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Description

Field of the Invention

[0001] This invention relates to the use of a composition for the manufacture of a medicament for generating molec-
ular iodine, in situ, in the stomach of a mammal for the treatment of fibrocystic breast syndrome as well as other
diseases that require either chronic or acute dosing of therapeutic iodine at a controlled ratio of molecular iodine to
total iodine of above at least between 0.80 and 1.0 and preferably between 0.9 and 1.0. The present invention also
relates to a pharmaceutical composition that can be orally administered to a mammal to produce an effective iodine
therapeutic which has a ratio of molecular iodine to total iodine of at least 0.8 upon contact with the gastric juices in
the stomach of a mammal. The use and oral pharmaceutical compositions of the present invention generate molecular
iodine internally only upon contact with the gastric juices in the stomach of a mammal and in a ratio of molecular iodine
to total iodine above at least 0.8.

Background

[0002] Iodine, including organically bound iodine, inorganic iodine and molecular iodine, i.e. I2, has been used to
treat human diseases. Iodine-containing compounds have been employed extensively as expectorants. U.S. Pat. Nos.
4,187,294; 4,338,304 and 4,394,376 disclose compositions containing protein-bound iodine for the treatment of hy-
percholesteremia, diabetes and hyperlipemia. U.S. Pat. No. 4,259,322 discloses tuberculosis medication containing
sodium iodide. Most recently, U.S. Pat. Nos. 4,816,255; 5,171,582; 5,250,304 and 5,389,385 disclose compositions
of "elemental iodine" (I2) in water for oral administration in humans to treat a variety of human diseases. U.S. Pat. No.
5,589,198 discloses the benefits of using elemental iodine or "iodine metal" with pharmaceutically acceptable carriers
in the treatment of fibrocystic breast syndrome.
[0003] Much of the prior art literature refers to "iodine" in an imprecise manner. The word iodine has been used in
the literature to refer to several distinct chemical species that contain iodine atoms. Many different compounds with
distinct and materially different properties contain iodine. For example, the literature on iodine disinfection clearly shows
that the biocidal efficacy of diverse iodine species is profoundly different; molecular iodine (I2) is an active biocide while
iodide (I-) has little if any biocidal activity. Traditional beliefs in the field of toxicology (R. C. Haynes Jr and F. Murad,
"Thyroid and Antithyroid Drugs" in Goodman and Gilman's the Pharmacological Basis of Therapeutics, Eds. A. G.
Gilman et al., 7th ed., pp. 682-815. 1985, W. B. Saunders, Philadelphia) have held that molecular iodine and iodide
have identical toxicity profiles; however, no direct experimental data was used to support this assumption. In fact, the
toxicity and therapeutic efficacy of these different species of iodine could vary dramatically just as their biocidal activity
does. Unfortunately, the pharmaceutical literature on iodine has not drawn distinctions between the properties of the
many different chemical species that contain iodine atoms.
[0004] The most serious concern for administration of an iodine pharmaceutical relates to the potential for toxic
reactions. In this regard, it is believed that iodide is the form of iodine responsible for "iodide poisoning" or "iodism."
There is no way of predicting which patient will react unfavorably to iodide, and an individual may vary in their sensitivity
to iodide from time to time. A series of symptoms can result from iodism. Symptoms can include burning in the mouth
and throat; soreness of the teeth and gum: increased salivation; coryza, irritation of the respiratory tract; cough; head-
ache; enlarged glands; inflammation of the pharynx, larynx and tonsils; skin lesions; gastric irritation; diarrhea; fever;
anorexia and depression; and severe and sometimes fatal eruptions (ioderma) may occur. In essence, human con-
sumption of iodide at levels in excess of the range (0.150 to 1.0 mg/day) established by FDA researchers (J. A. Pen-
nington, "A review of iodine toxicity reports", J. Am. Dietetic Assoc., Vol. 90, pp. 1571-1581) presents a health risk.
[0005] Scientific studies on the relative oral toxicity of molecular iodine and iodide were performed during the early
1990s (Karla Thrall, Ph.D. Thesis, "Formation of Organic By-Products Following Consumption of Iodine Disinfected
Drinking Water", Summary and Conclusion Section, Oregon State University, Department of Chemistry, 1992). These
studies incorporated experiments to test the prevailing belief that iodide and molecular iodine were toxicologically and
physiologically equivalent. The weight of a mammals thyroid is one key diagnostic measure used in these studies to
evaluate the toxicity of an iodine composition. Subchronic administration of iodide to male rats increased their thyroid
weight at an iodide concentration of 10 mg/kg; molecular iodine did not effect thyroid weight even at concentrations of
100 mg/kg (Sherer et al., Journal of Toxicology and Environmental Health, Vol. 32, pp. 89-101, 1991). This study by
Sherer did not measure an increase in the steady state levels of thyroid hormones until animals were exposed to
repeated daily doses of molecular iodine at 10 mg per kilogram of body weight. It can be concluded from these studies
that iodide can effect thyroid weight in mammals at concentrations that are 10 fold less than a comparable effect from
molecular iodine. Another way to state this is that it required ten time more molecular iodine than iodide to effect animal
thyroid function with an orally administered iodine composition.
[0006] The human body contains approximately 18 to 20 mg of iodine. Iodine is an essential component of thyroxine
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and tri-iodothyronine. These hormones are essential for the maintenance of normal metabolic activity and they have
an effect on almost every mammalian tissue. Excess iodine can lead to an imbalance in thyroid hormones. The reduced
toxicity on the thyroid gland exhibited by molecular iodine as compared to iodide in the studies by Sherer et al. has
important implications for design of an oral iodine pharmaceutical. These studies indicate that, all other factors being
equal. molecular iodine is a preferred form of iodine for an oral drug. This would be especially true for disease states
that require chronic administrations of said iodine pharmaceutical.
[0007] An early observation of the association of iodine with the health of the human female breast was made in
1896, by Dr. Beatson, who treated metastatic breast cancer using desiccated thyroid in large doses. Desiccated thyroid
contains an abundance of protein-bound iodine. An early association of an iodine deficiency state and benign breast
dysplasia was reported in 1966 by a clinician who reported a 71% improvement rate in women with dysplastic masto-
dynia treated with iodine (Vishnyakova V.V. et al., "On the Treatment of Dyshormonal Hyperplasia of Mammary Glands",
Vestin. Sakad. Med. Mauk. S.S.S.R., Vol. 21:p. 19, 1966). Treatment of mammary dysplasia using traditional Chinese
medicines like Sargassum, which contains a high iodide concentration, has provided cure rates of 65.4 percent. Ghent
(U.S. Pat. No. 5,389,385 and 5,589,198) explored the use of elemental iodine treat a variety of human diseases. The
scientific literature provides clear evidence that iodine in several different forms is an effective therapeutic against many
different mammalian diseases.
[0008] Animal models of fibrocystic breast syndrome have been studies for over 40 years. The "iodine deficient rat
model" has been used to correlate iodine deficiency with breast dysplasia. Several studies provide evidence that indi-
cates iodine can reverse breast dysplasia. Studies in humans have shown improvement or complete elimination of
fibrocystic breast syndrome after several months of iodine therapy. Other mammalian disease states that have been
treated with iodine include ovarian cysts, premenstrual syndrome, breast cancer and endometriosis.
[0009] For convenience, certain terms employed in the specification, examples, and appended claims are defined
below.
[0010] The term " molecular iodine" as used herein, refers to diatomic iodine, which is represented by the chemical
symbol I2, which exists in a liquid.
[0011] The term "elemental iodine" as used herein, refers to solid diatomic iodine, which is represented by the chem-
ical symbol I2.
[0012] The term "iodide" or "iodide anion" refers to the species which is represented by the chemical symbol I-.
Suitable counter-ions for the iodide anion include sodium, potassium, calcium, and the like.
[0013] The term "triiodide" refers to the species which is represented by the chemical symbol I. It is recognized by
one skilled in the art that triiodide is formed from the interaction of one iodide anion and one molecule of molecular
iodine under the laws of mass action and that triiodide rapidly dissociates into one iodide anion and one molecule of
molecular iodine.
[0014] The term "total iodine" as used herein, refers to the following iodine species: molecular iodine, iodide, organ-
ically complexed forms of iodine, covalently bound forms of iodine, iodite, triiodide, polyiodides containing more than
5 atoms of iodine, and elemental iodine.
[0015] The term "rate of iodine generation" as used herein, refers to the rate at which molecular iodine is formed in
a liquid environment and in particular in the stomach of a mammal.
[0016] The term "ratio of molecular iodine" as used herein, refers to the ratio of molecular iodine (I2) to all other iodine
species such as iodide, triiodide and polyiodides containing more than 5 iodine atoms.
[0017] Elemental iodine is sold commercially as blue-black crystals with a high metallic luster. The major difficulty
with the preparation of a suitable oral composition of molecular iodine is related to the basic physical chemistry of this
element. All solid forms of elemental iodine sublime readily to generate a violet-colored vapor. In fact, atmospheric
iodine is a major component of global iodine cycling. Unfortunately, the facile sublimation of elemental iodine introduces
an inherent instability which complicates or precludes its use, per se, as the active ingredients in a pharmaceutical
preparation. Other chemicals are combined in some form with elemental iodine in order to provide stable preparations
that contain molecular iodine. There are three different types or categories of oral iodine compositions that have been
used to treat disease states in mammals: (1) organically bound iodine including both covalent binding and hydrophobic/
ionic complexes, (2) inorganic iodine and (3) aqueous molecular iodine.
[0018] Organic iodine compounds, which have been used "off-label" as nutritional iodine supplements, are designed
for use in the area of radiographic contrast mediums (radiopaque compounds). For instance, lymphography is used
to detect and evaluate abnormalities of the lymphatic system and as a guide to surgical dissection of lymph nodes.
Iodine-based radiopaque compounds are likewise employed in several different diagnostic procedures, i.e. chole-
cystography, myelography, urography, angiographycholangiography. A number of different organic iodine compounds
have been used for this purpose including β-(4-hydroxy-3,5-diiodophenyl)-α-phenylpropionic acid, β-(3-amino-2,4,6-tri-
iodophenyl)-α-ethylpropionic acid, iodophenylundecylate, 3,5-diacetamido-2,4,6-triiodo-benzoate, 3,5-diacetamido-
2,4,6-triiodo-benzoic acid, and ethiodized oil. The iodine atoms in these compounds are covalently bound to organic
molecules. Other forms of organic iodine have been used as therapeutics including protein-bound iodine, desiccated
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thyroid and iodine metabolically incorporated into chicken eggs.
[0019] Inorganic iodine compositions that have been used as oral therapeutics include sodium or potassium iodide;
tincture of iodine or Lugol's solution; and organic iodides that yield iodide. Aqueous compositions of these species
inherently contain a very low and/or unpredictable ratio of molecular iodine to total iodine. In fact, these compositions
usually contain less molecular iodine on a molar basis than other forms of iodine. For instance, Lugol's solution contains
approximately 129,000 ppm of total iodine but only 170 ppm of molecular iodine or a ratio of 0.0013.
[0020] Pure aqueous solutions of molecular iodine do not exist in commerce. Molecular iodine is known to be unstable
in water and this instability is a function of pH. Molecular iodine is hydrated by water and, in an aqueous system,
undergoes the series of reactions shown below in equations 1 to 3.

