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Introduction

Recent research in tissue culture, physiology, and biochemistry has demon-
strated a need for an all-inclusive compendium on minerals as well as vitamins
and hormones, as growth factors. In addition, great interest has been generated
in presentation of properties of the actual controlling agents which accurately
blend all the cellular enzyme systems and organelles to produce a living cell,
and, from that, a living multicellular organism. It is precisely in this area of
contral mechanisms that the minerals, vitamins, and hormones play such a key
role, because they are controlling agents.

This book is written primarily from the standpoint of the vitamin, mineral
and hormone requirements and contents of individuals of the human species. It
should be understood that requirements and contents differ from species to
species, in general becoming simpler as one goes down the evolutionary scale.
For the purposes of this book, a vitamin is defined as a biologically active,
organic compound, a controlling agent essential for an organism’s (human’s)
normal health and growth (its absence causing a deficiency disease or disorder),
not synthesized within the organism, available in the diet in small amounts, and
carried in the circulatory system in small concentrations to act on target organs
or tissues. A hormone is defined as a biologically active, organic compound, a
controlling agent essential for normal health and growth (its absence causing a
deficiency disease or disorder), synthesized within the organism (human being)
in ductless glands which release the agent in very small concentrations into the
circulatory system to act on the target organs or tissues.
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The chief differences between a vitamin and a hormone seem to be the site of
biosynthesis, the types of organic compounds present in vitamins as opposed to
the hormones, and some of the modes of action. These differences between vita-
mins and hormones in essential properties are small compared to their similari-
ties and explain why both vitamins and hormones are combined into one book.

In the light of new evidence, it is becoming difficult to differentiate certain
vitamins from some hormones. For example, both vitamin D and niacin are syn-
thesized (but in an inadequate amount) in the human, thus conferring on them a
hormonal quality. Similarly, the human requirement for the hormone thyroxine
can be partially satisfied by a dietary intake of iodine, and some of the steroid
hormones are active in a dietary form, thus giving them a vitamin quality. More-
over, the fat-soluble vitamins (A, D, E, K) show many similarities in biosynthe-
sis, structure, properties and function to the fat-soluble hormones (steroids).
Finally, the same molecule can function as a hormone or as a vitamin, depending
on the species involved. For example, vitamin C functions as a vitamin in pri-
mates because they cannot synthesize it, but it functions as a hormone in cows
because they can synthesize it.

We can see that the concept of vitamins and hormones, as defined here, could
be extended to all organisms with circulatory systems and would therefore in-
clude all vertebrates, many invertebrates, and the higher plants, excepting mainly
the lower plants and animals and unicellular organisms. The concept of vitamin
is therefore very much dependent on the species concerned. Vitamins seem to
have arisen very early in the evolution of life as judged by their presence and
requirement in some of the most primitive forms of life known today. Hormones,
according to our original definition, however, denote a much later period of
emergence, becoming prominent mainly with the evolution of the various ani-
mals. They, therefore, reflect a shorter evolutionary history. In view of their
primitive nature, vitamins would be expected to have, in general, a simpler
structure than hormones, and this is indeed the case, with a few exceptions.

As we compare modes of action of vitamins and hormones, we should com-
pare their chemical structures. The vitamins consist of a fat-soluble series and a
water-soluble series. The fat-soluble vitamins (A, D, E, K) consist of derivatives
of partially cyclized isoprenoid polymers, somewhat similar to the interme-
diates in cholesterol (steroid) synthesis. These vitamins seem to act by virtue of
their lipid solubility in various cell membranes to affect permeability or trans-
port, and by virtue of their chemical groups as redox agents (A, E, K), as coen-
zymes or enzyme activators (D, K, A). The water soluble vitamins (B, B, Bg,
B2, niacin, pantothenic acid, folic acid, biotin, C) consist, in general, of deriva-
tives or substituted derivatives of sugars (C), pyridine (niacin, Bg), purines and
pyrimidines (folic acid, B,, B;), amino acid-organic acid complexes (folic acid,
biotin, pantothenic acid), and a porphyrin-nucleotide complex (B;;). These
structurally diverse water-soluble vitamins act as enzyme activators and coen-
zymes (B, B,, Bg, Bz, pantothenic acid, folic acid, biotin, niacin), as redox
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agents on enzyme reactions (C, B,, By, folic acid, niacin), as nuclear agents
(folic acid, B;,, C, biotin), and probably as mitochondrial agents (B,, C, niacin).

