Lipid Nutrition and Metabolism: Part 1

· Lipid: soluble in organic solvents, generally insoluble in water

· Lipids of nutritional concern: triglycerides (TG), phospholipids and sterols

· General Functions: 

· Source of energy for body

· Components of cell membranes

· Regulation of physiological and biochemical processes

· TG: composed of glycerol and 3 fatty acids

· Make up most of the lipids in the diet

· Function

· To provide and store energy for the boy

· Insulation 

· Protection of organs

· Monoglycerides (MG) and diglycerides (DG) : formed during digestion and as intermediates in reactions, not present in high quantities in diet or body tissues

· MG may be added to processed foods as emulsifying agents (cake mixes, salad dressings)

· TG: insoluble in water at room temp

· Consistency varies from liquid to solid

· Mostly solid: fat

· Mostly liquid: oil

· Simple triglycerides: all the same type of fatty acids

· Mixed TG: different types of fatty acid

· Phospholipids:

· Composed of glycerol and 2 fatty acids and phosphate group (plus small charged group attached to phosphate

· Amphipathic: head portion polar and soluble in water, tail nonpolar and insoluble 

· Functions:

· Structural – component of cell membrane

· Component of bile – lipid emulsification and formation eg. Phosphatidylcholine = lecithin

· Component of lipoproteins – transport of lipids in blood

· Regulation of various processes in the body eg. Blood vessel dilation and contraction, inflammation, blood clotting

· Sterols:

· C skeleton has 4 interconnected rings

· Cholesterol and compounds derived from sterols

· Cholesterol: only found in animal tissue

· Found free or with fatty acid attached (cholesterol ester)

· Functions:

· Structural – component of cell membrane

· Precursor of bile salts – lipid digestion and absorption 

· Precursor of steroid hormones – regulation of various processes in the body

· Eg. Estrogens, progesterone, testosterone, cortisol, vitamin D etc.

· Fatty acids:

· Carbon chains with H and a carboxylic acid group on one end

· Usually found as components of other lipids in the body or in the diet (not as free fatty acid)

· Their physical and chemical properties influence the properties of the lipids that contain them 

· Most natural fats have fatty acids with an even number oof carbons ranging from 4 to 24

· Chain length for most edible oils: 16-18, coconut oil 12C

· The higher the chain length, the higher the melting point

· Saturated: only single carbon to carbon bonds

· Important properties:

· Chain length

· Ranges from 4 – 24 C in food and body

· Short chain fatty acids: those <6C long made by micro-organisms – found in dairy foods

· Medium chain: 6-10 C, made by mammary gland (human milk and dairy)

· Long chain: >12 C

· Presence/absence of double bonds

· Saturated f.a. – no double bonds

· Unsaturated f.a. – 1 or more double bonds

· Monounsaturated f.a. (MUFAs) – 1 double bond

· Polyunsaturated f.a. (PUFAs) – 2 or more double bonds

· Affects melting point

· Presence of double bonds decreases MP

· PUFAs tend to be liquid at room temp

· Saturated f.a. tend to be solid at room temp

· Double bond causes a bend in the shape of the f.a.

· Prevents tight packing of molecules – less solid

· Practical significance in body

· Affects fluidity of cell membranes and function

· Increases PUFAs and membrane will be more fluid

· Increase saturated fatty acid and especially long chain then membrane will be stiffer

· Increases susceptibility of f.a. to being oxidized by free radicals (lipid peroxidation)

· PUFAs at greater risk for damage by free radicals than MUFAs or saturated f.a.

· Causes rancidity in foods – taste and smells bad

· Antioxidants added to food to increase shelf life

· Free radicals from toxic compounds damage cell membrane results in non-functional lipids

· Body has antioxidant system

· Geometric isomerism 

· Cis or trans formation

· Orientation of H atoms around double bond

· Most f.a. are in cis conformation (H on same side of the bond)

· F.a. in trans configuration 

· Produce by micro-organisms 

· Found in dairy products in small amounts

· Produced by partial hydrogenation of margarines

· Changes shape of molecule – not bend at double bond; molecules tighter and pack more tightly

· Shape is more like a saturated f.a. - acts like a saturated f.a. increase MP

· Implications for cardiovascular disease (CVD)

· Most unsaturated fatty acids are in the cis-conformation

· Trans fatty acids occur as a result of:

· Rumen bacterial fermentation-hence in beef, lamb, and dairy produce

· Isomerization during catalytic hydrogenation cis?

· Hydrogenation: of oils is the reaction of hydrogen with the double bond in unsaturated f.a. catalyzed by nickel 

· Hydrogenated oils:

· Higher melting point

· More resistant to oxidative changes and heat than unreacted unsaturated f.a.

· Some trans fatty acids are produced during hydrogenation, higher melting point

· Location of the double bond

· Influences f.a. metabolism in the body

· In particular whether or not the f.a. can be synthesized in the body or not

· Enzymes in the body can only make certain f.a.

· Cannot put double bonds in all positions  e.g. can’t put double bonds in between and C before  the 9th C (from Ch3 end)

· Nomenclature of fatty acids

· Need to specify chain length, # of double bonds and position of double bonds

· Position of double bonds – can be specified relative to the methyl end (omega system) or the carboxyl end (delta system)

· Omega system

· Only gives position of the 1st bond

· 1st double bond is between 6th and 7th from methyl end

· Assumes any other double bond are 3 C away (ie. There is a methylene group between double bonds) – true for most fatty acids (except conjugated f.a.)

· Conjugated f.a. – double bonds are not separated by a methylene group; produced by mico-organism (also in some dairy foods)

· CLA significance 

· Conjugated linoleic acid (CLA), a naturally occurring anticarcinogen found in dairy products,  is an intermediary product of ruminal biohydrogenation of polyunsaturated fatty acid

· CLA concentration in milk fat can be enhanced by the addition of polyunsaturated fatty acids to the diet, especially oils high in linoleic acid

· CLA inhibits growth of mammary tumors in rats

· Other in virto and experimental animal studies: protection against other types, e.g. human malignant melanoma, colorectal tumor cell growth, liver cancer, intestinal cancer, prostate cancer

· Essential Fatty Acid

· CHO can be converted and stored as fat, so


· How can fats be essential??

· Essential means that humans/aminals cannot synthesize it in a sufficient level to meet their requirements; must be supplied in the diet 

· Omega-3 fatty acids, especially EPA and DHA, are required for optimal function of brain, CNS and membranes

· E.g. deficiency of omega-6 f.a.  cause growth retardation, skin lesions, reproductive failure and polydipsia 

· Implications: fat free diets may lead to essential f.a deficiencies and 

· Alpha-linolennic acid (ALA; C18:3 omega-3)

· Eicosapentaenoic acid (EPA; C20:5 omega-3)

· Docasahexenoic acid (DHA; C22:6 omega-3)

· Humans can convert ALA to EPA or DHA

· Delta system: e.g. linoleic acid = 18:2 delta 9,12

· Specifies position of each double bond

· Double bonds are between the 9th and 10th C and between the 12th and 13th C from the carboxyl end

· Desaturase: enzymes in the body that introduce double bonds

Lipid Nutrition and Metabolism: Part 2

· Lipid in diet include

· Mostly triglyceride (-95% of lipids)

· Phospholipids (mainly phosphatidycholine)

· Sterols (mainly cholesterol)

· Lipid poorly soluble in water: special mechanism required for their digestion in the watery environment of the GI, absorption and transportation 

· Hydrolysis by enzyme 

· Mechanical emulsification of lipid required for optimal action of enzyme 

· Digestion

· Mouth – lingual lipase, but little digestion 

· Lingual lipase active at acid pH

· Stomach – hydrolyze 10-30% of dietary fat

· Gastric lipase active at acid pH

· Most active triglycerides that contain short and medium chain f.a. (e.g in milk)

· Converts trigycerides to diacylglycerol and f.a.

· Less important in adult…

· Small Intestine – site of digestion and absorption of most (70-90%) lipids

· PICTURE…

· Bile Salts

· Bile salts are polar derivatives of cholesterols

· They are formed in the liver from cholesterol and secreted into the gallbladder; 80% of all cholesterol is formed in the liver to make bile salts

· Bile salts pass via the bile duct into the intestine, where they aid digestion of fats and fat soluble vitamins

· Role of bile – contains amphipathic molecules such as lecithin (phosphatidycholine) and bile salts

· Helps emulsify lipids in chime, increases surface area available to digestive enzymes 

· Interaction with lipid digestion products forms small particles called micelles

· Micelles important in getting lipids close enough to enterocytes for absorption to occur

· Bile salts – made in liver from cholesterol and amino acids (glycine and taurine)

· Sterol portion: non polar

· Digestive enzymes secreted in pancreatic juices:

· Pancreatic lipase (pH optimum 7-8) – converts trigycerides to 2-monoglyceride and 2 f.a.

