AA intake

10.9. ® Protein Malnutrition Diseases

10.9.1. Kwashiorkor – normal caloric intake, ↓ protein intake → ↓ blood proteins (eg. Albumin) → edema (H2O accum) → fatty liver due to no LPL formation
10.9.2. Marasmus - ↓ caloric intake, ↓ protein intake → starvation/malnutrition
10.10. Protein and Stressors

10.10.1. Injury/Surgery causes prot. Loss that must be regained

10.10.1.1. ↑ Glutamine post-surgery

10.10.1.2. ↑ Arginine for Immune System

10.10.1.3. ↑ All Ess. AAs for wound healing

10.10.2. Prot. Restriction

10.10.2.1. Liver Failure (cannot metabolize prots)

10.10.2.2. Uremia (cannot excrete urea effectively)
Lecture 3 – Issues in Nutrition I: Fiber, Cholesterol, Antioxidants and Sodium

1. Fiber → intake should be 20-25 g/day
1.1. ® Cannot be digested by Human Enzymes, but can be acted upon by microorg’s in LI

1.2. Plant origin + ((1,4) bonds (cannot be broken down by amylase)
1.3. Not nutrient but may help ↓ colon cancer

1.4. ® Components of Dietary Fiber (Know Slide 1 on P. 42 of Notes)
1.4.1. Cellulose → glucose with ((1,4) bonds
1.4.1.1. hydrophilic (does not mean it is H20-soluble, rather it draws water in like sponge)

1.4.1.1.1. Recall Starch has (( 1-4) linkage; Thus cellulose is NOT broken down by Amylase
1.4.2. Hemicelluloses → pentose/hexose

1.4.2.1. hydrophilic, ion-binding (binds to bile salts)

1.4.3. Pectins → GalactUronic Acid + other sugars

1.4.3.1. water soluble, gel forming, ion binding (binds to bile salts)

1.4.4. Gums → water soluble, viscous solution
1.4.5. Mucilages → water soluble, viscous solution

1.4.6. Lignin’s → NOT A CARBOHYDRATE, binds bile salts, ↓ Plasma Cholesterols

→Water Insoluble = Cellulose, Hemicelluloses, Lignin

→Water Soluble = “excretes bile salts in stool → ↓ Chol. in liver by converting more Chol → Bile Salts” = Gums, Pectin, Mucilage

→Ion Binding = “binds bile salts and ions” = Hemicellulose, Pectin, Lignin

→Hydrophilic = “does not mean it is H20-soluble, rather it draws water in like sponge” = Celluloses, Hemicelluloses

→All Are Carbs but Lignin

1.5. Excess Fiber: inhibits enzymes + absorption

1.5.1. leads to gas production and phytic acid

1.6. Fiber and Colon Cancer

1.6.1. ® ↓ Transit Time (less exposure time to toxins)

1.6.2. ↑ Bulk (dilutes carcinogens)

1.6.3. Improves Bacterial Flora Composition

1.6.4. ↑ ion excretion (ions = bile salts, thus lowers Chol.)

1.6.5. ↑SCFA’s → ↓pH (antineoplastic) + ↓ Chol. Synthesis in liver

2. Cholesterol
2.1. Formed from acetate (Acetyl CoA), Degraded to Bile Salts
2.2. ® All foods of animal origin have Chol., All foods of plant origin have NO Chol.

2.3. Normal levels = 500-700 mg/day, essential nutrient but not dietary essential nutrient

2.4. ® EnteroHepatic Circulation: the circulation of bile from the liver, where it is produced, to the small intestine, where it aids in digestion of fats and other substances, back to the liver (See Slide 10, P. 44 Notes)
2.5. ® Functions

2.5.1. Components of: cell membranes, myelin sheath, lipoproteins, 

2.5.2. Precursors to: bile acids, , hormones, vitamin D formation

2.5.3. Neurons: plays role in neuronal synapses in the brain

2.6. HMG CoA Reductase is main regulatory enzyme (RLS) in Chol. Synthesis (HMG CoA → Mevalonic Acid)

2.7. Cholesterol levels are maintained by de novo synthesis in liver and dietary ingestion

2.8. ® Plasma Chol. Transport → insoluble use lipoproteins (LPLs) → See Slide 11, Notes P. 44

2.8.1. LPLs (listed in order of ↓TG / ↑density, protein and phsopholipid content)
2.8.1.1. Chylomicrons

2.8.1.2. VLDL

2.8.1.3. LDL → receptors measured by serum thyroxin levels

2.8.1.3.1. ↑ Levels by smoking, diabetes, hypertension = Hypercholesteremia
2.8.1.4. HDL

2.8.1.4.1. levels ↑ by exercise, moderate alcohol, estrogen, Niacin
2.8.1.4.2. levels ↓ by diabetes

2.9. ® Factors

2.9.1. ↓ HDL

2.9.1.1. Male sex
2.9.1.2. Progestogen (Birth Control)
2.9.1.3. Diets (High Carb)
2.9.1.4. Obesity, Diabetes, Smoking, Hyperlipidemia
2.9.2. ↑ HDL

2.9.2.1. Estrogen (Women)

2.9.2.2. Exercise

2.9.2.3. Moderate Alcohol

2.9.2.4. Hypolipidemic Drugs

2.10. Disease 

2.10.1. Recall: Bile salt excretion into stool = Cholesterol out of body

2.10.1.1. Occurs via H20 Soluble components of Fiber

2.10.2. CHD/Arterial Plaque

2.10.2.1. Total Chol/HDL Ratio

2.10.2.1.1. Low Ratio = High HDL = ↓ Risk

2.10.3. ® HypOcholesterolemia → The inability to synthesize cholesterol/cholesterol byproducts is detrimental for development

2.10.3.1. Smith-Lemli-Optiz Syndrome – body cannot make cholesterol or cholesterol byproducts (important for development)
2.10.3.1.1. Mutation in delta-7-steroid Reductase, which converts 7-dehydrocholesterol → cholesterol
2.10.3.2. Mutation in HMG CoA Reductase (HMG CoA → Mevalonic Acid)

2.10.3.3. Inborn Error in Chol. Biosynthesis
2.10.3.3.1. Mutation in Mevalonate Kinase (Mevalonic Acid → PhosphoMevalonate)

2.10.4. HypERcholesterolemia
2.10.4.1. Overproduction of VLDL (can result from obesity) → Excess LDL
2.10.4.2. Chol. + Sat. FA → ↓ LDL-R activity

2.10.4.3. ® Familial Hypercholesterolemia – ↓ in LDL-R activity
2.11. Cholesterol/LDL Reduction

2.11.1. ↓ Calories and ↑ Weight Loss

2.11.2. Low-fat diet (↓ sat. FA + ↓ chol.)
2.11.3. Right-Fat Diet (↑PUFA)

2.11.4. ↑ fruits/veg. (antioxidants + fiber)
2.11.4.1. Also, plant sterols are not absorbed and inhibit chol. absorption (thereby ↓Chol)

2.11.5. Exercise + Antioxidants

2.12. ® Drugs

2.12.1. Statins = block HMG CoA Reductase →  ↓ Chol. Synthesis
2.12.1.1. Can cause muscle pain (coenz. Q)

2.12.2. Resins (Cholestryamine and Colestipol) = bind bile acids for removal in stool (just like H20-sol. Fiber)
2.12.3. Nicotinic Acid/Niacin (recall Hartnup’s Disease) – vitamin that in excess ↑ HDL  and ↓VLDL/LDL and ↓TG

2.12.4. Fibric Acid Derivative – ↓ TG
3. ® Antioxidants → normal levels can be maintained by diet (fruits/vegetables)

3.1. Free Radical → atom/molecule with one or more unpaired electrons 

3.1.1. Cause aging, Heart Disease, ↓ CNS function, cancer, cataracts

3.1.2. Formed during normal metabolism, UV exposure, smoking, pollutants
3.1.2.1. Formation leads to chain reaction forming more free radicals.

3.1.3. Superoxide (O2o) is most commonly-formed free radical by ETC (respiration)
3.1.4. Peroxide

3.1.4.1. O2o  + O2o  +2H → H2O2 by SuperOxide Dismutase (SOD) 

3.1.4.1.1. H2O2 is not free radical but readily gives rise to free radicals…
3.1.5. Hydroxyl Radical (OHo)
3.1.5.1. Readily formed from peroxide

3.1.5.2. Extremely Reactive

3.1.6. Nitric Oxide 

3.1.6.1. Arginine → NO by NO Synthase
3.1.6.2. Potent Vasodilator

3.1.6.2.1. Nitroglycerine added to IV for angina b/c vasodilates (converted to NO)

3.1.6.3. Made regularly but excess = toxic

3.1.6.4. NO + Superoxide → PeroxyNitrite (highly toxic)

3.2. Protection From Free Radicals

3.2.1. 1) Enzymes to reduce free radicals

3.2.1.1. Superoxide Dismutase (SOD) – converts Superoxide to H2O2
3.2.1.2. Glutathione Peroxidase – converts/reduces H2O2 to H2O via oxidation of GSH, also reduces lipid peroxides

3.2.1.3. Catalase – converts/reduces H2O2 to H2O

3.2.2. 2) Small Molecules that reduce free radical → Vit E, Vit C, Carotene, Flavonoids, Glutathione (GSH), Uric Acid, Taurine
3.2.2.1. Need balance btw. antioxidants + oxidants

3.3. Benefits from Free Radicals
3.4. Fighting Infection

3.4.1. NADPH Oxidase, SOD, and Myloperoxidase create free radicals for Bacterial Degradation in Neutrophilic Attacks

3.4.2. Memorize Mechanism, p. 51 in Notes

3.5. Disease due to Free Radicals

3.5.1.1. Heart Disease

3.5.1.2. Oxidation of LDLs → Plaque

3.5.2. Cancer

3.5.2.1. Oxidation of DNA

3.5.3. Amyotrophic Lateral Sclerosis (Lou Gehrig’s Disease)

3.5.3.1. Mutation in SOD → Cannot Remove Superoxide

3.5.3.2. Occurs in Brain

3.5.4. Cataracts

3.5.4.1. Peroxide in Aqueous Humor leads to free radical formation

3.5.4.1.1. treatment =  ↑ Vit C

3.5.5. Chronic Granulomatis
3.5.5.1. Mutation in NADPH Oxidase 
3.5.5.2. cannot create HOCl (HypoChlorus Acid) & OHo (Hydroxyl Radical)

3.5.5.2.1. free radicals used in neutrophilic attacks on bacteria

3.5.5.3. deficiency leads to ↑ infection

4. Sodium → 1.1 g/day required

4.1. NaCl = Table Salt, Na = Sodium (40% of Table Salt)

4.2. Intake is normally 6-18 g NaCl/day = 2.4-7.2 g (40%) Na/day → controlled by kidney reabsorption/aldosterone

4.3. ® Functions
4.3.1. regulate body H2O
4.3.2. maintain osmotic pressure
4.3.3. cell membrane permeability

4.3.4. acid/base equilibrium

4.4. ® Blood Pressure

4.4.1. Increasing B.P.
4.4.1.1. ↑ calories (fat) 

4.4.1.2. ↑ Na + Cl

4.4.1.3. EtOH + smoking
4.4.2. Decreasing B.P. 

4.4.2.1. ↑ K + Ca + Mg

4.4.2.1.1. K = Na Antagonist

4.4.2.2. ↑Trace Minerals

4.4.2.3. Exercise 
4.4.3. Diets rich in Fruits, Vegetables, Milk (↑ Ca) lead to ↓ Blood Pressure

4.4.3.1. DASH Diet: dietary approach to stop Hypertension

4.4.3.1.1. Combo diet

4.4.3.1.2. 3g salt/day for All, esp. African American males

Lecture 4 – Issues in Nutrition II: Toxins, Additives and Vegetarianism

1. ® Food Toxins

	Food
	Toxin
	Biological Action

	MINERAL ANTAGONIST
	
	

	Spinach and leafy greens
	Oxalate
	↓ Calcium absorption → oxalate stones in kidney

	RAW Cabbage and Cauliflower
	Goitrogen
	↓ Iodine utilization

	Cereal, Legumes and Grains
	Phytate
	Prevents absorption and binds Calcium, Iron and Zinc 

	VITAMIN ANTAGONIST
	
	

	Orange Peel
	Citral
	Vitamin A antagonist

	Linseed
	Linetin
	Vitamin B6 antagonist, growth inhibitor

	Blackberries, Red Beets, Red Cabbage
	Thiaminase
	Destroys Thiamin

	Sweet Clover
	Dicumarol
	Vitamin K antagonist, ↓ blood coagulation

	Egg White
	Avidin
	Biotin antagonist

	COOKING TOXICANTS
	
	