The hormones also include a fat-soluble, steroid series (estradiol, progesterone,
aldosterone, testosterone, cortisol) which seems to act (1) by virtue of lipid solu-
bility to stabilize and change permeability of the cell membranes, (2) to regulate
enzyme activity and membrane polarization, (3) to regulate redox potential, and
(4) to affect RNA transcription in the nucleus. The water-soluble hormones con-
sist of a protein series (STH, TSH, FSH, LH, prolactin) which seems to act on
the cell membrane to stimulate cyclic AMP production (except STH and prolac-
tin) enzyme activation, and to activate certain genes in the nucleus. The pep-
tide series of water-soluble hormones (insulin, glucagon, ACTH, MSH, oxytocin,
ADH, PTH, T4, TCT, and relaxin) acts similarly to the proteins and also has an
effect on the mitochondria by T4 and PTH. The amine, water-soluble hormone
series (epinephrine, norepinephrine) seems to act chiefly by the cyclic AMP
mechanism on the membrane, with consequent enzyme activation. The very
extensive role of cyclic AMP as an intracellular mediator of hormonal activity
is most noteworthy.

It can be seen that the fat-soluble vitamins and hormones act similarly on
membranes, on redox potentials, and as enzyme activators, the only difference
being in a demonstrated action on the nucleus by the steroids. Comparison of
the water-soluble series of hormones with that of the vitamins again shows a
basic similarity in action, the vitamins acting as direct enzyme activators and
coenzymes, and the hormones acting as indirect activators via cyclic AMP.
Both act on the nucleus but differ in that only some of the water-soluble vita-
mins have redox properties. Again here, the differences between the two water-
soluble series of vitamins and hormones lie chiefly in their differing structures
and in some of their properties, such as redox regulation and presence of cyclic
AMP intermediates.

The subject of vitamin requirements requires comment. There is now suffi-
cient evidence to indicate that the concept of biochemical individuality has
much merit. Thus the recommended allowances as stated in this book (NRC
data) should be considered only as average figures, and variations (increase or
decrease) of twentyfold or more in individual human requirements may be
found, depending on the genetic and physiological state of the individual.
Germane to this are the topics of subclinical vitamin deficiencies and mega-
vitamin therapy, i.e., large overdosages of one or more vitamins such as are
now being used as treatment of colds and schizophrenia.

The existence of subclinical vitamin deficiencies is extremely difficult to
prove without adequate statistical data, but, undoubtedly, if we accept the
principle of biochemical individuality, they do exist. In like manner, the use of
megavitamins may be helpful to those individuals whose systems for some reason
destroy these vitamins rapidly or require these vitamins in large quantity owing
to their biochemical individuality. However, in view of the fact that accurate
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data are lacking, one should treat and use megavitamins as drugs with competent
medical advice, being wary of possible unexpected individual toxicity.

A perusal of the miscellaneous section for each factor will indicate to the
reader the enormous amount of interplay occurring among vitamins, hormones,
and minerals. This includes both antagonisms and synergisms occurring simul-
taneously among various vitamins, minerals, and hormones. Undoubtedly there
exists an optimal set of levels for each factor which, presumably, is that which
has been found in ““normal’’ human values. But maximum optimization of levels
at “normal” human values has not been proved experimentally; perhaps the
human system could run more efficiently at a different set of values. More
research is needed to determine this. In any case, optimum amounts and ratios
of all vitamins and hormones are important to get full benefits of these agents.

A section is now included on the trace elements and mineral cofactors re-
quired for functioning of most coenzyme systems as well as some hormones,
e.g., magnesium, iron, copper, iodine, selenium, cobalt, and so on. These trace
elements should be present in correct amounts and ratios in any balanced diet
containing adequate vitamins.

In relation to requirements, the subject of undiscovered or unaccepted factors
should be mentioned. This book has included only those minerals, vitamins and
hormones with widespread acceptance. In addition to the 13 vitamins listed
here, there are at least another 13 compounds with various acceptabilities as
vitamins, plus possibly other vitamins still undiscovered. In view of individual
requirements, and the mutual interdependence of vitamins mentioned above, it
would still be advisable to rely for one’s vitamin requirement chiefly on rich
natural sources in the diet, since these would most likely contain the undis-
covered vitamins and minerals. However, because of the possible extreme losses
of vitamin potency even in our richest dietary sources caused by our present
methods of processing, storing, and cooking of food, it would be advisable to
consider vitamin supplementation of certain vitamins, especially if one’s diet
has not been carefully planned.