· Catalyzes the hydrolysis of TGs to fatty acids and a monoglyceride whose activity is stimulated by a small protein called colipase

· Pancreatic phospholipase: produces lysophospholipid 

· Products of lipid digestion = mainly free f.a., lysophospholipids and monoglycerides

· Product of digestion also interact with bile salts to form even smaller droplets (micelles), which diffuse to the enterocyte (intestinal mucosal cell)

· Micelles are small enough to fit in the space between…

· Phospholipase A2

· Secreted by the pancreas into the intestine 

· It hydrolyzes the ester linkage between the fatty acid and the hydroxyl on C2 of phospholipids

· Lysophospholipids

· Produced from phospholipids via Phospholipase A2, aid digestion of other lipids by breaking up fat globules into small micelles; powerful detergents

· Some phospholipid (lecithin) is secreted by the liver in the bile, presumably to provide substrate for phospholipase A2 within the intestine and thus aid fat digestion

· Cobra and been venoms contain phospholipase A2: these vemons, injected into the blood, produce lysophospholipids that disrupt cell membranes and…

· Digestibility of Lipids

· Triglycerides – 95% absorbed

· Cholesterol – 30-50% absorbed

· Depends on cholesterol intake, inc intake dec absorption

· Inc fiber intake dec absorption

· Rate of passage through GI tract inc rate dec absorption

· Absorption 

· Lipids diffuse from micelle into the intestinal mucosal cell (in duodenum and jejunum)

· Enterohepatic circulation of bile salts:

· Bile salts do not enter the cell with other lipids
· Bile salts(>90%) are absorbed by active transport in ileum (last part of SI) carried in hepatic portal vein to….
· Treating high blood cholesterol
· Agents that interrupt enterohepatic cycle, by binding bile acids (and/or cholesterol) preventing absorption/reabsorption, are used to treat high blood cholesterol
· Examples include synthetic resins, as well as soluble fiber
· Absorption
· Once inside the mucosal cell…
· Absorbed lipids are reformed into triglycerides, phospholipids and cholesterol esters
· Then packaged with proteins into particles called chylomicrons
· They leave the cell by exocytosis and enter the lymphatic system
· Fatty acid composition of reformed triglycerides is similar to…
· Chylomicrons are types of particle known s lipoproteins, which function to transport lipids in blood
· Fate of short and medium chain fatty acids in enterocyte is different than long chain f.a.
· Not reformed into triglycerides or phospholipids
· Not packaged into chylomicrons
· Enter hepatic portal vein as free f.a. (and combine with albumin) instead of lymphatic system

· Transport of lipids

· Transport of lipids into the circulation is different from what occurs with sugar and amino acids

· Instead of being absorbed directly into capillary blood, chylomicrons are transported first into the lymphatic vessel that penetrates into each villus

· Chylomicron-rich lymph then drains into the lymphatic system , which rapidly flows into blood

· Blood born chylomicrons are rapidly disassembled and their….

· Fatty acids mobilized from adipose tissues:

· TG – free f.a. – occurs when post absorptive (fasting)- when insulin levels are low and epinephrine and glucagon are high

· Free f.a. are not transported by lipoproteins

· Free f.a. bind with a;bumin in blood for transport to tissues (to be oxidized for energy)

· Glycerol goes to liver for…

· Most lipids insoluble in water, insoluble in blood, transported while contained in particles

· Lipoproteins (mixture of lipids and proteins):

· Purpose – to transport insoluble lipids in blood

· Mixtures of lipids and proteins

· Contain triglycerides, phospholipids, cholesterol, cholesterol esters and apoliproteins

· Polar parts of phospholipidsand proteins orient to the exterior of the particle, making it soluble in blood

· Nonpolar molecules and parts of molecules are in the interior of the particle 

· Role of apolipoproteins – regulate lipoprotein metabolism as well as solubility in blood

· Presence of specific receptors on cells for specific apolipoproteins target the different lipoproteins to different tissues

· Lipoproteins are classified according to density  – determined by relative proportions of lipid

· Examples:

· ApoE (E2,E3,E4)

· Mediates uptake of remnant particles (chylomicron or VLDL/IDL remnants)

· ApoC (CI,CII,CIII)

· Found on chylomicrons and VLDL particles. ApoCII activates lipoprotein lipase, catabolizing triglycerides. ApoCIII may inhibit action of lipoprotein lipase

· Chylomicrons – transport dietary lipids (including fat soluble vitamins) from intestine to tissues (mainly adipose tissue, muscle and liver)

· Enter blood slowly after meal – usually present in blood for 5-6hrs after mixed meal

· High in TG: most dietary lipid is TG

· TG is hydrolyzed by lipoprotein lipase in the capillary beds of tissues, mainly adipose tissue and muscle 

· Released free f.a. which are taken…

· Adipose tissue: f.a. are recombined with glycerol to form triglycerides for storage

· Lipoprotein lipase of adipose tissue is stimulated by insulin (favors synthesis and storage of TG)

· Muscle: f.a are oxidized for energy

· Lipoprotein lipase of muscle is not stimulated/ influenced by insulin – levels don’t respond to fed or….

· After most (80%) TG removed chylomicron is now called chylomicron remnant and is removed from the blood by the liver – so dietary phospholipid and cholesterol (and fat-soluble vitamins) go to liver

· Other lipoproteins – transport endogeneous lipids (those made in the body)

· VLDL: very low density lipoproteins

· Made in the liver

· Transport lipid from liver to other tissues

· Contain lots of TG, but also cholesterol and phospholipids

· TG removed by hydrolysis by lipoprotein lipase in tissues – mainly adipose tissue and muscle 

· As TG is removed, VLDL gets denser ( IDL (intermediate density lipoprotein)

· LDL: low density lipoprotein (“bad cholesterol”)

· Formed from removal of TG from VLDL

· Contains lots of cholesterol – transports cholesterol to tissues

· Cells have LDL receptors: can vary receptor numbers according to need for cholesterol 

· Cholesterol needed for membrane synthesis, steroid hormone synthesis 

· LDL can also be deposited in wall of arteries which leads to atherosclerosis

· HDL: high density lipoproteins

· Synthesized by liver (and some by intestine)

· Transport cholesterol from tissues back to the liver – reverse cholesterol  transport

· Can also transfer cholesterol to other lipoproteins

· HDL thus transport cholesterol from tissues and other lipoproteins to the liver which can excrete excess cholesterol as bile acids

· High blood levels of HDL (the “good“ cholesterol) correlate with… 

Lipids Nutrition and Metabolism: Part 2

· Lipids in the diet include

· Mostly triglycerides (95% of lipids)

· Phospholipids (mainly phosphatidylcholine)

· Sterols (mainly cholesterol)

· Li[ids poorly soluble in water ( special mechanism required for their digestion in watery environment of the GI, absorption and transport

· Hydrolysis by enzymes

· Mechanical emulsification of lipids required for optimal action of enzymes

· Digestion 

· Mouth

· Lingual lipase, but little digestion

· Active at acid pH

· Stomach – hydrolyzes 10-30% of dietary fat

· Gastric lipase active at acid pH

· Most active on triglycerides that contain short and medium chain f.a. (eg in milk)

· Converts triglycerides ( diacylglycerol + f.a. 

· Less important in adult,

· Small intestine – site of digestion and absorption of most 70-90% of lipids
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· Bile salts

· Polar derivatives of cholesterol

· They are formed in the liver from cholesterol and secreted into the gallbladder; 80% of all cholesterol is formed in the liver to make bile slats

· Bile salts pass via the bile duct into the intestine, where they aid digestion of fats and fat soluble vitamins
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· Role of bile: contains amphipathic molecules such as lecithin (phosphaidylcholine) and bile salts

· Helps emulsify lipids in chime, increases surface area available to digestive enzymes

· Interaction with lipid digestion products forms small particles called micelles

· Micelles important in getting lipids close enough to enterocytes for absorption to occur

· Bile salts – made in liver from cholesterol and amino acids (glycine and taurine)

· Sterol portion: non polar
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· Digestive enzymes secreted in pancreatic juice:

· Pancreatic lipase (optimum pH 7-8) converts triglycerides ( 2-monoglyceride + 2 f.a. 

· Catalyzes the hydrolysis of TGs to fatty acids and a monoglyceride whose activity is stimulated by a small protein called colipase

· Pancreatic phospholipase: produces lysophospholipid
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· Products of lipid digestion = mainly  free f.a., lysophospholipid and monoglycerides

· Products of digestion also interact with bile salts to form even smaller droplets (micelles), which diffuse to the enterocyte (intestinal mucosal cell) 

· Micelles are small enough to fit into the spaces between the….

· Phospholipase A2

· Secreted by the pancreas to the intestine

· It hydrolyzes the ester linkage between the fatty acid and the hydroxyl in C2 of phospholipids
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· Cobra and bee venom contain; when injected into the blood produce lysophophlipids that disrupt cell membranes and…

· Lysophospholipids 

· Produced from phospholipids via Phospholipase A2, aid digestion of other lipids by breaking up fat globules into small micelles; powerful detergents

· Some phospholipids (letcithin) is secreted by the liver in the bile, presumably to provide substrate for Phosphoolipase A2 within the intestine and thus aid in fat digestions

· Digestibility of Lipids

· Triglycerides – about 95% absorbed

· Cholesterol – about 30-50% absorbed

· Depends on 

· Cholesterol intake – increas intake – decrease absorption

· Fiber intake – increase intake – decrease absorption

· Rate of passage through GI tract – increase rate – decrease absorption

· Absorption

· Lipids diffuse from micelle into the intestinal mucosal cell (in duodenum and jejunum)

· Enterohepatic circulation of bile salts:

· Biles salts do not enter the cell with other lipids

· Bile salts (> 90% usually) are absorbed by active transport in ileum (last part of SI), carried in hepatic portal vein to…

· Treating high blood cholesterol

· Agents that interrupt the enterohepatic cylcle, by binding bile acids (and/or cholesterol) preventing absorption/reabsorption, are used to treat high blood cholesterol

· Examples include synthetic resins, as well as soluble fiber

· Once inside the intestinal mucosal cell

· Absorbed lipids are reformed into triglycerides. Phospholipids and cholesterol esters

· Then packaged with proteins into particles called chylomicrons

· Chylomicrons leave cell by exocytosis and enter lymphatic system 

· Fatty acid composition of reformed triglycerides is similar to….

· Chylomicrons are type of particle know as lipoproteins, which function to transport lipids in blood

· Fate of short and medium chain f.a. in enterocyte is different from long chain f.a.

