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Boron spectroscopy

Boron is a chemical element with 

symbol B and atomic number 5. 

Because boron is produced entirely 

by cosmic ray spallation and not 

by stellar nucleosynthesis, it is a 
low-abundance element in both 

the Solar system and the Earth's 

crust. 
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Boron is concentrated on Earth by 

the water-solubility of its more 

common naturally occurring 

compounds, the borate minerals.

These are mined industrially as 
evaporites, such as borax and 

kernite. The largest proven boron 

deposits are in Turkey, which is the 

also the largest producer of boron 

minerals. 

Chemically uncombined boron, 

which is classed as a metalloid, is 

found in small amounts in 

meteoroids, but is not found 

naturally on Earth.
According to conventional medicine 

it is not known if boron is essential 

for humans but research shows that 

we do need it. 

The reason why it was difficult to 

answer this question is the presence 

of boron in all plants and 

unprocessed foods.

Diets with a fair amount of fruit and 
vegetables provide about 2 to 5 mg 

of boron per day, but this also 

depends on the region where the 

food was grown and how it was 

grown.
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In reality the average intake in 
developed countries is 1-2 mg of 

boron per day. Chemical fertilizers 

inhibit the uptake of boron from the 

soil: an organic apple grown in 
good soil may have 20 mg boron, 

but if grown with fertilizer it may 

have only 1 mg of boron.

The cooking water of vegetables 

may be discarded during home 

cooking or commercial processing; 

phytic acid in baked goods, cereals 

and cooked legumes may greatly 
reduce availability, while gluten 

sensitivity and Candida overgrowth 

inhibit the absorption of minerals.

Health Effects of Boron

1. Protects from Fluorides. 

Borax protects against the 

accumulation of fluorides in the 

body; is effective as an antidote in 
fluoride toxicity; and can remove 

fluorides from the body.
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2. Anti-microbial. Borax is toxic to 

insects, parasites, protozoa and 

bacteria.

3. Fungicide. Effective against 

moulds and fungi, internally and 
externally.

4. Anti-viral

5. Hormone normalizer. 

Stimulates the production of 

hormones, stabilizes estrogen, 

assists with insulin use and blood 

glucose control, triglyceride use and 
production of reactive oxygen. With 

boron sufficiency, blood serum 

triglyceride levels are significantly 

lower.

6. Immune system enhancer. 

Promotes healing of wounds.

7. Reduction and control of 

inflammation.

8. Aphrodisiac for men and women. 
Boron stimulates the production of 

testosterone and normalizes 

estrogen.

9.Toxin removal. Powerful chelator of 

heavy metals.
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10. Stabilizer of calcium, copper and 

magnesium levels, inhibits 

calcification. Boron sufficiency 

normalizes calcium levels, 

preventing both abnormal calcium 
deposition and bone weakness. 

Boron sufficiency inhibits the 

concentration of copper in the bones 

and prevents loss of bone.

11. Mental enhancement. Improves 

attention, both short and long term 

memory, perception, hand-eye 

coordination, and manual dexterity. 

Boron is distributed throughout the 
body with the highest concentration 

in the parathyroid glands, followed 

by bones and dental enamel.

It is essential for healthy bone and 

joint function, regulating the 

absorption and metabolism of 

calcium, magnesium and 

phosphorus through its influence on 
the parathyroid glands. With this 

boron is for the parathyroids what 

iodine is for the thyroid.
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Boron deficiency causes the 

parathyroids to become overactive, 

releasing too much parathyroid 

hormone which raises the blood 

level of calcium by releasing calcium 
from bones and teeth. This then 

leads to osteoarthritis and other 

forms of arthritis, osteoporosis and 

tooth decay.

With advancing age high blood levels 

of calcium lead to calcification of soft 

tissues causing muscle contractions 

and stiffness; calcification of 

endocrine glands, especially the 
pineal gland and the ovaries; 

arteriosclerosis, kidney stones, and 

calcification of the kidneys ultimately 

leading to kidney failure. 

Boron deficiency combined with 

magnesium deficiency is especially 

damaging to the bones and teeth. 

Boron affects the metabolism of 

steroid hormones, and especially of 
sex hormones. It increases low 

testosterone levels in men and 

oestrogen levels in menopausal 

women.
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It also has a role in converting 

vitamin D to its active form, thus 

increasing calcium uptake and 

deposition into bone and teeth rather 

than causing soft tissue to calcify. 
Also other beneficial effects have 

been reported such as improvement 

of heart problems, vision, psoriasis, 

balance, memory and cognition.

Areas in the world with highest 

boron levels have lowest incidence 

of osteoarthritis. Areas with lowest 

levels of boron have the highest 

incidence. Synovial fluid in 
osteoarthritic joints is low in boron.
With additional boron bone fractures 

heal in about half the normal time in 

both man and animal.

Borax is also effective with other 

forms of arthritis, such as 

Rheumatoid Arthritis, Juvenile 

Arthritis, and Lupus (Systemic 

Lupus Erythematosus).
Boron inhibits the formation of 

biofilms and also the transformation 

of harmless yeast cells into invasive 

hyphal form.
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Supplement Products

Boric acid

Sodium borate

Plant sources

Valerianella locusta

(Corn salad)
Prunus domestica

(Plum)

Cydonia oblonga
(Quince)

Fragaria spp

(Strawberry)

Prunus persica (Peach)
Brassica oleracea

(Cabbage)

Ca
Calcium

20

Calcium spectroscopy
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Biomarker for muscle and nerve 

function

Immune system

Bone density

Supplement products

Calcium bisglycinate

Calcium citrate
Calcium fluoride 

Calcium phosphate 

Calcium sulphate 

Plant sources

Lycopersion

esculentum (Tomato)
Brassica botrytis 

(Cauliflower)

Valariana officialis
(Valarian)
Urtica dioica (Stinging 

nettle)

Prunus serotina (Black 
cherry)

Tabebuia heptaphylla

(Pau d’arco) 

Cr
Chromium

24
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Chromium spectroscopy

Biomarker for Glucose tolerance.