As far as the hormones are concerned, at least another 23 compounds, in
addition to the 23 listed here, are known with various degrees of acceptance as
true hormones. No doubt many more remain to be discovered. This book has
not listed the insect or plant hormones, because human requirements and
levels are being stressed.



Presentation of Data

This book will serve as a ready reference to four major groups of readers, inas-
much as the data for each factor are presented in several separate sections, as
follows: “General Information” and “‘Miscellaneous Information” for the
general reader and all other groups; “Medical and Biological Role” mainly for
the biologists, physicians, nurses, and pharmacologists; ‘‘Chemical Properties”
and ““Metabolic Properties’”” for the biochemists and physiologists; and ““Nutri-
tional Role” for dietitians and nutritionists. However, it is hoped that parts of
all sections will be useful to all the groups. Insofar as possible, the format is
similar for all factors for ease of reference. A list of abbreviations is given at
the beginning of the book.

The minerals, vitamins, and hormones chosen for coverage in this book are
those that have the widest acceptance by the various workers in these fields.
Only the most active of the steroid hormones in each category of mineralo-
corticoids, glucocorticoids, and sex hormones in the human is being covered
(out of the 40 plus already discovered).

Chapters on Vitamins, Hormones and Minerals
General Information Section
“Active analogs and related compounds’ includes vitamers, isotels, etc.
“Antagonists’” and ““Synergists” may be the same chemical species but in
different concentrations. Interaction at the target site is used as a
criterion of antagonism or synergism.
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“Sources for Species” (Essentiality) indicates degree of requirement for
various species including man. Endogenous = made within organism.
Exogenous sources include intestinal bacteria.

Chemical Properties Section

““Reactions” refers to those carried out with standard laboratory condi-
tions and reagents and not under extreme conditions, unless otherwise
noted. i.e., heat < 100°C, weak acids or alkalies, reactivity with water,
atmospheric or mild oxidation agents, mild reducing agents, bright
daylight.

Isolation method gives a typical procedure now in use.

Medical and Biological (Nutritional) Section

This provides, in general, clinical information. Contents of vitamins and
minerals are per 100-g edible portion

Antigenicity is defined as the ability to act as an antigen creating an
immune response when administered to an organism. Specificity is here
defined as the degree of restriction of biological activity to a certain
species.

Metabolic Role Section

“Enzyme Reactions” lists enzyme systems affected by the vitamin, mine-
ral, or hormone, organ location, and effects on enzymes, where known.

“Mode of Action” subdivides functions on both a cellular basis (anabolic,
catabolic, etc.) and an organismal basis. Anabolic denotes synthetic
processes; catabolic denotes degradative reactions and includes most
energy-yielding reactions.

Miscellaneous Information Section

“Relationships to other Vitamins, Hormones” attempts to indicate the
mutual involvement of both vitamins and hormones in most actions of
both groups either together or within the group; similarly for minerals.

“Unusual Features” includes various chemical, biological, and pharmaco-
logical features that could not be listed elsewhere.

“Possible Relationships’’ attempts to draw a parallel between the action of
a mineral, a vitamin, or a hormone and its deficiency symptoms.

The tables presented list some of the data already given and some new data
in an attempt to indicate fundamental similarities and dissimilarities in structure
and function of vitamins, minerals, and hormones.

References are presented in numbered form at the end of sections, and are
subdivided into two categories: general and specific. An effort has been made
to cite only the latest available handbooks, compendia, journal references, and
fexts.
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Part 1

The following 15 mineral elements consist of 5 macro or bulk essential elements
(Ca, Mg, Na, K, P) and 10 micro or trace elements (Fe, Cu, Mn, Zn, |, Se, Mo,
Cr, Co, F). Not all of the latter have been proved essential for life in man, but
they have been proved essential for some living system or for normal health and
longevity in humans. On the basis of present ongoing research, it is most likely
that the elements in question (Se, Mo, Mn, Cr, F) will be shown to be essential
for the human system in the near future. Need for the bulk essential elements
has already been demonstrated. Several other elements (e.g., Sn, Si, V, As, and
Ni) may also be found to be essential in extremely small amounts, but much
research remains to be done before such determinations can be made.