· Not reformed into triglycerides or phospholipids

· Not packaged into chylomicrons

· Enter hepatic portal vein as free f.a. (and combine with albumin) instead of lymphatic system 

· Problems with chylomicron formation…
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· Transport of lipids

· Transport of lipids into circulation id different from what occurs with sugars and amino acids

· Instead of being absorbed directly into capillary blood, chylomicrons are transported first into the lymphatic vessel that penetrates into each villus

· Chylomicron rich lymph then drains into the lymphatic system, which rapidly flows into blood

· Blood borne chylomicrons are rapidly disassembled and their….

· Fatty acids are mobilized from adipose tissue:

· TG ( free f.a. – occurs when post-absorptive (fasting) – when insulin levels are low and epinephrine and glucagon high

· Free f.a. are not transported by lipoproteins

· Free f.. bind with albumin in blood for transport to tissues (to be oxidized for energy)

· Glycerol goes to liver for…

· Most lipids insoluble in water ( insoluble in blood ( transported while contained in particles

· Lipoproteins (mixture of lipids and proteins)

· Purpose – to transport insoluble lipids in blood

· Mixtures of lipids and proteins

· Contain triglycerides, phospholipids, cholesterol, cholesterol esters and apolipoproteins

· Polar parts of phospholipids and proteins orient to the exterior of the particle, making it soluble in blood

· Non-polar molecules and parts of molecules are in the interior of the particle 

· Role of apolipoproteins – regulate lipoprotein metabolism as well as increase solubility in blood

· Presence of specific receptors on cells for specific apolipoproteins target the different lipoproteins to different tissues

· Lipoproteins classified according to density – determined by relative proportion of lipid
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· Apolipoprotein examples:

· ApoE (E2, E3, E4)

· Mediates uptake of remnant particles (chylomicron or VLDL/IDL remnants)

· ApoC (CI, CII, CIII)

· Found on chylomicronsand VLDL particles. ApoCII activates lipoprotein lipase, catabolizing triglycerides. ApoCIII may inhibit action of lipoprotein lipase.
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· Chylomicrons: transport dietary lipids (including fat soluble vitamins) from intestines to tissues (mainly adipose tissue, muscle and liver)

· Enter blood slowly after meal usually present in blood for 5-6 hours after mixed meal

· High in TG – most dietary lipid is TG

· TG is hydrolyzed by lipoprotein lipase in the capillary beds of tissues, mainly adipose tissue and muscle

· Releases free f.a. which are taken….

· Adipose tissues – f.a. are recombined with glycerol to form triglycerides for storage

· Lipoprotein lipase of adipose tissue is stimulated by insulin (favors synthesis and storage of TG)

· Muscle – f.a. are oxidized for energy

· Lipoprotein lipase of muscle is not stimulated/influenced by insulin – levels don’t respond to fed or…

· After most (80%) TG removed, chylomicron is now called chylomicron remnant and is removed from the blood by the liver – so dietary phospholipid and cholesterol (and fat-soluble vitamins) go to liver

· Other lipoproteins – transport endogenous lipids (those made in body)

· VLDL – very low density lipoproteins – made in liver

· Transport lipids from liver to other tissues

· Contain lots of TG, but also cholesterol and phospholipids

· TG removed by hydrolysis by lipoprotein lipase in tissues  - mainly adipose tissues and muscle

· As TG is removed, VLDL gets denser ( IDL (intermediate density lipoprotein)

· LDL – low density lipoproteins (bad cholesterol)

· Formed from removal of TG from VLDL

· Contains lots of cholesterol – transport cholesterol to tissues

·  Cells have LDL receptors – can very receptor number according to need for cholesterol

· Cholesterol needed for membrane synthesis, steroid hormone synthesis

· LDL can also be deposited in the wall of arteries ( leads to atherosclerosis

· HDL – high density lipoprotein 

· Synthesized by liver ( and some by intestine)

· Transport cholesterol from tissues back to the liver – reverse cholesterol transport

· Can also transfer cholesterol to other lipoproteins

· HDL thus transports cholesterol from tissues and other lipoproteins to the liver which can excrete excess cholesterol as bile acids

· High blood levels of HDL (good cholesterol) correlate with….

Lipid Nutrition and Metabolism: Part 3

· Triglycerides and f.a.

· Pathways of utilization (disposal)

· Storage in adipose tissue

· Oxidation to ATP

· Conversions to ketone bodies

· Pathways of synthesis

· From acetyl CoA

· From glucose or amino acids

· Conversions of 1 type of f.a. to another
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· Fate of ingested triglycerides

· Fed state (high insulin)

· Ingested TG in chylomicrons and short and medium chain f.a. enter in blood via hepatic portal vein

· Insulin increases lipoprotein lipase levels in adipose tissue but not of muscle

· So directs TG in chylomicrons…

· Adipose tissue – takes up free f.a., MG, and DG from chylomicron

· Inside cell, TG are resynthesized by re-esterfying f.a. to glycerol, MG or DG 
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· Liver – receives TH in chylomicron remnants and short and medium chain f.a. via hepatic portal vein

· Chylomicron remnants taken up by endocytosis

· TG hydrolyzed to free f.a., MG and DG in liver, then TG are resynthesized

· TG are combined with phospholipid, cholesterol and….
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· VLDL released into blood and interact with lipoprotein lipase

· If insulin levels high – TG taken up by adipose tissue from VLDL

· If insulin levels low – TG taken up by muscle from VLDL

· Short and medium chain f.a. – oxidized for energy

· Elongated for synthesis of long-chain f.a.
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· Muscle – any TG, f.a., MG and DG taken up from chylomicrons is oxidized to ATP

· Conversion of VLDL to TG[image: image14.png]VLDL
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· Fasting state

· Post absorptive or fasting state (high epinephrine and glucagon): fasting ( decreases blood glucose ( decreases insulin

· Changes in hormonal levels increases breakdown of TG in adipose tissue
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· Hormone-sensitive lipase

· Inhibited by insulin; low insulin removes

· Stimulated by epinephrine

· F.a. and glycerol are released into the blood

· F.a. bind to albumin, taken up by tissues (except brain) and oxidized for energy

· Glycerol goes to liver ( gluconeogenesis

· F.a. take up by the liver

· Can be oxidized for energy

· Can be synthesized into TG (with glycerol) and packaged into VLDL

· Because insulin level is low ( adipose tissue won’t take up much of the VLSL ( TG will be taken up by muscle instead

· VLDL synthesis is decreased during fasting

· If fasting is prolonged, liver will start producing ketone…
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· Fatty acid oxidation (beta-oxidation)

· Occurs in tissue during the post absorptive stage (fasting)

· Also during stress and exercise (increase in blood flow to muscles help deliver more f.a.)

· Rate of oxidation for ATP production is proportional to level of free f.a. in the blood

· Free f.a. very low in blood in fed state (f.a. mistly in TG in lipoproteins), but rise during fasting…

· Decrease in insulin levels and increase in epinephrine and glucagon levels result in increase in TG breakdown to f.a. and glycerol in adipose tissue

· Catalyzed by enzyme hormone- sensitive lipase-inhibited by insulin, stimulated by epinephrine

· F.a. oxidation (beta-oxidation) – in aerobic tissues

· F.a. and glycerol released into blood

· F.a. ( aerobic tissues ( oxidized for ATP

· F.a. ( liver ( synthesis of Tg ( VLDLs (synthesis decreases during fasting)

· Oxidized for ATP

· Synthesis of ketone bodies (prolonged fasting)

· Oxidation of 1 molecule of palmitate (16:0) produces 129 ATP

· Oxidation of unsaturated f.a. produces slightly less ATP (2 less ATP for….

· Beta-oxidation –converts f.a. to acetyl coA

· Occurs in most tissues, but lots in muscle and liver

· Cleave 2 C units off carboxyl end of f.a. – produces acetyl CoA

· Acetyl CoA can enter kreb’s cycle or form ketone bodies (liver)

· Derives from the fact that it is the beta carbon which is attacked during the oxidation process
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· The fatty acid broken down to release acetyl-CoA. The process involves 4 main steps:

· Dehydrogenation 

· Hydration

· Oxidation

· Thiolysis

· The process repeats until the fatty acid has been completely
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· Mobilization and transport of adipose fatty acid

· Free fatty acid release from the adipocytes is initiated by the action of hormone sensitive lipase (HSL), which begins to hydrolyze stored TG

· The final products of TG hydrolysis are glycerol and free fatty acids

· HSL is activated by epinephrine, norepinephrine, ACTG and glucagon…..

· It is inhibited by insulin

· Free fatty acids are bound to serum albumin for transport to other tissues, where they are used

· Major target tissues are muscle and liver

· At the target cells free fatty acids are taken up passively

· Within the target cells they are bound…
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· Major metabolic sources of acetyl CoA and some of the pathways for which it serves as a substrate
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· Acetyl CoA

· Acetyl CoA is at the center of lipid metabolism

· It is produced from…

· Fatty acids

· Glucose (through pyruvate)

· Amino acids

· Ketone bodies

· Products of acetyl CoA metabolism

· It can be converted to f.a. which in turn give rise to:

· Triglycerides

· Phospholipids

· Eisosanoids (e.g., prostaglandins)

· Ketone bodies

· It is the precursor of cholesterol, which can be converted to: 

· Steroid hormones

· Bile acids

· It produces energy, generated by the complete oxidation to acetyl CoA to carbon dioxide and water through the TCA cycle and….
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· Synthesis of fatty acids

· Occurs mainly in liver and adipose tissue (also lactating mammary gland)

· Most f.a. can be synthesized, except for the essential f.a.

· Fatty acid synthesis is the process of combining eight two-carbon fragments (acetyl groups from acetyl CoA) to form a 16 carbon saturated fatty acid, palmitate

· Starts with acetyl CoA – so if can form acetyl CoA, can make f.a. from it (eg. From glucose, aa)

· It requires NADPH from….
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· Fatty acid synthase system – complex of enzymes

· Stimulated in fed state – by insulin and glucose; especially by high CHO diets

· Inhibited by glucagon and high levels of f.a. (especially high in PUFAs)

· Palmitic acid can be converted to other f.a. by elongation and desaturation

· Elongation – 2C units are added to carboxyl end

· Desaturation – introduction of double bonds in chain
· If f.a. is saturated, then the 1st double bond that we can introduce will be 9

· Humans or animals only have 9, 6, 5, 4 desaturases and not 12 or 15 desaturases can not make -3 or -6 f.a.