Trivalent chromium (Cr(III)) ion is 

possibly required in trace amounts 

in human metabolism 

for sugar and lipid metabolism. 

While chromium metal and Cr(III) 
ions are not considered 

toxic, hexavalent chromium (Cr(VI)) 

is toxic and carcinogenic.
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Supplement products Plant sources

Taraxacum officialis

(Dandelion)
Avena sativa (Oats)

Cymbopogon citratus

(Lemon grass)
Juniperus communis

(Juniper berry)

Trifolium pratense (Red 

clover)
Hordeum vulgare

(Barley)

Elettaria cardamonum

(Cardamon)

Cu
Copper

29

Copper spectroscopy
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• Copper is classified as an 
essential mineral because 
deficiencies can produce various 
symptoms.  The total body copper 
content is 75-150 mg. 

• Highest copper concentrations are 
found in the liver, brain, heart and 
kidneys.

• It is absorbed in the stomach and 
duodenum and transported to the 
liver loosely bound to albumin. The 
absorption is about 30% effective. It 
is then incorporated into 
ceruloplasmin, a glycoprotein 
synthesised in the liver, which 
transports copper to the tissues 
where it can be used for the 
synthesis of other copper-
containing enzymes.

• If the body does not acquire a 
sufficient amount of copper, 
absorption of iron is also impaired 
because of the lack of 
ceruloplasmin, and the deficiency 
anaemia can result.  Insufficient 
amounts can lead to the decreased 
activity of various enzymes with 
relevant clinical sequelae:
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Lysyl oxidase (weak walled blood 
vessels, intervertebral discs); 
Tyrosinase (depigmentation); 
Dopamine hydroxylase 
(neurological defects); Cytochrome 
C oxidase (decreased energy 
production); Superoxide dismutase 
(oxidative damage to tissues).  

• Copper is usually found in foods 
containing iron. 

Supplement products

Copper chloride

Copper citrate
Copper picolinate

Plant source

Prunus serotina (Black 

cherry)
Lycopersicon escul

(Tomato)

Brassica capitata (Red 
cabbage)

Corylus avellana

(Hazelnut)

Sesamum indicum
(Sesame)

Brassica botrytis 

(Cauliflower)

I
Iodine

53
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Iodine spectroscopy

An estimated total body iodine 

amount is 28mg – 60% is 

concentrated in the thyroid.  

Iodide is used in 3 body systems                                  

1. Thyroid                                  2. 
Estradiol / Estrone metabolism                             

3. Immune system

Thyroid hormones
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Tyrosine

Monoiodotyrosine

(MIT)
Diodotyrosine

(DIT)

Tetraiodothyronine

THYROXIN (T4)

Triiodothyronine 

(T3)

or Reverse T3
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T3 is 10x more metabolically active 

than thyroxin. It targets receptors on 

the nucleus thus stimulating general 

protein synthesis and a positive 

nitrogen balance via increasing or 
decreasing gene transcription.

It stimulates the conversion of 
riboflavin to FMN and FAD.

Functional tests for thyroid 

Weak muscle

1. Strengthen to TSH                2. 

Strengthen to MIT         3. 
Strengthen to DIT         4. 

Strengthen to Thyroxin        5. 

Strengthen to T3
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Strong muscle weakens to

1. TSH

2. Thyroxin

3. Reverse T3 - Acetyl CoA  

Cholesterol

The Estrogens
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Functional test for Estrogen

excess –

1. Strong muscle weakens when 

challenged against Estradiol + 

Estrone

2. Weakness negated with Iodide 

or other nutrients

The Immune System
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The body kills gram positive 

bacteria and certain viruses by 

stimulating myeloperoxidase to 

convert H2O2 to the halogen anions 

- 1. 
Hypoiodide

2. Hypobromide

3. Hypochloride

Reactive Oxygen Species
Normal mitochondrial oxidation
Respiratory burst

Phase 1 detoxification

Hypoxia / Hyperoxia
(Xanthine oxidase)

SUPEROXIDE

HYDROGEN PEROXIDE

HYPOCHLORITE

HYPOBROMITE

HYPOIODITESOD –Fe

SOD-Zn/Cu

DOD-Mn

Catalase

Glutathione                      

peroxidase
NADH Peroxidase

Other Peroxidases

HYDROXYL RADICAL

WATER + O2

ARGININE

NITRIC OXIDE

PEROXYNITRITE

SINGLET OXYGEN

+

Fe÷÷

Cu÷

iNOS

H4Biopterin

NADPH

NADP + Citrulline

KILLS

+ve BACTERIA 

and VIRUSES

KILLS

-ve BACTERIA, 

VIRUSES, FUNGI

KIILLS 

PARASITES

KILLS

VIRUSES, FUNGI

PARASITES

Functional challenge for an 

overactive immune system 

producing excess ROS

1. Strong muscle weakens to NF 

Kappa B or Malondaldehyde

2. Weakness negated with Iodide. 
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Dr Goodheart

says give iodine 

in cases of thick 

and heavy 

secretions in the 
sinuses or 

vagina.

