TOPIC 6
MINERAL ELEMENTS
Minerals:

21 are termed essential and have known functions.  

The other 70 are termed non‑essential, have functions unknown as yet, and may be toxic in large amounts.  Neither, however, can be synthesized in the body.

Essential Minerals:

Classified into 2 groups based on quantity

1.  Macronutrients:  There are 7 (Ca++, K+, Na+, P, Mg++, S, and Cl‑).  Aka:  macrominerals and major minerals.  They are present in large quantities.

2.  Micronutrients:  There are 14 (Fe, I, Zn, Mn, Cu, Mb, Se, Cr, Co, Fl, Vn, Tn, Ni, and Si).  Aka:  microminerals and minor minerals.  They are present in small quantities.

Common Functions:
1.
Act as a cofactor for enzymatic reactions (the majority do) ‑ a biocatalyst function.  eg.  Zn in carbonic anhydrase reaction

2.
Some are components of essential body compounds.  eg.  Fe in hemoglobin, I2 in the synthesis of T4 (thyroxine), Co with the synthesis of Vit. B12 (cobalamine), and Zn in insulin production

3.
Maintenance of the acid/base balance.  eg.  Acidic in nature are:  phosphorus, sulfur, and chlorine(ide).  P in HPO4, S in HSO4, Cl in HCl.  All are acids and are produced from acidic foods containing them to include:  meats, eggs, fish, poultry, and grains.  Eg.  Basic in nature are:  magnesium, potassium, sodium, calcium, all cations, Mg in 
Mg(OH2),  K in KOH  Ca in CaOH  Na in NaOH.  All are bases and are produced in basic foods containing them to include:  almost all fruits and vegetables.  Exceptions to this include:  rhubarb, prunes, cranberries, and dates are all acidic, not basic because of the presence of oxalic acid.  Kidney stones contraindicate this, however, because it combines with oxalic acid to form Ca++ salts which make up kidney stones.  Drinking cranberry juice, however, will help prevent the formation of kidney stones in the first place.  All of the above exceptions contain parabens which can act like natural antibiotics.

4.
Involved in the transmission of nerve impulses.  eg.  Na+ in depolarization, K+ in repolarization, Ca++ in the neuromuscular junction for the release of Ach

5.
Contraction (Ca++), and relaxation (Mg++) of muscles

6.
Regulation of osmotic pressures.  Na+ in ECF, K+ in ICF

7.
Growth.  Ca++, P, and F

Calcium

Introduction:  Calcium is a macronutrient of which only ?25% of the population meets the RDA for 

Food Sources:  Dairy products to include skim milk, yogurt, tofu, cheese, tuna, collard greens, sunflower seeds, whole grain products.

RDA's:  1200 mg/day

Absorption, Metabolism, Excretion, and Function:  See Diagram on page 25.

Absorption:  increased by depletion, growth, Vitamin D, low pH, certain amino acids, and lactose, decrease by high fats, high PO4, oxalic acid, phytic acid, low Vitamin D, high pH.

Functions:  Cancer prevention, Blood clotting, Action of muscles and nerves, Membrane permeability and Blood pressure

Bone Deposition:  increased with the help of Fluorine; Vitamins D, A and C; Protein and Manganese Deficiency (deficiencies in this nutrient can cause numerous problems to include osteoporosis and decreased bone deposition and problems associated with the functions listed would be affected as well.

Toxicity:
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CALCIUM AND OSTEOPOROSIS

1.
Define osteoporosis.


Answer:  in a clinical practice, it is defined as reduced bone radiodensity which may or may not be accompanied by spontaneous compression deformities

2.
Osteoporosis affects as many as 15 to 20 million Americans.

3.
Why is there so much emphasis on the prevention of osteoporosis?


Answer:  there is no proven therapy for the established disease

4.
List various nutritional and non-nutritional factors that are involved in the incidence of osteoporosis.


Answer:  


Nutrient Factors:



Non-Nutrient Factors:


1.  calcium




1.  Physical Exercise


2.  Vitamins A, D, C



2.  Alcohol


3.  Folic Acid




3.  Cigarette Smoking


4.  Pyridoxine




4.  Caffeine


5.  proteins




5.  Drugs

5.
Why calcium is so poorly (30%) absorbed from the intestines?


Answer:  It happens in a very small area of the proximal duodenum, and it happens under acidic conditions

6.
List various factors that influence (increase/decrease) calcium absorption.


Answer:  


Increase:




Decrease:


1.  body calcium deficits



1.
high fat diets


2.  growth




2.
vitamin D deficiency


3.  vitamin D




3.
alkaline pH


4.  low pH




4.
oxalic acid present


5.  certain amino acids like lysine


5.
phytic acid present


6.  lactose






7.
Explain blood calcium homeostasis.


Answer:  Once the calcium is absorbed, the body maintains a very narrow rage (9-11 mg/dL) of blood calcium.  It is controlled by bone calcification or resportion, calcium excretion through kidneys and calcium absorption from the gut.  Blood even maintains a normal level even though bones may lose as much as 40% of their calcium.