	Highly Heated Starched Foods

 (Potato Chips, fried foods)
	Acrylamide
	Formed upon heating →neurotoxins and carcinogen


2. ® Additives

2.1. Nitrites → added to meats to block botulinum contamination (benefit)
2.1.1. May react with 2° amines to form nitrosamines → carcinogenic (a risk)
2.1.1.1. Vitamin C and Vitamin E block reaction with 2° amines to inhibit nitrosamine formation

2.1.2. Also in leafy veg. + fruits (Nitrate in fertilizer → nitrite)
2.2. Sulfites → added to maintain freshness, color (of a cut apple, for ex.) and flavor, also antimicrobial

2.2.1. Asthma suffers may have sensitivity

2.3. Monosodium Glutamate (MSG) → used as flavor enhancer and preservative

2.3.1. Chinese Restaurant Syndrome – MSG may cause numbness and weakness in back ~ 2 hrs, no long-term effects

2.3.2. Effects are inhibited by Vitamin B6
2.4. Aspartame (NutraSweet)
2.4.1. Contains Phenylalanine → PKU patients should not use this product
2.5. Butylated Hydroxy’s (BHA/BHT) → preservatives/antioxidants used in oils (PUFA)

3. Megavitamins → large dose of vitamins → may cause toxicity

3.1. ® Generally speaking, taking larger doses of Vitamins forces us to metabolize larger quantities and may very well increase our need for that/those given vitamin(s)

3.2. ® Vitamin C

3.2.1. ® Body has built in defense system to fight toxicity from over consumption

3.2.1.1. Nature’s Protection → few foods contain toxic levels of Vitamin C

3.2.1.2. Absorption Control in digestive tract → only so much can be absorbed

3.2.1.3. Renal Control → strict absorption/excretion threshold based on plasma levels of ascorbic acid

3.2.1.4. Liver Metabolism → rapid catabolic destruction of Vitamin C if levels are ↑↑

3.2.2. ◙ Negative effects of ↑ Vitamin C 
3.2.2.1. ↓ Reproductive Abilities
3.2.2.2. Diabetes (lowers urinary pH → false positive for glc)

3.2.2.3. ↓ Anticoagulation (antagonistic to heparin)

3.2.2.4. Urinary Stones
3.2.2.5. Blood Absorption Alterations (↑Fe/↓Vit. B12)
3.2.2.6. High Altitude Hypoxia → ↓ aerobic performance in high altitude/low O2 environments

4. ®Vegetarianism

4.1. ® Benefits: ↓ obesity, ↓ heart disease, ↓ cancer, ↓ osteoporosis, ↓ hypertension, ↓ GI disorders

4.2. ® Hazards: Nutritional deficiencies, esp. those found mainly in animal products (ex: protein, Vitamin B12 req’s cannot be met by plant foods)
4.3. Types of Vegetarians
4.3.1. Strict Vegetarian/Vegan → no food of animal origin at all (meats, fish, dairy)

4.3.2. Lactovegatarian → allows milk

4.3.3. Ovavegatarian → allows egg

4.3.4. Pescovegatarian → allows fish

5. Fadisms

5.1. Exaggerate particular foods/diets

5.2. Stress omission of certain foods or claim others are “Miracle Foods”

5.3. Emphasize Natural Foods

5.3.1. Claim “Normal Food poisoned with chemicals” or Food Supply is “Nutritionally Depleted”

Lecture 5 - Obesity and Eating Disorders

1. ® Obesity

1.1. Overweight → excess body weight, but not necessarily obese

1.2. Obese → excess body fat → adipose cells cannot be destroyed once formed

1.2.1. Critical time for adipocyte development = Between Year 1 – 2, during adolescence

1.2.1.1. wt. gain during these yrs = hyperplastic activity

1.3. 2 Types of Classification

1.3.1. (1) Cellular

1.3.1.1. Hypertrophic Obesity - ↑ adipose cell size, no change in cell #

1.3.1.2. Hyperplastic Obesity - ↑ in adipose cell #, no change in size

1.3.1.2.1. Obesity reduction → reducing obesity in Hyperplastic more difficult b/c losing fat results in ↓ cell size of a higher number of adipose cells, thus leaving person more prone to fat gain again

1.3.2. (2) Fat Distribution

1.3.2.1. Abdominal/Upper Body Obesity (waist/hip > 0.7)

1.3.2.1.1. Men → Apple Shape → Upper Body = ↑ Heart disease/↑ diabetes

1.3.2.1.2. More health-related problems, but easier to lose wt.
1.3.2.2. Lower Body Obesity (waist/hip < 0.7)

1.3.2.2.1. Women → Pear Shape → Lower body 
1.3.2.2.2. Harder to get rid of, not as many health risks as upper body

1.4. Waist Size may be better than other measures (BMI, Body Weight, etc.)

2. ® Fat Hormones/Enzymes

2.1. Lipoprotein Lipase (Enz) → hydrolyzes TG’s to free FA’s and MG’s. ↑ Lipase = ↑ Free FA’s = ↑ Chylo/↑LDL = ↑ TG’s in adipocytes, leaving other cells feeling starved and ↑ appetite

2.2. Leptin → secreted by adipose cells (see slide 30)
2.2.1. ↑ Leptin = inhibits NPY (peptide horm. from hypothalamus that ↑ appetite) = ↓ appetite
2.2.2. Also: restores menstrual cycle (in case of hypothalamic amenorrhea), improves bone density

2.3. Orexin → secreted by hypothalamus 

2.3.1. appetite stimulator 

2.4. Ghrelin → secreted by stomach/duodenum 

2.4.1. appetite stimulator 

2.5. YY3-36 + PYY3-36 → secreted by stomach/duodenum 

2.5.1. appetite suppressor 

2.6. Obestatin → secreted by stomach
2.6.1. appetite suppressor
2.7. Resistin → secreted by adipocytes in animals and macrophages in humans, 

2.7.1. inhibits adipocyte formation from pre-adipocytes (GOOD), antagonistic to insulin (BAD), ↑ Insulin resistance (BAD)
2.7.2. ↑ Resistin = ↓ Insulin = ↑ Blood Glucose = ↑ FA release = ↑ prevalence of Type II Diabetes
2.8. Adiponectin → Secreted by fat cells

2.8.1. opposite of Resistin, ↑ insulin sensitivity, low levels present in Obese, Diabetics, and those with insulin resistance
2.8.2. ↑ FA oxidation + ↓ gluconeogenesis

2.9. Thiazolidines (TZD) → ↑ insulin sensitivity (anti-diabetic drug) probably by stimulating Adiponectin release

2.10. Visfatin → secreted by visceral fat
2.10.1. insulin-like effects → ↓ blood glucose

2.10.2. Binds to insulin Rec w/o interfering w/ insulin binding

3. ◙ Causes of Obesity (Hypotheses, not proven)
3.1. Calories + Endocrine (eg. hypothyroidism) + genetic + defective enzyme (LPL) + Brown Fat + ATPase + Set Point + Genetics
4. ® Assessing Obesity

4.1. Measuring Fat, BMI = Weight (in kg) / (height in meters)2 

4.1.1. < 19 = low nutrition

4.1.2. Obesity Levels 

4.1.2.1. 25-29.9 = Grade 1, 30-40 = Grade 2, > 40 = Grade 3 (morbid obesity)
4.2. Fat/Body Water Ratio → Inverse Relationship: ↑ Fat / ↓ Body Water

4.3. Skin-fold thickness 

4.4. Body density

5. ® Obesity Effects

5.1. Mechanical (osteoarthritis, varicose veins)

5.2. Metabolic

5.2.1. Hypertension (↑BP)
5.2.2. ↑ Cholesterol Synthesis
5.2.3. Hyperlipidemia (lipid in blood)
5.2.4. Insulin Resistance…
5.2.5. Hyperinsulinemia (insulin in blood)

5.2.6. Diabetes

6. Weight Loss

6.1. Caloric Intake < Requirement AKA “Negative Caloric Balance”

6.1.1. Exercise and Diet (decrease by 200-500 cal/day)

6.1.2. 1 lb = 3500 Calories

6.1.3. When in Neg. Caloric Balance, brain and RBCs need glc… Sources used in following order → 1) Glycogen, 2) *Prot, 3) Fat

6.1.3.1. Must take in adequate protein to protect body protein

6.1.3.2. Must take Multivitamin to ensure those req’s are met

7. ® Pharmacotherapy → drugs to reduce obesity
7.1. Amphetamines - ↑ NorEpi to ↓ appetite, highly addictive
7.2. Fenfluramine – ↑ serotonin to ↓ appetite, cases fatigue → Meridia
7.3. Phentermine – ↑ NorEpi to ↓ appetite, no effect on fatigue
7.4. Fen-Phen – combo drug (herbal version = Ephedra) - ↑serotonin/↑NorEpi →↓ appetite/↑energy
7.4.1. hrt. valve defects, damage to serotonin neurons

7.5. Orlistat (Xenical) – Lipase inhibitor → fat not digested/absorbed
8. ® Diseases
8.1. Prader-Willi Syndrome → genetic in infants – struggles to take food first few months → ↑ appetite later → obesity
8.2. Metabolic Syndrome → deregulation of health measures leading to obesity and associated with increased risk for cardiovascular disease 

8.2.1. 3 (or more) of the following 5 criteria must be met to be diagnosed with Metabolic Syndrome:

8.2.1.1. Central Abdominal Waist Circumference: Men > 40 in, Women > 36 in

8.2.1.2. Fasting TG Levels > 150 mg/dl

8.2.1.3. HDL: Men < 40 mg/dl, Women < 50 mg/dl

8.2.1.4. Blood Pressure > 130/85 mmHg

8.2.1.5. Fasting Glucose Levels > 110 mg/dl (i.e. greater than normal)
9. ® Eating Disorders

9.1. Anorexia Nervosa → self inflicted starvation/voluntary refusal to eat for fear of gaining weight

9.1.1. Amenorrhea, Nutritional Deficiencies, Depression,

9.2. Bulimia Nervosa → recurrent episodes of rapid ingestion of large amounts of food, followed by purging/vomiting to ↓ weight gain.

9.2.1. Leads to ↓ stomach HCl/alkalosis, ↑ tooth decay (HCl), electrolyte disturbances,  ↓ Potassium, ↑ Cardiac Arrhythmias
9.3. Binge Eating → bulimia w/o vomiting → weight gain
9.4. Pica → ingestion of anything (including unsuitable/non-nutritional substances such as paper, ice cubes)

9.4.1. occurs during pregnancy, may be related to Fe2+ deficiency

9.5. Baryphobia → “fear of becoming obese” → Parents force kids onto low-cal diet due to fear of their children becoming obese
9.6. Night Eating Disorders

9.6.1. Sleep-related eating disorder → get up and sleep-walk/-eat

9.6.2. Night Eating Syndrome → wake up and cannot go to sleep until they eat

Lecture 6 - Vitamins I: Fat Soluble Vitamins

*Do not need to know #’s, req’s

*In general, consider the vitamins’ functions (i.e. what biochemical pathways they are a part of) and one can guess what a deficiency could cause…

® Fat Soluble → A, E, D, K 

- require fat for absorption, thus fat malabsorption → vitamin malabsorption)

- can be stored
® Water Soluble → B Complex and C (Non B Comlex)

- cannot be stored (except B12, can be stored 1-2 years)
1. ® Avitaminosis AKA HypOvitaminosis → deficiency of a particular vitamin, can lead to organ dysfx.
1.1. Primary – due to lack of dietary intake

1.2. Secondary – due to inability to utilize or activate vitamin once ingested

2. ® HypERvitaminosis → vitamin intake much higher than RDA = toxic (eg. Fat-sol. A and K)

3. ® Vitamin A → only precursor/provitamin carotene is present in plant sources, all others only in animal sources

3.1. Retinal (Aldehyde) ↔ Retinol (Alcohol) → Retinoic Acid (COOH)

 

                (Rev)
             (Irrev)

3.2. Forms (see slide 7)
3.2.1. Precursor/Provitamin:  1x B-Carotene → 2x retinal (Active Vit. A) by 15,15 dioxygenase in sm. intestine
3.2.1.1. retinal → retinol by Alcohol DH (AKA RetinAldehyde Red’ase) + NADH in sm. intestine
3.2.2. ® Pre-formed: Retinal (Aldehyde) ↔ Retinol (Alcohol) → Retinoic Acid (COOH) → found only in foods of animal origin
3.3. Transport → Vit A products (Retinal) from sm. intestine are converted to Retinol and esterified w/Palmitic acid (fat) for storage in the liver
3.3.1. Ester Hydrolyzed, leaving free Retinol to bind to transport prot’s produced in the liver
3.3.2. Transport to regions of need using Retinol Binding Protein (RBP) and Pre-albumin (PA)
3.3.2.1. Thus Protein deficiency will cause ↓RBP/↓PA and create a secondary Avitaminosis for Vitamin A