Functional test for iodide –

Paint 1 drop organic iodine onto 
the back of the wrist. 

The faster the colour disappears 
the more the person needs iodine.

< 15 minutes 5+ drops               

15 minutes – 1 hour 4 drops    1 –

2 hours 3 drops    2 – 4 

hours 2 drops    4 hours 

+       1 drop

Organic iodine is a mixture of 

potassium, magnesium and 

ammonium iodides from kelp.
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RDA

EEC USA  150mcg
150mcg

Supplement products

Magnesium iodide 

Potassium iodide 

Plant sources

Fucus vesiculosus
(Bladderwrack, Kelp)
Pistacia vera

(Pistacchio)

Glycine max (Soybean)
Cinnamomium verum

(Cinnamon)

Juglans nigra (Walnut)

Ananas comosus
(Pineapple)

Popular Products

Black walnut tincture

Kelp

Rosemary tincture

White deadnettle 
Yarrow tincture 



22

Fe
Iron

26

Iron spectroscopy
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• Iron deficiency is one of the most 

common deficiency diseases in 

the world amongst men as well as 
women. 

• The daily loss of iron is 0.5-1.0 

mg and is due to: 

gastrointestinal tract turnover, 

desquamation of intestinal 

mucosal cells and biliary 
excretion, sweat and 

desquamation of skin cells and 

urinary losses. 

• They are counterbalanced by the 

absorption of dietary iron in the 

duodenum. 

• The  demand for iron increases 

during growth, pregnancy, and 

menstruation (1 ml of blood loss is 
equal to 0.5 mg of iron). 
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• The daily iron requirements are:

adult male 1.0 mg; child 1.5 mg;

menstruating woman 2.0 mg; pregnant woman 3.0 mg;

• Only about 10% of dietary iron is absorbed, therefore, the
required daily amount should be 10 times more, that is, 10-
30 mg.

• Many metalloproteins contain iron such as haemoglobin,
myoglobin, cytochromes etc

• Dietary sources of iron are liver, meat, green vegetables,
and cereals.

Supplement products

Iron chloride

Iron citrate
Iron picolinate

Iron sulfate

Plant sources

Tacaxacum officialis
(Dandelion)
Echinacea spp

(Echinacea)

Artemesia vulgaris
(Mugwort)

Trifolium pratense (Red 

clover)

Thymus vulgaris
(Thyme)

Camellia sinensis (Tea)

Mg
Magnesium

12
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Magnesium spectroscopy

Magnesium is the second major 

intracellular cation.                   Its 

intracellular concentration is 10x 

that of the serum.                     

Normal dietary absorption is 44%.

Major signs of deficiency

Confusion

Hallucinations                           

Muscle twitching and tremor    

Tetany                       
Convulsions                   Rigidity

Delirium                                      

Coma
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Abnormal heart conduction and 

arrhythmia may occur. 

Neuromuscular irritability is 

equated by                                  

Neuromuscular = K+ + Na+        

irritability              Ca++ + Mg++  

+ H+

Functions of magnesium include

Many enzymes in carbohydrate 
metabolism and energy synthesis. 
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Synthesis of heme in hemoglobin

Delta-aminolevulinate synthase
requires magnesium, glycine, 

succinyl CoA and P5P. It is involved 

with the first step in the synthesis of 

porphobilinogen, a precursor of 

heme in hemoglobin. 
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Functions of magnesium include

Synthesis of purine and pyrimidine 
bases in RNA and DNA. 

Synthesis of flavin nucleotides.                    

Synthesis of nicotinamide adenine 

dinucleotides. 

Synthesis of 

phospholipids

Glycerol

Glycerol-3-phosphate

Phosphatidate

Diacylglycerol

Dihydroxyacetone 

phosphate

Plasmalogens

ATP               glycerol 
kinase  Mg++ .

ADP 

H2O              

hydrolase
,  P1

NADPH, O2              

dehydrogenase             

. NADP

Acyl-CoA              

acyltransferase

. CoA
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Phosphatidate
CTP              

synthase
,  PP1

Diacylglycerol CDP-Diacylglycerol

Phosphatidylinositol

Phosphatidylcholine

Inositol              

synthase
,  CMP

CDP-choline              

transferase
,  CMP

H2O              

hydrolase
,  P1

Phosphatidylethanolamine

CDP-

ethanolamine              

transferase

CMP

Cardiolipin

CMP             

Glycerol-3-
phosphate               

Mg

Phosphatidylcholine
Phosphatidylinositol

Phosphatidylethanolamine

Phosphatidylserine

Phosphatidylinositol 

-4-phosphate

Phosphatidylinositol-4,5-

bisphosphate

Serine              

transferase
,  Ethanolamine

CO2

CH3 ATP              

kinase
,  ADP

ATP              

kinase
,  ADP

Mg

Mg

Synthesis of CoA and of Acyl-CoA 
derivatives of fatty acids.

Synthesis of active sulfur (PAPs).                

Catecholamine metabolism.         

Muscle contraction.                        
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Gene protein synthesis. 

Synthesis of glutathione.               
Synthesis of glutamine and 

asparagine and P5P.

Magnesium deficiency may lead to 

excessive body odour and excessive 

body sweat production.