8.
Can blood analysis determine calcium nutritional status?  Explain.


Answer:  no because blood maintains a normal level even though bones may lose as much as 40% of their calcium

9.
List various nutrients that are responsible for the bone calcification.


Answer:  calcium, phosphorus, vitamin A, vitamin C, folic acid, pyridoxine, vitamin D, and proteins

10.
Discuss bone resorption.


Answer:  it is an exclusive endocrine function (parathyroid hormone), increased bone resorption is called osteoporosis

11.
Write at least four differences between Osteomalacia and Osteoporosis.


Answer:  Osteomalacia is reduced bone calcification while osteoporosis is increased bone resportion.  Osteomalacia (bone calcification) is related to several nutrients while Osteoporosis (bone resportion) is exclusively related to an endocrine function.  A blood test will not confirm osteomalacia (blood Ca levels are maintained even when bone calcium is low) while it will osteoporosis (decreased parathyroid hormone).  Dietary analysis may benefit someone with osteomalacia (check to see if there are deficiencies in the diet that can be corrected) while it will probably not benefit someone with osteoporosis (once established, it is difficult to reverse).  

12.
Males continue to calcify their bones up to an age of 45 years whereas females do the same up to the 40 age.

13.
Why non-vegetarians are more susceptible to osteoporosis then the vegetarians?


Answer:  because consumption of high acid ash diet (meat, poultry, eggs and cereals) increase calcium excretion and bone loss, increased protein intake has been proven to increase urinary calcium and decrease calcium retention

14.
Why physical exercise is so important in preventing osteoporosis?


Answer:  Astronauts under weightless condition and patients confined to bed lost as much as 1% of trabecular bone a week, but when they return to normal weight bearing activity, they gradually restored their bone mass.  Sedentary lifestyles too have been associated with osteoporosis.  There has been found a beneficial effect of 30-60 minutes of exercise, 3-5 days a week on bone density.  Prevention is important since osteoporosis is difficult to reverse. 

15.
Describe the role of alcohol in the incidence of osteoporosis.


Answer:  it is an empty caloric substance and may have an direct effect on nutrient metabolism or indirect effect through its metabolite acetaldehyde, alcoholics have lower bone mass and lose bone more rapidly than non-alcoholics

16.
Do cigarettes and coffee consumption increase the loss of fecal and urinary calcium?


Answer:  cigarettes - no, it increases excretion of vitamin C, pyridoxine and folic acid which are essential for bone calcification; coffee - yes

17.
Name various drugs that interact with calcium metabolism.


Answer:  antacids, diuretics (thiazide), and thyroid preparations, corticosteroids

18.
How would you manage an osteoporotic patient nutritionally?


Answer:


if under the age of 40:  advise them of foods to eat that would provide them with those essential for bone calcification, tell them they should add/increase their physical exercise, abstain from alcohol intake, abstain from cigarette smoking, cut down/out caffeine intake, and have them discuss drugs that have an adverse effect on calcium absorption with their medical doctor


if over the age of 40:  advise them that since osteoporosis is established that it is difficult to reverse, have their osteoporosis graded and then determine if it would be worth doing any of the above suggestions
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Phosphorus

Introduction:  

Phosphorus is an inorganic mineral, acidic nutrient (ability to produce acid), and found in certain foods which can be acidic.  Examples of this include:   meats, eggs, chicken, fish, and cereals (wheat, corn, barley, rice, rye).  It can't be digested in the GI tract and excretion is intact.

Food Sources:  

Those listed above as well as all carbonated drinks.

RDA's:

900‑1200 mg/day.  This is easily met/satisfied through the diet because phosphorus is a universal element and is widely distributed.  Vegetarians require more intake due to their decreased intake of acidic foods.  The average American intake of phosphorus is 1800 mg/day.  When P intake increases and Ca++ decreases, this can cause gout/gouty arthritis.

Metabolism and Function:

Phosphorus has 8 functions to include playing a part in the synthesis of:  DNA, RNA, ATP, Enzyme cofactors, Proteins, Phospholipids, CHO intermediates and bone calcification.  It has many more widespread functions than calcium therefore a person deficient in phosphorus will die before one deficient in calcium.  See Diagram on Page 28.

Absorption is increased by growth, Vitamin D, and [Ca] + [P].  Absorption is decreased by low Vitamin D.

Deficiency of Phosphorus in bones leads to Osteoporosis (no calcification, soft bones) decreased phosphorus in intermediate compounds will cause decreased energy production (glycolysis, etc.).  Decreased phosphorus for proteins will cause decreased  protein production.

Toxicity:

More than 1800 mg/day can lead to arthritis, renal damage, GI tract problems, hepatitis, and pancreatitis.  It is easily detected in blood analysis (greater than 4.5 mg/dl in blood).

Magnesium
Functions:  It is a Cofactor of ATP reactions, functions in protein synthesis and is involved with secretion of thyroxine.

RDA's:  300‑350 mg/day with deficiency called Hypomagnesemia (characterized by tremors, twitching, insomnia, cramps, depression, jerkiness) and excess called Hypermagnesemia (which can lead to coma and heart failure).

Sulphur
Functions:  It is involved with CoA, insulin, and other protein synthesis; detoxification and collagen synthesis.