[0021] It is not possible to make and bottle a stable aqueous solution that contains at least a molecular iodine ratio
of 0.8. For clinical applications, this limitation has previously been addressed by preparing aqueous solutions of iodine
immediately prior to use and then consuming them. Elemental iodine dissolves very slowly in water. The long time
necessary to dissolve elemental iodine causes the loss of some nascently formed molecular iodine due to its reaction
with water as shown in equation 1 above. As a result, there are problems of consistency and ease of use with this
method. Compositions that contain several different pharmacologically active agents with diverse toxicity profiles are
not preferred as pharmaceutical agents.
[0022] An ideal drug produces its desired effect in all patients without causing toxic effects. The relationship between
the desired and undesired effects of a drug is termed its therapeutic index or selectivity. The therapeutic index for a
drug is frequently represented as the ratio of the median toxic dose to the median effective dose. In clinical studies,
drug selectivity is often expressed indirectly by summarizing the pattern and nature of adverse effects produced by
therapeutic doses of the drug and by indicating the proportion of patients with adverse side effects. Each separate
iodine species should be considered to be a unique drug entity since they have been shown to have different oral
toxicity and therapeutic index profiles. Therefore, a preferred "iodine" therapeutic is a composition wherein the all or
an overwhelming majority of the total iodine atoms present are in the desired form.
[0023] The prior art demonstrates that molecular iodine is an effective therapeutic agent in a number of disease
states. For instance, Eskin et al. (Biological Trace Element Research, Vol. 49, pp. 9-18, 1995) demonstrated that mo-
lecular iodine is "distinctly more effective in diminishing ductal hyperplasia and perilobular fibrosis in the mammary
glands than iodide". The scientific literature also indicates that the oral toxicity of iodide is greater than that for molecular
iodine. Another way to state this is to say that the prior art in animals and humans demonstrates that the most therapeutic
form of iodine, when administered orally, is molecular iodine; also, the least toxic form of iodine when administered
orally is molecular iodine. Therefore, the prior art indicates that all of the iodine in a preferred oral iodine pharmaceutical
should be molecular iodine. This distinction in toxicity is especially important for a treatment regime that requires chronic
dosing.
[0024] Since the toxicity of an oral pharmaceutical iodine drug is directly related to the ratio and concentration of the
different iodine species present; the known instability of the I2 species presents a challenge to the development of an
oral iodine pharmaceutical composition with a preferred therapeutic index. This application describes methods to over-
come the problems that exist with the prior art in the delivery of molecular iodine in an acceptable stable oral pharma-
ceutical.

Brief Description of the Drawings

[0025]

Figure 1 shows the concentration of free molecular iodine formed form a 0.375 millimolar solution os sodium iodate
as sodium iodide is added up to a concentration fo 20 millimolar.
Figure 1 also shows the concentration of iodide that is not oxidized to molecular iodine.

I2 + H2O = HOI + I- + H+ (1)

3HOI = IO + 2I- + 3H+ (2)

I2 + I- = I (3)
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Summary of the Invention

[0026] This application teaches a novel pharmaceutical composition for oral administration to a mammal which will
convert into an effective iodine therapeutic upon contact with the stomach juices of the mammal and at a ratio of
molecular iodine to total iodine of 0.8 to 1.0. This application also teaches the use of a composition for the manufacture
of a medicament for generating an effective iodine therapeutic, in situ, in the stomach of a mammal for the treatment
of fibrocystic breast syndrome and other diseases that require chronic or acute dosing of therapeutic iodine. The oral
pharmaceutical compositions of the present invention generate molecular iodine only upon contact with the gastric
juices in the stomach of a mammal and at a pharmaceutically acceptable dosage in a ratio of molecular iodine to total
iodine above at least 0.8. It should be understood that it is not presently possible to make and/or bottle a stable aqueous
solution containing molecular iodine at a molecular iodine ratio relative to total iodine at or above 0.8.
[0027] Iodine sublimes at room temperature and reacts with water as previously described. These two properties
make it very difficult to formulate molecular iodine; it is especially difficult to prepare compositions wherein most of the
iodine exists as molecular iodine. The pharmaceutical composition of the present invention does not incorporate ele-
mental iodine or molecular iodine in situ. The present invention provides for dramatically improved stability relative to
composition that incorporate molecular iodine. Control of molecular iodine is provided by the present invention which
results in generating molecular iodine at ratios of molecular iodine to total iodine between 0.8 and 1.0 and more pref-
erably between 0.9 and 1.0 upon contact with the gastric juices.
[0028] In accordance with the present invention therapeutic iodine is administrated to a mammal by feeding the
mammal an effective amount of an oxidant and reductant for an iodine species which will cause oxidation-reduction
reactions upon contact with the gastric juices present in the stomach of the mammal such that molecular iodine is
generated, in situ, at a ratio of molecular iodine to total iodine above at least about 0.8.
[0029] The pharmaceutical composition of the present invention does not incorporate any elemental iodine or aque-
ous moleular iodine; the compositions described herein rely upon the environment provided by gastric fluid to initiate
the formation of molecular iodine. The composition of the present invention may be provided in the form of a kit of
unreacted components that react with stomach fluids to generate molecular iodine in situ. The pharmaceutical com-
position of the present invention can be incorporated into a single powder, capsule, tablet, caplet, liquid; or emulsion,
in addition, combinations of these physical formats can be utilized.
[0030] The advantages of generating molecular iodine in situ within the stomach upon contact with the stomach fluids
are: (1) production of stable, pharmaceutically acceptable composition; (2) production of a controlled dosage of mo-
lecular iodine in situ; and (3) the ratio of molecular iodine is controllable at levels above 0.8.
[0031] The present invention allows an accurate dosage regime to be achieved and the reduction of unwanted toxic
side-effects associated with iodide, triiodide and polyiodides. In addition, the therapeutic efficacy for certain disease
states like fibrocystic breast syndrome is increased.

Detailed Description of the Invention

[0032] This application describes a system for the in situ generation of molecular iodine in the stomach. It is necessary
to account for the composition of gastric fluid when designing such a composition. The low pH of gastric fluids influences
this type of chemistry. The principal oxidation states of iodine are -1, +1, +3, +5, and +7. Compounds that are repre-
sentative of these states include KI, ICl, ICl3, IF5, and Na5IO6, respectively. The oxide IO2 is known and appears to be
the sole representative of +4 oxidation state.
[0033] Molecular iodine (I2) can be formed by either reducing an iodine species with a positive oxidation state or
oxidizing the iodide anion (I-). Alternatively, it is possible to use an oxidant and reducing agent which both contain
iodine. The oxidation potentials for the different oxidation states of iodine in an acidic solution are represented below:

[0034] There exists a variety of iodine species in different oxidation states. The positive oxidative states are usually
found in inorganic species such as acids, salts, oxides, or halides. The negative oxidative states appear in iodine
species that are in the form of iodide salts or organic iodo-compounds.
[0035] The oxidation states of iodine and some iodine species that are representative of those states are shown
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below:

+7: periodic acid (H5IO6), potassium periodate (KIO4), sodium periodate (NaIO4).

+5: iodic acid (HIO3), potassium iodate (KIO3), potassium hydrogen iodate (KHI2O6), sodium iodate (NaIO3), iodine
oxide (I2O5).

+3: iodine trichloride (ICl3),

+1: iodine monobromide (IBr), iodine monochloride (ICl).

-1: hydriodic acid (HI), sodium iodide, potassium iodide, ammonium iodide, aluminum iodide (AlI3), boron triiodide
(BI3), calcium iodide (CaI2), magnesium iodide (MgI2), iodoform (CHI3), tetaiodoethylene (C2I4), iodoacetic acid,
iodoethanol, iodoacetic anhydride.