Child

2-12 years

Adult male Adult female

200-600mg 350-750mg 300-700mg

RDA’s



31

Supplement Products

Magnesium chloride 

Magnesium citrate 
Magnesium malate

Magnesium phosphate

Magnesium sulfate

Plant sources

Cvesiculosahondrus

crispus (Irish moss)
Phaseolus vulgaris

(beans)

Avena sativa (Oats)
Spinacia oleracea

(Spinach)

Glycyrrhiza glabra

(Licorice)
Lactuca sativa

(Lettuce)

Fucus vesiculosus

(Bladderwrack) 

Mn
Manganese

25
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Manganese spectroscopy

Manganese is an essential part of 

the construction of bone, cartilage 

and collagen. It plays an important 

role in energy production and brain 

function where it is often found in 

combination with lecithin. 

As a regulator of collagen formation, 

manganese is often required to 

improve the properties of 

intervertebral discs and joints. 
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Due to its capability of accelerating 

the maturation of connective tissue, 

manganese has been proven to 

stimulate the repair of wounds, in 

particular, if the repair rate is 

delayed.

Manganese aids in the protection of 

cells from oxidative injury,

especially in combination with 

curcumin, an active ingredient of 

turmeric.

Manganese is a vital component of 

various metalloenzymes – pyruvate 

carboxylases and decarboxylases, 

transferases, hydrolases and the 

antioxidant  enzyme superoxide 

dismutase.
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An excess of manganese, usually 

associated with occupational 

exposure, leads to neurotoxicity.

Think manganese in cases of SLE. 

Must use for at least 3 months.

Symptoms are similar to hydrazine 

intoxication.

Think about supplementing 

manganese in excess dreaming 

with a lot of action.

RDA  UK

USA         NA

2mg
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Supplement products

Manganese citrate

Manganese picolinate
Manganese sulfate

Plant sources

Vaccinium myrtillus

(Bilberry)
Camellia sinensis (Tea)

Syzygium aromaticun

(Clove)
Vitis vinifera (Grape)

Foeniculum vulgare

(Fennel)

Spinacia oleracea
(Spinach)

Trifolium pratense (Red 

clover)

Mo
Molybdenum

42

Molybdenum spectroscopy
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Molybdenum is an essential 

component of three 

metalloflavoprotein enzymes, 

namely, xanthine oxidase, aldehyde 

oxidase and sulfite oxidase.
Xanthine oxidase catalyzes the 

production of uric acid. 

Aldehyde oxidase is necessary for 
the detoxification of inhaled and 

ingested aldehydes, and is 

involved (along with niacin) in the 

metabolism of alcohol. 

Sulfite oxidase is an important 
enzyme required to make sulfates 

for the synthesis of   active sulfur 

(PAPs).

Xanthine oxidase is also known as 

one of the most potent generators 

of  peroxynitrite that, in 

physiological conditions, is formed 

by macrophages to kill pathogenic 
protozoa, worms and some fungi. 
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Reactive Oxygen Species
Normal mitochondrial oxidation
Respiratory burst

Phase 1 detoxification

Hypoxia / Hyperoxia
(Xanthine oxidase)

SUPEROXIDE

HYDROGEN PEROXIDE

HYPOCHLORITE

HYPOBROMITE

HYPOIODITESOD –Fe

SOD-Zn/Cu

DOD-Mn

Catalase

Glutathione                      

peroxidase
NADH Peroxidase

Other Peroxidases

HYDROXYL RADICAL

WATER + O2

ARGININE

NITRIC OXIDE

PEROXYNITRITE

SINGLET OXYGEN

+

Fe÷÷

Cu÷

iNOS

H4Biopterin

NADPH

NADP + Citrulline

KILLS
+ve BACTERIA 

and VIRUSES

KILLS

-ve BACTERIA, 

VIRUSES, FUNGI

KIILLS 

PARASITES

KILLS

VIRUSES, FUNGI

PARASITES

Sulfite oxidase also produces free 
radicals which, when under a strict 
physiological control, act as a 
natural antifungal.  

The major dietary source of 
molybdenum is liver and lima 
beans.
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Supplement products

Potassium molybdate

Sodium molybdate

Plant sources

Phaseolus vulgaris

(Beans)
Capsicum annum (Bell 

peper)

Panax quinque
(Ginseng)

Petroselinum crispum

(Parsley)

Brassicaboleracea
(Cabbage)

Vigna unguiculata

(Asparagus)

P
Phosphorus

15

Phosphorus spectroscopy
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Biomarker for imbalance in 

phosphorus / calcium / magnesium 

ratios

Plant Sources

Beta vulgaris (Beet)

Linum usit (Flax)
Lepidium sativum
(Garden cress)

Equisetum arvense
(Horsetail)

Citrullus lanatus

(Watermelon)

Lactuca sativa
(Lettuce)Pohaseolus

vulgarus (Beans)

Cucurita (Pumpkin)

Supplement product

Orthophosphoric acids
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K
Potassium

19

Potassium spectroscopy

Potassium is the major cation 

found inside all plant and animal 

cells. 
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Potassium constitutes five percent 

of the total mineral content of the 

body even though only about 120-

150 grams are found in the body at 

one time. It is easily absorbed but 

at least 90% it is excreted, mainly 

through the kidney but it is also 

found in faeces. 

Potassium is vital to eliminate 

wastes in the body. It is a natural 

diuretic, helping excrete water and 

sodium, thus possibly lowering 

blood pressure.