RDA's and Deficiency:   No RDA established and no deficiency problems noted

Chlorine
Functions:  Principle anion of ECF, also involved with HCl acid

RDA's:  3 mg/day

Iron
Functions:  Involved in the formation of blood, synthesis of collagen and antibody synthesis.

RDA's:  Male - 10 mg/day and Female - 18 mg/day.  Deficiency causes Hypochromic microcytic anemia and excesses cause Hemochromatosis.

Iodine
Functions:  Involved with thyroxin in regulating body metabolism.

RDA's:  100-130 micrograms/day with deficiency leading to simple goiter and excesses involved in Hyperthyroidism (Grave's Disease).

Zinc
Functions:  Involved with reproduction, healing of wounds and is an enzyme component

RDA's:  15 mg/day with only marginal deficiency at best causing slow healing, loss of appetite, and growth retardation.

Manganese
Functions:  It is an enzyme component and involved with skeletal development 

RDA's:  4 mg/day with deficiency or excesses being uncommon if not rare.

Copper
Functions:  It is involved with iron metabolism, it is an enzyme cofactor, and affects myelin formation

RDA's:  None established, with deficiency in malnourished infants, it can cause leukopenia and decreased iron absorption while excesses causes Wilson's Disease (accumulation of copper in liver, brain, kidney, eyes).

Molybdenum
Functions:  Enzyme component

RDA's:  300 micrograms/day with deficiency and excesses not being reported.

Selenium
Functions:  It is an Important anti‑oxidant (like Vit.E), and is involved with growth

RDA's:  150 Micrograms/day with deficiency resulting in growth retardation

Chromium
Functions:  It is part of the Glucose Tolerance Factor and helps insulin binding.

RDA's:  150 micrograms/day

Cobalt
Functions:  It is part of Vitamin B12 and an enzyme component.

RDA's:   5‑8 micrograms/day with deficiency causing Pernicious anemia.

Fluorine
Functions:  It helps prevents tooth decay, is involved with growth and reproduction and prevents excess calcium loss from bone/

RDA's:  2.8‑3.3 mg/day

Vanadium
Functions:  Adds resistance to tooth decay

RDA's:  approx. 0.1‑0.3 mg/day

Silicon
Functions:  It is involved with growth, bone calcification and collagen synthesis.

RDA's:  None established

Tin
Functions:  It is involved with growth and involved with oxidaiton‑reduction reactions.

RDA's:  3‑6 mg/day with deficiency causing growth retardation, hair loss, and dermatitis.

Nickel
Functions:  Associated with DNA and RNA

RDA's:  500 micrograms/day with no reported deficiencies.
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TOPIC VII

VITAMINS
Discovery and study of vitamins:  

Approximately 500 years ago Vit.C was "discovered".  

In 1913 a Polish scientist Casmere Funk coined the term Vital Amines.

‑ first true nutritionist

‑ worked with pigeons ‑ fed refined grains and whole grains to different birds.

‑ whole grain birds did well

‑ refined grain birds lost weight, shed feathers, couldn't fly or walk, died

‑ found a compound with nitrogen in it in the whole grain that wasn't in the refiined.

‑ this was an amine‑ nitrogenous base.  

‑ he fed this amine to the refined grain birds, and they got better.

‑ therefore vital amine

‑ this was the first nitrogenous compound found that wasn't a protein

This is when they started enriching the flour

Started the lettering system:

A ‑ didn't have amine, so changed name to vitamin

B ‑ group of these (B1‑12)  stopped at 12 and choline, inositol, biotin  Because found B4,7,8,10,11 were all just amino acids so removed them.

C

D

E

Because F,G,H,I,J ‑ all found to be other compounds such as fatty acids

K

A,D,E,K are all fat soluble

List of B Vitamins:  

B1 ‑ Thiamine

B2 ‑ Riboflavin

B3 ‑ Niacin

B5 ‑ Pantothenic acid

B6 ‑ Pyridoxine

B9 ‑ Folacin

B12 ‑ Cobalamine

‑ Biotin

‑ Choline

‑ Inositol

General characteristics of fat / water soluble vitamins

‑ higher the solubility, greater the absorption

‑ greatest consumed ORGANIC solvent is alcohol

Water






Fat
B,C






A,D,E,K

water soluble

insoluble in fats




soluble in fats

insoluble in organic solvents


soluble in organic solvents

C,H,O...N,Cobalt




C,H,O only

e.g. Vit C ‑> C,H,O

e.g. Vit Bx ‑> C,H,O,N

e.g. Vit B12  ‑> C,H,O,N,Co

no precursors, must eat as is


have precursors

e.g. carotenes ‑> Vit A

can be easily excreted in urine


limited excretion since not soluble in








water

limited storage




widely distribution and storage in








system

rapid progression of deficiency


slow to develop deficiency

because they are:

soluble in water

excreted

limited storage

dietary toxicity is uncommon


common toxicity

100 x RDA is toxic




10 x RDA is toxic

LESS TOXIC





MORE TOXIC
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VITAMIN C

simple structure, but poorly understood

Chemical Characteristics:  

A) It has a simple structure ‑C6H8O6     

B) It is extremely soluble in water   

C) Stable in acid   

D) Sensitive to basic pH's   (easily oxidized)

E) Easily oxidized / destroyed when exposed to:  air, light, heat ‑ mostly damaged by heat, oxidative enzymes / agents 

Because of all these reasons, Vit.C is the least toxic of all nutrients except H20.  Even 

glucose is more toxic.