[0036] Molecular iodine can be formed from oxidation-reduction reactions according to the above indicated oxidation-
reduction potentials of the half-reaction for an iodine species. Another way of stating this is as follows: substances with
lower oxidation potentials can reduce an iodine species to molecular iodine and substances with a higher oxidation
potential than iodide can oxidize iodide into molecular iodine. There are many chemicals known to one skilled in the
art that will function in this fashion.
[0037] One desired feature of the in situ generation method is to provide a composition that is non-toxic once it has
contacted gastric fluids contained in the stomach. Another parameter of this method is the speed at which molecular
iodine is generated once the composition contacts gastric fluids. Another important feature of this method is to provide
a reproducible quantity of molecular iodine.
[0038] Suitable oxidants for the in situ generation method include hydrogen peroxide, iodate, other alkalai salts of
peroxide like calcium hydroperoxide, and peroxidases that are capable of oxidizing iodide.
[0039] A preferred oxidant for this invention is hydrogen peroxide. Any material that acts as a source of an oxidizing
peroxy functionality when ingested is suitable for the present invention. The term "source of hydrogen peroxide" for
purposes of the present invention and as used herein shall mean any material alone or in combination which is phar-
maceutically acceptable to serve as a precursor for an oxidizing peroxy functionality including percarbonates, perphos-
phates, urea peroxide, peroxy acids, alkylperoxides, peroxyacids and perborates. Mixtures of two or more of these
substances can be used.
[0040] The preferred oxidant for this invention for use in combination with the iodide anion is iodate. The iodate anion
consists of one atom of iodine and three atoms of oxygen and has a negative charge associated with it at a pH of 7.0.
Preferred sources of iodate include sodium iodate, calcium iodate, and potassium iodate. The term "source of iodate"
for purposes of the present invention and as used herein shall mean any material alone or in combination which is
pharmaceutically acceptable to serve as a precursor for the liberation or delivery of iodate upon contact with stomach
fluids.
[0041] Suitable reductants for the in situ generation method include iodide, sodium thiosulfate, ascorbate, simple
reducing sugars such as lactose, imidazole and other reductants well known to one skilled in the art.
[0042] The oxidant and reductant used to generate molecular iodine can be combined in a dry state with other well
known pharmaceutical excipients to facilitate the manufacture of capsules, tablets and pills. Examples of such well
known non-toxic excipients include: various phosphate salts, sucrose, lactose, maltodextrins, mannitol, dextrates, dex-
trose, glucose, citric acid, sorbitol, microcrystalline cellulose, starches, sodium carbonate, magnesium carbonate, cal-
cium carbonate, carboxymethylcellulose, polyethylene glycol, boric acid, leucine, sodium chloride, benzoate, acetate,
oleate, magnesium stearate, stearic acid, talc and hydrogenated vegetable oils. Other excipients will occur to one
skilled in the art and are incorporated for the purposes of this application.
[0043] Preferred excipients should have the following characteristics: (1) not effect the stability of the oxidant and
reductant: (2) not interfere with the interaction between the oxidant and reductant; (3) not effect the yield of molecular
iodine; (4) not materially react with molecular iodine in a fashion that effects the absolute concentration of molecular
iodine, and (5) not effect the ratio of molecular iodine to total iodine after it is formed in the stomach and during the
time which molecular iodine is processed by the mammal in the stomach or intestines.
[0044] Alternatively, it is possible to incorporate the components of the in situ generation method into a liquid that is
swallowed prior to, after or contemporaneous with a powder, capsule, tablet, or another liquid. A variety of liquid com-
positions familiar to one skilled in the art are acceptable provided that the stability of the reactants to yield iodine is
maintained. Examples of such liquid compositions would include (1) a suspension of powders in a viscous hydrophobic
liquid such as mineral oil or (2) emulsions of hydrophobic molecular with an aqueous phase.
[0045] Two dosage ranges for molecular iodine are contemplated in this application; a range for chronic dosing and
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a range for acute dosing. Treatment of stomach ulcers which are caused by the presence of Helicobacter pylori in the
stomach lining would be an example of a disease state that requires acute dosing. Treatment of breast displasia is an
example of a disease that requires chronic dosing. The amount of molecular iodine to be provided per day for treatment
of breast displasia is between 0.5 and 12.0 mg per day for a 100 pound female mammal with a preferred range of
iodine for consumption between 2.0 and 7.5. mg per day. The amount of molecular iodine to be provided per day for
prevention of breast displasia is between 125 ug and 1.5 mg per day for a 100 pound female mammal with a preferred
range of iodine for consumption between 225 ug and 1250 ug per day. The amount of molecular iodine delivered per
day for acute dosing can be between 15 and 125 mg with a preferred range of iodine for consumption between 20 and
55 mg per day.
[0046] An important parameter of any iodine pharmaceutical is its therapeutic index. The therapeutic index for an
iodine pharmaceutical is proportional to the ratio of molecular iodine to total iodine provided by said pharmaceutical.
The higher the ratio of molecular iodine to total iodine, the higher the therapeutic index for the iodine composition. The
ratio of molecular iodine to total iodine that is generated by iodine pharmaceuticals described in this application is
between 0.8 and 1.0 with a preferred ratio of between 0.90 and 1.0. For treatment of disease states that require chronic
administration of iodine, such as fibrocystic breast syndrome, it is especially preferred to provide a composition that
provides a ratio of 0.95 to 1.0. Since molecular iodine is the least toxic form of iodine, chronic administration of an oral
iodine therapeutic should be based upon molecular iodine.
[0047] In order to limit toxicity from unwanted iodide it is necessary to limit the concentration of iodide (that remains
after in situ generation of molecular iodine). The amount of iodide in such a composition should provide no more than
1,000 ug/day of iodide when administered acutely and preferably it should provide no more than 150 ug/day when
administered chronically and most preferably is should provide no more than 50 ug/day. Therefore, as described in
this application, the concentration of iodide in an iodine pharmaceutical for acute dosing that contains 20 mg of total
iodine, should be less than 1 mg or 5% and preferably the iodide concentration should be 150 ug (or 0.75%) or less
of the total weight of iodine present.
[0048] The ratio of molecular iodine to total iodine has a preferred ratio of between 0.80 and 1.0 and a most preferred
ratio between 0.90 and 1.0. The higher the ratio of molecular iodine to total iodine, the higher the therapeutic index for
the iodine composition.
[0049] The rate of iodine generation should be rapid with at least 75% of the equilibrium concentration of molecular
iodine being generated within the first 10 minutes of contact between the specific iodine generating chemical agents
and the stomach fluids. If tablets or capusles are utilized then at least 70% of the formation of molecular iodine should
occur within the first 45 minutes of contact with the gastric fluid and preferably within the first 20 minutes.
[0050] The stability of the composition should be such that at least 90% of the molecular iodine generating capability
remains after storage in appropriate packaging at 25°C in relative humidity of 75% for at least 3 months and preferably
6 months. It is very important that the ratio of molecular iodine generated to total iodine does not materially change
during storage.

Examples

Example 1.

[0051] An experiment was designed to determine if horseradish peroxidase (HRP) can be used to catalyze the ox-
idation of an iodide/hydrogen peroxide mixture under conditions that mimic the human stomach. A second objective
for this experiment was to determine if such a composition can generate molecular iodine in gastric fluid even in the
presence of mucin.
[0052] Total iodine was measured by thiosulfate titration as described in the United States Pharmacopeia (USP).
Molecular iodine was measured by the method of Gottardi (Gottardi, W., Fresenius Z. Anal. Chem. Vol. 314, pp.
582-585, 1983) which relies upon measurement of the redox potential, iodide concentration and pH. Two Corning
Model 345 pH meters were used in combination with a platinum reference electrode (Fisher Cat. No. 13-620-115), a
Calomel electrode (Fisher Cat. No. 13-620-51) and iodide ion selective electrode (Corning Model 476127); a saturated
solution of elemental iodine at 25°C was used to calibrate the system.
[0053] Horseradish peroxidase is known to catalyze the formation of iodine in the presence of hydrogen peroxide
via the oxidation of iodide. Simulated gastric fluid (SGF), as described in the USP, was prepared as follows: 2.0 grams
of sodium chloride was dissolved in 750 mL of distilled water and then 7.0 mL of hydrochloric acid containing 3.2 grams
of pepsin was added along with enough distilled water to bring the total volume to 1000 mL. Horseradish peroxidase
(HRP) was dissolved in SGF at a concentration of 1.0 mg/mL. The activity of the horseradish peroxidase and its ab-
sorbance at 406 nm was monitored over the course of an hour. There was only a 20% decrease in the absorbance at
406 nm indicating that the tertiary structure of HRP is relatively stable in the presence of SGF. The rate at which
horseradish peroxidase catalyzed the formation of iodine was correspondingly reduced at the end of the hour by ap-
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proximately 33%.
[0054] Five grams of citric acid and 1 gram of sodium citrate were combined in one liter of water to yield a buffer with
a pH of 3.0. A second identical buffer was prepared that contained 10% pig mucin. A mixture of two powders, sodium
iodide (1 gram) and HRP (5 mg) was made, and used subsequently as a single reagent. The following reaction was
initiated. Five hundred mL of buffer or five hundred mL of 10% mucin was mixed with 1.0 grams of the iodide/HRP
mixture and 1.0 mL of 30% hydrogen peroxide. The concentration of molecular iodine was monitored as a function of
time by the method of Gottardi. At eight minutes the buffer control had a molecular iodine concentration of 30.1 ppm:
the same reaction in 10% pig mucin had a concentration of molecular iodine of 38.1 ppm.
[0055] This experiment demonstrates that a HRP can be used to catalyze the oxidation of iodide by hydrogen peroxide
in the stomach and can generate molecular iodine in gastric fluid and in the presence of mucin. Additional experiments
using Lugol's solution diluted in simulated gastric fluid at various ratios in the presence of 10% mucin did not yield any
measurable molecular iodine. This experiments suggests that it may be advantageous to generate molecular iodine
in situ in the stomach as opposed to delivering molecular iodine to the stomach.