It is fundamental to the function 
of membrane Na+/K+ ATPase and 
uptake of various molecules by 

cells, to neuromuscular 
transmission and acid-base 
balance. It is one of the key 
regulators of osmolality of both 
intracellular and extracellular 

fluids.
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Potassium deficiency is usually 

results from vomiting, use of 

diuretics, diarrhoea, steroid 

administration, primary 

overproduction of aldosterone 
(Cohn’s syndrome). It is a 

threatening condition leading to 

generalised muscle weakness and 

cardiac arrhythmias.

Dr Goodheart says 

patient needs 

potassium if they 

have a dry mouth.

Lump in the throat 
give potassium.  In 
need of alkalizing.

Supplement products

Potassium ascorbate

Potassium chloride
Potassium citrate 

Potassium phosphate 

Potassium sulphate 
Potassium citrate

Plant sources

Lactuca sativa (Lettuce)

Cichorium endivia
(Endive)

Raphanus sativa

(Radish)
Avena sativa (oats)

Anethum graviolens

(Dill)

Cucumis sativa
(Cucumber)

Brassica chinesis (Pak 

Choi
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Se
Selenium

34

Selenium spectroscopy

Selenium is a chemical element with 

symbol Se and atomic number 34. It is 

a nonmetal with properties that are 

intermediate between those of 

its periodic table column-
adjacent chalcogen elements sulf

ur and tellurium. It rarely occurs in its 

elemental state in nature, or as pure 

ore compounds.
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Named for the moon goddess 

Selene, the mineral selenium 

deserves to be treated with 

reverence. Selenium is versatile and 

has a wide array of health benefits. 
Selenium is crucial for antioxidant 

defences, boosts the immune 

system, and helps prevent cancer in 

several distinct ways.

Selenium is required for the 

functioning and development of 

certain areas of the brain that open a 

person to higher emotions and 

higher thought. It is also an 
essential mineral for thyroid 

functioning, along with iodine.

Selenium dependant enzymes
Selenoproteins

At least 25 selenoproteins have 

been identified, but the metabolic 

functions have been identified for 
only about one-half of them

Main ones are

1. Thyroid deiodinase (T4 > T3)

2. Glutathione peroxidase
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1. Thyroid deiodinase (T4 > T3)

Three different selenium-dependent 

iodothyronine deiodinases (types I, 

II, and III) can both activate and 

inactivate thyroid hormone by 
acting on T3, T4, or other thyroid 

hormone metabolites essential for 

normal development, growth, and 

metabolism.

Thyroxin (T4)

Triiodothyronine(

T3)

TriiodothyronineR

everse (T3r)

Diiodothyronine (T2)

DIO 1
DIO 2

DIO 1
DIO 3

DIO 1
DIO 3

DIO 1
DIO 2

35%
45%

2. Glutathione peroxidase

Five selenium-containing glutathione 

peroxidases (GPx) have been 

identified:

1. Cellular or Classical GPx
2. Plasma or Extracellular GPx

3. Phospholipid hydroperoxide GPx

4. Gastrointestinal GPx

5. Olfactory GPx
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Although each GPx is a distinct 

selenoprotein, they are 

all antioxidant enzymes that reduce 

potentially damaging ROS, such as 

hydrogen peroxide and lipid 
hydroperoxides, to harmless 

products like water and alcohols by 

coupling their reduction with 

the oxidation of glutathione.

Sperm mitochondrial capsule 
selenoprotein, an antioxidant enzyme 

that protects developing sperm from 

oxidative damage and later forms a 

structural protein required by mature 
sperm, was once thought to be a 

distinct selenoprotein but now 

appears to be phospholipid 
hydroperoxide GPx..

Reduced Glutathione

2GSH

GSSG

Oxidised Glutathione

Glutathione peroxidase

Selenium
Glutathione reductase

FAD

Hydrogen 

peroxide H2O2

Water

2H2O

NADPH+H͋

NADP

Glutathione oxido-reductase cycle

One molecule of hydrogen peroxide is reduced to two molecules of water whilst two molecules of glutathione 

(GSG) are oxidised in a reaction catalyzed by the selenoenzyme glutathione peroxidase. Oxidised glutathione 

(GSSG) maybe reduced by the Flavin adenine dinucleotide (FAD) dependant enzyme glutathione reductase. 
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Glutathione conjugation (cysteine, 

glycine and glutamic acid) is 

catalyzed by glutathione-S-

transferase.

This enzyme is present mostly in 

the cell cytosol.

This enzyme is inhibited by Lead

Phase 1 toxic intermediate

Glutathione (P-5-P) conjugate

       Reduced Glutathione

glutathione peroxidase Sel

       Oxidised Glutathione

glutathione-s-transferase  
Zn ++     

Broccoli                                 

Lemongrass                          
Celery                Watercress
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A failure in the glutathione 

conjugation would lead to covalent  

combination to DNA and RNA and 

other cell proteins creating serious 

cell damage. They are further 
metabolised before excretion. The 

glutamic and glycine groups are 

removed and an acetyl group donated 

by Acetyl CoA is added to the 

cysteine moiety.

The resulting compound is a 

mercapturic acid, a conjugate of N. 

Acetyl Cysteine, which is then 

excreted in the urine.

N. Acetyl Cysteine is thus an 

excellent supplement to use to up-

regulate this pathway.

N.Acetyl Cysteine aids 

detoxification

1. Glutathione 2. 

Acetylation        3. 

Sulfation 4. 