3 biological forms:

ascorbic acid <‑‑‑‑‑‑‑reduction / oxidation ‑‑‑‑‑‑‑> dehydroascorbic acid
dehydroascorbic acid ‑‑‑‑oxidation‑‑‑‑> diketogulanic acid
ascorbic acid = 100% biological activity

dehydroascorbic acid = 100% biological activity

diketogulanic acid = 0% biological activity

‑ this is the form that is excreted

Food sources and RDA's:  RDA is approx. 100 mg/day (Dr. Ansari thinks this is low and wants it to be raised to 500 mg/day).  Even though this requirement is easily met, only 1 out of 2 people meet this because of the greater use of soft drinks instead of juice.  Sources:  green pepper, broccoli, brussel sprouts, strawberries, OJ, cabbage

‑ ONLY 26% of US gets RDA of Vit C in 1986

‑ cooking destroys Vit C

‑ only way to get toxic dose is with supplements

1 cup of orange juice contains 100‑200 mg (frozen or 3 oranges/cup squeezed)

1 orange approx. 40 mg

1 cup of other juices approx. 80 mg

(All of the above contain Bioflavins which are used with Vit.C)

Metabolism of Vit C:

ONLY 1% NORMALLY goes out in the feces

^intake of Vitamin C ‑> ^excretion, v absorption

if you took 10g, absorption would go down to 20%

this excess would draw water into feces, ‑> diarrhea, may be 1st symptom of toxicity

there is a limited ability to store Vitamin C in liver (10‑15 days worth)

from liver ‑> to almost all body tissues, and kidney where it is excreted

‑ the form excreted is diketogulanic acid

normal concentration is 1 mg/dl  (fasting levels)

range is 0.5 ‑ 1.5 mg / dl 

if level < 0.5 mg/dl = hypovitaminosis C 

above 1.5 = hypervitaminosis C

Blood analysis is an excellent tool to establish the nutritional status of Vitamin C in the body.  It is also good for phosphorus but not for calcium.  If blood level of Vitamin C is kept at 1 mg/dl, you can prevent a number of diseases.

pg 65‑67 in text:

Functions and Deficiency symptoms:  There are 53 known functions at present.

Deficiencies of Vit. C can lead to:  

A)
Scurvy:  symptoms include swollen joints, muscle aches, bone pain, weakness, fatigue, anemia, and follicular hyperkeratosis.  

B)
Abnormal collagen synthesis:  This can lead to soft and weakened bones, easily torn blood vessels in places like the gums, and delayed would healing.  

C)
Microcytic anemia.  

D)
Megaloblastic anemia  

E)
Hypercholesterolemia:  from decrease use of cholesterol   

F)
Decrease immune response  

G)
Decrease interferon synthesis   

H)
Increased incidence of cancer   

K)
Abnormal nervous and glandular functions.

Toxicity:   100 times the RDA (10,000 mg/10 grams) is considered toxic.  This can produce kidney stones, increased blood pressure, may cause overcalcification of bone and soft tissues, cause erythema, and stroke.

Not a short term effect, must be over 6 month period.

1.
Diarrhea from drawing water into the feces

2.
overcalcification of bones

3.
calcification of soft tissues hardening of vessels from collagen and calcium crystals

4.
kidney stones

time release Vit C is a bad thing, because the liver normally performs that function, and if you continue, the cells responsible will forget how to do it.
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VITAMIN A

Chemical Characteristics:

Quite the opposite of Vit.C.  

· lipid / fat soluble

· resistant to:  (Very hard to destroy!) heat, air (O2), light, alkaline pH, oxidative enzymes, oxidative agents

· most toxic of all nutrients (with Vit D)

· large molecule C20 H29 OH 

defined as an alcohol: retinol  (retina, alcohol)

3 biological forms of Vit.A:   

1. Retinol ‑ 100% active form which can be oxidized to ‑‑> 

2. Retinal ‑ 100% active form which can be oxidized to retinoic acid or reduced back to retinol 

3. Retinoic Acid ‑ 50% active  ‑ cannot be converted back

‑ can be obtained directly from animal products as retinol: milk, meats or from plants as carotenes (the pigment of carrots) from:  (darker the color, the ^ the content of carotenes), carrots, spinach, strawberries, papaya, figs, squash

the carotenes are converted in the S.I. and liver to retinol

There are 10 different forms of carotenes found in plants, only 3 forms are important

in human nutrition:  alpha carotenes - fruits; beta carotenes - veggies, and gamma carotenes - fruits

What this means is that we can get Vit A from any of the above forms

‑ measured in IU instead of µg because:

1 IU of retinol or retinal = 0.2 µg

1 IU of b‑carotene = 0.4 µg

1 IU of a or g‑carotene = 0.8 µg

‑ this equates the biological activity of the various forms

RDA = 5000 IU

so if you wanted retinol would = 1000 µg

for b‑carotene would                 = 2000 µg

for a or g carotene would           = 4000 µg

1 carrot / day will satisfy

toxicity = 50,000 IU / day
dietary toxicity IS possible, don't drink more than 1/2 glass of carrot juice / day