3.4. ® Functions

3.4.1. Rhodopsin in Rod Cells: Vision (See slide 11)
3.4.1.1. Retinol → 11-cis-Retinal via isomerization + DH w/ NAD 

3.4.1.2. 11-cis-Retinal + Opsin → Rhodopsin + Light → all-trans-retinal + Opsin

3.4.1.3. The rxn of light with Rhodopsin enables low light vision

3.4.2. Retinol: Epithelial Cell maintenance and secretions

3.4.2.1. Retinol is used for mucopolysaccaride production (mucus) to maintain epithelial cell linings (esp. in GI and conjunctiva of eyes)

3.5. ® Deficiencies

3.5.1. Vision related

3.5.1.1. Nyclatopia – Vit A deficiency causing night blindness (due to low Rhodopsin formation)

3.5.2. Epithelial Cell related

3.5.2.1. Xerophthalmia → Vit A deficiency causing ↓ mucus production in conjunctiva (dry eye) leading to: ↑ infection

3.5.2.2. Keratomalacia (dry cornea) + ® Bitot’s Spot (spots in conjunctiva of eye)
3.6. ® Toxicity

3.6.1. Hypercarotenesis = ↑ Carotene intake 
3.6.1.1. will cause ↓ conversion to active Vit A (retinal), causing only yellow skin color (NOT Vit A toxicity)
3.6.2. Vit A Toxicity = leads to: bone fragility, headache/drowsiness, hair loss, double vision, appetite loss, ↓ cell membrane function
4. ® Vitamin D 
4.1. ® Forms
4.1.1. de Novo

4.1.1.1. 7-dehydrocholesterol (skin) → cholecalciferols (D3): converted in skin by sunlight
4.1.1.1.1. Vit D is not needed from diet if exposure to UV sunlight can provide necessary amount of activation

4.1.1.1.2. White skin allows more Vit D conversion per amount of UV ray than darker skin

4.1.2. Dietary

4.1.2.1. Ergosterol (plants/fungi) → Ergocalciferol (D2): not as potent as D3
4.2. ® Activation 
4.2.1. Vit D → 25-OH-Vit D by 25-Hydroxylase in Liver
4.2.2. 25-OH-Vit D → Calcitriol (1,25-OH-Vit D) by 1-Hydroxylase in Kidney
4.3. ® Deactivation
4.3.1. Calcitriol → 24,25-OH-Vit D by 24-Hydroxylase in Kidney (hydroxylation at C24 deactivates)
4.4. ® Function – ↑ Ca2+ and ↑ Phosphate
4.4.1. Intestine: ↑ Ca and Phosphate Binding Prot’s/Absorption 

4.4.2. Bone: ↑ bone resorption → ↑ Ca2+ reabsorption into blood (in conjunction with PTH)
4.4.2.1. i.e. Vit D and PTH req’d for bone remodeling
4.4.3. Kidney: ↑ Ca reabsorption is distal tubule (in conjunction with PTH)

4.5. Toxicity
4.5.1. Most Toxic of all vitamins

4.5.2. Excess Ca2+/Vit D will cause deactivation of Vit D → 24,25-OH-Vit D

4.6. ® Vit D Deficiency & Related Diseases (can all be treated w/ Vit D)
4.6.1. Rickets (children) and Osteomalacia (adults) = Weakened Bones
4.6.1.1. Vit. D Deficient Rickets
4.6.1.2. Vit. D Resistant Rickets
4.6.1.2.1. Type I: ↓ 1,25-OH-D3 b/c defect in 1-hydroxylase in Kidney
4.6.1.2.2. Hereditary Type II: 1,25-OH-D3 cannot bind Rec.

4.6.1.2.2.1. High 1,25-OH- D3 but cannot penetrate target tissue

4.6.2. Renal Osteodystrophy = Kidney failure causing bone degradation (Def. in 1-hydroxylase)
4.6.3. Hypoparathyroidism → cannot sense hypoCa and no hormone secreted
4.6.4. MS → autoimmune attack on nerves - less incidence at equator b/c direct sunlight

4.6.5. Rheumatoid Arthritis → autoimmune – vit. D may help

4.6.6. Muscle Pain in Elders – vit. D may reduce pain

5. ® Vitamin E
5.1. Types (8): Tocopherols (α,β,γ,δ) and Tocotrienols (α,β,γ,δ) → most active form is (-Tocopherols
5.1.1. Tocopherol = more vit. E activity

5.1.2. Tocotrienol = more antioxidant activity

5.1.3. Function 
5.1.4. lipid antioxidant – protects cell mb’s and MUFAs/PUFAs from oxidation by free radicals

5.1.5. may protect against prostate cancer (↓ androgen R)
5.2. Deficiency – 
5.2.1. RBC Hemolysis from cell mb dysfx
5.2.2. Hemolytic Anemia of Newborn 
5.2.2.1. vit. E does not cross placenta well so need more during pregnancy/lactation
5.2.2.2. infants have less fat absorption (Vit E is fat soluble) → also treat with ↑ vit. E

6. ® Vitamin K

6.1. Forms and Sources

6.1.1. K1 – Phyloquinone → Green Plants

6.1.2. K2 – Menaquinone → LI bacteria (microorg’s) → into blood
6.1.2.1.  Antibiotics → ↓ vit. K

6.1.3. K3 – Menadione → synthetic “drug” form, used in hospitals

6.2. Vit. K cycles…?  (Slide 38)
6.3. Function
6.3.1. Carboxylase Cofactor (Post-translational modification {Gamma-Carboxylation} of Glutamic Acid-containing proteins)

6.3.1.1. Glutamic Acid (Glu) → (-carboxy Glutamic Acid → Electron Transport System functionality

6.3.1.1.1. Glutamic Acid-containing proteins…

6.3.1.1.1.1. Prothrombin, Factor VII, IX and X activation – ↑ Blood Clotting/Coagulation
6.3.1.1.1.2. Osteocalcin + Plasma Proteins C, S, Z

6.4. Deficiency
6.4.1. ↓ Vit K will cause decreased ability to form clotting factors = ↓ Coagulation

6.4.1.1. Echymosis → due to fat malabsorption → ↓ vit. K = easy bruising 

6.4.1.2. Hemorrhagic Disease of Newborn
6.4.1.2.1. Newborn LI is sterile with no microorg’s to produce Vit K

6.5. Drugs/Antagonists

6.5.1. Dicumarol → found in sweet clover

6.5.2. Warfarin → synthetic use as anti-coagulant

6.5.2.1. Blocks re-conversion of Vit K to active form

Lecture 7 - Vitamins II: Water Soluble Vitamins Pt. 1
1. H20 Levels determine availability of WS vitamins → Diuretics and ↑ H20 loss = ↓ Water Soluble Vitamins

1.1. Cooking under acidic conditions → maintains vitamins

1.2. Cooking under basic conditions → destroys vitamins

2. ® Vitamin B1 – Thiamin
2.1. Sx: 2 rings = Pyrimidine + Thiazole

2.1.1. Contains Sulfur (Thiamin and Biotin are the only 2 with Sulfur)

2.2. Thiamin must be converted to Thiamin Pyrophosphate (TPP) by TPP Kinase to become active

2.3. Function 
2.3.1. Acts as co-factor in decarboxylase/dehydrogenase reactions and Metabolism of Branched-Chain AA
2.3.2. Pyruvate Dehydrogenase Complex → converts Pyruvate to Acetyl-CoA

2.3.2.1. ®5 Req’d elements of Complex→ TPP, Lipoic Acid, Pantothenic Acid (in Acetyl CoA), Niacin(NADH) and Riboflavin(FADH)

2.3.3. (-Ketoglutarate Dehydrogenase Complex → converts (-Ketoglutarate to Succinyl-CoA

2.3.3.1. Same Req’s as PDH Complex
2.3.4. Transketolase → participates in pentose phosphate pathway → NADPH + Ribose (Nucleotide) formation

2.3.4.1. ® Measure this in RBCs to diagnose a Thiamin deficiency

2.4. Deficiency – measure by ↑ lactate/pyruvate (no acetyl CoA) in blood BUT biotin also ↑ lactate/pyruvate
2.4.1. In general, defects in NRG metabolism and/or defects in Synthesis Rxns (no PPP products)

2.4.2. The more CHO we take in, the more Vit. B1 we need…

2.4.3. ® Branched Chain AAs → ↓ metabolism with deficiency of Thiamin

2.4.4. ® Beriberi → 2 types – Dry (milder w/ no edema → peripheral neuropathy) and wet (serious w/edema in heart → cardiomyopathy)

2.4.4.1. Infantile Beriberi = breast-feeding mother with marginal Vit B1 Deficiency → Infant develops Vit B1 Deficiency

2.4.4.1.1. Difficult to diagnose, infant cannot cry

2.4.5. Lactic Acidosis → inability to convert Pyruvate to acetyl CoA → lactate buildup
2.4.6. Glucose Intolerance → glycolysis backup due to inability to convert Pyruvate to acetyl CoA
2.4.7. Acute B1 deficiency → neuropathy and mental disturbances

2.4.7.1. Very serious, treat aggressively (injection with high Vit B1)

2.4.7.2. Some Causes: vomiting during pregnancy, after surgery

2.4.7.3. Karsakoff’s Syndrome & Wernicke’s Encephalopathy → due to ↑ alcohol and ↓ B1 (usually through vomiting)
2.4.7.3.1. Alcoholics, Pregnancy, Surgery

2.4.7.3.2. dangerous: leads to serious ↓ brain function (memory loss, etc.)
2.4.7.3.3. Tx: immediate IV!

3. ® Vitamin B2 – Riboflavin
3.1. Sx:  Alloxazine Ring

3.2. Activation → must be converted to FMN (Flavin Mononucleotide) and then to FAD (Flavin Adenine Dinucleotide) → require Thyroxin (from thyroid gland) as co-enzyme

3.2.1. Thus Thyroid Disease can thus cause secondary Riboflavin deficiency (Hypothyroidism) or Riboflavin toxicity (Hyperthyroidism)

3.3. Function → essential component of FMN/FAD Co-enzymes, used in Redox Rxns.
3.4. Deficiency
3.4.1. Cheilosis – burning/inflammation of lips/mouth 
3.4.2. Glossitis – burning/inflammation of tongue
3.4.3. Dermatitis (skin inflammation) of the face
4. ® Vitamin B3 – Niacin/Nicotinic Acid 
4.1. Pyridine Derivative

4.2. Tryptophan is precursor form → formation to niacin requires Vit B6 (Pyridoxine) as a co-enzyme

4.2.1. Vit B6 (Pyridoxine) Deficiency  = ↓ conversion of Tryptophan→Niacin = ↑ Xanthurenic Acid (excreted in urine, shows Vit B6 Deficiency)
4.2.2. ® Some Oral contraceptives ↑ conversion Trp → Niacin, using up all of Vit B6 → ↑ Xanthurenic Acid!
4.3. Function → component of NAD+/NADP+ coenzymes 
4.3.1. Hydrogen atom (i.e. reducing equivalent) transfers in DH Rxns
4.3.2. ↑ Niacin = ↑ HDL Levels (in gram quantities)
4.4. Deficiency
4.4.1. Pellagra → 4 D’s = dermatitis, diarrhea, depression, death (if untreated)
4.4.1.1. Trp diverted to protein synthesis
4.4.2. Hartnup’s Disease → patients with this cannot transport neutral AA’s (Tryptophan) and thus may have Niacin Deficiency
5. ® Vitamin B5 – Pantothenic Acid → 

5.1. Function → essential component of Coenzyme A (CoA) and as 4-phosphopantotheine bound to Acyl Carrier Protein (ACP)

5.1.1. CoA/ACP required for F.A. Synthesis (AcetylCoA/Acyl Carrier Protein)

5.1.2. CoA req’d for Citric Acid Cycle (Acetyl CoA) i.e. metabolism
5.2. Deficiency → Burning Foot Syndrome – accompanied with neurological and mental dysfunction

6. ® Vitamin B7 – Biotin → 

6.1. Sx: Ureido Ring with Valeric Acid Side Chain

6.2. Function → cofactor for Carboxylases (see slide 21)
6.2.1. Biotin + Apoenzyme → Holonenzyme (Biocytin = Biotin-Lys-Apoenzyme) → Biotin + Lys-Apoenzyme by Biotinidase
6.2.1.1. Because this is a cycle, very little Biotin needed in the diet (i.e. it is reused)