Cysteine
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Fat soluble toxins are primarily metabolized by phase 1, phase 2 liver 
detoxification. The most powerful component of this system is 
glutathione. Fat soluble toxins can completely eradicate total glutathione 

levels. When glutathione is depleted all of the thiols become depleted to 
include S-adenosyl-methionine (SAMe), L-cysteine, L-methionine, 
cystathione, etc. Toxin exposure through glutathione depletion collapses 
methylation as SAMe (the body’s one carbon methyl donor) is depleted. 
L-cysteine is the rate limiting step in the synthesis in glutathione. It is 

freely converted into glutathione. Be it during weight loss or other fat 
soluble toxin exposure in the course of normal day-to-day activities the 

glutathione may become completely depleted. There are hundreds of 
articles which link methylation collapse to almost every cancer known. 
The toxin takes out the glutathione then overwhelms the body at which 

point methylation collapses This methylation collapse is not from a 5-
MTHF reductase polymorphism, but from total depletion of the sulfur 

containing amino acid (thiol) substrate. When total thiol collapse occurs 
secondary to toxin exposure no amount of polymorphism attention will 
bring the system back to normal function. Thiol amino acid precursors 

are needed. 

Glutathione

1. Antioxidant 2. 
Detoxification conjugator                                      

3. PgE and Leukotrien modulator 

(inhibits lipoxygenase enzyme 

conversion of arachidonic acid to 

leukotriens)

Other Selenium dependant 
enzymes

3. Thioredoxin reductase 
participates in the regeneration of 
several antioxidants, possibly 
including vitamin C and   Vitamin 
E.
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4. Selenoprotein P is found 

in plasma and also associated with 

vascular endothelial cells (cells that 

line the inner walls of blood 

vessels). 

It functions as an antioxidant that 

protects endothelial cells from 
damage induced by peroxynitrite.

5. Selenoprotein W is found in 

muscle. Although its function is 

presently unknown, it is thought to 

play a role in muscle metabolism

6. Selenophosphate synthetase

Incorporation of selenocysteine into 

selenoproteins is directed by the 

genetic code and requires the 

enzyme selenophosphate synthetase. 
A selenoprotein itself, 

selenophosphate synthetase

catalyzes the synthesis of 

monoselenium phosphate.



51

7. Methionine-R-sulfoxide reductase 

studies revealed that the protein 

catalyzes stereospecific reduction 

of oxidized methionine residues in 

reactions that use thioredoxin as a 
reductant.

8. Sep15 is mammalian protein 

located in the endoplasmic 

reticulum of the cell. Here, it binds 

UDP-glucose:glycoprotein

glucosyltransferase, an enzyme that 
senses protein folding. Sep 15 has a 

redox function and is also 

implicated in cancer prevention

9. Selenoprotein V is expressed 

exclusively in testes and is thought to 

function in spermatogenesis.
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10. Selenoprotein S is involved in 
retrotranslocation of misfolded 
proteins from the endoplasmic 
reticulum to the cytosol. 

This protein may also be involved in 
inflammatory and immune 
responses.

Selenium neutralises methylmercury 

in the CNS. 

Should always be administered with 

dental amalgam removal and when 
NAC or Cysteine is used to stimulate 

Glutathione.

Heavy metal detoxification.

This has to do with glutathione 

production, mainly, although thyroid 

activity and other functions related 

to selenium are required for all 
metal detoxification. This is why 

garlic, and the other sources of 

selenium are so important.
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Infection-fighting ability.

Selenium enhances the immune 

response in most cases. This has 

to do with thyroid enzymes, and 

other factors as well.

Mental health.

Selenium, along with silicon, share 

certain characteristics.

They help impart a silky, smooth 

quality to the personality. They help 
with feelings of joy and happiness, 

and give a certain lightness to the 

personality.

Symptoms of selenium deficiency 

are exhaustion, high cholesterol, 

infections, liver impairment, and 

pancreatic insufficiency.

May prevent muscular dystrophy 
and cystic fibrosis (J. Wallach)
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Supplement products

Colloidal Selenium 

Sodium selenate
Selenium cysteine

Selenium methionine

Selenium phosphate 

Plant sources
Bertholleria excelsa 
(Brazil nuts)
Silybum marianum (Milk 
thistle)
Polygonum multifol 
(Wheat grass)
Cymbopogon citratus 
(Lemon grass)
Mentha pulegium 
(Pennyroyal) 
Valeriana officialis
(Valerian)
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Si
Silicon

14

Silicon spectroscopy

Biomarker for Silica for joints, 

skin, nails and hair.
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Supplement Products

Silica from Bamboo

Silica from millet 
Silica from oat straw

Plant sources
Urtica dioica (Stinging 
nettle)
Bertholleria excela (Brazil 
nut)
Pistacia vera (Pistachio)
Petroselinum crispus 
(Parsley)
Juglans nigra       (Black 
walnut)
Anacardium occidental
(Cashew nut)

Ag
Silver

47

Silver spectroscopy
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Silver is a natural element that 

occurs as a trace mineral in the 

soil. 

The use of silver for health care 

has been documented since 
ancient Roman time. 

It has been proven to inactivate 

ATP-producing enzymes of 

micro-organisms, by damaging 

their cell membranes and 

suppress the replication of 
bacteria by inhibiting the 

functions of their DNA. 