IU's are only used for those vitamins that have precursors.

advantages of carotenes vs. retinol

foods that are high in carotenes are high in fiber, have no fat, are high in chromium (stabilizes blood glucose), stimulate the production of interferons (prevents cancer)

STRANGE FACT:  When you heat or process foods, you increase the carotenes

the carotenes are in crystals, so when you heat, or juice a carrot, it liberates the

carotene.  (This is the only nutrient that increases with processing)

Metabolism:

  This is a highly complex process.  Vit.A can be consumed as carotene precursors or retinol.  We carry Vit.A the same way we do fats in that it must combine with a protein carrier.  Mobilization of Vit.A from the liver depends upon Fe, Zn and Vit.C.  Its functions are somewhat limited as compared to Vit.C which goes everywhere.  There is no excretion from the blood into the urine because it is a fat soluble vitamin.  To get rid of Vit.A (100 days worth).  To get the RDA of 5000 IU, you can eat 1 carrot/day or 2 glasses of milk with 4‑5 oz. of meat.  Conversion of carotenes is dependent on thyroxine which, in turn, depends upon Iodine.  Hyperthyroidism leads to a difficulty in converting carotenes to Vit.A so you would need to supplement Vit.A directly.

Liver can store 500,000 IU of Vit A

people with low thyroid activity may be better off consuming retinol since thyroxine is required

hepatic mobilization means moving Vit A from liver to the blood

requires 3 nutrients:  Zinc, Iron, and Vitamin C

if the Pt has lots of Vit A, but low in one of the above nutrients, can cause fatty infiltration of the liver (cirhosis) ‑> headaches, hair loss etc.

‑ can be seen in non‑alcoholics!

in blood, Vit A is transported via:

Retinol Binding Protein (RBP): normal concentration in blood = 130 IU / dl

it is then transported to:  epithelial cells, eyes, bones, and reproductive glands

since Vit A in not water soluble, it is not excreted in urine

it must be excreted from the liver to the intestines via bile

Functions and Deficiency for Vitamin A:

These will be discussed together as follows:  

1.
Vision

either 1? (dietary) or 2? (body factors) deficiency of Vit A:

v Vit A ‑> v Rhodopsin ‑> night blindness

Vit A needs 3 nutrients from the liver: Fe, Zn, and Vit C to mobilize Vit A from the

liver.  2? deficiency is more common

2.
Bone calcification:  helps in the maintenance of osteoblasts, without Vit A, the osteoblasts will gradually crenate

v Vit A ‑> v osteoblastic activity ‑> soft, spongy bones (osteomalacia) ‑> can lead to osteoporosis

3.
Reproduction:  cholesterol is a precursor of reproductive hormones (testosterone, estrogen, progesterone) and it is also needed for mitosis ‑ reproduction of cells

ONLY in severe deficiency ‑> v Vit A ‑> v hormones ‑> sterility

4.
Maintenance of epithelial cells with deficiency:  (normal epithelial cell has a definite shape, moist, active, regular nucleus

a.
skin cells keratinize:  they have irregular shape, dry out, nucleus degenerates

dry

}  xerosis
scaly

}/

infections

hypothermia

follicular hyperkeratosis ‑ hyperkeratinization of cells around hair follicles

b.
GI cells keratinize:  v hydrolysis and absorption of nutrients

gastritis, enteritis, colitis, diverticulosis, hemorrhoids and constipation

c.
respiratory tract cells keratinize:  infections may lead to mutation of cells ‑ cancer

d.
GU tract cells keratinize:  infections, and problems with reabsorption

Toxicity:

RDA =   5,000 IU

toxic = 50,000 IU

Case Histories:

1)
51 year old female, suffering from sinusitis.  She was told to take 600,000 IU/day, every day for 3 years by a health care professional  After taking this large dose she suffered from:  fatigue, severe pain in knees and shoulder, loss of hair, yellowish, coarse skin, liver cirrhosis, probably death.  After she stopped taking this huge amount, all the symptoms except hair loss were reversed.

2)
17 year old male suffering from acne was given 200,000 IU/day for 18 months which caused:  superficial hemorrhage in both eyes, nausea, and vomiting.  He stopped taking it then.

3)
28 year old female, wanting to get rid of sunburns due to sensitivity of skin, was told to take 1,300,000 IU twenty‑seven hours before going out sunbathing.  She got:  nausea, vomiting, abdominal cramps, intense headache, blurred vision and passed out.  She was taken to a hospital and had to have her system flushed out with an enema.

Other symptoms with milder doses include:  irritability, abdominal pain weight loss, joint pain, cheilosis (cracked mouth), hepatomegaly, and hydrocephalus

Buying Vitamins

1.
When buying supplements, fat‑soluble ones should not be > 100% of the RDA.

2.
Supplements A,B,E, and D should be in the organic form.

3.
Should contain micronutrients such as chromium, silicon, and lithium.

4.
Vitamin A should be in the form of ß‑carotene, not retinol.

5.
There should be no fillers.

B‑COMPLEX VITAMINS
Thiamine/B1/Aneurin/Antineuritic Factor

Functions:  It is a component of enzyme TPP and is involved in conversion of tryptophan to niacin (B3).