6.2.2. ® Examples

6.2.2.1. Pyruvate Carboxylase → converts Pyruvate to OAA → gluconeogenesis and Citric Acid Cycle

6.2.2.2. Acetyl CoA Carboxylase → converts Acetyl CoA to Malonyl CoA – activating step of FA Synthesis

6.2.2.3. Propionyl CoA Carboxylase → converts Propionyl CoA to Methyl-Malonyl CoA → Catabolism of odd chain FA’s

6.2.2.4. β-Methyl Crotonyl CoA → required for Leucine metabolism, note: Leu → AcetylCoA for NRG 
6.3. Deficiency
6.3.1. Alopecia = hair loss
6.3.2. Inborn Errors - in Enzymes related to Biotin make it less readily available (eg. the Apoenzyme (Carboxylase), Biotinidase)
6.4. Antagonist → Avidin (found in raw egg whites) – binds to biotin and makes unusable
6.4.1. ↑ Heat (cooked) = denaturation of Avidin = frees Biotin
Lecture 8 - Vitamins II: Water Soluble Vitamins Pt. 2
7. ® Vitamin B9 – Folic Acid (Folate)
7.1. ® Sx (3 components): Pteridine (2 N rings), p-Amino-Benzoic Acid and multiple Glutamic Acid residues (3-7 residues = Folate-Polyglutamate = the way it occurs in our food, cannot be absorbed)

7.2. ® Conjugase → released in SI → removes extra Glu residues (forms Folate-Monoglutamate) → folic acid absorbed in jejunum
7.3. Can be stored in liver for some time (as polyglutamate)
7.4. Function → methyl group (1C) transfers used in DNA (purine/pyrimidine) and AA Synthesis (Slide 7)
7.4.1. ® Folic Acid (inactive) → DHF → THF (active) both by Dihydrofolate Reductase (DHFR) + NADPH
7.4.2. RBC formation

7.4.3. May ↓ colorectal cancer
7.5. Deficiency
7.5.1. alcohol + oral contraceptives + barbiturates can cause poor absorption of Folic Acid
7.5.2. ® Neural Tube Defects in fetus (caused by ↑ homocysteine) can be prevented by taking supplemental Folic Acid during pregnancy
7.5.3. Megaloblastic Anemia (seen later)
7.5.4. Alzheimer’s

7.6. Drugs - Inhibitiors

7.6.1. ® Methotrexate +Aminopterin → cancer treatment, especially Leukemia
7.6.1.1. inhibit DHFR → ↓ DNA Synthesis

7.6.1.2. Higher affinity for DHFR than folic acid

7.6.2. ® Sulfa Drugs (Sulfonamides) → Antibacterial

7.6.2.1. Bacteria synthesize (and are dependent upon) their own folic acid using para-amino benzoic acid

7.6.2.2. Sulfa Drugs act like para-aminobenzoic acid and have higher affinity

7.6.2.3. Bacteria produce folic acid w/ Sulfonamide = incapable of THF formation
8. ® Vitamin B12  - Cobalamin → *only in foods of animal origin (microorganisms within the animals synthesize B12, not the animals themselves)
8.1. *Req’d supplement for strict Vegans (no food of animal origin)

8.2. *Sx: Porphyrin-like “Corrin Ring” that contains Cobalt
8.3. *Cyanide added to streptomyacin crystallizes and isolates B12 = “CyanoCobalamin” 

8.3.1. Made B12d easier to isolate and administer

8.3.2. Also, B12 used as treatment of Cyanide poisoning

8.4. ® Absorption (3 organs involved) → B12 enters stomach bound to dietary protein, parietal cells (stomach cells that release gastric juice) secrete HCl to cleave these bonds → B12 can then bind to rBinders (Binding Prots, high affinity in acidic conditions) → travels to beginning of SI where pH ↑ from pancreatic juice → B12 separates from rBinders → binds with IF released from parietal cells  → protects from further proteolysis + transports to distal SI → absorbed in the ileum and transported by trans-Cobalamin II (transport protein)
8.5. *Function → Co-Enzyme, transfers H from one spot to another, 2 Forms… (see Insert for Rxns)
8.5.1. *1) Co-enzyme B12 AKA Adenosyl Cobalamin in Methylmalonyl CoA → Succinyl CoA Rxn by Me-Mal CoA Mutase
8.5.1.1. Relationship with Biotin, See Insert
8.5.2. *2) Methyl Cobalamin (or Me-B12) in 5-Me-THF + homocysteine → THF + Methionine
8.5.2.1. Removal of Homocysteine done by combination of B2, B6, B9 (Folic Acid), and B12 co-factors
8.5.2.2. (See Insert)
8.6. Deficiency - can occur in Vegans due to lack of animal product ingestion
8.6.1. *Co-enz. B12 Deficiencies

8.6.1.1. *Neuropathies - odd-chain FA (found in myelin sheaths) accumulate in brain
8.6.2. Me-B12 Deficiencies

8.6.2.1. Megaloblastic Anemia + Pernicious Anemia (Me-B12 deficiency due to IF deficiency, recall: also from folic acid deficiency) 
8.6.2.1.1. Neuropathologies
8.6.2.2. *HyperHomocysteinemia = ↑ Cardiovascular Disease, ↑ Alzheimer’s (Dementia), ↑ neural defects in pregnancy
8.6.2.2.1. Possible Treatments: B2, B6, B9, B12 (all ↓ Homocysteine, See Insert)
8.6.2.2.1.1. ® Thus deficiencies in any of these vitamins listed can have effect on DNA Synthesis and any HyperHomocysteinemia-related diseases listed above
9. ® Vitamin B6 – Pyridoxine
9.1. Structure → pyridoxine ring

9.2. Naturally Occuring → pyridoxal (aldehyde) + pyridoxine (alcohol)+ pyridoxamine

9.3. Activation → all 3 must be oxidized to PLP (PyridoxaL-5-Phosphate)
9.4. *Function → required for the metabolism of all amino acids (as PLP = Pyridoxal-5-P)

9.4.1. *PLP → Coenzyme for amino-transferases (including the conversion of homocysteine to cysteine)

9.4.2. *PLP → co-factor w/ (-Aminolevulinic Acid Synthetase (ALA Synthetase)→ RLS in Heme (protoporphyrin) biosynthesis
9.4.3. *PLP → co-factor with Glutamate Decarboxylase converts Glu → GABA (neurotransmitter) in glial cells (of brain)
9.5. Deficiency
9.5.1. Usually caused by drugs (see below)

9.5.2. See Functions → anemia, nervousness/insomnia
9.6. Excess (Toxic)→ sensory neuropathy

9.7. Drugs – Antagonists 

9.7.1. Isoniazid Acid (TB Drug)
9.7.2. Estrogen, Oral contraceptives, Alcohol 
10. ® Vitamin C (Ascorbic Acid) → from glucose

10.1. *Humans cannot form Vit C from glucose (like most species do) due to lack of Gulonolactone Oxidase which converts Glc → Ascorbic Acid

10.2. *Function:

10.2.1. *Coenzyme in AA Hydroxylation (post-translational modification) for Collagen Formation → Hydroxyproline and Hydroxycholine 
10.2.2. *Reducing Agent

10.2.2.1. Water-Soluble Antioxidant (reduces oxidants)

10.2.2.1.1. → as opposed to Vit E, a Fat-Soluble Antioxidant

10.2.2.2. Fe absorption (converts ferric → ferrous)
10.3. Deficiency 

10.3.1. Scurvy → poor collagen formation (↓ joint, muscle and bone integrity), skin lesions, blood vessel fragility (collagen), Gingivitis
10.3.2. Echymosis → easy bruising

10.4. *Toxicity → avoided by…

10.4.1. body protective function to limit absorption rates 
10.4.2. *excretion as Oxalic Acid (i.e. Oxalate, a metabolite) in urine (↑ chance of urinary stones)
11. ® Anemia = ↓ RBCs, ↓Hb, or ↓ Volume-Packed RBCs
11.1. Hypochromic Anemia = less Hb than normal in RBC

11.2. Microcytic Anemia = smaller cell size (or mean volume) than normal

11.3. Macrocytic Anemia = larger cell size (or mean volume) than normal

11.4. Sideroblastic Anemia = Fe granules around nucleus of developing RBC

11.4.1. Heme Synth Defect → Fe cannot enter heme

11.5. Pernicious Anemia = serious anemia (autoimmune → stomach atrophy)

11.5.1. AchlorHydria = no HCl

11.5.2. ↓ Intrinsic Factor → B12 cannot be transported/absorbed

11.6. Megaloblastic Anemia = Erythroblast’s Nucleus maturation delayed → Large cytoplasmic volume with tiny nucleus

11.6.1. Defect in DNA synthesis + delayed nuclear development

11.7. Normoblast = RBC w/ nucleus, immediate precursor to normal RBC
11.8. Megaloblast = large RBC precursor w/ small nucleus found in abnormal erythropoiesis (RBC Development)

11.8.1. Defect in DNA synthesis + delayed nuclear development

11.8.2. Seen in Pernicious Anemia = Megaloblastic Anemia
12. ® **Vitamin Absorption in SI:     Fe = duodenum     vs.     Folic Acid = jejunum     vs.     B12 = ileum

12.1. In intestinal disease, one can determine which vitamin would not be absorbed properly

Lecture 9 - Trace Minerals (Micronutrients)
→ Know Functions
→ O2, H2, C and N make up 96% of body weight

Macronutrients → intake > 100 mg/day

Micronutrients/Trace Minerals → intake < 5 mg/day

1. ® Iron → Fe

1.1. Review: Ferrous vs. Ferric

1.1.1. FerroUs = RedUced = Fe2+
1.1.2. FerrIc = OxIdized = Fe3+
1.2. 2 Types of Fe through the Diet

1.2.1. Animal Sources (meat) → get Fe in form of “Heme-Iron” = more readily abosrbed
1.2.2. Plant Sources → get Non-Heme-Iron” = more difficult to absorb

1.3. Absorption

1.3.1. Iron absorbed in FerroUs form
1.3.2. Ferric → Ferrous conversion facilitated by HCl in stomach, but even more so by Ascorbic Acid (Vit. C)

1.3.3. Phytic Acid (Inositol with 6 Phosphates) has high affinity for Iron and Zinc

1.3.3.1. ↑ Phytic Acid → bind Fe, making it unavailable → ↓ Fe (i.e Iron Deficiency)

1.4. Proteins Involved in Iron Metabolism

1.4.1. After Absorption, needs to be oxidized for transport

1.4.1.1. Fe2+ → Fe3+ by ceruloplasmin (contains/requires Cu)

1.4.2. Transferrin = transports Iron in its transport (i.e. Ferric, Fe3+) form in the blood after absorption
1.4.3. Ferritin = stores Iron in its storage (i.e. Ferrous, Fe2+) form

1.4.3.1. Serum Ferritin levels = good indicator of Iron Status in the Body
1.4.3.1.1. → levels dictate how much Iron absorbed/excreted (note: typical Iron absorption = 10% of ingested Iron)
1.4.3.1.1.1. ↑ Ferritin → excess Iron → ↑ Iron excretion

1.4.3.1.1.2. ↓ Ferritin → deficient Iron → ↑ Iron absorption

1.5. ®® Fx of Iron: Required for Hb, Mb, Cytochromes p450 Enzymes and Catalase (2 H2O2 → 2 H2O + O2)
1.6. ®Deficiency
1.6.1. Seen by ↓ serum ferritin 
1.6.2. Hypochromic Anemia = less Hb than normal in RBC

1.6.3. Microcytic Anemia = smaller cell size (or mean volume) than normal

1.7. Toxicity = Excess Iron (Iron = very toxic = reason for only 10% Absorption Rate)

1.7.1. → free radical production → lipid peroxidation
1.7.2. Hemosiderosis – ↑ Fe (storage → Ferritin), but no damage
1.7.2.1. Transfusional Hemosiderosis – occurs in patients who get frequent blood transfusions (each transfusion has its own store of Iron)

1.7.3. Hereditary Hemachromatosis (HH) – ↑ Fe absorption (absorb twice as much Iron {~20%}) = Iron Accumulation
1.7.3.1. due to in-born error w/transferrin
1.7.3.2. Iron = Toxic → gives rise to free radicals

1.7.3.3. Can be asymptomatic until early adulthood, 
1.7.3.4. Treatment: 

1.7.3.4.1. ® Remove Blood from Patient until normal Ferritin levels reached, repeat every 3 months

1.7.3.4.2. ↓ Vitamin C, ↓ Red Meat (has Heme-Iron), ↓ alcohol

1.7.4. Alcohol-Induced Iron Overload – alcohol ↑Fe absorption

1.7.4.1. Common in sub-Saharan Africa → consume brewed beverages

1.7.5. Heme-Related Disease (recall Heme = Protoporphyrin + Fe)

1.7.5.1. Porphyria – caused by deficiency in enzymes of the porphyrin biosynthesis pathway
1.7.5.1.1. → ALL the intermediates of this pathway are toxic