It tends to inhibit bacterial catalase 
- a defence against free radicals 
produced by activated 
macrophages and neutrophils in 
order to kill ingested 
microorganisms.
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Reactive Oxygen Species
Normal mitochondrial oxidation
Respiratory burst

Phase 1 detoxification

Hypoxia / Hyperoxia
(Xanthine oxidase)

SUPEROXIDE

HYDROGEN PEROXIDE

HYPOCHLORITE

HYPOBROMITE

HYPOIODITESOD –Fe

SOD-Zn/Cu

DOD-Mn

Catalase

Glutathione                      

peroxidase

NADH Peroxidase

Other Peroxidases

HYDROXYL RADICAL

WATER + O2

ARGININE

NITRIC OXIDE

PEROXYNITRITE

SINGLET OXYGEN

+

Fe÷÷

Cu÷

iNOS

H4Biopterin

NADPH

NADP + Citrulline

KILLS
+ve BACTERIA 

and VIRUSES

KILLS

-ve BACTERIA, 

VIRUSES, FUNGI

KIILLS 

PARASITES

KILLS

VIRUSES, FUNGI

PARASITES

Silver may act by an allosteric 
activator on the myeloperoxidase 
enzyme in phagocytes, thus 
stimulating them to secrete reactive 
halogen anions to kill bacteria, 
some viruses and fungi. 

Popular Products

Colloidal Silver 
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Na
Sodium

11

Sodium spectroscopy

Biomarker for Sodium electrolyte.

Hyperadrenal – weakens

Hypoadrenal - strengthens
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Supplement Products Plant sources

Urtica dioica (Stinging 

nettle)
Olea subsp

(Olive fruit)

Rhodymenia palmata
(Dulse)

Chondrus crispus (Irish 

moss)

Fucus vesiculosus
(Bladderwrack)

Lactuca sativa

(Lettuce)

S
Sulphur

16

Sulphur spectroscopy
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It is a component of all proteins

It is essential for humans, animals 

and plants.          

An average adult man’s body 

contains about 140 g sulfur (as 

much as potassium). 

Compounds containing sulfur are 
found in all kinds of cells and are 
indispensable for life. Sulfur 
resides mainly in keratin, the 
superficial layer of the skin; in the 
hair; in the nails; and in the joint 
cartilage.

Of primary importance are amino 

acids – methionine, cysteine, 

cystine, glutathione, taurine; their 

derivatives.
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It is constantly needed for the 

processes of detoxification of 

pharmaceuticals and environmental 
poisons as well as steroid hormones 

(including pathological kinds of 
estrogens) produces by our body.

Supplement products

Methionine

Cysteine
Glutathione reduced 

Taurine

MSN 
alpha Lipoid acid

Cruciferous vegetables

Plant sources

Brassica botrytis 

(Cauliflower)
Anethum graviolette

(Dill)

Pastinaca sativa
(Parsnip)

Armoracia rusticana

(Horseradish)

Brassica capitata
(Cabbage)

Urtica dioica (Stinging 

nettle)

Zn
Zn

30
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Zinc spectroscopy

Total body amount 1.4-2.0gm.

Highest amounts are contained in 
the placenta, choroid of the eye 

and prostate followed by the liver, 

kidney, muscle, heart, pancreas, 

spleen, testes and brain.

Zinc is stored in the liver, kidney 

and other organs as zinc 

metallothionein.     

Zinc in serum is bound to number 

of proteins or single amino acids.            

It’s absorption is inhibited by 

dietary phytates and geophagia.
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To date over 100 zinc 

metalloenzymes have been found 

present in the body carrying out 

reactions in the cells essential for 

growth, development and health.

Other functions include, taste, 

appetite, wound healing, prostate 

function, testes, brain and sexual 

development, immunity and 

cellular membrane function.

Only 20-30% of dietary zinc is 

absorbed. Absorption occurs in 

the duodenum by attaching to a 
low molecular zinc binding ligand 

thought to be picolinic acid
secreted by the pancreas. 
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Increased intestinal absorption 
occurs with the administration of 
prostaglandin E2.

PgE2 mediates the orgasm.

Some common zinc enzymes

1.Carbonic anhydrase – catalyses 
the conversion of                   

CO2 + H2O = HCO3 + H+

It is found in red blood cells, 

kidney tubule cells, parietal cells 

of the stomach and skeletal 

muscle cells.
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2. Carboxypeptidase A – produced 
in the acinar cells of the pancreas.                              

It catalyzes the hydrolysis of 

specific aromatic amino acids.

3. Alcohol dehydrogenase is a liver 

enzyme that  catalyzes the 

conversion of ethanol to 

acetaldehyde.                    It 

contains 4 atoms of zinc per 
molecule. 
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Failure to oxidise alcohol with this 

enzyme shunts oxidation to the 

liver endoplasmic reticulum P450 

enzyme system resulting in the 

production of free radicals and a 
need for extra antioxidant 

nutrients.

4. Retinol dehydrogenase is 

present in the retina and catalyzes

the conversion of retinol to retinal.                                          

The enzymatic activity of this zinc 

metalloenzyme in the eye accounts 
for the choroid containing the 

highest concentration of zinc per 

gram of tissue in the body.

Retinyl palmitate

Retinol

all trans Retinal

all trans Retinoic acid

Carotenoids

Small intestine
Bile, Zn

+ O2

11-cis-retinal 

NAD, Zn
retinol 

dehydrogenase

NAD
retinaldehyde
dehydrogenase

Bone and teeth, Immune,                              
Gene transcription,
Skin, Cellular health Embryo, 

Reproduction              Hematopoiesis

Eyes

Diet

Mg-ATP

Vit E
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5. Lactic acid dehydrogenase 
catalyzes the conversion of lactate 
to pyruvate and requires NAD.                          
It is predominately present in the 
liver, kidney, heart and muscles.