Example 2.

[0056] An experiment was designed to compare the differences, if any, between generating molceulcar iodine in situ
as opposed to delivering molecular iodine into an environment that simulates human gastric fluid. A secondary objective
was to determine if it is possible to generate a significant concentrations of molecular iodine in the environment found
in the human stomach.
[0057] The effect of SGF with 10% pig mucin on three different types of iodine compositions was determined. The
three different types of iodine solutions were (1) Lugol's solution diluted to deliver approximately 150 ppm of titratable
iodine; (2) 10% polyvinylpyrrolidone iodine diluted to deliver approximately 150 ppm of titratable iodine; and (3) a
mixture of HRP (1.5 mg/liter), sodium iodide (2 grams/liter) and hydrogen peroxide (0 08% w/v) that generates approx-
imately 150 ppm of titratable iodine. The concentration of molecular iodine was determined potentiometrically for these
three different iodine compositions in the absence and presence of 10% pig mucin and the results are shown below.

[0058] This experiment demonstrates that it is possible to generate significant concentrations of molecular iodine in
the environment found in the stomach and that it may be preferable to generate said iodine in situ as compared to
delivering iodine to the stomach in an aqueous composition.

Example 3.

[0059] This experiment was designed to identify the preferred molar ratio of iodide to iodate to incorporate into a
suitable pharmaceutical composition such that molecular iodine is the principal form of iodine generated upon admixture
with gastric fluid.
[0060] SGF was prepared as described in the USP and sodium iodate was dissolved in the SGF to a final concen-
tration of 0.375 millimolar. A sequential addition of sodium iodide was made to the iodate solution. Sodium iodide was
added to the iodate solution in different aliquots such that the concentration of added iodide ranged between 0.25 and
3.0 millimolar. After each addition of iodide the analytical chemistry of the resulting composition was determined.
[0061] The concentration of molecular iodine increased in a nearly linear fashion between an iodide concentration
of 0.0 and 1.75 mM and then flattened out. The most obvious explanation for this observation is that once the majority
of iodate had been reduced, further addition of iodide did not produce any material formation of molecular iodine.
Instead of an increase in molecular iodine, the concentration of iodide increased. The concentration of sodium iodide
increased in a nearly linear fashion between a sodium iodide concentration of 1.75 and 3.0 mM, while, under the
identical conditions, the concentration of molecular iodine increased by less than 5%. Figure 1 shows the results of
these test. At an iodide input of 1.75 mM the concentration of molecular iodine was 1.01 mM; this is equal to about
96% of theoretical maximum yield of molecular iodine.
[0062] This experiment was repeated using 2.5 mM sodium iodate and a concentration of sodium iodide that ranged

Iodine Compositions in Simulated Gastric Fluid

Iodine Composition Molecular Iodine

SGF SGF+10% mucin

10% polyvinylpyrrolidone 9 0
Lugol's solution 59 0
HRP/iodide/peroxide mixture 15 40
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between 0 and 25 mM. The results were qualitatively identical. As iodide was added the concentration of molecular
iodine increased in a linear fashion between an iodide concentration of 0 and 12.5 mM. Once the majority of iodate
had been reduced, further addition of iodide did not produce any material increase in the concentration of molecular
iodine. The concentration of sodium iodide increased in a nearly linear fashion between a sodium iodide concentration
of 12.5 and 25.0 mM without a corresponding increase in molecular iodine. At an iodide input of 12.5 mM the concen-
tration of molecular iodine was 7.17 mM; this is equal to 95% of theoretical maximum yield of molecular iodine.
[0063] These results indicate that it is possible to generate molecular iodine in the environment found in a human
stomach in a fashion such that a material concentration of iodide does not result from the supplied chemicals. For
example, when using 0.375 mM iodate and 1.75 mM sodium iodide, there was no detectable concentration of iodide
while the concentration of molecular iodine was about 1.1 mM. Correspondingly, with 2.5 mM iodate and 12.5 mM
iodide there was no detectable concentration of iodide while the concentration of molecular iodine was about 7.3 mM.
This experiment identifies the preferred molar ratio of iodide to iodate in order to provide a composition that provides
principally molecular iodine and which thereby limits the concentration of iodide. Limiting the concentration of iodide
is important for disease states that require chronic dosing.

Example 4.

[0064] A powder blend containing magnesium stearate, sorbitol, Sodium iodide and sodium iodate was prepared.
The following amounts of each material was weighed on an analytical scale (AND Company Ltd.; Model FX-3000); 25
grams of magnesium stearate; 1,000 grams of sorbitol; 55 grams of sodium iodide; and 15.75 grams of sodium iodate.
Standard gelatin capsules were filled with 1 grams of the blended material and placed in screw-top wide-mouthed
polyethylene bottles containing a single disposable desiccant cartridge (Fisher Cat. No. 08-594-14A). The polyethylene
bottles were placed in a constant temperature environmental chamber at 40°C in 75% relative humidity. Once a week
for a three month time period, three capsules were removed, allowed to come to room temperature, and dissolved in
simulated gastric fluid. The concentration of molecular iodine was determined immediately after dissolution by a po-
tentiometric measurement. The concentration of molecular iodine did not change over a three month time period. The
percentage of the concentration measured on day 1 was plotted versus time. No trend could be detected in a graph
of the concentration of molecular iodine versus time.

Example 5.

[0065] Soybean peroxidase (E.C. 1.11.1.7) was used in conjunction with hydrogen peroxide and iodide to generate
molecular iodine in situ. The ratio of molecular iodine to total iodine was calculated. Several different reaction conditions
in a citrate/carbonate buffer were established at pH values of 1.7, 4.5 and 5.0. The concentrations of the different
reactants at a pH of 5.0 are shown below in tabular form.

[0066] The reactions at pH 5.0 were initiated adding 0.2 ml of soybean peroxidase (5 mg/ml) and gently mixing. The
concentration of molecular iodine was measured at 20 minutes by the potentiometric method of Gottardi. The concen-
tration of molecular iodine for the three conditions at pH 5.0 was as follows: reaction 1 was 43 ppm; reaction 2 was 51
ppm and reaction 3 was 159 ppm. The ratio of molecular iodine to total iodine for the three reactions was 1.02, 1.0
and 0.94 respectively.
[0067] Another reaction was initiated at pH 4.5 using the following experimental conditions. The following chemicals
were added to 1200 ml of water: 4.65 grams of citric acid, 2.0 grams of sodium carbonate, 0.252 grams of sodium
iodide, 6 milligrams of lactoperoxidase (E.C. 1.11.1.7) and 80 mg of urea hydrogen peroxide. After 20 minutes the
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concentration of molecular iodine was determined to be 172 ppm by the potentiometric method of Gottardi. The ratio
of molecular iodine to total iodine was 0.97.

Example 6.

[0068] An iodine pharmaceutical must be absorbed to provide a therapeutic benefit. Ghent (U.S. Pat. Nos. 4,816,255;
5,171,582) has shown that Lugol's solution is an effective therapeutic for the treatment of fibrocystic breast syndrome.
This experiment was designed to demonstrate that the bioavailability of molecular iodine generated in situ is at least
equal to that of Lugol's solution.
[0069] Female Sprague-Dawley rats weighing 150-250 grams that were 6-7 weeks old were purchased from Charles
River Canada, Inc. (Quebec. Canada). Rats were housed individually in stainless steel wire mesh-bottomed rodent
cages equipped with an automatic watering system. Following randomization, all cages will be clearly labeled with a
color-coded cage card indicating study number, group, animal number, sex and treatment. Each animal was uniquely
identified by an individual ear tag following arrival. The environment was controlled at 21±3°C, 50±20% relative hu-
midity, 12 hours light, 12 hours dark and 10-15 air changes were made per hour. Animals were provided with Teklad
(Madison, WI) Certified Rodent Diet (W) #8728 ad libitum. Municipal tap water that was purified by reverse osmosis
and treated by ultraviolet light was provided ad libitum. The animals were allowed to acclimate to their environment for
at least two weeks prior to the start of the experiment.
[0070] Rats were dosed with 1.0 ml per 250 grams for each treatment group. The concentration of iodine-based drug
was either 0.1 mg/kg (the low dose "L") or 1.0 mg/kg (the high dose "H") Different types of iodine-based drugs were
dosed. Lugol's is known to be an effective treatment against fibrocystic breast syndrome and it was used as the positive
control. Compositions that contained sodium iodide and sodium iodate alone, or in combination with other agents, were
used as the experimental treatments. The ratio of iodide to iodate was controlled so that essentially all of the iodide
was converted into molecular iodine. The experimental treatments included (1) NaI/NaIO mixed prior to gavage; (2)
NaI/NaIO in 0.7% HCl gavaged separately; (3) NaI/NaIO in 1% starch; and (4) NaI/NaIO in 1% sorbitol.
[0071] Blood was drawn from animals prior to treatment. Animals were gavaged and blood was taken 2 hours later
when the animals were sacrificed. The blood was processed to yield serum samples and these samples were frozen.
The frozen samples were analyzed by utilizing the reduction-oxidation reaction between ceric and arsenite catalyzed
by iodide. This method provides a measure of the total iodine that is absorbed in serum. The results of the these
measurements are shown below in tabular form.