· Humans can not form double bonds beyond the 9 carbon; a double bond can be added at 6 position,

· Plants have 12 or 15 desaturases
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· Fatty acid synthesis occurs primarily in the cytoplasm of these tissues:

· Liver

· Adipose (fat)

· Central nervous system

· Lactating mammary glands

· Acetyl CoA for fatty acid synthesis comes mostly from glycolytic breakdown of glucose
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· Nomenclature of essential fatty acids
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· Essential f.a. – linoleic (18:2 -6) and -linolenic (18:3 -3) acids

· Required – as compomnent of cell membranes

· As precursors of other PUFAs that are required components of cell membranes, e.g. arachindooni acid EPA

· Keep cell…

· Essential f.a. undergo elongation and desaturation to form othe PUFAs

· Desaturation usually alternates with enongation 

· Conversion of lenoleic acid to arachidonic acid is….
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· Archidonic acid – essential component of cell membranes 

· Precursor of eicosanoids

· DHA – docosahexanoic acid – significant component of cell membranes of retina, brain, testes and sperm

· Thought to provide a unique physical… 

· EPA – eicosapentanoic acid – minor component of  cell membranes 

· Precursor of eicosanoids

· DHA and EPA are found in significant quantities in fish and some shellfish

· Other animals do not synthesize them in high enough quantities to provide a significant dietary source and not synthesized by plants at all

· Appear to reduce clot formation in blood- therefore can protect agains complications of CVD, such as stroke and heart attack resulting from occlusion of blood vessels by blood clots

· Alpha-linolenic acid also….

· Eicosanoids are made mostly from arachidonic acid (contained in cell membrane phospholipids)

· Act as mediators of blood clotting and inflammation

· Eicosanoid synthesis
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· Omega- 3 and omega-6 fatty acids compete for the same desaturases – therefore the ratio of omega 3:6 fatty acids is important, not just the absolute  amounts of these fatty acids

· If increase omega-6 consumption, cn decrease desaturation of omega-3 fatty acids and vice versa and so affect synthesis of arachhidonic acid, DHA and EPA

· Will be most significant for diets that contain very little arachidonic acid….

· Recommendations or essential f.a. 

· Recommendations correspond to levels currently consumed in North America

· Deficiency is non-existent in free-living healthy people in North America

· Levels required to prevent deficiency in healthy people are unknown

· Linoleic acid - >5% of kcal (but no more than 10%)

· Alpha linolenic acid >.6% of kcal ( but no more than 1.2%)
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· The omega-6:3 Ratio

· Current human diet is rich in omega-6 with an estimated ration of 8:1 to 12:1

· DRI recommends 10:1 ratio

· Recommendation: consume more omega-3 fatty acid from vegetable and marine sources

· Humans can desaturatue and elongate ALA into EPA and DHAbut only when omega6:3 ratio is low

· Excess omega-6 fatty acid in diet saturates the enzyme and prevents conversion of ALA into…

· Omega-2 and CVD

· Decrease clot formation

· Decrease blood TG levels

· Decrease heart arrhythmia

· Decrease growth of atherosclerotic plaques

· Decrease inflammation of arterial wall

· Increases vasodilation (relaxation of blood vessel walls;… )

· Eggs from chickens that are fed fish meal or linseed (flaxseed) oil

· Potential hazards of EPA/DHA supplements (fish oil) – as EPA and/or DHA, above recommended levels:

· Increase bleeding and associated complications (hemorrhagic stroke)

· Decreased immune function

· Dose information for EPA + DHA in fish oil
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· Cardiovascular disease

· CVD: a broad term, disease of heart and blood vessels

· Atherosclerosis

· Leading cause of death in western world

· Deposit of lipid in walls and arteries

· Associated with high cholesterol in blood and also high TG, smoking, 

· Response to injury hypothesis
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· Blood clotting

· A natural process that allows the blood to thicken and forma a clot of blood cells and fibrin strands to stop the bleeding when a blood vessel is injured 

· Eventually the clot will go on to help form a protective scab over a healing wound

· If the body did not have ability to clot blood, then people would bleed to death after even a minor cut

· Mechanism
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· Thombin activation of platelets

· Thrombin binds to the thrombin receptor on the platelet membrane, resulting in the activation of pathways that provoke platelet aggregation

· The activation of a few platlets by thrombin results in a pathway that activate many platelets by thromboxane

· This result in the formation of a visible clot
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· In atherosclerosis plaque builds up in arteries over time and mat become large enough to significantly reduce blood flow

· Plaques can become unstable and rupture

· Those that rupture cause a blood clot (thrombus) to form that can totally block blood flow in the artery 

· A blood clot that breaks off and travels to another part of the body is…

· Medications such as anticoagulants (which help prevent blood clots) and clot busters (which help dissolve blood clots) are available by prescription only

· In severe cases, surgery may be necessary to correct a serious obstruction by a clot

· Myocardial infraction (MI)

· The medical literature emphasizes plaque formation as the major factor affecting arterial blood flow

· However, many acute myocardial infractions are the result of plaque rupture and subsequent thrombus formation

· Factors that deter thrombus formation and platelet aggregation may improve the clinical prognosis

· Garlic and omega-3 fatty acids can decrease platelet aggregation and increase fibrinolytic activity

· Dietary supplementation with marine omega 3 fatty acids prolongs…..

· Atherosclerosis

· Plaques reduce blood flow and may occlude vessel if artery is a smaller artery ( tissue dies

· Plaques disrupts the normal flow od blood and induces clot formation (block small arteries ( tissue death

· In brain: stroke

· In coronary heart: heart attack

· Bits of plaque can break off ( embolus

· Also blovk small arteries ( tissues death, affects kidneys

· Weaken artery wall

· Aneurysm can happen if the wall of the aorta becomes weakened by build ups of fatty deposits called plaque

· Cholesterol 

· Dietary cholesterol ( chylomicrons ( chylomicrons remnants ( liver

· In liver – cholesterol can be; 

· Packaged into VLDL for distribution to tissues

· Tissue will use cholesterol for cell membrane or synthesis of steroid hormones

· Converted back into bile salts ( excreted in bile as free cholesterol

· Route of cholesterol excretion from  body
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· Synthesis of cholesterol: occurs in  most tissues

· High amounts in liver, intestine and tissues synthesizing steroid hormones (ovaries, testes)

· Made from acetyl CoA

· Catalyzing enzyme is HMG-CoA reductase 

· Subject to feedback inhibition 

· Inhibited by increased dietary intake of cholesterol

· Liver and intestine are more sensitive to this, but not in other tissues
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· Liver receives dietary cholesterol, but also cholesterol recycled in body in form of LDL, HDL, bile salts (reabsorbed in ileum) and cholesterol that was excreted in bile, but reabsorbed

· High blood cholesterol levels as LDL are associated with increased risk of atherosclerosis
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· Dietary factors affecting blood cholesterol levels

· 1. Dietary cholesterol intake

· Increase risk of CVD with increased blood cholesterol as LDL

· Changes in cholesterol intake have only a small effect (maybe 15%) on LDL levels in most people (some people show a greater response)

· Decreased intake often results in increased synthesis

· May depend on the ration of PUFAs to…

· 2. Saturated f.a. intake – decreased intake is associated with decreased LDL levels

· Due to decreased production of VLDL in liver
· Due to increased synthesis of LDL receptors in tissues (liver)
· 18:0 (stearic acid) does not seem to affect LDL levels, but shotetr chain f.a. (e.g. 12:0, 14:0, 16:0) increase LDL levels
· PUFA may decrease LDL, especially if intake is low to begin with
· MUFA decrease LDL if substitute for sat. f.a., but not by adding….
· 3. Soluble fiber intake – increased intake is associated with decreased LDL levels

· Mechanism unknown – possibilities include:

· Decreased reabsorption of bile acids due to binding/trapping in fiber

· Leads to increased synthesis of bile acids from cholesterol

· Increased production of propionate in colon from fermentation of fiber 

· Propionate is absorbed and carried to liver – may inhibit HMG-CoA reductase and decrease cholesterol synthesis

· Decreased absorption of cholesterol and other lipids – via decreased micelle formation, trapping in gel structure, binding etc.

· Decreased rate of absorption of glucose and decrease insulin response

· Would decrease rate of TG synthesis and ….