2. ® Copper → Cu

2.1. Function → Coenzyme in the following:
2.1.1. Cytochrome C Oxidase → terminal reaction of electron transport chain

2.1.1.1. Deficiency - ↓ Energy

2.1.2. Ceruloplasmin → facilitates conversion of Fe2+ (ferroUs) → Fe3+ (ferrIc), enabling transferrin transport and utilization of Fe

2.1.2.1. Deficiency → causes Fe deficiency due to lack of transferrin transport

2.1.2.1.1. Thus, a Cu Deficiency can lead to any of the previously-mentioned Fe Deficiency Anemias!

2.1.3. Lysyl Oxidase → forms cross-links in Collagen and Elastin

2.1.3.1. Deficiency → collagen formation defect, bone abnormalities, Scurvy-like symptoms
2.1.4. Superoxide Dismutase → forms H2O2 from Superoxide → removal of Free Radicals

2.1.4.1. Deficiency - ↑ Free Radicals → ↓ WBC = Leukopenia
2.2. Inborn Errors & Disease
2.2.1. Wilson’s Disease - ↓Cu excretion in bile

2.2.1.1.  → excess Cu in body tissues (liver, brain, kidney, and cornea) and ↓ serum Cu (with associated ↓Ceruloplasmin)
2.2.2. Menke’s Kinky Hair Syndrome - Cu transport defect from intestine to blood (get coarse, brittle hair)
2.2.2.1. excess Cu in Intestine, ↓ serum Cu, ↓ Cu in brain, ↓ Ceruloplasmin, ↓ Cyt. C Oxidase?
2.2.2.2. Pregnancy : Cu cannot reach fetus during development = developmental issues
3. ® Cobalt → Co → required as part of Vitamin B12 (recall: synthesized by miro-org’s within animals, not animals themselves)
3.1. Function:

3.1.1. used as Anemia treatment: ↑ Co = ↑ erythropoesis (production of RBCs aka erythrocytes) → 

3.2. Disease (Toxicity w/ Alcohol):

3.2.1. ® Beer Drinker’s Cardiomyopathy → due to Co interaction with alcohol (sometimes Co added to beer)
4. ® Zinc → Zn

4.1. Absorption: absorbed thru SI by Metallothionein (whose synthesis is activated by presence of Zn)
4.1.1. Protein binds metals/cations → has higher affinity for Cu than Zn itself = protective mechanism

4.1.1.1. ®® Excessive Zn intake → ↑ Metallothionein → binds Cu, making it unavailable for absorption = Cu deficiency
4.1.1.1.1. i.e Zn and Cu have an inverse relationship

4.2. Function: 
4.2.1. Co-enzyme in many enzymes…
4.2.1.1. Carbonic Anyhydrase (removes CO2 from the body), Alcohol Dehydrogenase, Lactic Dehydrogenase, Superoxide Dismutase, and DNA/RNA Polymerase

4.2.2. Zn used in Desaturase enzyme responsible for linoleic acid → DHGL (PUFA)

4.2.3. Immune System maintenance + wound healing

4.3. Deficiency
4.3.1. Acrodermatitis Enteropathica – In-Born Error of Deficient Zinc Absorption (in SI) = Zinc Deficiency

4.3.2. Dermatitis → from ↑ Zn excretion in urine (occurs in Alcoholics)
4.3.3. Other Deficiency Symptoms: loss of taste/smell, mild anemia
5. ® Manganese → Mn → mainly found in tea

5.1. Function → Co-enzyme in Glycosyl Transferase, Superoxide Dismutase, Pyruvate Decarboxylase

5.1.1. Skeletal and CT development

5.2. Deficiency → lack of Mn leads to poor growth, osteoporosis and CNS disturbances

5.2.1. Mn part of bone (just like Ca), thus deficiency causes bone resorption for release of these compounds into the blood

6. ® Molybdenum → Mo 

6.1. Function → Co-enzyme in…
6.1.1. *Xanthine Oxidase → conversion of xanthine → hypoxanthine → uric acid (basically Purine conversion to uric acid for excretion) 
6.1.1.1. Mo Deficiency = ↓ Uric Acid / ↑ xanthine/hypoxanthine in urine (kidney pblms)
6.1.2. *Aldehyde Oxidase → detoxification of Purines and Pyrimadines

6.1.3. Sulfite Oxidase → conversion of sulfite to sulfate
6.1.3.1. Sulfite = product of Met/Cys (sulfur-containing AAs) metabolism

6.1.3.2. Deficiency = ↑Met and ↑ sulfite (abnormal sulfur excretion in urine)
7. ® Iodine → I → found mainly in food near oceans or in iodinated salt

7.1. Function → component of Triiodothyronine (T3) and Thyroxine (T4) = Thyroid Hormones

7.2. Deficiency

7.2.1. Goiter = Enlarged Thyroid to compensate for ↓ Thyroxine formation
7.2.2. Myxedema = hypothyroidism (T3/T4 Def.) in adults VS. Cretinism = congenital hypothyroidism in children
8. ◙ Selenium → Se

8.1.1. Function: components of…
8.1.1.1. Glutathione Peroxidase → Antioxidant Activity (via peroxide reduction to H20)
8.1.1.2. Iodothyronine-5-DeIodinase: converts Thyroxine (T4) → Triiodothyronine (T4)
8.1.2. Deficiency

8.1.2.1. Keshan Disease → Se deficiency leading to Cardiomyopathy and muscle pain

8.1.3. Disease Correlations (inverse relationships)
8.1.3.1. Cancer → higher risk associated with low Se plasma levels

8.1.3.2. Cardiovascular Disease→ lower risk rates associated with high Se plasma levels

9. ® Fluorine
9.1. Function
9.1.1. protects teeth enamel by binding to acids from CHO’s and sugar

9.1.2. ↓ dental caries = tooth decay
9.2. Deficiency

9.2.1. ↑ dental caries
9.3. Toxicity (rare):

9.3.1. Fluorosis → leads to mottling (discoloration) of tooth enamel 
10. ® Chromium → Cr → found in brown sugar

10.1. ® Function: component of…

10.1.1. Glucose Tolerance Factor = Improves Glc Tolerance by ↑ Insulin Sensitivity (thus ↑ Glucose uptake = ↓ Blood Sugar)
10.2. ® Deficiency

10.2.1. Glc Intolerance = ↑ Blood Sugar with ↑ Glc Uptake
10.3. Disease Correlations

10.3.1. ↑ Cr = ↓ CHD (Coronary Heart Disease)
11. ◙ Silicon → Si 
11.1. Function:

11.1.1. Bone formation (Si found in collagen and mitochondria of osteoBlasts = bone Building)
11.2. Disease Correlations

11.2.1. May protect against cardiovascular disease 

12. ◙ Nickel → Ni

12.1. Disease Correlations

12.1.1. ↑ Ni → Myocardial Infarct, Stroke, Burns
12.1.2. ↓ Ni → Hepatic Cirrhosis, Chronic Uremia (urea in blood)
13. ◙ Boron → B
13.1. Disease Correlations

13.1.1. In post-menopausal women

13.1.1.1. ↑ B = ↑estrogen → ↓PTH → ↑ Ca2+ reabsorption → ↓ risk Osteoporosis
® Lecture 10 - Essential Fatty Acids
1. Fatty Acid Nomenclature


1.1. ® FA length

1.1.1. SCFA = 2-4 

1.1.2. MCFA = 6-10 

1.1.2.1. Can be absorbed by body – give in case of FA deficiency
1.1.3. LCFA = 12-24

1.2. ® Dbl. Bonds

1.2.1. (x – double bond is x carbons away from carboxyl end of FA

1.2.2. (x – double bond is x carbons away from methyl end of FA

1.3. ® Cis vs. Trans positioning 
1.3.1. Cis form is natural

1.3.2. Trans form by hydrogenation both in the body and synthetically

1.3.2.1. Margarine → ↓cholesterol BUT PUFA has trans. FA (even worse)
2. ® PUFA and Essential Fatty Acids
2.1. Required for normal body function
2.2. 4 Unsat. Fatty Acid Families Total → 2 made de novo, 2 must be ingested in diet (EFA)
2.3. See Slide 3, P. 165 of Notes

2.4. de Novo PUFA’s (derived from saturated FA (SFA) sources)
2.4.1. Palmitic (SFA) ( Palmitoleic (16:1/(7) → precursor to Vaccenic Acid (24(7) (milk)

2.4.2. Stearic (SFA) ( Oleic (18:1/(9) → precursor to Nervonic Acid (18(9) (neural tissue) and Mead Acid (20(9) (Eicosanoids)

2.4.2.1. Oleic acid forms membrane btw. egg white + yolk
2.5. Dietary EFA’s (do not begin from SFA sources)
2.5.1. Body cannot produce double bonds at first 6 ( Carbons (or first 9 ( Carbons??)
2.5.1.1. Dietary EFAs have 1 (or more) Dbl Bond(s) within W1-W6 range (i.e. b/n terminal Me and 7th C from that Me)

2.5.2. Linoleic (18(9,12) → (6 Family
2.5.2.1. Sources → fish (Salmon, Mackerel, Sardines, Scallops, Red Caviar), corn, sunflower
2.5.2.2. Precursor to γ-linolenic acid (NOT part of (3 fam), DyHomoGammaLinoleic Acid (DHGL) (Eicosanoid = 20 C’s) and Arachidonic Acid (ArA) (Eicosanoid = 20 C’s) 
2.5.2.2.1. Mainly Arachadonic acid produced
2.5.3. Linolenic (18(9,12,15) → (3 Family
2.5.3.1. Sources
2.5.3.1.1. Fish → (3 come from marine plants (NOT fish themselves)

2.5.3.1.2. soybean, canola, flax, walnut, corn oils, green leafy veggies

2.5.3.2. Little taken in Western diet

2.5.3.3. Precursor of EicosaPentaenoic Acid (EPA) (Eicosanoid = 20 C’s) and DocosaHexaenoic Acid (DHA) (22 C’s)
2.5.3.3.1. Brain has lot of DHA → another reason (3 fats are important
2.5.3.3.2. DHA also in retinal (rod cells, night vision) → another reason (3 fats are important
2.6. ® Desaturation/Elongation

2.6.1. Desaturase Enzyme: introduction of new double bonds 
2.6.2. Elongase: FA elongation (by 2 Carbons)
2.6.3. Greatest affinity for Greatest Saturation (see Triene : Tetraene Ratio)
2.6.3.1. 18:3>18:2>18:1  ←→  Linolenic > Linoleic > Oleic > Palmitoleic
2.7. Retroconversion: each PUFA, elongation stops

2.8. ® Hydrogenation & Trans-FA’s

2.8.1. Attempt to ↓SFA content of butter-like products

2.8.2.                          Hydrogenation w/ Ni



UFA + PUFA -------------------------------->> SFA + UFA + PUFA

2.8.3. These products contained Trans-FA’s = worse than SFA

2.8.4. ® Trans-FAs→ ↑ overall Chol, ↑ LDL, ↓ HDL (may not be true for everyone)

2.8.5. Oleic acid (cis)  healthier than  Elaidic acid (trans)
2.9. Eicosanoids → 20-Carbon FA that make up phospholipid bilayer and are Eicosanoid Pre-cursors

2.9.1.1. Linoleic Acid → DyHomoGammaLinoleic Acid (DHGL)

2.9.1.2. Linoleic Acid → Arachidonic Acid (ArA)

2.9.1.3. Linolenic Acid → EicosaPentaenoic Acid (EPA)

2.9.1.4. Oleic Acid → Mead Acid + Nervonic Acid

2.10. EFA Function

2.10.1. Phospholipids → membrane integrity

2.10.1.1. Ex: Skin → maintain epidermal water barrier in skin

2.10.1.2. Structure:

2.10.1.2.1. C1 = sat. or unsat.

2.10.1.2.2. C2 = need PUFA (EFA) from linoleic/linolenic

2.10.2. (3 FA’s → Signal Trasnduction in Brain/Neural Tissue

2.10.2.1. Linolenic Acid = precursor
2.10.2.2. *Have highest desaturation potential (up to 6 Dbl. Bonds)

2.11. EFA Intake
2.11.1. *11-12% of total calories for optimal Eicosanoid production
2.11.2. *↑ (3 Intake:
2.11.2.1. *↓ TG,  ↓ VLDL and ↓ LDL = ↓ CHD
2.11.2.2. ↓ prostate cancer