RDA's:  1.0 ‑ 1.5 mg/day with deficiency seen in alcoholics who are a group of people most affected and beri‑beri results.

Riboflavin/B2/VitG/Yellow Enzyme

Functions:  It is a component of coenzymes FMN and FAD, it activates B6, it is involved with glycogenesis, and it stimulates the thyroid.

RDA's:  1.2-1.6 mg/day with deficiency causing cheilosis, glossitis, and depresion especially among alcoholics.

Niacin/B3/Pellagra‑Preventing Factor
Functions:  It is a component of enzymes NAD and NADP

RDA's:  13‑18 mg/day with deficiency causing pellagra which again, is very common in alcoholics.

Pyridoxine/B6
Functions:  It is an important coenzyme in protein metabolism, it is involved in the formation of hemoglobin, the synthesis of Serotonin, in antibody production and myelin sheath development.

RDA's:  2 mg/day with deficiency causing poor growth, convulsions, weakness, and insomnia.

Pantothenic acid/B5
Functions:  Is a component of CoA, is involved in acetylcholine synthesis, porphyrin formation and detoxification.

RDA's:  4-7 mg/day with deficiency causing lowered resistance to infection, and burning feet.

Folacin/B9/Folate/Folic Acid

Functions:  It is needed in group transfer reactions and in RBC formation.

RDA's:  400 micrograms/day with deficiency resulting in glossitis, irritability, constipation, diarrhea, and megaloblastic anemia.

Cobalamine/B12

Functions:  It is needed in group transfer reactions, involved in RBC formation and myelin sheath formation.

RDA's:  3 micrograms/day with deficiency causing pernicious anemia, glossitis, irritability, constipation, and diarrhea.

Biotin

Functions:  It is an important coenzyme in carboxylation and decarboxylation reactions.

RDA's:  150 micrograms/day with deficiency causing hypercholesterolemia, dermatitis, nausea, and depression.

Inositol

Functions:  A lipotrophic agent and may be essential for liver and bone marrow growth.

RDA's:  None established with deficiency causing a fatty liver.

Choline

Functions:  It is a methyl‑group donor and a lipotrophic agent.

RDA's:  None established with deficiency causing liver cirrhosis and fatty deposits in blood vessels.
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TOPIC VIII

EVALUATION OF NUTRITIONAL STATUS

1.
Name four methods of evaluation of nutritional status:

· diet analysis

· blood/urine analysis

· clinical presentation/analysis (physical signs and symptoms) 

· hair analysis (the biggest problem with this is you cannot standardize the samples thus you will get widely varying results from different labs)

2.
Define malnutrition.


Answer:  A deviation from normal nutrition (marginal deficiencies are most prevalent in U.S.).

3.
List various causes of primary malnutrition.


Answer:  It is related to either deficient or an excess intake of a particular nutrient and therefore, we have widespread malnutrition.  Examples of deficiencies or inadequate intake are:  scurvy, pellagra, beri‑beri, and anemia. Examples of excess intake result in obesity, hypertension, and atherosclerosis

4.
Discuss briefly secondary malnutrition.


Answer:  It is associated with endogenous factors such as absorption, transportation, utilization and excretion of nutrients, or even genetics (alcohol intake would count here and salycitic acid interferes with Vitamin C).

5.
List the advantages and disadvantages of diet analysis.


Answer:

Advantages:  It is useful in providing evidence of nutritive intake that may suggest dietary inadequacies or excesses, it gives the patient an idea of intake of nutrients, dietary habits (gorger or nibbler), and food selection standards.

Disadvantages:  Only 1? deficiencies or excesses are determined and 2? factors associated with malnutrition are not taken into consideration    ii) No correction is usually made for environmental factors on food intake    iii) Diet analysis for a short time (usually 3 days) may not give an accurate nutritional status of an individual.

6.
Biochemical measurements may detect marginal nutritional deficiencies.

7.
Give normal fasting blood levels of the following nutrients:  glucose, cholesterol, triglycerides, calcium, niacin, pyridoxine, B12, folic and biotin.

· Glucose:  80-120 mg/dl (less than 80 is hypoglycemia and greater than 120 is hyperglycemia).  All diabetics are hyperglycemic but not all hyperglycemids are diabetics.

· Cholesterol:  150-200 mg/dl (less than 50 is hypocholesterolemia and greater than 200 is hypercholesterolemia).  Hypocholesterolemia is more dangerous because cholesterol is a component of cell membranes.

· Triglycerides:  100 mg/dl (less than 100 hypotriglyceridemia and greater than 100 is hypertriglyceridemia).  High numbers here are more dangerous than high cholesterol.