· How to get your cholesterol in check

· The following individuals should ask their family doctor to order cholesterol test

· Males over 40 and females over 50 (or post menopausal)

· Individuals with heart disease, stroke, diabetes or high blood pressure

· Males with waist circumference of > 102 cm (40 in) or females > 88 cm (35 in)

· Individuals with a family history of heart disease or stroke

· Follow eating well with Canada’s food guide

· AMDR: 20 to 35% for total fat

· Increase PUFA and MUFA, found mainly in vegetable oils, nuts and fish

· Decrease saturated fat in red meat and high fat dairy products

· Eliminate trans fat e.g. foods made with shortening or partially hydrogenated vegetable oil, hard margarines, fast foods and many pre-made foods

· Increase whole grains, cereals, vegetables and fruit

· Decrease fried foods and increase baked, broiled and steamed foods

· Don’t smoke! Smoking increases LDL

· Get physically active! Exercise increases HDL
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Ethyl Alcohol: Metabolism and Biochemical Impact

· Ethyl alcohol (ethanol) structure: CH3-CH2-OH

· Structurally similar to carbohydrates, but metabolized similar to fatty acids

· It provides “empty calories (7 kcal/g); no nutritional value

· Some studies suggest that it increases HDL levels and reduces risk of CVD when consumed in moderation

· No digestion is required 

· Absorption occurs at all points though the GI tract which it lands, via blood stream, in tissues (mainly liver)

· Enzymes involved in ethanol oxidation:

· Alcohol dehydrogenase (ADH)

· ADH is a dehydrogenase enzyme which requires NAD+ for oxidation of ethanol to acetaldehyde. It can be found in the cytoplasm of cells e.g. liver cells
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· Cytochrome P-450 system 

· Important pathway when large amount of alcohol is consumed or chronic alcohol consumption 
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· Conversion of acetic acid to acetyl CoA
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· Alcoholism

· Metabolic effects

· Acetaldehyde toxicity

· Acetaldehyde  can attach to proteins ( Impairment of enzymes (protein) activity or affecting functioning/structure of liver

· Elevated NADH:NAD+ ratio

· Which results in accumulation of lipids in tissues which metabolize alcohol causing fatty liver, fatty myocardium, fatty renal tubues…

· Metabolic competition 

· ADH is identical to retinal dehydrogenase and it inhibits conversion of retinol into retinal

· Retinol dehydrogenase is required to convert retinol to retinal

· Retinal is important in vision since it…

· Increased metabolic tolerance

· Which is also related to vitamin A and alcoholic individuals need to increase their intake of vitamin A due to…

· Effects of alcohol consumption in the fasting state

· Hypoglycemia: reduction in blood glucose levels in type1 or 2 diatbetics and even non-diabetics

· Alcohol metabolism in the liver, shuts down gluconeogenesis

· Hypoglycemic unawareness in both diabetics and nondiabetics….

· Effect of alcohol on the TG content of liver
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· Moderate alcohol consumption

· Increase HDL, which is associated with reduced risk of CVD

· Alcohol and dementia?

· Antioxidant property of grape skin and seed

· Recommendations 

· If you drink alcohol limit how much

· If you don’t, don’t start to try to lowee risk of heart disease

· Drinking too much alcohol may…

· Increase blood pressure, increase triglyceride levels

· Cause fetal alcohol syndrome

· Damage heart muscle or cause heart arrhythmias

· Increase risk of breast cancer in females (also mouth, esophagus)

· Have harmful interaction with some medications

· Damage liver, e.g., liver cirrhosis

· Anyone with above mentioned conditions, must omit alcohol consumption

Protein Nutrition and Metabolism

(SLIDES)

Protein Quality

· Requirement for protein really reflects requirement for amino acid and not protein per se

· Dietary protein must provide:

· Sufficient quantities of essential aa

· Sufficient quantities of aa overall to provide enough non-essential aa, either directly or via synthesis from other aa

· In other words, it is important to consider amount of protein we consume as well as it quality

· Protein synthesis – all aa required must be available in sufficient quantities otherwise synthesis will stop

· No aa substitution or making partial proteins

· Limiting aa – the essential aa that is present in the least amount in food, relative to the requirement of essential aa for protein synthesis

· Nutritional value of a protein (protein quality) – refers to how well a protein source meets the needs for essential aa for protein synthesis

· Protein quality – mainly determined by:

· Protein digestibility

· aa composition of the protein

· availability 

· protein digestibility (true digestibility)

· true protein digestibility= ((nitrogen intake – (fecal nitrogen – endogenous)) / nitrogen intake )* 100

· endogenous loss includes sloughed cells and GI tract secretion

· Endogenous = obligatory

· protein digestibility

· it is difficult to measure protein in foods and excreta – so measure N instead

· N in foods and excreta is mainly from protein ( small amounts from other compounds – RNA, DNA etc.)

· Average N content of protein 16% by weight

· To convert measured N to protein 

· Protein (g) = N (g) * 6.25

· Digestibility of plant proteins tends to be lower than animal proteins

· Due to association with fibers, presence of 

· Amino acid composition

· Wide variation among different proteins

· Animal proteins – tend to be complete proteins (high quality) provide the essential aa in quantities sufficient to meet needs 

· Plant proteins – tend to be incomplete proteins deficient or limiting in one or more essential aa

· Aa commonly limiting 

· Lysine (grains, nuts, seeds)

· Methionine (legumes, vegetables)

· Threonine (grains)

· Tryptophan (corn)

· Food processing may alter the availability of aa

· E.g. maillard reaction reduces the availability of lysine

· High quality: meat, eggs. Low quality: grains & rice. Digestibility is never 100 %

· Measuring protein quality 

· Chemical or aa score

· Using aa analyzer or HPLC, aa (essential)composition of a test protein is measured and compared with that reference protein (egg with score of 100)

· Score of test protein = aa in food protein (mg/g protein) / amount of same aa in reference protein (mg/g protein)

· The aa which has the lowest score (%), compared to egg as reference, is the first limiting aa

· PDCAAS – protein digestibility corrected amino acid score – currently favored method

· Compares the essential aa composition of a protein source to a reference essential aa composition profile and corrects for the digestibility of the protein

· Referenceprofile – used to be aa composition of egg protein (considered to be a high quality protein))

· More recently – reference protein is the aa requirements

· First determine which aa is limiting in test protein  (look at ratio of each individual aa in the test protein/reference protein)

· Aa with lowest number is limiting, then multiply by true digestibility (%)

· PDCAAS (%) = (mg of limiting aa in 1 g test protein / mg of same aa in 1 g reference protein) * true digestibility (%)

· Milk protein (casein), egg white, beef, and tuna have PDCAAS of 100

· Soybean protein has a PDCAAS of 94

· PDCAAS for wheat (lysine is the limiting protein) = (25/51)*.85=42%

· Methionine: 100% (116%)

· Threonine: 94%

· Tryptophan: 100% (116%)

· PDCAAS for chickpea (methionine is the limiting protein) = (24/25)*.8= 77%

· PSCAAS for milk powder= 100% for all proteins

· PER – protein efficiency ratio

· To measure PER of proteins, animals are fed with a diet containing 10% (by weight) test protein. Then, animals weight is measured and compared to the amount of protein consumed

· PER = Gain in body weight (g) / Protein consumed (g)

· NPU – net protein utilization

· Measure of how much protein/aa is lost from body over and above you obligatory or endogenous

· The poorer the protein quality ( the higher the losses ( the lower the NPU

· NPU=N retained (g) / N consumed (g) = (N in food – N in feces – N in urine) / N in food

· NPU = ((I- (F-F0) – (U-U0) / I) * 100

· N retained: really N utilized for protein synthesis

· Urinary N – represents catabolism of aa

· More broken down (i.e., not used for protein synthesis), more urea formed and more N excreted in urine

· NPU = 100% for a perfect protein (100% digestibility)

· In reality there are few perfect proteins so

· The higher the total fecal N loss, the lower the digestibility of protein and the less aa used for protein synthesis ( the lower the NPU

· The higher total urinary loss, the lower is the match between the aa composition of the protein and the individuals aa requirement

· Less aa used for protein synthesis ( more catabolized ( decreased NPU

· BV – biological value

· BV is usually determined in experimental animals by comparing retained nitrogen, for maintenance and/or growth versus the amount absorbed

· It can also be measured in humans

· BV= N retained (g) /N absorbed (g) = ((I- (F-F0) – (U-U0) / I-(F-F0))

· Determination of protein and aa requirements

· Protein requirements – most data from N balance studies; current recommendations are mainly based on N balance studies

· N balance = N intake – N loss

· N loss – loss in feces, urine, hair, sweat, skin etc.

· If intake > loss then N is retained (e.g. growing child, pregnant woman, those recovering from protein loss)

· If intake < loss then N is lost (e.g. trauma*, infection, or inadequate intake)

· Due to increased catabolism of tissue protein there is an increase loss of N

· N requirement = lowest intake of N required to achieve N balance of 0

· For adults – not growing

· Protein requirement = N requirement * 6.25

· Problems with N balance method

· Difficult to measure all N losses accurately – skin, sweat, hair especially ( and are often not measured)

· Method tends to underestimate losses

· Efficiency of protein utilization changes with intake – get increased efficiency at low intakes

· Method is sensitive to level of energy intake – energy intake must be at energy requirement

· If energy intake is low – protein will be used to supply energy, rather than just for protein synthesis – will overestimate requirement 

· If energy intake is high (positive energy balance) – causes N retention 

· Requirements for individual aa:

· Previously based on N balance studies ( i.e. feed various levels of an individual aa and measure N balance) underestimated requirements 

· Currently based on isotope methods – feed aa that has been labeled with an isotope (label on C skeleton)

· Below requirement – get low level of aa oxidation (see label in breath CO2)

· Above requirement – get big increase in aa oxidation (and so labeled CO2 in breath)

· 0.8 g protein/kg body wt/day

· About 10% of kcal for young adults

· Acceptable range = 10 to 35% of kcal

· Current intakes about 15% of kcal (1.5 x recommendation)

· Assumes consumption of high quality mixed protein diet

· Excess protein consumption leads to catabolization (oxidation) and not protein synthesis

· Adequate protein + Kcal + exercise ( increased muscle

· More protein doesn’t mean bigger muscles

· Protein deficiency – Protein Energy Malnutrition (PEM)

· Protein deficiency usually occurs with deficiency of energy and other nutrients

· Most widespread form of malnutrition today – especially affects children (due to growth)

· Not common in north America – people at risk = alcoholics, drug addicts, homeless and those with chronic diseases that interfere with eating (AIDS, cancer, anorexia, etc.)