[0072] The NaI/NaIO compositions were absorbed by the rats to a degree that was equivalent with or greater than
Lugol's solution. This indicates that the iodine in these treatments is available to mammalian tissue.

Example 7.

[0073] A seven day dosing study was conducted at different concentrations of iodine to determine the acute oral
toxicity of a NaI/NaIO composition. Twenty Sprague-Dawley female rats were divided into 4 groups with five animals
in each group. Animals were selected and treated as described above in Example 6. Rats were dosed once each day
with a NaI/NaIO composition or water (control groups). The NaI/NaIO composition was formulated so that essentially
all of the iodine atoms were converted into molecular iodine upon use. The dose level used in the three treatment
groups was (1) 0.1 mg/kg, (2) 1.0 mg/kg and (3) 10 mg/kg. Each animal was dosed with approximately 2 ml per 250
grams.

Bioavailability of Iodine (ug I-/dl) in Serum

Treatment Group Conc. (mg/kg) pre-dosing 2 hr. post-dosing

Lugol's H 9.79 130.6
L 9.50 20.9

NaI/NaIO mixed prior to gavage H 9.08 148.5
L 12.11 24.1

NaI/NaIO in 0.7% HCl separately gavaged H 9.60 167.3
L 10.8 30.7

NaI/NaIO in 1% starch H 9.42 169.8

NaI/NaIO in 1% sorbitol H 9.60 165.0
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[0074] During the treatment period, clinical signs (ill health, behavioral changes etc.) were evaluated at cage-side
twice a day. Funduscopic and biomicroscopic examinations were performed for all animals during the pretreatment
period and at the end of the treatment period. Animals were euthanized upon completion of the treatment with meth-
oxyflurane. Necropsy examination of the carcasses was performed immediately after sacrifice.
[0075] None of the animals exhibited any clinically abnormal signs. There were no abnormal signs observed during
necropsy. High doses of an iodide/iodate drug do not cause acute toxicity.

Example 8.

[0076] Female Sprague-Dawley rats (a total of 44) weighing 200-250 grams were purchased from Charles River
Canada, Inc. (Quebec, Canada). Rats were housed individually in stainless steel wire mesh-bottomed rodent cages
equipped with an automatic watering system. The environment was controlled at 21±3°C, 50±20% relative humidity,
12 hours light, 12 hours dark and 10-15 air changes were made per hour.
[0077] Animals were fed Remington iodine-deficient diet #170360 (Teklad, Madison, WI) ad libitum. Perchlorate-
treated (400 mg/dL NaClO4) municipal tap water was provided ad libitum for the first five days of captivity. One group
of rats received a normal diet (Teklad Certified Rodent Diet (W) #8728) and municipal tap water. All animals were then
allowed to acclimate to their environment for two weeks prior to the start of the experiment. Each day for the five days
preceding the initiation of testing, animals received estrogen (25 ug of 17-β estradiol) suspended in 100 ul of sesame
oil injected IM. During the 2 week experiment estrogen (2.5 ug 17-β estradiol) suspended in 100 ul of sesame oil was
injected daily. Vaginal smears were taken every other day to insure that rats achieved constant estrus throughout the
experiment.
[0078] Molecular iodine was generated in situ in the rats by gavage of an aqueous solution that contained sodium
iodide and sodium iodate (5/1 molar ratio I-/IO) such that essentially 100% of the administered iodide was converted
into molecular iodine. Rats were dosed with molecular iodine once daily. Food was removed from the rats each morning
and ten hours later, each rat was dosed with 80 ug/kg of molecular iodine. An equivalent dose of iodide (80 ug/kg) was
given to a control group of rats. The negative control consisted of rats which were dosed with tap water. Rats were
weighed daily. At the end of the 2 week study rats were sacrificed and microscopic sections of the mammary gland
tissues were stained with hematoxylin and eosin prior to being read by a pathologist. Mammary tissue was scored
according to the methods described by Eskin et al. (Biological Trace Element Research, 1995, Volume 49, pages 9-18).
[0079] Four groups of animals were examined: (1) normal diet without perchlorate treatment; (2) iodine deficient with
water gavage; (3) iodine deficient with iodide gavage; and (4) iodine deficient with iodine gavage. Each group contained
10 animals. There were small but statistically significant differences in the body weights of the different groups at the
start and end of the experimental treatments. However, all of the body weights were within the normal range. The
average weight for the four Groups were as follows (1) 208±5.6 at start, 237±7.4 at end ; (2) 212±6.3 at start, 239±6.8
at end; (3) 214±6.5 at start, 235±7.1 at end; and (4) 216±6.6 at start, 241±6.9 at end.
[0080] The mammary tissue was graded for lobular hyperplasia, secretions, periductal fibrosis, and fibroadenoma-
tous changes. The scoring system for lobular hyperplasia, secretions, periductal fibrosis graded as positive only those
animals showing moderate to severe conditions. Microscopic fibroadenomata were identified in some samples and
quantified. The results of this histological grading are shown below in tabular form.

[0081] Iodine deficiency has been shown to alter the structure and function of the mammary glands of rats, especially
the alveolar cells. When stimulated by estrogen, either physiologically or externally, the mammary glands appear to
be highly sensitive to iodine deprivation. The dysplasia and atypia caused by iodine deficiency in the mammary glands
has been shown in extensive trials on humans to be reversible by iodine treatment. The rat model has been used by
several researchers as a model of fibrocystic breast syndrome in humans. The group of rats that received the normal
diet did not present any abnormal indications. The mammary tissue of the rats on the iodine deficient diet who received
a water gavage showed atypical mammary tissue indicative of fibrocystic breast syndrome caused by an iodine defi-
ciency. The iodine deficient rats who received an iodide gavage displayed increased secretion and fibroadenomata.

Histologic Grading of Mammary Tissue

Treatment Group Lobular hyperplasia Secretion Periductal fibrosis Fibroadenomata

Normal Diet 0/10 0/10 0/10 0/10

Iodine deficient (water gavage) 4/10 2/10 10/10 3/10

Iodine deficient (iodide gavage) 4/10 410 6/10 4/10

Iodine deficient (iodine gavage) 2/10 3/10 4/10 1/10
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This increase in mammary tissue secretion and mammary tissue fibroadenomata associated with iodide treatment has
been previously observed in experiments by Eskin et al. (Biological Trace Element Research, 1995, Volume 49, pages
9-18). In contrast to iodide, gavage with the iodide/iodate mixture (i.e., iodine gavage) reduced the incidence of hyper-
plasia, secretion, periductal fibrosis and fibroadenomata. This indicates that in situ generation of molecular iodine can
reverse fibrocystic breast syndrome. The results of this experiment confirm that the in situ generation of molecular
iodine is an effective modality for treatment of fibrocystic breast syndrome and other iodine deficiency disease states.

Example 9.

[0082] A granulation incorporating iodide anion and iodate anion was prepared and its stability was evaluated at
40°C. In a Kitchen Aid mixer the following chemicals were added: 100 ml deionized water; 1.0 gram of sodium iodate;
3.63 grams of sodium iodide; 5.0 grams of tribasic sodium phosphate; and a drop of sodium hydroxide. The materials
were mixed well until they were blended. Twenty five grams of hydroxypropylmethyl cellulose was added and the
material was blended until it was uniform. An additional 450 grams of microcrystalline cellulose was slowly added while
mixing. This granulation was passed through a number 5 sieve and then dried in a vacuum over at 50°C. After drying
the material for 12 hours it was passed through a number 20 sieve.
[0083] Forty five samples of one gram of the dried granulation were weighed into glass vials and then placed in an
oven at 40°C. Three samples was withdrawn approximately each week for three months and the amount of thiosulfate
titratable iodine was determined after dissolution in 1 liter of simulated gastric fluid. The results of these measurements
are shown below in tabular form.

Example 10.

[0084] A solution of sodium iodate was prepared at a concentration of 5 millimolar in 200 ml of SGF (without pepsin)
in a Teflon-lined screw-top glass bottle. A concentrated solution of ascorbic acid was added dropwise to this solution
through a tube. The concentration of iodide (determined by ISE) and free molecular iodine (determined potentiomet-
rically) was determined after each addition of ascorbic acid The electrodes used for the iodide and free molecular
iodine measurements were contacted through air-tight hole fabricated in the top of the Teflon-lined container. The
concentration of molecular iodine increased in a nearly linear fashion as a function of the amount of ascorbic acid
added until its concentration reached a maximum of 2.38 millimolar. After the molecular iodine reached a maximum,
its concentration decreased as the concentration of ascorbic acid increased. No iodide was detected until the concen-
tration of molecular iodine reached 2.38 millimolar. The concentration of iodide increased with increasing ascorbic acid
until it reached a maximum of 4.82 millimolar at which it remained constant regardless of any increase in ascorbic acid.
[0085] The experiment was repeated using another oxidant-reductant pair. Iodate and sodium thiosulfate were sub-
stituted for iodate and ascorbic acid. The exact same experiment was repeated except that concentrated sodium thi-
osulfate was added dropwise to the sealed container. Once again the concentration of molecular iodine reached a
maximum value of 2.26 millimolar and then decreased. As the concentration of molecular iodine decreased from its
maximum value, the concentration of iodide increased from 0 to 4.7 millimolar.

Example 11.