2.12. EFA Deficiency
2.12.1. Brain of developing child needs EFA’s (diets low in fats are bad)
2.12.2. Cause Deficiency:

2.12.3. Cystic Fibrosis
2.12.3.1. When bile/pancreatic ducts get plugged, ↓ absorption of FA’s = EFA Deficiency

2.12.3.2. 60% of the normal linoleic acid levels in plasma

2.12.4. *Acrodermatits Enteropathica (lesions): 
2.12.4.1. Zn deficiency causes DHGL Deficiency
2.12.4.1.1. Zn used in desaturase enzyme resp. for linoleic acid → DHGL

2.12.5. *Parenteral Nutrition (IV) with Glc in infants…

2.12.5.1. Glucose thru IV → insulin secretion → inhibits horm-sensitive Lipase → ↓ TG hydrolysis → FA’s are not released from tissue

2.12.6. Def Results in:

2.12.7. ↓Growth, ↑Dermatitis, ↓ Prostaglandins/Immunity
2.12.8. Fatty Liver
2.12.8.1. Cannot transport FA from liver b/c ↓ HDL (contains phospholipids/EFA) + ↓ bile acid synthesis from cholesterol (that must be esterified to phosphatidyls/EFA)
2.12.9. ↑ Triene : Tetraene (Oleic : Arachidonic) Ratio

2.12.9.1. No EFA (high dbl. bond #) → enzymes (desaturase & elongase) can now go after oleic acid

2.12.9.2. Normal =< 0.4,  EFA Deficiency > 0.4

2.13. EFA Excess → must take Vit E
2.13.1. ↓ FA Synthetase = ↑ Free Radicals ( Must increase intake of Vitamin E to offset

2.13.2. *↑ Peroxides → must ↑ Antioxidants (Vit E)
2.13.2.1. peroxides can form polymers = lipofuscin granules, related to aging
® Lecture 11 – Eicosanoids
- Biologically active compounds derived from EFA’s
- Originate from 20 Carbon (Eicosa-) PUFA’s:

→Oleic Acid (ω9) → Mead Acid → 3 Double Bonds

→Linoleic Acid (ω6) → DyHomoGammaLinolenic Acid (DHGL) → 3 Double Bonds

→Linoleic Acid (ω6) → Arachidonic Acid (ArA) → 4 Double Bonds

→Linolenic Acid (ω3) → EicosaPentaenoic Acid (EPA) → 5 Double Bonds

1. Types of Eicosanoids

1.1. Prostaglandins (PGG or PGH) → in all cells

1.1.1. 20 C FA chain w/ 5 C ring

1.1.2. 2 Types:

1.1.3. Subscripts 1-3 = # of Dbl Bonds

1.1.3.1. PGE → E= Ether (i.e. fat) Soluble, non-water-soluble, vasodilator

1.1.3.2. PGF  → F=Phosphate Soluble, H2O soluble, vasoconstrictor, induce labor/uterine contraction

1.1.4. Functions:
1.1.4.1. Reproduction (Ex: Semen has high [PG])
1.1.4.2. Vascular System

1.1.4.3. GI Tract

1.1.4.3.1. Cytoprotective = PGE inhibits HCl secretion when no food → prevents ulcers

1.1.4.3.2. Aspirin inhibits this effect

1.2. Thromboxanes (TXA) → via TX synthetase in platelets (no nucleus)
1.2.1. TXA2 

1.2.1.1. Vasoconstriction + platelet aggregation (plaque formation = BAD)
1.2.1.1.1. Causes heart attack

1.2.2. TXA3  (less potent than TXA2)

1.2.2.1. Mild Vasoconstriction + NO platelet aggregation

1.2.2.1.1. reason we want W3’s

1.3. Prostacyclins (PGI) → via PGI synthetase in endothelial cells (nucleated)
1.3.1. Vasodilator + platelet aggregation inhibition (opposite function to TX = GOOD)

1.4. Leukotrienes (LT) 

1.4.1. LTAX  → LTBx  via LTA Hydrolase = chemotactic agents (BAD)

1.4.1.1. Attract WBC + release lysosomal enzymes right away → pain (arthritis)

1.4.1.2. ↑ inflammation

1.4.1.3. LTB5  less severe than  LTB4 (similar to Prostaglandins)
1.4.2. LTAx → LTCx, LTDx, LTEx via Glutathione Tranferase = Cysteine-containing LT’s (Glutathione has Cysteine residue)
1.4.2.1.1. potent vasoconstriction, bronchioconstrictors, ↑ membrane and ↑ vascular permeability (edema/contusion)

1.4.2.1.2. Asthmatics have high LTC

1.4.2.1.3. LTC/D/E5  less severe than  LTC/D/E4(similar to Prostaglandins)
1.5. Lipoxins
1.5.1. ® ArA (20C) → Lipoxin A/B  via 15- and 5-Lipoxygenases
1.6. “Cytochrome p450 Eicosanoid Products”
1.6.1. PUFA (20C) → Eicosanoid Products via Cyt p450
2. Pathways

*For following Pathways, see slide 5 in notes…

2.1. Cyclooxygenase Pathway             



2.1.1.1. PLA2, PG Synthetase (Cyclooxygenase {COX1/COX2} + Peroxidase)

2.1.1.2. **Product synthesis loses 2 d.b. from precursor 

2.1.1.2.1. EPA (5 dbl bonds, ω3) → PGG3, etc
2.1.1.2.1.1. TXA3 less potent than TXA2
2.1.1.2.1.2. PGI3 equally effective to PGI2
2.1.1.2.1.3. In fish

2.1.1.2.2. ArA (4 dbl bonds, ω6) → PGG2, etc

2.1.1.2.3. DHGL/Mead (both 3 dbl bonds) do NOT create products with 1 Dbl Bond!
2.2. Pathway Inhibition

2.2.1. NSAID’s (Aspirin/Ibuprofin) → inhibits COX1 → ↓PG/↓TX/↓PGI 
2.2.1.1. ↑ HCl secretion in stomach (due to inhibition of PG’s cytoprotective effects)
2.2.1.2. NO vasoconstriction and NO platelet aggregation (TX)
2.2.1.3. ↑ vasodilation (PGI’s effects only partially inhibited because endothelial cells are nucleated and can re-synthesize COX (not possible in platelets))
2.2.1.4. Low dosage is beneficial in ↓ platelet aggregation in heart patients w/o losing PG/PGI function (esp. HCl ctrl)

2.2.1.4.1. Endothelial cells can make enzymes to make PG + PGI

2.2.2. Glucocorticoids (Cortisol) → inhibits PLA2 → block all eicosanoids (including leukotrienes)

2.2.2.1. Steroidal cortisol vs. non-steroidal NSAIDs
2.3. 5-Lipoxygenase Pathway

2.3.1. **No d.b. loss upon formation

2.3.2. DHGL/Mead (both 3 dbl bonds) do NOT create products with 3 Dbl Bonds!

2.3.2.1. LT’s

2.3.2.1.1. PUFA (EPA/ArA) → LTAX  via 5-Lipoxygenase
2.3.2.1.1.1. LTAX = precursor form where x = # Dbl Bonds in PUFA
2.3.2.1.1.1.1. LTAX  → LTBx  via LTA Hydrolase = chemotactic agents

2.3.2.1.1.1.1.1. LTB5  less severe than  LTB4
2.3.2.1.1.1.2. LTAx → LTCx, LTDx, LTEx via Glutathione Transferase = Cysteine-containing LT’s
2.3.2.1.1.1.2.1. LTC/D/E5  less severe than  LTC/D/E4
3. Big Picture

3.1. EPA/ ω3 → GOOD Effects, and ArA/ ω6 → BAD Effects
3.2. Need to ↑ ω3’s… How?
3.2.1. Eat More Fish
3.2.1.1. ↑ ω3 (5 dbl bonds) → ↓ ω6 (4 dbl bonds) due to Enzyme System Preferences
3.2.2. Mediterranean Diet

3.2.2.1. Rich in Olive Oil = ↑ oleic acid → ↓ ω6 → ↑ ω3 due to Enzyme Activity  (?)
3.2.3. Evening Primrose Oil (?)

3.2.3.1. Rich in γ-linolenic acid (ω6)  → ↑DHGL → ↓ArA → ↑ ω3  due to Enzyme Activity  (?)

Lecture 12 - Nutrition During Pregnancy

1. Nutrition Prior to Pregnancy

1.1. Body Weight = Lean Mass + Body Fat

1.1.1. ® Note:  Lean Mass = Body Water (represent same concept), both of which have an inverse relationship to Body Fat
1.2. Before First Menstrual Cycle

1.2.1. Lean Mass/Body Fat Ratio = 5/1

1.3. Minimum Req’s to initiate first menstrual cycle (↑ Body Fat)
1.3.1. Lean Mass/Body Fat Ratio = 3/1

1.3.1.1. 60% of body weight = Lean Mass

1.3.1.2. 17% of body weight = Fat (24% more normal)
1.3.2. BW: 55% H2O + 24% fat

1.3.3. Min.: 59.8% H2O + 17% fat

1.4. Hormones

1.4.1. Body fat = Estrogen Source = Menstruation
1.4.1.1. Memmrize Mechanism on Slide 5

1.4.2. Factors Affecting hormone release 
1.4.2.1. Underweight/malnourished/lean (athletes) mothers → ↓ fertility and low birth weight (LBW)

1.4.2.2. Carotene (in tanning pills) → ↓ fertility
1.4.2.3. Oral Contraceptives → may cause Vitamin B6 or Folic Acid deficiency leading to Neural Tube Defects
1.4.2.4. Lead → ↓ Progesterone release (thus ↓Estrogen)
1.4.2.5. Smoking → ↓ fertility
2. ® Nutrition During Pregnancy
2.1. Factors Affecting Birth Weight

2.1.1. Genetics (Maternal/Paternal)

2.1.2. Sex (M/F)

2.1.3. Diet/Wight Gain in Mother

2.1.3.1. Not a time to diet

2.1.4. Pre-Pregnancy Weight

2.2. ® Placenta

2.2.1. No direct connection between placenta/fetus and mother’s circulation

2.2.2. Larger molecules (prot’s, insulin, etc.) canot cross placentsa

2.2.3. Placenta Secretes 2 Peptide Hormones
2.2.3.1. Chorionic Gondadotropin (CHG) 
2.2.3.1.1. Inhibits Pituitary = ↓LH (suppress menstruation)
2.2.3.1.2. Activates Corpus Luteum = ↑Progesterone (indicates pregnant in home test)
2.2.3.2. Human Placental Lactogen (HPL) 
2.2.3.2.1. Activates Mammary Gland → Lactation

2.2.3.2.2. Activates Corpus Luteum = ↑Progesterone (indicates pregnant in home test)

2.2.3.2.3. Acts on Tissues = ↑ insulin resistance (↓ insulin sensitivity) in mother (↑glc in blood → passed to fetus → thus, mother’s [glc] maintained)
2.3. ® Hormones

2.3.1. First 4-5 Months → Mostly maternal growth

2.3.1.1. Progesterone + Chorionic Gondadotropin (CHG)
2.3.1.1.1. ↑ insulin sensitivity (no lactogen!) → anabolic effect in mother → NRG storage = Weight Gain

2.3.2. Last 4-5 Months → Most fetal growth occurs, especially last 8 weeks

2.3.2.1. Lactogen + Progesterone + Estrogen
2.3.2.1.1. ↑ insulin resistance → catabolic effect in mother → NRG released to fetus (in form of glc, AAs, FAs)
2.4. Increased Energy Needs

2.4.1. ↑ EFA → brain and retinal development (but other than tuna b/c mercury)
2.4.2. ↑ Protein/AA → growth and mental development

2.4.3. ↑ Carbohydrates → prevention of ketosis

2.4.4. Take Multivitamin

2.4.4.1. ↑ B2 + B6 + B12 + Folic Acid (extra 400 mg over entire pregnancy) → avoid HyperHomocysteinemia = Neural Tube Defects
2.4.4.2. ↑ Fe2+ - no loss (b.c. no menstruation) but many women are pre-pregnancy anemic → required for ↑ Blood Volume

2.4.4.2.1. Need extra 1g (over the entire pregnancy = 35 mg/day)

2.4.4.3. ↑ Ca2+, Zn

2.4.4.3.1. If Ca2+  need unmet, fetus will take Ca2+ from maternal bone (↑ bone resportion = ↑ risk of osteoporosis later in life)
2.5. Weight Gain

2.5.1. 24 lb. wt. gain expected (on average, higher if adolescent/underweight, lower if overweight)
2.5.1.1. After Birth, 9 lbs. remain → easily lost thru breast feeding