Glycolysis

Citric Acid 
Cycle

Electron 
transport 
or 

Oxidative 
phos-
phorylation
pathway

Energy 

pathway

Phosphenolpyruvate

Acetyl CoA

Pyruvate

ADP

ATP

Mg, Kpyruvate kinase

NAD    NADH + H     NAD

lactate dehydrogenase

Lactate

Vit B1  

pyruvate dehydrogenase
Lipoic acid

CO2

citrate synthase

+ + +

dihydrolipoyl-
transacetylase

CoASH  

Lipoic SH
Vit B2

Vit B3

dihydrolipoyle-
hydrogenase

Mitochondrial outer membrane

Mitochondrial inner membrane

CitrateMg
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Lactate dehydrogenase is elevated 

in myocardial infarction, congestive 

heart failure, angina, cirrhosis, 

hepatitis, anaemias, strenuous 

exercise, mononucleosis, 
pneumonia, leukeamias and many 

malignant neoplasms.

6. Malate dehydrogenase catalyzes

the conversion of oxaloacetate + 

NADH + H+ = malate + NAD

Oxaloacetate is not permeable to 

the mitochondrial membrane and 

must be reduced to malate in order 

to cross the membrane.
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7. DNA polymerase is found in all 

cells and is involved with the 

initiation of DNA synthesis.                              

This zinc dependant enzyme is 

critical for cellular growth, 
development and repair.

The initiation of 

DNA synthesis 

upon a primer of 
RNA and the 

subsequent 
attachment of 

the second 

deoxyribonucleo

side

triphosphate.

Zinc deficiency

results in a 

decrease in DNA 

and RNA 

synthesis and 
repair.
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Zinc deficiency during 

the last trimester of 

pregnancy and during 

breast feeding results 

in impaired growth, 
decreased number of 

brain cells and retarded 

brain maturation.

8. Superoxide dismutase (SOD 

Zn/Cu) contains a single atom of 

zinc and copper.                                   

It catalyzes the conversion of 

superoxide to hydrogen 
peroxide. 

SOD (Zn/Cu) is found 

predominantly in the red blood 

cells, liver, kidney and brain.                                    

It is naturally found in watermelon 
seeds.
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Prostatic zinc binding protein is 

stimulated by dihydrotestosterone 
which regulates testosterone 

reductase.                              

Its concentration changes with 
ejaculation.

It is necessary for the integrity of 
the prostate epithelium and lumen.

Zinc and taste

Gustin is the major protein found in 
parotid saliva and contains zinc. 

It is a growth factor involved in the 
synthesis of a zinc containing 

protein found in the taste buds. 

TASTE
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People with taste and smell

dysfunction have a decreased 

level of zinc in parotid saliva and 

have a poor appetite.

Nasal mucus protein is also a 
zinc containing protein.

Traditional zinc taste test uses 

zinc sulfate 0.1% solution.

Zinc in wound healing

Administration of high dose zinc 
in patients with leg ulcers, 

bedsores and slow collagen 

synthesis resulted in accelerated 

wound healing.

Zinc in testes development

Zinc deficient children have 
testicular atrophy, no pubic or facial 

hair. 

Administration of zinc resulted in 

testicular growth, growth of pubic 

and facial hair, nocturnal emission, 

penis growth in males and 

menarche in females.
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Zinc in brain and body growth and 

development

Zinc deficiency in utero has been 

shown to produce decrease in brain 

size, brain DNA and RNA 

concentration and synthesis, 

utilization of amino acids in the 
synthesis of proteins and the level of 

serum proteins.

Zinc deficiency in pregnant animals

leads to abnormalities such as cleft 

palate, clubbed feet, heart 

abnormalities and hydrocephalus.

Acrodermatitis enteropathetica is a 

congenital defect in intestinal 

absorption of zinc.

Zinc and the immunity

The maintenance of normal zinc 
intake is important in host defence 

mechanism against infectious micro-

organisms, on phagocytic cell 

function (neutrophils), complement 
activity, lymphocytes, and T helper 
cell function.
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Zinc deficiency in animals has 

shown thymic atrophy, thymocytic

cell depletion, depressed 

peripheral lymphocyte T cell 

number and function, a decrease 
in thymic hormones and decreased 

interleukin-2-production.

Symptoms of zinc deficiency

Growth retardation, congenital 
malformation, decreased brain 

development, mental lethargy, 

male hypogonadism, anorexia, 

hypogeusia (decreased taste), 

abnormal dark adaptation, alopecia, 

delayed immune response, inter-

current infections, skin rashes, 

bullous-pustular dermatitis, and 

parakeratosis.
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Look for zinc deficiency in people 

with chocolate cravings!

Look for white spots on the 

fingernails, body odour and 

eczema.

Zinc taste tally

30ml dropper bottles containing

Zinc sulphate 7 Hydrate 0.1% 

dilution or                               Ionic 

Zinc 300ppm

Child

2-12 years

Adult male Adult female

8-30mg 16-65mg 15-65mg

RDA’s
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Supplement products

Colloidal Zinc 

Zinc ascorbate
Zinc bisglycinate

Zinc chloride

Zinc citrate caps
Zinc picolinate caps

Zinc sulphate caps

Plant source

Prunus serotina (Black 

cherry)
Diospyros virginiana

(Persimmon)

Lycopersicon
esculentun (Tomato)

Brassica capitata

(Cabbage)
Corylus avellara
(Hazelnut)

Sesamum indicum

(Sesame)