[0086] The ratio of molecular iodine to total iodine was determined as a function of the ratio of iodide anion to iodate
anion in SGF (without pepsin). The following measurements were made to determine the presence of different iodine
species: thiosulfate titratable iodine, potentiometric analysis of molecular iodine and ion selective electrode determi-
nation of iodide anion. It was found that essentially all of the input mass of iodine atoms was accounted for by measuring
these three species. Triiodide and other polyiodides were calculated from the thiosulfate values and molecular iodine
values. The ratio of molecular iodine to total iodine was determined by dividing the mass of molecular iodine by the
sum of the mass of iodide, molecular iodine and triiodide.
[0087] The ratio by weight of iodide anion to iodate anion was varied from 0.5 to 8. It was observed that the ratio of
molecular iodine to total iodine varied as shown in tabular form below.

Thiosulfate Titratable Iodine Generated by Iodide/Iodate Granulation versus Time at 40°C

Day Number 1 7 14 21 30 37 44 51 60 67 74 81 88 95

mg per sample 8.7 8.6 8.7 8.7 8.8 8.8 8.7 8.6 8.7 8.7 8.6 8.8 8.7 8.6



EP 1 024 815 B1

5

10

15

20

25

30

35

40

45

50

55

13

Additional experimentation indicated that a weight ratio for the reactants, iodide and iodate, of about 0.78 (I-/IO) yielded
a ratio of molecular iodine to total iodine of 0.8.

Example 12.

[0088] Female Sprague-Dawley rats weighing 200-250 grams were purchased from Charles River Canada, Inc.
(Quebec, Canada). Rats were treated exactly as described in Example 8 and were subjected to identical procedures
with respect to perchlorate and estrogen dosing.
[0089] Each rat was dosed by gavage of an aqueous solution that contained sodium iodide and sodium iodate (5/1
molar ratio I-/IO) such that essentially 100% of the administered iodide and iodate was convened into molecular iodine
upon contact with the stomach fluids. Rats were dosed with molecular iodine once daily. Food was removed from the
rats each morning and ten hours later, each rat was dosed with one of three concentrations 0.0010, 0.010 or 0.10 mg/
kg of molecular iodine. A dose of iodide (100 ug/kg) was given to a control group of rats. The negative control consisted
of rats which were dosed with tap water. At the end of 4 weeks rats were sacrificed and microscopic sections of the
mammary gland tissues were stained with hematoxylin and eosin prior to being read by a pathologist. Mammary tissue
was scored as described in Example 8.
[0090] Six groups of animals were examined: groups 1 - 3 received daily doses of one of three concentrations of
molecular iodine: (4) received the normal diet without perchlorate treatment; (5) received the iodine deficient diet with
a water gavage; and (6) received an iodine deficient diet and were dosed with iodide (100 ug/kg). All of the rats body
weights were within the normal range throughout the study. The mammary tissue was graded for lobular hyperplasia,
secretions, periductal fibrosis, and fibroadenomatous changes as described in Example 8. Microscopic fibroadenomata
were identified in some samples and quantified. The results of this histological grading are shown below in tabular form.

[0091] Rats maintained on a normal diet did not exhibit clinically abnormal signs. As expected, rats on an iodine
deficient diet that did not receive treatment (water gavage) presented mammary tissue whose histology is consistent
with FBS. Daily treatment with iodide (100 ug/kg) did not substantially alleviate the formation of fibroadenomata. Daily
treatment with molecular iodine at a concentration of 1 ug/kg did not substantially alleviate the formation of fibroade-
nomata and periductal fibrosis. Daily treatment with molecular iodine at a concentration of 10 and 100 ug/kg substan-
tially reduced the formation of fibroadenomata and periductal fibrosis.

Example 13.

[0092] Female Sprague-Dawley rats weighing 200-250 grams were purchased from Charles River Canada, Inc.
(Quebec. Canada). Rats were made iodine deficient using the exact procedures previously described in Examples 8
and 12. Rats were dosed with five different compositions: (1) water; (2) iodide at 0 1 mg/kg (delivered in the form of
sodium iodide); (3) mineral oil emulsion that delivered molecular iodine at 0.01 mg/kg; (4) mineral oil emulsion that
delivered molecular iodine at 0.001 mg/kg; and (5) mineral oil emulsion that delivered molecular iodine at 0.10 mg/kg.
[0093] Mineral oil (500 mL) was thoroughly mixed with powdered gum acacia (125 grams) in a dry mortar. Sodium
carbonate (50 mg) and a mixture of sodium iodide/sodium iodate was added (5/1 molar ratio I-/IO) to sterile distilled

Ratio of Molecular Iodine to Total Iodine as a Function of the Iodide/Iodate Ratio (wt)

Ratio iodide/iodate (wt) 0.5 1 2 3 4 5 6 7 8

Ratio molecular iodine 0.52 0.72 0.89 0.97 0.92 0.76 0.8 0.56 0.50

Histologic Grading of Mammary Tissue

Treatment Group Lobular hyperplasia Secretion Periductal fibrosis Fibroadenomata

Molecular Iodine 1 ug/kg 4.10 6/10 6/10 4/10

Molecular Iodine 10 ug/kg 2/10 4/10 4/10 1/10

Molecular Iodine 100 ug/kg 2/10 3/10 2/10 1/10

Normal Diet 0/10 0/10 0/10 0/10

Water Gavage 4/10 1/10 10/10 5/10

Iodide Gavage 4/10 5/10 5/10 3/10
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water (250 mL) and this solution was thoroughly mixed with the mineral water/acacia blend. The resulting mixture was
emulsified in a high speed mixer (Lightnin Model L1U08). After emulsification, sterile distilled water was added to bring
the final volume to 1000 mL. The concentration of iodide/iodate added to the three different mineral emulsions was
calculated so that one mL contained one of the following three values: 0.25, 2.5 or 25 ug of iodine atoms.
[0094] Each rat was dosed by gavage once daily with each of the test articles. The negative control consisted of rats
dosed with water. The positive control consiste of rats dosed with iodide. At the end of 4 weeks rats were sacrificed
and microscopic sections of the mammary gland tissues were stained with hematoxylin and eosin prior to being read
by a pathologist.

[0095] The results of this experiment are broadly consistent with the observations made in the previous example
suggesting that an aqueous composition is a satisfactory vehicle for delivery of the iodide/iodate mixture.

Example 14.

[0096] Oral pharmaceuticals that are formulated as solid dosage forms must meet specific regulatory guidelines with
respect to their stability. The stability of such a pharmaceutical is typically evaluated both at room temperature and at
elevated temperatures in oder to asses the real-world stability of such compositions. A solution of iodide and a solution
of iodate was granulated onto several different sugars to evaluate the chemical stability of the combination of these
two chemicals in the an acceptable pharmaceutical dosage form. The following sugars were used: sucrose, glucose,
dextrose, galactose, sorbitol, maltodextrin, fructose and lactose. In each instance, the first agent to be granulated was
sodium iodate. Each sugar was combined with sodium carbonate in a 50/50 mixture prior to granulation. After granu-
lation of sodium iodiate .each sugar-carbaonte mixture was vacuum dried for at least 5 days at 40°C. The granulations
were stored at room temperature in a vacuum dessicator.
[0097] A highly concentration solution of sodium iodide was then sprayed onto each of the sugar-carbonate mixtures
that had been previously granulated with sodium iodate. The sodium iodide was sprayed very slowly using an atomizer
to deliver a volume of liquid which represented approximately 1% of the weight of the sugar. After addition of sodium
iodide the sugar-carbonate mixtures were dried under vacuum at 40°C for at least one week. Sodium iodate was added
at a concentration such that its final concentration in the dried sugar-carbonate was approximately 0.34% by weight.
Sodium iodide was used at a concentration such that its final concentration in the dried sugar-carbonate was approx-
imately 1.32%.
[0098] Each sugar-carbonate mixture was stored in an open glass container at 40°C and at room temperature in a
sealed glass container. The concentration of iodide and iodate in each of the sugar-carbonate mixtures was measured
every month for six months. Iodide was measured using an ion selective electrode. Iodate was measured by means
of a thiosulfate titrations. The results of the measurements on the materials stored at 40°C are shown below in tabular
form below.

Histologic Grading of Mammary Tissue

Treatment Group Lobular hyperplasia Secretion Periductal fibrosis Fibroadenomata

Molecular Iodine 1 ug/kg4/10 5/10 8/10 5/10

Molecular Iodine 10 ug/kg 3/10 4/10 4/10 1/10

Molecular Iodine 100 ug/kg 3/10 4/10 2/10 0/10

Water Gavage 5/10 1/10 10/10 5/10

Iodide Gavage 4/10 6/10 4/10 3/10

Concentration of Iodide/Iodate Stored at 40°C vs Time

Sorbitol Iodide 5.26 5.39 5.18 4.9 5.21 5.36

Iodate 1.38 1.44 1.39 1.40 1.40 1.41

Maltodextrin Iodide 4.82 5.26 4.96 5.01 4.98

Iodate 1.40 1.37 1.38 1.43 1.43 1.40

Fructose Iodide 5.41 5.47 5.34 5.22 5.19 5.36

Iodate 1.41 1.40 1.43 1.38 1.40 1.40
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The data clearly suggest that iodide/iodate can be stabilized in a fashion suitable for use in a commercial pharmaceutical
dosage form.
[0099] The invention is not to be construed as limited to the above examples. Other embodiments are within the
scope of the following claims.