2.6. Risks in Pregnancy

2.6.1. Diabetes

2.6.1.1. Normal Pregnancy expects ↑insulin resistance (lactogen), but mother’s [glc] maintained via transport to fetus

2.6.1.2. Gestational Diabetes = Diabetes during Pregnancy (can also get diabetes later in life)

2.6.1.2.1. ↑ glc in fetus → ↑insulin (anabolic) secretion in fetus, leading to…

2.6.1.2.1.1. Macrosomia = ↑GH → ↑ Weight of Fetus = Neuropathologies

2.6.1.2.1.2. Ketoacidosis

2.6.2. Hypertension

2.6.2.1. Pregnancy-Induced Hypertension (Pre-eclampsia “Pre-Convulsions)

2.6.2.1.1. Occurs in 24-37 time period
2.6.2.1.2. Diagnosis

2.6.2.1.2.1. Prostacyclin (PGI) increases in normal pregnancy = its metabolites are easily measured in urine

2.6.2.1.2.2. PIH pts have PGI Deficiency → check urine for metabolite deficiency

2.6.2.1.3. Characterized By:

2.6.2.1.3.1. ↑BP (obviously)

2.6.2.1.3.2. ↑Edema

2.6.2.1.3.3. ↑Proteinurea (prot in urine)

2.6.2.1.4. Tx:

2.6.2.1.4.1. ↑ Ca and ↑ rest

2.6.3. Alcohol

2.6.3.1. ®® Fetal Alcohol Syndrome (FAS)
2.6.3.1.1. Minimum Criteria:

2.6.3.1.1.1. Growth impairment

2.6.3.1.1.2. Brain Injury = ↓CNS + mental retardation

2.6.3.1.1.3. Facial Dysmorphology, Microcephaly (small brain), small eyes

2.6.3.2. Fetal Alcohol Effects (FAE) → all of the above + learning disabilities and ↓coordination

2.6.4. Other

2.6.4.1. PKU → even if PKU symptoms subside, a pregnant PKU patient must ↓ Phenylalanine intake
2.6.4.1.1. Phenylalanine in blood inhibits brain development in fetus (whether or not it has PKU)
2.6.4.2. Crooked Calf Disease → Bone Defects in Fetus/Developing Child

2.6.4.2.1. anagyrine in lupine plants → cow → (milk/meat) → mother → fetus

2.6.4.3. Pica – mother begins eating anything (chalk, dirt, paper, etc.)

2.6.5. Age
2.6.5.1. More complications in adolescent/older aged pregnancies ( Age < 14 or Age > 35)

2.6.5.1.1. Adolescent: competition btw. mother + fetal growth

2.6.6. Smoking

2.6.7. Caffeine → cannot be metabolized by the fetus
3. Nutrition During Lactation

3.1. Hormones

3.1.1. Prolactin (PRL)→ milk production

3.1.2. Oxytocin → milk release through nipple

3.2. Mother needs increased intake of the following (beyond normal req’s to prevent deficiency in developing child):

3.2.1. Calories

3.2.2. Protein

3.2.3. (3 EFA’s

3.2.4. Ca2+
3.2.5. Water Soluble Vitamins

3.3. ®®® Nutrient levels/intake can affect milk Quantity (volume) but not *Quality (i.e. concentration of nutrients)
3.3.1. *exception: Water Soluble Vitamins (these can be deficient with ↓ concentrations)

3.3.2. Note: ↓ nutrient intake will result in mother using her own FA and AA stores to supply to milk

3.3.3. Other factors that affect milk Quantity:

3.3.3.1. Alcohol

3.3.3.2. Smoking

3.3.3.3. Drugs
® Lecture 13 - Nutrition during Development

1. Intrauterine

1.1. Nutrition supplied by amniotic fluid

1.2. Premature Birth

1.2.1. Minerals are mainly deposited in the last two weeks → pre-mature birth = may be deficient

1.2.2. GI Enzymes

1.2.2.1. Develop in first 6 weeks and allow premature neonates to survive

1.2.2.1.1. BUT premat. neonates have not developed all the necessary GI enzymes to survive → require Parenteral (IV) feeding

1.3. Insulin is major fetal growth factor 

1.3.1. ↑ nutrient uptake from mother/↑anabolic reactions in fetus

1.3.2. Insulin in first 14 wks, then transitions into GH secretion for fetal growth
1.3.2.1. Most fetal growth in 3rd Trimester

2. Extrauterine

2.1. GI functional

2.1.1. not all enzymes may be to full potential, especially amylase + lipase (BSSL = Bile Salt Stimulated, in mother’s milk only)

2.1.1.1. → Minimize LCFA’s + CHO’s at first

2.1.2. Coconut Oil used in milk formula b/c it contains medium/small chain fatty acids (MCFA/SCFA)
2.1.3. ®® Infants have slight deficiency in the following pathways:

2.1.3.1. Met → Cys (req’d for protein synthesis)

2.1.3.2. Cys → Taurine (involved in bile salts)
2.1.4. Glucuronyl Tranferase

2.1.4.1. Kernicterus = ↓ Bilirubin removal

2.1.4.1.1. Very likely in premature births

2.1.4.1.2. Tx:  put under lamp

2.2. Swallowing is key requirement for survival

2.2.1. Pre-mature birth (< 34 weeks) may result in inability to swallow and Enteral nutrition may be necessary (bypasses upper GI)
3. Breast Milk
3.1. Mother’s Milk vs. Cow’s Milk

3.1.1. Advantages – Mother’s Milk

3.1.1.1. Colostrum → early/pre-birth milk
3.1.1.1.1. Maturation: Helps microvilli mature

3.1.1.1.2. Immunological: protects intestine from absorbing unnecessary molecules

3.1.1.2. Protein

3.1.1.2.1. Quality over Quantity: has higher Whey content = more easily absorbed part of protein

3.1.1.2.2. Higher Pre-formed Cysteine/Taurine content

3.1.1.2.2.1. Makes up for normal pathway deficiencies in neonate

3.1.1.3. Higher EFA content

3.1.1.4. Higher Lactose Content = better Ca absorption
3.1.1.5. Bile Salt Stimulated Lipase (BSSL) → ONLY in mother’s milk

3.1.1.5.1. Resistant to infant’s digestive enzymes → improved fat absorption

3.1.1.6. Improves Infant’s Flora (thrive in acidic conditions → see Bifidus Factor)

3.1.1.6.1. ↓ Gram-Neg (harmful)

3.1.1.6.2. ↑ Gram-Pos (Good)

3.1.1.6.3. ↑ Ca Absorption (recall Lactose effects)

3.1.1.7. ® Immunological Benefits

3.1.1.7.1. IgA → antibodies
3.1.1.7.2. Lactoferrin = high affinity for Fe (which is usually used by the Infant’s flora)

3.1.1.7.2.1. → allows Fe absorption, shunting it from use by flora

3.1.1.7.3. Bifidus Factor = ↓pH (more acidic) → improves LI flora content

3.1.1.7.4. Lysozyme = antibacterial (in tears)

3.1.1.8. Premature Neonates

3.1.1.8.1. Mother’s Milk specifically tailored for neonate with increased value from typical mother milk

3.1.2. Disadvantages – Mother’s Milk

3.1.2.1. General Vitamin & Mineral Deficiencies

3.1.2.1.1. Low Fe Content

3.1.2.1.2. Low Vit D Content
4. In-Born Errors/Allergies/Diseases

4.1. Cow Milk Allergy – caused by (-Lactoglobulin

4.2. Celiac Disease – wheat allergy

4.3. Lactose Intolerance – must feed soy-based formula (use care, soy contains phytoestrogens → not sure of long-term effects)
4.4. Fructose Intolerance - ↓ ability to metabolize fructose → reduce CHO (especially fructose) intake

4.5. PKU – inability to form Tyrosine from Phenylalanine → limit Phe intake, supplement with Tyr

4.6. Galactosemia - ↓ ability to metabolize Galactose → reduce CHO intake (especially Galactose/Lactose) intake

4.7. Maple Syrup Urine Disease - ↓ ability to metabolize branched-chain AA’s → “sweet-smelling” urine - ↓ Branched-Chain AA intake

® Lecture 14 – Nutrition and Aging
Aging – a complex biological process in which there is a reduced capacity for cell maintenance and cell repair

Life Expectancy – average age one is expected to live

→ Females (75 yrs) ~ 5 yrs longer than males (80 yrs), this ga is decreasing (due to ↑ Heart Disease in women)
→ Life Expectancy is Increasing with time 

Life Span – greatest possible (maximum) age that a human can live 
→ 115 years for humans
→ Life Span has basically remained unchanged over time

1. ® Food Intake and Longevity

1.1. ↓ Caloric intake (30% less intake) = ↑ Life Expectancy

1.1.1. ↓ Calories = ↓ metabolism = ↓ Free Radical Formation = may reduce aging effects

1.2. Genes + environment + diet

2. ®® Factors of Nutritional Status on Aging
2.1. Physiological Factors (note: Protein ≈ Lean Body Mass ≈ Body Water)
2.1.1. ↑ Fat %, ↓ Protein % = ↓ Lean Body Mass

2.1.1.1. ↓ Lean Body Mass = ↓ BMR = ↓ Caloric Needs

2.1.1.2. Weight will stay same with ↓ muscle mass/↑ fat

2.1.2. ↓ Skeletal muscle

2.1.2.1. Muscle Mass directly proportional to  urinary levels of Creatinine and 3-methyl histidine (in actin/myosin) in urine

2.1.2.1.1. Both compounds are protein metabolites

2.1.2.2. ↓ Liver Size and Function

2.2. ↓ GI function

2.2.1. ↑ GI Disorders and ↑ Malabsorption

2.2.2. ↓ Strength and elasticity of GI

2.2.3. ↓ Release/Volume of digestive juices (especially HCl)

2.2.3.1. ↓ pepsin + ↓ trypsin + ↓ lactase

2.3. ↓ Renal Function 
2.3.1. ↓ ability to remove toxins / ↓ ability to activate 25-OH Vit D to 1,25-OH Vit D by 1-Hydroxylase
2.4. Drugs → can compromise nutritional intake due to ↓ absorption and ↓ appetite
2.4.1. Aspirin 
2.4.1.1. ↓ Fe (↓ blood volume/anemia, ↓ folic acid, and ↓ Vit. C absorption

2.4.2. Laxatives 
2.4.2.1. ↓ Fat-sol Vitamins and ↓ phosphate absorption → Osteoporosis
2.4.3. Antacids 
2.4.3.1. bind to and ↓ phosphate availability
2.4.4. Diuretics
2.4.4.1. ↓ Potassium (K) and Calcium → via  ↑ excretion
2.5. ↓ Vitamins and Minerals Absorption

2.5.1. Take Multivitamins and Mineral Tablets

3. ® Nutritional Requirements with Aging

3.1. ↓ Need for Energy…

3.1.1. ↓ Calorie/Fat/
3.1.2. = Carb Intake
3.1.3. = or ↑ Protein Intake (to compensate for loss in muscle mass)
3.1.4. ↑ Fiber Intake
3.1.5. ↑ Ca

3.1.6. ↑ Vitamins and Mineral Intake (for details, see osteoporosis → Diet, below)

3.1.6.1. ↑ Vit D Intake to counteract ↓ 1-Hydroxylase Activity (i.e. ↓ 1,25-(OH)-D {Active Form Vit D})

3.2. Basically, need less food but more nutrients

4. Bone Remodeling

4.1. Balance of Osteoclast (Bone Resorption) Activity and Osteoblast (Bone Rebuilding) Activity

4.2. Calcium Balance = Intake - Outake

4.2.1. Birth → 18yrs:  +’ve Ca Balance (Growth and Height)

4.2.2. 18 → *30yrs:  +’ve Ca Balance (↑ Bone Density)

4.2.3. *30 → 40 yrs: Ca Balance (neutral)

4.2.4. 40yrs → Death:  -‘ve Ca Balance (Bone/Density Loss)

4.2.4.1. * the higher the bone density at this age, the lower the risk of osteoporosis!