· Calcium:  9-11 mg/dl

· Niacin:  3.5-7.0 mg/dl

· Pyridoxine (B6):  30-80 mg/dl

· B12:  100-800 mg/dl

· Folate (B9):  5-24 mg/dl

· Biotin:  200-500 mg/dl

· Sodium:  310-340 mg/dl

· Iodine:  4-8 mg/dl

· Iron:  80-180 mg/dl

· Vitamin C:  Serum level is 0.5-1.5 mg/dl while WBC level is 25-40 mg/dl (25 to 50 times more than in serum and this is why Vitamin C is so important in infections)

8.
Give normal fasting urine levels or the following nutrients:  glucose, cholesterol, triglycerides, calcium.


Answer:

· Glucose:  0

· Cholesterol:  0

· Triglycerides:  0

· Calcium:  200 mg/day

· Zn:  0.2‑0.75 mg/24 hours

· Cu:  10‑60 mg/24 hours

· Protein:  none

· Ketones:  trace amounts (increased quantities indicate ketosis and ketoacidosis)

· Specific gravity:  1.008‑1.030 (with dehydration, this goes up meaning there are more solutes and less solvents)

· pH:  4.6‑8.0  (urine is the ONLY biological liquid that can be either acidic or alkaline and still be called normal).  Generally, if you are a non-vegetarian urine will be acidic, and if you are a vegetarian urine is alkaline but both are normal.  Vegetarians who consume cranberry juice, prunes, rhubarb, and spinach will have acidic urine and you want acidic urine to help prevent UG infections.  Vegetarians generally have more alkaline urine thus explaining why they are more susceptible to kidney infections.  For non-vegetarians, eating too much meat will cause increased urea which can be caustic and irritate the kidneys too.

9.
Describe physical signs associated with malnutrition for the following body sites: hair, face, eyes, lips, tongue, teeth, gums, glands, and skin.  Write a few sentences on nutritional implications and differential diagnosis.

· Hair:

Deficiency of zinc will cause lack of natural shine and cause hair to be dull.

Deficiency of proteins will cause hair to be thin, dry, and easily plucked.

Differential diagnosis:  Genetic, environment, alopecia (loss of hair), shampoo

(don't buy shampoos with aluminum, it replaces the zinc in the hair and you get a short term increase in the density of the hair, but a long term loss)

· Face:

Deficiency of iron will cause loss of skin color from microcytic anemia (** note that this is the most common of these deficiencies**).

Deficiency of Riboflavin (B2) will cause skin to be dark over cheeks and under eyes.

Deficiency of proteins will cause a swollen face from edema.

(Note that females need 18 mg / day Fe until menopause when it drops to same as men at 10 mg/day)

Differential diagnosis:  Acne vulgaris

· Eyes:

Deficiency of iron leading to microcytic anemia will cause a pale eye membrane.

Deficiency of Vitamin A affects epithelial cells and can cause xerosis  which makes eyes become very susceptible to infection.

Deficiency of Vitamin A can also cause bitot spots (well defined brown spots on sclera, a form of hyperkeratinization  which is quickly reversible).

Differential diagnosis:  Lack of Sleep, Smoking, Alcohol, Blood Shot Eyes

· Lips:

Deficiency of riboflavin causes cheilosis (cracked lips) and angular fissures.

Differential diagnosis:  Herpes simplex, fever, excess salivation

· Tongue:

Deficiency of B vitamins can cause beefy redness, smoothness, swollen sores, magenta color and hypertrophic papillae (eventually they will lose the ability to secrete saliva too).

(Note:  Geographic Tongue is NOT a dietary problems, but rather a cosmetic, genetic disorder that is characterized by deposition of white patches of lipid on the tongue and usually only in African descent persons.)

Differential diagnosis:  Alcoholics (they have two problems:  replacement of good nutrition with the empty calories of alcohol, and alcohol decreases the absorption of B vitamins), antibiotics, food colors, candy, infections

· Teeth:

Deficiency or toxicity of fluorine can cause fluorosis (a mottling of the teeth.  Too much fluorine will mottle teeth and increase premature aging (fluorine supplements in an existing osteoporotic patient makes some sense, but otherwise NO fluorine supplementation).

Increased sugar intake with decreased fluorine can lead to caries/cavities.

Differential diagnosis:  infections

· Gums:

Deficiency of Vitamin C can cause spongy gums that easy bleed and are receeding (in Vitamin C deficiency, gums will have uniform superficial hemorrhage from lack of collagen between cells, it happens here from the constant mechanical stress but goes away right away with Vitamin C addition)

Differential diagnosis:  dilantin (a drug given to epileptics - if symptoms occur from dilantin, gums will be irregularly inflamed with almost no hyperemia and so will look whitish), infection

· Glands:

Deficiency of iodine or starvation will cause enlargement of thyroid or parotid glands

Differential diagnosis:  infections

· Skin:

Deficiency of Vitamin A will cause xerosis and follicular hyperkeratosis (sandpaper skin) (reversible) but it could be deficits of either Fe or Zn because of their use in mobilization of Vitamin A from the liver.

Niacin deficiency will cause pellagrous dermatosis (wet dermatitis).  Pellagra is an affliction characterized by gastrointestinal disturbances, erythema (particularly of exposed areas) followed by desquamation, and nervous and mental disorders.  It may occur because of a poor diet, alcoholism, or some other disease causing impairment of nutrition.  It is commonly seen when corn (maize) is a main nutrient in the diet, resulting in a deficiency of niacin. 

Deficiency of Vitamin C will alter collagen synthesis and may cause petechiae (little red spots, macular hemorrhages) (this condition may not be fatal, but remember all the other functions of Vitamin C).

Deficiency of Vitamin E may result in not having fat under skin.