· Two clinical syndromes

· Kwashiorkor

· A disease in young children who consume a marginal amount of energy and insufficient protein 

· They suffer from infections

· It is accompanied by edema, poor growth, weakness and increased susceptibility  to illnesses

· Marasmus

· Inadequate energy, protein, vitamins and minerals

· Little or no fat stores, little muscle mass and poor strength 

· High protein intakes

· Not much known

· Can exacerbate existing kidney problems – not recommended if have existing kidney problems or are at high risk for kidney problems (e.g. diabetics)

· No evidence that high protein intake actually causes kidney problems in healthy people

· High intakes tend to be associated with high intakes of saturated fa ( in North America about 65% of our protein intake is from animal sources)

· Possible links to increased risk of some chronic diseases currently being investigated

· E.g. CVD, cancer, obesity, osteoporosis, kidney stones

· Protein quality 

· Proteins are often defined in terms of quality

· High quality (complete) proteins contain all the essential amino acids

· If an amino acid required for making a specific body protein is not present the protein will not be made; synthesis of the protein stops

· Lower quality (incomplete) proteins are low in or lack one or more essential amino acids

· Limiting amino acid: the essential amino acid in lowest concentration in a food or diet relative to body needs

· Complementary proteins: two food protein sources that make up for each other’s inadequate supply of specific essential amino acids ( complete protein

· Limiting Amino Acid in Plant Foods
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· Protein content of some common non-animal foods
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· Problem:

· [image: image49.png]Growing rats were fed diets containing either only
pinto beans or white bread as their source of
protein. The following information was obtained:
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· If the pinto beans were poorly digested and 4g N/d was excreted in the feces instead of only 2 g/d how would this change the quality of the pinto beans protein as measured by NPU and by BV?

Integration of Metabolism

· over long tem – energy intake is balanced with energy expenditure

· over short term – many animals are adapted to meal eating

· energy intake is not balanced with expenditure

· have a feed/fast cycle 

· fed state: stores excess energy

· fasting state: mobilize stored energy

· fate of macronutrients during feed/fast cycle and starvation is regulated by..

· hormones – insulin, glucagon, epinephrine and glucocorticoids

· energy state of cell

· enzyme systems present in tissue – fate of macronutrients is tissue specific

· different tissues have different enzymes and so can only use certain substrates 

· e.g. RBC only uses glucose substrate concentration

· Liver:

· Typically blood leaves the heart via arteries, proceeds to an organ of the body where it enters capillary bed. The blood then returns to the heart by way of the veins

· Blood leaving the stomach small intestine and large intestine proceeds directly to the liver via the hepatic portal vein. Hepatic artery

· This minor detour is called the portal or hepatic circulatory system 

· Nutrient rich blood from the digestive tract is first processed and screened by the liver ( liver: master control organ for human digestion 

· It filters blood to remove hormones, drugs, and other toxins, which are then deactivated chemically or excreted into the bile. E.g penicillin

· The blood from the liver is now low in oxygen ( the oxygen needed for the metabolic functions of the liver cell is derived by the …???

· Plays a central role in regulation of nutrient utilization

· Receives nutrients from GI tract (via hepatic portal vein)

· Receives blood from heart via hepatic artery (like other organs)

· This allows liver to monitor utilization of nutrients by other organs and compare it to nutrients coming in from GI tract

· Glucose utilization over time

	Stage
	I. Fed
	II. Early Fasting
	III. Fasting
	IV. Starvation
	V. Prolonged Starvation 

	Origin of blood glucose
	Exogenous
	Glycogen, Hepatic gluconeogenesis
	Hepatic gluconeogenesis, glycogen
	Gluconeogenesis, hepatic, and renal
	Gluconeogenesis, hepatic, and renal

	Tissues using glucose
	All
	All except liver. Muscle and adipose tissue at diminished rates
	All except liver. Muscle and adipose tissue at rates intermediate between II and IV
	Brain, RBCs, renal medulla, small amount by muscle
	Brain at diminished rate, RBCs, renal medulla

	Major fuel of brain
	Glucose
	Glucose 
	Glucose 
	Glucose, ketone bodies
	Ketone bodies, glucose
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· Fed state: during a meal and for 3-4 hours following a meal 

· Nutrients are entering blood from Gi tract

· Characterized by high insulin levels, low glucagon, epinephrine and glucocorticoid levels

· Utilization of macronutrients for immediate energy needs is inversely related to the ability to store the nutrient as a source of energy 

· Virtually no ability to store excess aa – so any aa in excess of what is required for protein synthesis will be catabolized 

· Some ability to store glucose - 10: 11: 

· Some ability to store glucose: will catabolize it next.

· Unlimited ability to store TG – catabolized last

· Amino acids

· Liver for protein synthesis

· Releases some to blood for use by other tissues (for protein synthesis)

· Releases branch chain aa for use by muscle

· Uses excess for ATP synthesis (also intestine)

· Monitors blood coming from GI tract and blood circulating to body tissues

· If more than needed for protein and ATP synthesis coverts to f.a.

· Muscle will utilize any excess aa for energy

· Insulin – increases protein synthesis, increases aa uptake by skeletal muscle, increase synthesis fa 

· Glucose – to liver and muscle for ATP synthesis and glycogen synthesis

· Other tissues – use for ATP synthesis (especially brain)

· Excess – converted to f.a. and glycerol in liver and adipose tissue

· Insulin stimulates glucose uptake by tissues, glycogen synthesis, use of glucose by ATP synthesis and fa synthesis

· TG – to adipose tissues for storage 

· Insulin stimulates lipoprotein lipase in adipose tissue for utake and storage of TG (from lipoproteins) and uptake of TG by adipose tissue

· Insulin stimulates:

· Protein synthesis

· Aa uptake by muscle

· Synthesis of f.a.

· Glucose uptake by tissues

· Glycogen synthesis

· Use of glucose for ATP synthesis

· Lipoprotein lipase in adipose tissue

· Western diet

· 30% or more of Kcal from TG

· 40-55% of kcal from carbohydrate

· 15-20% kcal from protein

· Fairly high protein and high fat content

· Excess aa are catabolized; liver can meet most of its energy needs by oxidizing excess aa (in fed state)

· Immediate energy demands are met by ATP synthesis from excess aa (in liver) and glucose

· Post-absorptive period

· Begins several hours after the last meal when the contents of the small intestine have been absorbed

· The precise time will depend upon the quantity and contents of the previous meal

· E.g. a large meal containing fat and protein will reduce the rate of gastric emptying and extends the length of the absorptive period as will a meal rich in fiber

· The following discussion assumes that the last meal was a normal mixed meal containing a high proportion of digestible carbohydrate 

· It is characterized by the mobilization of liver glycogen to provide glucose

· Post-absorptive or early fasting state: 4-16 hours following a meal

· Nutrients no longer entering blood from GI tract

· Blood glucose levels begin to fall 

· Low insulin, high glucagon, epinephrine and glucocoticoid levels

· Blood glucose levels maintained by breakdown of glycogen in liver

· Muscle glycogen can only be used by muscle

· Start o get increased in gluconeogenesis – synthesis of glucose from lactate, glycerol and amino acids

· Increase in breakdown of TG in adipose tissue (lipolysis and release of f.fa and glycerol into blood

· Aerobic tissues start to switch from glucose to f.a. for ATP synthesis

· Muscle releases alanine and glutamine from breakdown of muscle protein

· Glucagon and epinephrine stimulate:

· Glycogen breakdown, gluconeogenesis, TG and protein breakdown

· Glucocorticoids stimulate: protein breakdown

· Requirement of brain for glucose is about 100 g/day

· Anaerobic tissue about 40-60 g/day

· Glucose available from liver glycogen: 100g, only lasts up to 1 day

· Fasting State: 16 he to 2 days after last meal

· Liver glycogen stores almost all gone

· Low insulin, high glucagon, epinephrine and glucocorticoid levels

· Increased rate of TG breakdown – aerobic tissues become more reliant on f.a. for ATP synthesis while still using some glucose

· Blood glucose levels maintained mainly by gluconeogenesis: increased rate of gluconeogenesis from amino acids (from alanine and glutamine from muscle)

· From lactate about 39g/day but anaerobic tissues 40-60g/day.

· From glycerol: 19 g/day

· From muscle aa (alanine and glutamine) about 60 g/day at 1.75 g protein per gram of glucose

· To provide this much glucose, must breakdown 105 g protein/day

· E.g. a 70 kg man has approximately 30 kg of muscle

· Can only lose ½ muscle mass before one  dies

· So at this rate of aa utilization it will take about 2 weeks

· Starvation state: 2 days or more after last meal 

· Very low insulin, very high glucagon levels (high epinephrine and glucocorticoid levels)

· Decrease in rate of gluconeogenesis from amino acids – to conserve body proteins

· High rate of TG breakdown (lipolysis), little glucose available for most tissue
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Fuel requirement for brain: 100

· High f.a. and low glucose avalibility – triggers increased production of ketone bodies by liver

· Blood concentration of ketone bodies increases and causes brain to switch from utilizing only glucose for ATP production to using both glucose and ketone bodies

· Use of ketone bodies decreases requirement of brain for glucose

· Overtime, brain becomes more efficient at utilizing ketone bosies – after a few weeks only 25-35g of glucose requires

· Rate of gluconeogenesis from aa decreases – protein breakdown decreases

· Most aerobic tissues have switched completely to use of f.a. from ATP synthesis

· Kidney becomes important site of gluconeogenesis – excretes NH3 from glutamine to combat acidosis resulting from ketone bodies in blood (NH3 + H+ ( NH4+ ( urine); rids body of H+ to help control acidosis

· Survival time during starvation – depends on size of adipose tissue stores

· Person with normal fat stores – 3 months

· Obese person – much longer may be 1 year

· Once adipose tissue is gone death occurs fairly quickly

· tissue becomes reliant on glucose derived from aa again

· Large increase in rate of gluconeogenesis from amino acids ( rapid increase in protein breakdown in muscle, including vital organs such as the heart and diaphragm 

· Decrease in thyroid hormone ( decrease in BMR (up to 20%)
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· Effect of obesity on intensive care morbidity and mortality: a meta-analysis