4.3. Osteoporosis
4.3.1. Normal Ca2+ : Protein Ratio (unchanged Ca composition) + ↑ bone resorption

4.3.1.1. Composition maintained but “chunks removed” (i.e. porous) = weak bones structure, but integrity remained

4.3.1.2. Tx: ↑ Ca intake

4.3.2. Know Relationship between 1-Hydroxylase, PTH, and Estrogen on Vit. D and Ca (Pages 227-228 Notes)
4.3.3. Factors involved in Osteoporosis
4.3.3.1. Genetics
4.3.3.1.1. White + Asian women have higher risk

4.3.3.2. Sex
4.3.3.2.1. Women have higher risk (Post-menopausal women = ↓ Estrogen)
4.3.3.2.1.1. recall PTH = ↑Bone Resorption = ↑Ca2+
4.3.3.2.1.2. and estrogen inhibits PTH, therefore menopause relieves this inhibition

4.3.3.3. ?Diet

4.3.3.3.1. ↓ Ca Excretion/Loss (GOOD)

4.3.3.3.1.1. Lactose → Ca better absorbed

4.3.3.3.1.2. Vegetarian Diet → Alkaline Urine (excretes Ca less readily)

4.3.3.3.1.3. Vit. D, Vit. E (used by osteocalcin), Vit. C, Manganese (Mn), Boron

4.3.3.3.1.3.1. → Basically, eat fruits and vegetables

4.3.3.3.1.4. Exercise → Use gravity!! (Weight Bearing)

4.3.3.3.1.5. Some Drugs (statins)

4.3.3.3.2. ↑ Ca Excretion/Loss (BAD)
4.3.3.3.2.1. Excess Phosphorus (based on P : Ca Ratio)

4.3.3.3.2.2. Protein (esp. from animal sources = high sources of Sulfur-containing AAs)

4.3.3.3.2.2.1. → ↑ Sulfuric Acid in Urine = Acidic Urine (excretes Ca more readily)

4.3.3.3.2.3. Coffee, Alcohol, Smoking, Some Drugs (steroids)

4.3.3.3.2.4. Organ Transplant Patients

4.4. Osteomalacia (Adult form of Rickets)
4.4.1. Decreased Ca2+ : Protein Ratio (Decreased Ca Composition) 
4.4.1.1. Change in bone composition = weak bone structure
4.5. Dowager’s Hump – curvature of spine (see p. 228 notes)
® Lecture 15 – Detoxification/Biotransformation

1. Biotransformation – the process of changing the toxicity of a compounds; usually reducing or abolishing (detoxifying), but possibly increasing the toxicity (Ex: carcinogens from smoking are non-toxic precursors that are converted to toxic precursors by human enzymes)

1.1. Toxic substance becomes inactive after binding to substrate.
1.2. Detoxification depends on size and solubility

1.2.1. Most detoxification functions to convert lipid-soluble/heavy (can accumulate easily in adipose tissues) compounds into water-soluble compounds
1.2.1.1. High MW/Lipid-Soluble Cmpds. → excreted in Bile/through stool
1.2.1.2. Low MW/ Water-Soluble Cmpds. → excreted in Urine
2. Phases of Biotransformation

2.1. Phase I → Liver, Oxidation, Reduction, Hydrolysis

2.1.1. Purpose: Convert compound to water-sol. metabolite by adding group = facilitates conjugation with substrate in Phase II
2.1.1.1. Sometimes inactive substance introduced (ex: while smoking) and is activated to toxic status via Phase I…

2.1.2. OXIDATION

2.1.2.1. Cytochrome p450 System → found mostly in liver

2.1.2.1.1.1. Requires NADPH, Heme and Cytochrome p450 Reductase
2.1.2.1.1.2. Oxidize substrate = Ferric (p450) → Ferrous (Hb) via NADPH reduction
2.1.2.2. Amine Oxidase → require FAD + NADPH

2.1.2.3. Epoxide Hydratase → converts carcinogenic Epoxide → dihyrdodiols (less toxic, ready for Phase II)
2.1.2.3.1. Aromatic Cmpds → via Cyt p450 → Epoxide → via Epoxide Hydrolase → Dihyrdodiols → via conjugation → excretion

2.2. Phase II – Conjugation

2.2.1. Combining of metabolite formed by Phase I with an endogenous substrate (from enzyme) to form excretable product

2.2.2. Glucuronyl Transferase → used to break down bilirubin, steroids, alcohols, aspirin
2.2.2.1. RBC → (Phase I) → Bilirubin → (Glucuronyl Transferase) → Glucuronide (excretable)

2.2.2.2. Related Disease due to Enz. Deficiency

2.2.2.2.1. Kernicterus = hyperbilirubinemia in neonates
2.2.2.2.2. Crigler-Najjar = no bilirubin excretion = Jaundice + CNS damage
2.2.2.2.3. Gilbert’s Syndrome = minimally function Glucuronyl transferase, milder than Crigler-Najjar
2.2.3. ® Amino Acid Conjugase → conjugate AA byproducts, esp. glycine and glutamine

2.2.3.1. Benzoic Acid (canned fruits) → (Phase I) → Benzoyl CoA → (Amino Acid Conjugase + Glycine/Glutamine) → Hippuric Acid (excretable, measured in urine)

2.2.3.2. Related Disease due to Enz. Deficiency

2.2.3.2.1. ® Gasping Syndrome = ↑ Benzoic Acid levels in neonates
2.2.4. Acetyltransferase → conjugation of acetyl-CoA’s acetyl group to amine
2.2.4.1. ®*Sulfa Drugs → conjugation = *↓ H2O solubility → must ↑ H2O intake to excrete

2.2.4.1.1. *Exception to Phase II Reactions: product may have ↓ H2O solubility

2.2.5. Sulfotransferase → excretable end-product = sulfate ester
2.2.6. Glutathione S-Transferase → conjugate compounds with glutathione (GSH) 
2.2.6.1. Excretable end-product = Cysteine Derivative
2.2.7. Methyltransferase → conjugate compounds (ex. NorEpi) with Methyls

2.3. Miscellaneous Detoxification Rxns.

2.3.1. ® Rhodanese = Cyanide → Thiocyanate

2.3.2. Superoxide Dismutase = Superoxide Radical → H2O2
3. Factors Affecting Biotransformation

3.1. Age 
3.1.1. fetus = little enz. activity, neonate = high enz activity, which decreases with age (thus drug toxicity effects increase with age)
3.1.2. Phase II rxns. (GOOD) have little effect in elderly
3.2. Genetics → pre-disposed as Poor Metabolizers (PM) vs. Extensive (“good”) Metabolizers (EM)

3.2.1. PM can be good in situations where substrate is non-toxic precursor to a toxic metabolite

3.2.1.1. Ex: PM with Cyt p450 2D6

3.2.1.1.1. ↑ Parkinson’s risk (cannot metabolize toxic substance)

3.2.1.1.2. ↓ Lung Cancer (cannot metabolize precursor to toxic substance)

3.3. Gender → Females have ↓ enz activity as opposed to males

3.4. Nutritional Status → may not have necessary nutrients (co-factors) for Phase I and/or Phase II reactions

3.4.1. Anything that ↑ Phase II rxns. Is good (leads to ↑ watr-sol, ↑ excretion)

3.4.1.1. Ex: Cabbage

3.4.2. Charcoal broiling of meat

3.4.2.1. WITH Aluminum Foil → ↑ cyto p450 activity (i.e. induce cyto p450)
3.4.2.2. WITHOUT Aluminum Foil → no change

3.5. Health
3.5.1. Sick (ex. liver disease) → ↓ enz. activity

4. Other Diseases = unable to detoxify
4.1. Refsum’s Disease 
4.1.1. Normal Phytol Oxidation

4.1.1.1. Phytol (in grass, we take in from products of animals eating these grasses) → (oxidized) → Phytanic Acid (Me on β-C = no β oxidation) → (α-hydroxylation = shifts Me on β-C to the α-C) → normal FA → (B-oxidation) →→→ Propionyl CoA → (Odd chain FA Oxidation) → 2 x Acetyl CoA 

4.1.2. Pathology

4.1.2.1. No α-hydroxylation → ↑Phytol and ↑Phytanic Acid → enters myelin → Neuropathy
4.1.2.2. Tx: Avoid milk, meat, etc.
Lecture 16 - Functional Foods

** Only know these 6 for exam
	Food 
	Active Component
	Action 

	**Soy Products

    (ex: Soybeans)
	Genistein (daidzein + equol) Isoflavanoids 

Lumacin 
	“Estrogen Like”, ↓ LDL, ↑↑HDL, ↓ Plasma Cholesterol, ↓ Osteoporosis

Peptide = cancer preventing

	** Cruciferous Veggies 

(Cabbage, Spinach, Broccoli) 
	Isothiocyanates, Indoles

Sulforaphene
	Induces Phase II detoxification enzymes + inhibit Phase I → inhibit carcinogens 

Kills peptic ulcer bacteria

	**Carotenoid Vegetables

→Yellow/Green, COLOR!

(Spinach, Kale, Carrots)
	Lutein, Zeaxanthine

(green-yellow)
	Antioxidants, ↑ Macular Pigment (MP)/↓ Cataracts (↓ free radicals)

	**Red Products
(Tomato, Watermelon, Guava)
	Lycopene

(red)
	Antioxidants, ↓ Cardiovascular Disease, ↓ Cancer

                     (↓ LDL + ↓ chol. synthesis)

	**Grapes/R. Wine/Nuts
	Resveratrol
	Antioxidant, ↑ Phase II Detoxification, ↑ HDL/↓ Plasma Cholesterol

	**Yogurt
	Lactobacilli
	↑ Good Microbes in LI, ↓ Cholesterol, ↓ Diarrhea, Anti-Bacterial, Anti-Mutagenic,

↓ Lactose Intolerance

	Fiber-Rich Foods 
	Lignans, Enterolactone, Enterodiol
	“Estrogen Like” – competitive inhibition of estrogen: ↓ Hormone Dependent Cancers 

	Cranberries
	Condensed Tannin’s
	Coats bladder to prevent microbial infestation/ ↓ UTI’s

	Turmeric
	Curcumin
	↑ Glucuronyl Transferase and ↓ inflammation 

	Cinnamon
	MHCP

(Me-OH-Chalcone Polymer)
	↑ Insulin sensitivity/ ↑ Blood Sugar Control

	Tea
	Catechins and EGCG
	Antioxidant, ↓ Cancer and Cardiovascular Disease, 

Green: EGCG binds to Urokinsase (helps form vasculature) → starve tumors of blood supply

Black = fermented vs. Green = not fermented

	Citrus Fruits
	Limonene, Hesperetin, Naringenin
	↓ Cytochrome p450, ↓ Cell growth = anti-cancer

	Berries + Spinach
	Ellagic Acid
	Inhibits initiation of cancer cells

Antioxidant (blueberry best)

	Allium Veg.

(Garlic, Ginger, Onion)
	Allyl Sulfides
	Induces Glutathione s-Transferases (Phase II Detoxification), COX inhibition, ↓ Cancer

↓ cholesterol + antioxidant


1. ◙ Cancer (NOT ON EXAM)

1.1. Initiation

1.1.1. Free Radicals → DNA damage (inactivated via phase II)

1.1.1.1. Antioxidants + tomatoes (red fruit) + tea + carotenes

1.1.2. Procarcinogens → carcinogens (by Phase I) → DNA damage (removed via phase II)

1.1.2.1. Garlic inhibits enzymes involved in carcinogen formation

1.1.2.2. Cauliflower + broccoli enhance phase II

1.2. Promotion: altering gene expression + cell proliferation → cancer cell

1.2.1. ω6 (sunflower) promotes cell division = cancer cells

1.2.2. ω3 (flaxseed) inhibits cell division
1.2.3. Hormone-dependent growth

1.2.3.1. Phytoestrogens: bind to estrogen receptors in breast tissue to prevent growth
1.2.3.2. Isoflavones also inhibit cell growth
1.3. Progression

1.3.1. Tumor cells release GF → initiate blood vessel formation

1.3.1.1. No blood vessels → tumor cannot metastasize

1.3.2. COX 2 Inhibitor → prevents tumor growth b/c need PG

1.3.3. Resveratrol (grapes, turmeric) prevent GF release
Lecture 17 – Alternative Medicine and Supplements

1. Alternative Medicine – several types of therapy’s that include: acupuncture, ayurvedic, chiropractic, detoxification, homeopathy, nutritional supplements and yoga.

1.1. Some are Positive, and Some are Dangerous
1.2. Eosinophilia-myalgia syndrome (EMS) - neurological condition caused by ingestion of tryptophan supplements

1.2.1. → causes an increase in eosinophil granulocytes (WBCs) in the patient's blood

2. Supplements – not regulated by the FDA due to 1994 Dietary Supplement Health & Education Act (DSHEA)

1.4. Popular Non-Herbal Supplements
1.4.1. Melatonin – naturally occurring, derived from serotonin, produced by Pineal gland

1.4.1.1. alleviates jet lag 

1.4.1.2. alleviates insomnia (“All natural night cap”)

1.4.1.3. serves as oral contraceptive

1.4.1.4. levels drop with age

1.4.2. DeHyrdoEpiAndrosterone (DHEA) – steroid precursor/adrenal androgen
1.4.2.1. increased muscle mass, performance enhancement

1.4.2.2. reverses aging (“super-hormone”, “fountain of youth”)

1.4.2.3. ↑ weight loss

1.4.3. Glucosamine and Chondroitin Sulfate
1.4.3.1. ↑ cartilage resistance and elasticity

1.4.3.1.1. alleviate OsteoArthritis
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