Differential diagnosis:  physical abuse, environmental exposure, infections

· Nails:

Brittleness may be due to protein or zinc deficiencies.

Protein calorie malnutrition (PCM) may cause horizontal ridges.

Deficiency of zinc may also cause koilonychia (spoon nail).

Deficiencies of either zinc, protein or iron may cause white spots in nails and usually zinc supplementation of 20 mg/day will help

Differential diagnosis:  stress

· Muscles:

Muscle tone that is under par interferes with blood circulation, lymph flow, and digestion and often causes constipation.  Weak mm of the internal organs result in their sagging, interfering with their particular functions.  Muscles are largely made up of protein and essential fatty acids; however, almost every nutrient is involved in their contraction, relaxation, and repair.  For example, potassium, very low in diets of high fats and refined foods, is necessary for the contraction of every mm in the body.  Besides a poor diet, a potassium deficiency can be brought on by stress, diarrhea, kidney damage, diuretics, or cortisone therapy.  The results of insufficient amounts of the mineral are fatigue, gas distention, spasms or twisting of the bowel, constipation, and possibly inability to pass urine.  Vitamin E is essential for the formation of the nuclei of mm cells and of enzymes that are needed for mm contractions.  A deficiency of Vitamin E. increases the need for oxygen in the mm, interferes with the metabolism of certain amino acids, and causes the loss of phosphorus in the urine, and the B vitamins by rancidity.  In addition, too much calcium is left to settle in mm tissue.

· Bones:  (refer to article on osteoporosis on page 45)

You need Vitamins A, C, D, and K, also Ca, Fl, Bo, Mn, and proteins

Calcium absorption is increased by:  depletion of Ca, growth, low pH, Vitamin D, some amino acids and lactose.

Calcium absorption is reduced by:  high fat diet, PO4, oxalic acid, phytic acid, decreased Vitamin D, and increase pH.

91 
Practical Nutrition

TOPIC IX

NUTRITION AND THE ATHLETE

1.
Are we exercising more now then we did 20 years ago?


Answer:

2.
Sweat rates in athletes have been measured up to 4 liters or approximately 1 gallon per hour.

3.
A 3 percent loss of body weight though hydration will significantly impair performance.

4.
Major nutrients lost in sweat are sodium, chloride, potassium, calcium, magnesium, and iron.

5.
Define “hyponatremia” and indicate how an athlete can avoid this condition.


Answer:  too low levels of sodium in the blood, an athlete can avoid this condition by consuming one gram of sodium chloride for each liter of water when more than 5 liters are consumed to replace fluid losses during and after exercise.

6.
Why there is an increased need of potassium in an athlete?


Answer:  This is due to aldosterone secretion from the adrenal cortex in response to the loss of sodium in the sweat and stimulation from angiotensin II formed during exercise also, acclimatization in the heat is associated with a relative decease in the sodium concentration of the sweat and higher concentration of potassium.

7.
Athletes can excrete two times the amount of calcium from body as compared to the couch potatoes.

8.
What are the major causes of iron loss in an athlete and how an athlete can compensate the loss of iron?  


Answer:  The major causes of iron loss in an athlete are mechanical hemolysis of red blood cells during exercise, especially in the feet of runners; hematuria and myoblobinuria; decreased intestinal absorption of iron; GI bleeding from ischemia; and iron losses of approximately 0.5 mg per liter of sweat.  Paying attention to nutrition can compensate for the athlete’s iron losses.  Fruit juices increase iron absorption while veggies and grains decrease iron absorption.  An adequate intake of red meat can help iron deficiency.  

9.
Exclusive fuel for an anaerobic exercise is the carbohydrates.

10.
65 to 70 percent of total Kcal should be consumed by an athlete as complex carbohydrates.

11.
Gluconeogenesis is important during exercise lasting longer than 2 hours.

12.
How do carbohydrates exerts protein-sparing action?


Answer:  protein becomes an energy substrate once carbohydrates are depleted.  If an individual has the appropriate intake of carbohydrates in their diet, this staves off the usage of proteins for energy until absolutely necessary

13.
How should an athlete identify a deficient vitamin?


Answer:  computer assisted dietary analysis comparing nutrient requirements against nutrient intake may be use for to the athlete to identify deficient nutrients

14.
What are the earlier symptoms of a water soluble vitamin deficiency?


Answer:  fatigue, anorexia, irritability, and apathy

15.
Fats serves as energy fuels for working muscles as the duration of exercise increases, especially when exercise lasts for periods over two hours.

16.
Define “gycogen supercompensation.”


Answer:  a phenomenon where skeletal muscle will store twice or even three times as much glycogen; aka carbohydrate loading

17.
Why glucose should be avoided in the last hour prior to competition?


Answer:  because of the resultant inhibition of fatty acids catabolism, acceleration of glycogen breakdown and the result hypogylcemia that insulin stimulates.  

18.
Why fructose is an ideal “pre-race” sugar?


Answer:  it does not stimulate insulin to the same degree that glucose does resulting in a ‘sparing” of muscle glycogen

19.
The most important priority during competition is water and salt replacement.

20.
What is the ideal “post-race” sugar?


Answer:  The ideal “post-race” sugar is glucose