· [image: image56.png]Effect of obesity on survival time during
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· Objective: to evaluate the effect of obesity on:

· ICU mortality

· Duration of mechanical ventilation

· ICU length of stay among critically il medical and surgical patients

· Design: meta-analysis of studies comparing outcomes in obese and non-obese critically ill patient in ICU

· Total of 62,045 critically ill subjects

· Intervention: descriptive and outcome data regarding ICU mortality and morbidity were extracted by two independent reviewers according to predetermined criteria. Data was analyzed using a random effect model 

· Measurements and Main results: 14 studies met inclusion criteria, with 15247 obese patients representing the 25% of the pooled study population

· Obesity was not associated with an increased risk of ICU mortality 

· Duration of mechanical ventilation and ICU length stay were significantly longer in the obese group by 1.48 days and 1.08 days, respectively, compare with the non-obese group

· In a subgroup analysis, an improved survival was observed in obese patients with BMIs ranging between 30 and 39.9 kg/m2 compared with non-obese patients

· Conclusion: obesity in critically ill patients is not associated with excess mortality but is significantly related to prolonged duration of mechanical ventilation and ICU length of stay

Energy Metabolism 

· The potential energy stored in the bonds of carbohydrates, lipids and proteins supplies us with the energy we require to carry out the processes necessary to sustain life

· Accomplished via synthesis of ATP, mainly by cellular respiration 

· Humans and other animals eat primarily to satisfy their requirements for energy

· Requirements are determined by measuring energy balance

· Energy balance = energy intake – energy loss

· Energy balance = 0 (when) energy intake = energy loss

· Is energy a nutrient?

· No, energy is not a nutrient; it is a property of the nutrients we consume.

· 1st law of thermodynamics: energy can neither be created nor destroyed

· But it can be transformed – changed from one form to another 

· i.e.. Potential energy to kinetic energy

· ultimately, most of the potential energy ingested in food is lost from our body as heat

· if in energy balance then; energy intake = energy loss = energy as heat +energy in feces + energy in urine (+energy in gas in ruminants)

· heat is released when you synthesize and utilize ATP

· cellular respiration is not 100% efficient; i.i, not all of the potential energy in the bodys of the food molecule are converted to ATP ( some is lost as heat

· heat is also released when you convert the potential energy of ATP into kinetic energy

· energy as heat = total metabolic rate

· represents energy available to the body to be used for processed required to sustain life

· units of energy

· 1 kcal = 1000 calories = 4.18 kJoules = amount of energy required to raise one kg of water 1 degree C

· Energy Intake 

· Determine by determining the energy content of food (gross energy) – measures potential energy available in food materials

· Measure by bomb calorimeter

· Weighed food sample is placed into the chamber

· Chamber is filled with O2 and placed in a bucket containing H2O of known temp and volume

· The food is ignited and temperature change of H2O surrounding the chamber is measured

· Gross energy of food (GE) = amount of potential energy in the food; represents amount of energy entering GI tract

· GE intake = Heat E + feces E + urine e + production E

· Because not all GE is available to our body for use (due to losses in urine and feces) it is often useful to rearrange the equation:

· GE intake – feces E = heat E +urine E (+ production E)

· GE intake –feces E = digestible energy (DE)= heat E+ urine E+ production E

· Fecal Energy

· Undigested feed residues

· Metabolic products

· Mucosa

· Bacteria 

· Enzymes

· E intake = E expended + E stored + E loss

· E intake: total energy intake

· E expended: heat production, work, and biosynthesis

· E stored: glycogen and triacylglycerol

· E loss: waste products

· DE – represents energy that is absorbed by the body 

· Will vary with diet composition

· However not all DE is available for use by the body – some will be lost in urine (mainly as urea, but small amounts of other compounds are also excreted in urine like metabolites and vitamins)

· Human: on mixed North American diet, DE about 90-95% GE

· Horse: on poor quality hay, 30% (will loose around 70%), for ruminants it depends on the amount of cellulose (soy and corn will be more digestible)

· For some purposes it is more useful to consider:

· Metabolizable energy (ME) = energy available for maintenance of body functions and activity and for production (Growth, milk, eggs, etc)

· ME = GE – feces E – urine E = heat E + (production E) = DE – urine E

· In ruminants: 

· ME = GE – feces E – urine E – gas E

· Energy lost as gas is not usually considered significant in non-ruminants

· Gaseous energy

· Gaseous products of fermentation (CH4)

· Loss via belching or bowels

· In birds

· De is not easily measured because urine and feces are excreted together
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· Atwater coefficients

· Physiological fuel values (Atwater coefficients):

· Energy content of carb: 4 kcal/g

· Energy content of protein: 4 kcal/g

· Energy content of lipid: 9 kcal/g

· Commonly used to calculated energy contents of food (if known composition of food then can calculate energy content)

· Commonly used to calculated energy intake of humans

· Determined for humans on a mixed north American diet by measuring GE , feces and urine E; Therefore represent ME

· Why does fat have some many calories?

· C-H bonds release more energy when broken than C-O bonds

· Fat contains more C-H bond and carbs and proteins contain more C-O bonds

· Thus, fat contains more potential energy than other nutrients do

· Assumptions of Atwater coefficients:

· Digestibility of nutrients is high 

· All energy lost in urine is due to urea

· Determination of Atwater coefficients – take GE values multiplied them by digestibility ; between 94-98%

· Average carb = 4.1 kcal/g * digestibility (98%0 = 4 kcal/g

· Average lipid = 9.4 kcal/g* 0,96 = 9 kcal/g

· Average protein = 5.6 kcal//g *0.94 – 1.25 kcal/g = 4 k/cal 

·  All energy is lost in urine is due to urea: not strictly correct? Urea =1.25 kcal/g?

· Values may or may not be  appropriate for use in other species (or for humans in all circumstances)

· Depending on how similar are to humans

· Depending on validity of assumptions

· Digestibility – depends on: ruminant vs non ruminant, large caecum vs insignificant caecum

· Diet composition – e.g. amount og plant material 

· Species differences

· Energy lost in urine as urea

· Species differences

· Birds excrete uric acid (different energy content)

· Many herbivores excrete hippuric acid and urea

· Hippuric acid is the detoxification product of benzoic acid

· present in high amounts in plant diets
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· Diabetes

· Starvation (ketogenic diet)

· If energy intake is determined from Atwater coefficients intake is ME (energy loss in urine and feces has already been taken into account and therefore:

· Energy intake = energy loss = heat E = total metabolic rate
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· Ketogenic diet: alternative treatment for epilepsy when all other treatment options fail, especially for children

· Two methods – both start with 24 – 72 hour fast to induce ketosis. Fats primary source of metabolic energy ( ketones accumulate in the brain, which can alleviate epileptic symptoms

· Traditional approach:

· 75% of kcal from fat, 1g/kg/day of protein, remaining carbs

· Fluids are controlled (max 2 L/day)

· Medium-chain triglyceride (MCT) based approach 

· MCT oils replace the long chain fats of traditional diet ( improved palatability

· Fruits, vegetables and small amount of starches allowed since MCT help ketosis

· Fluids are not limited

· Though superficially similar, this is not the same as the Atkins diet

· Possible long term side effects of the diet include

· Kidney stones

· Abnormal liver function

· High cholesterol

· Weight gain

· Dehydration

· Bone thinning

· Total metabolic rate (3 components)

· Basal metabolic rate (BMR)

· Energy required to sustain life

· Accounts for 60-70% of energy expenditure

· Measured under standard controlled conditions

· Post absorptive for 12 hrs

· At rest (not exercising), but not asleep

· Unstressed

· Diet-induced thermogenesis (DIT)

· DIT or thermic effect of food (TEF) or specific dynamic action (SDA)

· Refers to the increase in metabolic rate (heat production) that occurs after eating

· Peak is usually 1 hr after eating and last 3-4 hours (or longer)

· Related energy cost of digestion, absorbing and processing nutrients

· Usually 10% of energy expenditure

· Spicy foods such as those containing chili and mustard enhance and prolong the effect of TEF, up to 33% more than meals containing no spice 

· Protein>carb>fat

· Factors affecting DIT

· Size: larger – higher DIT

· Meal composition: higher for protein and carbohydrate than fat

· Activity

· Usually 20-35% of energy expenditure, but very variable and difficult to estimate for individuals

· Resting metabolic rate (RMR) – measured under less strict conditions

· Usually not 12 hr post absorptive (2-4hr)

· Usually about 10% higher than BMR

· Many factors affecting BMR and RMR ( on a per kg body weigh basis): body composition, age, hormones, gender, fever, starvation, physiological state, genetics, size

· Tissues vary in their metabolic activity and therefore how much do they contribute to BMR and RMR
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· Factors affecting BMR and RMR

· Body composition

· Increase BMR with more lean body mass

· Age

· Higher in young animals (due to increased metabolic activity of growing tissues)

· Decreased by about 2% each decade past about 30 years, may be due to changes in body composition or hormones

· Hormones

· Hormones such as thyroid hormone, testosterone, catecholamines (stress hormones) increase BMR

· Sex 

· Males have higher BMR than females, due to testosterone o different body compositions 

· Fever

· 10-13% increase in BMR for every 1 degree C temp increase

· Starvation

· Low energy intake decreased BMR by 20-30%

· Physiological state

· Pregnancy increased BMR due to production of new tissues (fetus)

· Lactation increases BMR due to milk production

· Genetics

· Independent of body composition and size

· Size 

· BMR decreases with increasing size (on a per kg body weigh basis)

· BMR (kcal/d) = 70 * W0.75
· Measurement of metabolic rate (BMR, RMR, or Total MR): 3 measures

· Direct calorimetry; theoretically simple, but expensive and difficult

· Subject put into a chamber (calorimeter), which is surrounded by water

· Heat given off by body is transferred to H2O and is measured 

· Indirect calorimetry – commonly used method

· Uses O2 consumption and CO2 production as indirect measures of heat production 

· Theory: in aerobic organisms, most (about 95%) heat produced originates from the oxidation reactions of…

· each oxidized substance will use specific amount of O2, and will produce a certain amount of CO2 and energy 

· for glucose 

· C6H12O6 + 6O2 ( 6H2O + 6CO2 + 673 kcal 

· If you know which substrate is being oxidized and how much of the substrate is oxidized, then you can determine energy released or heat production

· Which substrate is being oxidized?