It should be noted that under physiological conditions (i.e., in agueous
solution) 10 of the 15 elements (Ca, Mg, Na, K, Fe, Cu, Mn, Zn, Cr, Co) are
positively charged (cations). Five elements (P, |, Se, Mo, F) are negatively
charged (anions), three of them occur as oxide complexes (PO,4, SeO4, MoOy).
Four elements (Na", K*, F~, I7) are univalent in physiological solutions; ten ele-
ments (Ca®*, Mg®*, Fe?*, Cu?*, Co®*, Mn?*, Zn?*, Se0,%", Mo0O,*~, HPO, ?") are
divalent; one is trivalent (Cr3*).

These elements can and do interact with one another as shown in the solu-
bility table where the physiological forms of the minerals and other physi-
ological ions present in the gastrointestinal tract are charted (as negative ions
against positive ions). It will be noted that the divalent negative ions tend to
form more insoluble products when in the presence of oppositely charged
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Solubility Table

g CI-  Se0,* S0, €O, F-  PO,* OH  MoO.}"
H* S S S S S S S S sa
NH,* S S S S S S S S S
Na* S S S S S S S S S
i S S S S S S S S S
Mg?* S S S S sa sa sa la sa
Ca*t S S sa sa sa sa sa S la
Co?* S S S S la S la la —
Fe2* S S — S sa sa la la -
Cu?* — S S S Isa sa la la -
Mn?* S S S S sa la la la —
Zn?* S S S S sa la la la -
Cr3t S | — | S la | la -

S = soluble in water; sa = sparingly soluble in water, soluble in acids; la = insoluble in water
soluble in acids; Isa = insoluble in water, sparingly soluble in acids; | = insoluble in water and
acids.

divalent positive ions than with univalent ions. Note that most ions are soluble at
the acid pH of the stomach, (H* row), but when the pH turns alkaline in the in-
testine, most of the divalent positive metal ions become insoluble (OH™ column)
especially trace elements. This property has significance for the human uptake of
metallic ions, making it harder for them to be absorbed and necessitating special
mechanisms for absorption (e.g., active transport, vitamin D, bile salts, etc.).
Although it makes absorption of a toxic excess of metal ions more difficult, it
hinders absorption of essential minerals as well. This may explain why prac-
tically all essential minerals have a mineralovitamin form that is preferentially
absorbed (e.g., vitamin B, and Co, GTF and Cr).

The effective concentrations of some trace elements are very low (parts per
million, or micrograms per gram). However, the toxic limits of some are un-
comfortably close to the required dosages. This means that a very delicate
balance exists for many trace elements between toxicity, vitality, and deficiency.
This balance could easily be upset by the presence of excessive trace amounts of
precipitating ions, as might occur with incorrect mineral pill supplementation.
These precipitates could form in sensitive tissues such as kidney, heart, and brain,
with possibly fatal consequences. Moreover, imbalance of ions could disturb
intracellular enzyme reactions, and pH, or affect the irritability of muscle or
nerve (with resulting tetany or convulsions).

For these and similar physiological considerations, it is definitely not advis-
able to attempt self-medication with mineral pill supplements without medical
supervision. It will be noted that most if not all of the 15 essential trace ele-
ments are already present in the average normal American diet in sufficient
concentrations, with supplementation indicated only for special conditions
such as pregnancy, senescence, and so on. If a deficiency is indeed medically
or professionally indicated, it would be far safer to use dietary measures to
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correct this deficiency, than using pill supplements, using the tables furnished in
this book which indicate foods enriched in the particular mineral question. The
dangers of exceeding a toxic dose would be minimized, while at the same time
one would obtain synergistic vitamins and minerals from the enriched foods.

The picture of the role of essential minerals is by no means clear or complete.
With the advent of new, more sensitive analytical methods, discoveries of new
functions can be expected in the near future. In addition to the fundamental
chemical roles outlined in the succeeding pages there is every likelihood of more
basic functions being discovered for several minerals, especially for Cr, Se, Zn,
Mo, Mn, and V, such as roles in the fine control of DNA synthesis, mechanisms
of development, the onset of senescence, and arteriosclerosis.