Claims

1. Use of a composition comprising an effective amount of a pharmaceutically acceptable oxidant for an iodine species
and a pharmaceutically acceptable iodine reductant, with at least one of these compounds containing an iodine
species, for the manufacture of a medicament for treating an iodine deficiency disorder wherein an oxidation-
reduction reaction occurs in vivo upon contact of the composition with the gastric juices present in the stomach of
a mammal to generate molecular iodine in the stomach of the mammal at a ratio of molecular iodine to total iodine
above at least about 0.8.

2. The use of the composition of claim 1, wherein said iodine reductant and an iodine species having a positive
oxidation state are used to generate said molecular iodine.

3. The use of the composition of claim 1, wherein said iodide oxidant and a source of an iodide anion are used to
generate said molecular iodine.

4. The use of the composition of claim 2, wherein said iodine species having a positive oxidation state is selected
from the group consisting of calcium iodate, iodic acid, potassium iodate, potassium hydrogen iodate, sodium
iodate.

5. The use of the composition of claim 4, wherein said iodine reductant is selected from the group consisting of iodide,
sodium thiosulfate, ascorbate, lactose, reducing sugars and imidazole.

6. The use of the composition of claim 3, wherein said iodide oxidant is selected from the group consisting of hydrogen
peroxide, iodate, alkali salts of peroxide such as calcium peroxide, peroxidase, ascorbic acid and/or other phar-
maceutically acceptable organic acids with an oxidation potential greater than -0.54 electron volts.

7. The use of the composition of claim 6, wherein said source of the iodine anion is selected from the class consisting
of sodium iodide, potassium iodide, ammonium iodide, calcium iodide, magnesium iodide and other pharmaceu-
tically acceptable iodide salts.

8. The use of the composition of claim 7, wherein said peroxidase is selected from the group consisting of horseradish
peroxidase, soybean peroxidase, lactoperoxidase and myerloperoxidase.

(continued)

Concentration of Iodide/Iodate Stored at 40°C vs Time

Glucose Iodide 5.37 5.05 4.75 5.54 5.48 5.44

Iodate 1.37 1.37 1.43 1.38 1.37 1.40

Lactose Iodide 4.66 5.30 5.02 4.93 4.99 5.15

Iodate 1.33 1.41 1.39 1.37 1.38 1.37

Dextrose Iodide 5.38 5.26 4.93 5.16 5.11 5.25

Iodate 1.37 1.39 1.34 1.40 1.37 1.37

Sucrose Iodide 5.26 4.84 5.33 5.15 5.42 5.14

Iodate 1.38 1.37 1.37 1.37 1.33 1.39

Galactose Iodide 5.04 5.17 4.88 5.22 4.87 4.91

Iodate 1.40 1.37 1.38 1.37 1.43 1.49
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9. The use of the composition of claim 1, wherein said composition is combined with a non-aqueous pharmaceutically
acceptable medium.

10. The use of the composition of claim 9, where said non-aqueous pharmaceutically suitable medium is a nontoxic
excipient selected from the group consisting of sucrose, lactose, maltodextrin, mannitol, dextrate, dextrose, glu-
cose, citric acid, sorbitol, microcrystalline cellulose, starch, sodium carbonate, magnesium carbonate, potassium
carbonate, calcium carbonate, carboxymethylcellulose, cross-carmelous cellulose, polyethylene glycol, boric acid,
benzoate, acetate, oleate, magnesium stearate, stearic acid, talc, hydrogenated vegetable oils, hydroxymethyl-
cellulose, cellulose, calcium phosphates, sodium phosphates, potassium phosphates, and combinations thereof.

11. The use of the composition of any of the claims 1 to 10, wherein said composition further comprises an inorganic
or organic iodine composition.

12. The use of the composition of claim 1, wherein said disorder to be treated is fibrocystic breast syndrome and the
effective daily amount of molecular iodine generated, in vivo, in the stomach of the mammal is between 0.01 mg
per kilogram to about 0.20 mg per kilogram of body weight of said mammal.

13. The use of the composition of claim 12, wherein the effective daily amount of molecular iodine generated in vivo,
for the prevention of fibrocystic breast syndrom, is between 0.0025 mg per kilogram to about 0.01 mg per kilogram
of body weight of said mammal.

14. The use of the composition of claim 1, wherein at least 50% of the molecular iodine is generated in vivo within a
time interval of no more than about 20 minutes from contact of said composition with the gastric fluid in the stomach
of the mammal.

15. A composition characterized by a pharmaceutically acceptable oxidant for an iodine species, a pharmaceutically
acceptable iodine reductant and a pharmaceutically acceptable carrier for use as a medicament to administer in
vivo therapeutic iodine to a mammal wherein at least one of these compounds contains an iodine species, with
said oxidant and reductant selected to undergo oxidation-reduction reactions upon contact with the gastric juices
present in the stomach of said mammal in an amount sufficient to generate molecular iodine, in vivo, at a ratio of
molecular iodine to total iodine above at least about 0.8.

16. The composition of claim 15, wherein said oxidant and reductant comprises an iodate and an iodide respectively.

17. The composition of claim 16, wherein said iodide is selected from the group consisting of sodium iodide, potassium
iodide, ammonium iodide, calcium iodide, and magnesium iodide.

18. A non-aqueous composition of claim 17, wherein said iodate is selected from the group consisting of calcium
iodate, potassium iodate, and sodium iodate.

19. The composition of claim 16, wherein the preferred ratio by weight of iodide anion to iodate anion is 3.63 to 1.0.

20. The composition of claim 16, wherein the ratio by weight of iodide anion to iodate anion ([I-]/[IO]) is between 0.78
and 6.0.

21. The composition according to any of the preceding claims, wherein said pharmaceutically acceptable carrier is a
non-toxic excipient selected from the group consisting of sucrose, lactose, maitodextrin, mannitol, dextrate, dex-
trose, glucose, sorbitol, microcrystalline cellulose, starch, sodium carbonate, magnesium carbonate, potassium
carbonate, calcium carbonate, carboxymethylcellulose, cross-carmelous cellulose, polyethylene glycol, boric acid,
benzoate, acetate, oleate, magnesium stearate, stearic acid, talc, hydrogenated vegetable oils, hydroxymethyl-
cellulose, cellulose, calcium phosphates, sodium phosphates, potassium phosphates, and combinations thereof.

22. The composition according to any of the preceding claims, wherein the pH of the gastric fluid in the stomach of
said mammal prior to administration of said non-aqueous composition is less than 4.5.

23. The composition of claim 17, further characterized in that the iodate anion and the iodide anion are initially dis-
solved in an aqueous composition and then applied to the pharmaceutically acceptable carrier prior to drying.
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24. The composition according to any of the preceding claims, wherein said oxidant and reductant comprise a source
of hydrogen peroxide, an iodide and a peroxidase selected from the group consisting of horseradish peroxidase,
soybean peroxidase, lactoperoxidase and myerloperoxidase.

25. The aqueous composition of claim 15, wherein said oxidant and reductant comprise an iodate and an iodide re-
spectively contained in a solution or an emulsion.

26. The composition of claim 25, wherein said iodide is selected from the group consisting of sodium iodide, potassium
iodide, ammonium iodide, calcium iodide, and magnesium iodide.

27. The composition of claim 25, wherein said iodate is selected from the group consisting of calcium iodate, potassium
iodate, sodium iodate.

28. The composition of claim 25, wherein the preferred ratio by weight of iodide anion to iodate anion is 3.63 to 1.0.

29. The composition of claim 25, wherein the ratio by weight of iodide anion to iodate anion ([I-] / [IO]) is between 0.78
and 6.0.

Patentansprüche

1. Verwendung einer Verbindung die einen wirksamen Gehalt eines pharmazeutisch akzeptablen Oxidationsmittels
für eine Jod-Spezies und ein pharmazeutisch akzeptables Jod Reduktionsmittel umfasst, wobei wenigstens eine
dieser Verbindungen eine Jod-Spezies enthält, und zwar zur Herstellung eines Medikamentes für die Behandlung
einer Jod-Mangel-Funktionsstörung, wobei eine Oxidations-Reduktions Reaktion in vivo stattfindet beim Kontakt
der Verbindung mit den Magensäften, vorhanden im Magen eines Säugerorganismus, um molekulares Jod im
Magen des Säugerorganismus zu erzeugen im Verhältnis von molekularem Jod zu Gesamt-Jod von über minde-
stens ungefähr 0.8.

2. Die Verwendung der Verbindung nach Anspruch 1, bei der das Jod-Reduktionsmittel und eine Jod-Spezies, die
einen positiven Oxidationszustand haben, benutzt werden um das molekulare Jod zu erzeugen.

3. Die Verwendung der Verbindung nach Anspruch 1, bei der das Jod-Oxidationsmittel und eine Quelle eines Jod-
Anions benutzt werden um besagtes molekulares Jod zu erzeugen.

4. Die Verwendung der Verbindung nach Anspruch 2, bei der die Jod-Spezies, die einen positiven Oxidationszustand
hat, ausgewählt ist aus der Gruppe bestehend aus Kalziumjodat, Jodsäure, Kaliumjodat, Kaliumhydrogenjodat,
Natriumjodat.

5. Die Verwendung der Verbindung nach Anspruch 4, bei der das Jod-Reduktionsmittel ausgewählt wird aus einer
Gruppe bestehend aus Jodid, Natriumthiosulfat, Ascorbat, Laktose, reduzierende Zucker und Imidazole.

6. Die Verwendung der Verbindung nach Anspruch 3, bei der das Jod-Oxidationsmittel ausgewählt wird aus einer
Gruppe bestehend aus Hydrogenperoxid, Jodat, Alkali-Salzen der Peroxide wie zum Beispiel Kalziumperoxid,
Peroxidase, Ascorbinsäure und/oder anderen pharmazeutisch akzeptablen organischen Säuren mit einem Oxi-
dations-Potential größer als -0.54 Elektronen Volt.