· Determined from the ratio of CO2 produced to O2 consumed

· Can calculate if measure O2 and CO2 contents of inhaled and expired air

· CO2/O2 = RQ= respiratory quotient

· If only glucose was oxidized:

· RQ for every mole of glucose oxidized:

· RQ = 6 moles CO2/ 6 moles )2 = 1.0

· For triglycerides, depends on what fat is being oxidized

· In animals, majority of fatty acids are palmitic acid (16:0), oleic (18:1), stearic acid (18:0)

· E.g. for tristearin

· 2C27H110O6 + 163O2 ( 114CO2 + 11H2O

· RQ: 114 CO2/ 163 O2= 0.70

· How much substrate is being oxidized?

· Determined from measured amount (volume in L) of O2 or Co2 produced

· Example of how the equation can be used to determine the heat product ion from glucose:

· C6H12O+ 6O2 ( 6H2O + 6CO2 + 673 kcal

· 673 kcal/6moles )2 or CO2: but O2 and CO2 will actually be measured in L so need to convert moles to L

· 673 kcal/6x22.4L = 673kcal/134.4 L = 5 kcal/L O2 or CO2

· The kcal/L O2 or CO2 values are called thermal equivalents of O2 and CO2

· Procedure for determining metabolic rate by indirect calorimetry

· Measure O2 used and CO2 produced (in L)

· Calculate RQ – tells you what substrates are being oxidized, and in what proportion

· Determine how many kcal of heat will be produced per L O2 or CO2 produced (look up in table)

· Multiply by L O2 used or CO2 produced = heat produced

· Example : How much energy is being utilized per hour for basal metabolism by a horse consuming 10 L of O2 and producing 8 L of CO2 per hour? 

· RQ= CO2/O2 = 8L/10L = 0.80

· From table of RQ values (would be given))

· 4.801 kcal/L O2 * 10 L O2 = BMR = 48 kcal/h 

· 6.001 kcal/L CO2 * 8 L CO2 = 48 kcal/h

· Could also ask what substrates are being utilized – this you can also get from the table and would be 33.4% carb and 66.6% fat
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· Oxidation of protein is usually ignored in many animals, including humans – contribution to heat loss is usually small ( use non-protein RQ

· Can be estimated from N excretion in urine

· Would want to consider it during fasting, prolonged exercise, after a high protein meal or if animal is a carnivore

· Doubly-labeled water – isotope technique that allows estimation of CO2 produced

· Then need to assume an average RQ and calculate as for indirect caloimetry 

· Usually measured over longer period (10-14 days) in free living individuals

· Measure label in blood and urine or even saliva

· Difference between disappearance rate of two isotopes and measure of size of water body pool gives estimate of CO2 production

· This method gives better sense of cost of actual daily life activities

· Doubly labeled water is a water in which both the oxygen and hydrogen atoms are isotopically labeled with a stable isotope (not radioactive, 2H or deuterium and 18O or oxygen-18) so that these atoms can be traced

· The stable isotopes (predetermined concentrations) distributed throughout all fluids in the body
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· The disappearance of 18O represents water turnover and rate of production of CO2

· The disappearance of 2H2 represents water turnover alone

· The difference between these two, therefore represent the production rate of CO2

· The assume average RQ (0.82) for mixed diet to estimate energy expenditure
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· This model rests on several assumptions, including:

· The body acts as a single compartment of constant size.

· Tracers are distributed in body water only.

· Tracers are lost as water and CO2 only.

· Tracer enrichments are identical in all fluid compartments and in water leaving the body by different routes.

· The intake of isotope from the environment is constant during the study.

· In practice these assumptions are violated, and correction factors are required to optimize accuracy.

· Estimating BMR

· A variety of equations have been generated to estimate BMR – tend to overestimate BMR for individuals for are overfat?

· Harris-Benedict equation – used commonly in humans

· Men: BMR = 66.5 + 13.7W + 5H – 6.8A

· Women: BMR = 655 +9.6W + 1.7H - 47A

· W = weight in kg

· H = height in cm

· A = age in years

· For interspecies comparison: Kleiber’s mouse to elephant curve

· BMR (kcal/d) = 70x W0.75
· Fuel sources during rest and usual daily activities 

· During normal daily activities and at rest the fuel comes from

· Fat 80-90%

· Carbs 5-18%

· Protein 2-5%

· During exercise four major energy sources

· Muscle glycogen

· Plasma glucose

· Plasma fatty acids

· Intramuscular TG

· Various factors determine which substrate is used

· The length and intensity of exercise

· The level of exercise training

· The initial level of muscle glycogen

· Intake of… 

Hereditary Metabolic Disorders: Newborn Screening

· Symptoms appear early in life ( newborns are routinely screened for several common disorders

· BC: Hypothyroidism, Phenylketonuria (PKU), Galactosemia and Medium Chain Acyl-CoA Dehydrogenase Deficiency (MCAD)

· US: phenylketonuria, maple syrup urine disease, homocystinuria, tyrosinemia
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· USA Screening

· Amino Acid Disorders

· Arginemia (ARG, Arginase deficiency)

· Argininosuccinate acidemia (ASA)

· Defects of biopterin cofactor biosynthesis (BIOPT-BS)

· Defects of biopterin cofactor regeneration (BIOPTREG)

· Citrullinemia type I (CIT-I, argininosuccinate synthetase)

· Citrullinemia type II (CIT-II, citrin deficiency)

·  Homocystinuria (HCY, cystathionine beta synthase)

· Hyperphenylalaninemia (H-PHE)

· Hypermethioninemia (MET, I/III deficiency)

· Maple Syrup Urine Disease (MSUD, branched-chain ketoacid dehydrogenase)

· Phenylketonuria

· Tyrosinemia type I (TYR-1)

· Tyrosinemia type II (TYR-II)

· Tyrosinemia type III (TYR-III)

· Hypothyroidism

· Prevalence in BC: 1/3000 (10-15 infants/year)

· Hyperthyroidism: lack or deficiency of thyroid hormone (throxine) due to absent, small, or an improperly functioning thyroid gland ( delayed growth and brain damage

· If found early and treated with thyroid hormone, these children have normal growth and intelligence 

· Phenylketonuria

· Prevalence in BC: 1/20,000 infants (2-3 infants/year)

· Phenylalanine hydroxylase that converts excess phenylalanine (PHE) to tyrosine (TYR) is missing ( PHE (neurotoxic) builds up in the blood ( mental retardation 

· These newborns rarely have symptoms right after birth, but sometimes may be sleepy or eat poorly.

· Other symptoms: seizures, nausea and vomiting, an eczema-like rash, lighter skin and hair than their family members, aggressive or self-injurious behavior, hyperactivity, and sometimes psychiatric symptoms.

· By-product of phenylalanine (phenylacetic acid) appears in the urine and sweat ( "mousy" body and urine odour

· Of PKU is detected early ( normal intelligence

· Diet: phenylalanine restricted (but not eliminated) formula/diet

· Natural sources of protein have too much phenylalanine for children with PKU ( no meat, mild or other common foods that contain protein ( phenylalanine-free processed foods

· Low protein natural foods, e.g. fruits vegetables and restricted amounts of certain grain cereals

· The diet should continue for life otherwise it will affect intelligence and neurological and psychiatric problems may appear

· Galactosemia

· Prevalence: in BC 1/50000 infants

· In galactosemia, galactose-1-phosphate uridylytransferase (GALT) that converts galactose into glucose is deficient or absent

· Consequences: feeding problems, failure to thrive, jaundice, vomiting, poor weight gain, convulsions, enlarged liver, kidney failure, cataracts, and brain damage, sepsis and death

· Diet:??????
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· Tyrosinemia

· Lack of enzyme which break down tyrosine

· Type 1: fumarylacetoacetate hydrolase (FAH)

· Prevalence: 1/100,000 (quebec: 1/16000, one region of QC: 1/1846)

· Tissues affected: liver, kidney, CNS

· Symptoms:

· Failure to thrive

· Diarrhea

· Vomiting

·  Jaundice

· Cabbage-like odor

· Nosebleed

· Treatment

· Type II: tyrosine aminotransferase

· Prevalence: 1/250000

· Tissue affected: eyes skin CNS

· Symptoms

· Excessive tearing

· Photophobia

· Redness and pain in eyes

· Painful skin (palm and soles) lesions

· Type III: 4-hydroxyphenylpyruvate dioxygenase

· Prevalence: rare

· Tissues affected: CNS

· Symptoms

· Seizures

· Intermittent loss of balance and coordination

· Intellectual disability

· Medium Chain Acly-CoA dehydrogenase

· Prevalence: BC: 1/20000 infant

· Infants diagnosed with medium chain Acyl-CoA dehydrogenase (MCAD) may have problems using fats stored in their bodies as an energy source

· MCAD is involved in beta-oxidation of fatty acids

· Diet:

· Homocystinuria

· Gene mutation ( homocysteine is not properly used ( builds up in blood

· Methionine ( homocysteine ( cysteine 

· Symptoms: nearsightedness, dislocation of the eye lens, increased risk of abnormal blood clotting brittle bones developmental delays, failure to thrive, seizures, megaloblastic anemia

· Prevalence: 1/200000-335000

· Diet