7. Die Verwendung der Verbindung nach Anspruch 6, bei der die Quelle von dem Jod-Anion ausgewählt wird aus
der Klasse bestehend aus Natriumjodid, Kaliumjodid, Ammoniumjodid, Kalziumjodid, Magnesiumjodid und ande-
ren pharmazeutisch akzeptablen Jod-Salzen.

8. Die Verwendung der Verbindung nach Anspruch 7, bei der die Peroxidase ausgewählt wird aus der Gruppe be-
stehend aus Meerrettichperoxidase, Sojabohnenperoxidase, Milchperoxidase und Myeloperoxidase.

9. Die Verwendung der Verbindung nach Anspruch 1, bei der die Verbindung mit einem nicht-wässrigen pharmazeu-
tisch akzeptablen Medium kombiniert ist.

10. Die Verwendung der Verbindung nach Anspruch 9, bei der das nicht-wässrige, pharmazeutisch geeignete Medium
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ein nicht-toxischer Arzneiträger ist, ausgewählt aus der Gruppe bestehend aus Saccharose, Laktose, Maltodextrin,
Mannitol, Dextrat, Dextrose, Glukose, Zitronensäure, Sorbitol, klein-kristalline Zellulose, Stärke, Natriumcarbonat,
Magnesiumcarbonat, Kaliumcarbonat, Kalziumcarbonat, Carboxymethylzellulose, kreuzkaramelisierte (cross-car-
melous) Zellulose, Polyethylen-Glykol, Borsäure, Benzoat (=Salze der Borsäure), Azetat (=Salze der Essigsäure),
Oleinate (=Salze der Ölsäure), Magnesiumstearat, Stearinssäure , Talkum, hydrierte (=mit Wasserstoff verbunde-
ne) pflanzliche Öle, Hydroxymethylzellulose, Zellulose, Kalziumphosphate, Natriumphosphate, Kaliumphosphate,
und Kombinationen davon.

11. Die Verwendung der Verbindung nach einem der Ansprüche 1 bis 10, bei der die Verbindung weiter eine anorga-
nische oder organische Jod-Verbindung umfasst.

12. Die Verwendung der Verbindung nach Anspruch 1, bei der die Funktionsstörung, die behandelt werden soll, das
fibrozystisches Brust Syndrom ist und die wirksame tägliche Menge von molekularem Jod, erzeugt in vivo im
Magen von dem Säugerorganismus, zwischen 0.01 mg pro Kilogramm bis ungefähr 0.20 mg pro Kilogramm des
Körpergewichtes von besagtem Säugerorganismus liegt.

13. Die Verwendung der Verbindung nach Anspruch 12, bei der die wirksame tägliche Menge von molekularem Jod,
die in vivo erzeugt wird, für die Vorbeugung gegen fibrozystisches Brust Syndrom, zwischen 0.0025 mg pro Kilo-
gramm bis ungefähr 0.01 mg pro Kilogramm des Körpergewichtes von besagtem Säugerorganismus liegt.

14. Die Verwendung der Verbindung nach Anspruch 1, bei der wenigstens 50% von dem molekularen Jod in vivo
erzeugt wird in einem Zeitraum von nicht mehr als 20 Minuten beginnend vom Kontakt der besagten Verbindung
mit der Magenflüssigkeit in dem Magen von dem Säugerorganismus.

15. Ein Verbindung gekennzeichnet durch ein pharmazeutisch akzeptables Oxidationsmittel für eine Jod-Spezies,
ein pharmazeutisch akzeptables Jod-Reduktionsmittel und ein pharmazeutisch akzeptabler Träger zum Gebrauch
als Medikament, um in vivo therapeutisches Jod einem Säugerorganismus zu verabreichen, wobei mindestens
eine dieser Verbindungen eine Jod-Spezies enthält, mit besagtem Oxidationsmittel und Reduktionsmittel, ausge-
wählt, um Oxidations-Reduktions Reaktionen nach Kontakt mit den Magensäften durchzuführen, die im Magen
von besagten Säugerorganismen vorhanden sind, in einer Menge ausreichend, um in vivo molekulares Jod in
einem Verhältnis von molekularem Jod zu Gesamt-Jod von über mindestens ungefähr 0.8 herzustellen.

16. Die Verbindung nach Anspruch 15, bei der das Oxidationsmittel und Reduktionsmittel ein Jodat beziehungsweise
ein Jodid umfasst.

17. Die Verbindung nach Anspruch 16, bei der das Jodid aus der Gruppe, bestehend aus Natriumjodid, Kaliumjodid,
Ammoniumjodid, Kalzium-Jodid, und Magnesiumjodid ausgewählt wird.

18. Eine nicht-wässrige Verbindung nach Anspruch 17, bei der das Jodat aus der Gruppe bestehend aus Kalziumjodat,
Kalium-Jodat und Natriumjodat ausgewählt wird.

19. Die Verbindung nach Anspruch 16, bei der das bevorzugte Gewichtsverhältnis von Jodid-Anion zu Jodat-Anion
3.63 bis 1.0 beträgt.

20. Die Verbindung nach Anspruch 16, bei der das Gewichtsverhältnis von Jodid-Anion zu Jodat-Anion ([J-] / [J0])
zwischen 0.78 und 6.0 liegt.

21. Die Verbindung nach einem der vorhergehenden Ansprüche, bei der der pharmazeutisch akzeptable Träger ein
nicht-toxischer Arzneiträger ist, ausgewählt aus der Gruppe bestehend aus Saccharose, Laktose, Maltodextrin,
Mannitol, Dextrat, Dextrose, Glukose, Sorbitol, kleinstkristalline Zellulose, Stärke, Natriumcarbonat, Magnesium-
carbonat, Kaliumcarbonat, Kalziumcarbonat, Carboxymethyzellulose, kreuzkarameliosierte Zellulose, Polyethy-
len-Glykol, Borsäure, Benzoat, Azetat, Oleinat, Magnesiumstearat, Stearinsäure, Talkum, hydrierte pflanzliche
Öle, Hydroxymethylzellulose, Zellulose, Kalzium-Phosphate, Natrium-Phosphate, Kalium-Phosphate, und Kom-
binationen davon.

22. Die Verbindung nach einem der vorhergehenden Ansprüche, wobei der pH der Magenflüssigkeit im Magen von
besagtem Säugerorganismus vor Gabe von besagter nicht-wässriger Verbindung kleiner als 4.5 ist.
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23. Die Verbindung nach Anspruch 17, weiter dadurch gekennzeichnet, dass das Jodat-Anion und das Jodid-Anion
ursprünglich in einer wässrigen Verbindung gelöst sind und dann an den pharmazeutisch akzeptablen Träger
angebracht werden vor dem Trocknen.

24. Die Verbindung nach einem der vorhergehenden Ansprüche, bei der das Oxidationsmittel und Reduktionsmittel
eine Quelle von Hydrögeri-Peroxid umfassen, ein Jodid und eine Peroxidase ausgewählt aus der Gruppe beste-
hend aus Merrettichperoxidase, Sojabohnenperoxidase, Milch-Peroxidase, und Myeloperoxidase.

25. Die wässrige Verbindung nach Anspruch 15, bei der das Oxidationsmittel und Reduktionsmittel ein Jodat bezie-
hungsweise ein Jodid umfassen, enthalten in einer Lösung oder einer Emulsion.

26. Die Verbindung nach Anspruch 25, bei der das Jodid ausgewählt wird aus der Gruppe bestehend aus Natriumjodid,
Kaliumjodid, Ammoniumjodid, Kalziumjodid, und Magnesiumjodid.

27. Die Verbindung nach Anspruch 25, bei der das Jodat ausgewählt wird aus der Gruppe bestehend aus Kalziumjodat,
Kaliumjodat, Natriumjodat.

28. Die Verbindung nach Anspruch 25, bei der das bevorzugte Gewichtsverhältnis von Jodid-Anion zu Jodat-Anion
bei 3.63 bis 1.0 liegt.

29. Die Verbindung nach Anspruch 25, bei der das Gewichtsverhältnis von Jodid-Anion zu Jodat-Anion ([J-] / [J0])
zwischen 0.78 und 6.0 liegt.

Revendications

1. Utilisation d'une composition comprenant une quantité efficace d'un oxydant acceptable sur le plan pharmaceuti-
que pour une espèce d'iode et d'un réducteur d'iode acceptable sur le plan pharmaceutique, au moins un de ces
composants contenant une espèce d'iode, pour la fabrication d'un médicament destiné à traiter un trouble dû à
une carence en iode, dans laquelle une réduction-oxydation s'opère in vivo par contact de la composition avec
les sucs gastriques présents dans l'estomac d'un mammifère afin de générer de l'iode moléculaire dans l'estomac
du mammifère selon un rapport de l'iode moléculaire à l'iode total supérieur à au moins environ 0,8.

2. Utilisation de la composition selon la revendication 1, dans laquelle ledit réducteur d'iode et ladite espèce d'iode
présentant un état d'oxydation positif sont utilisés pour générer ledit iode moléculaire.

3. Utilisation de la composition selon la revendication 1, dans laquelle ledit oxydant d'iodure et une source d'un anion
iodure sont utilisés pour générer ledit iode moléculaire.

4. Utilisation de la composition selon la revendication 2, dans laquelle ladite espèce d'iode présentant un état d'oxy-
dation positif est sélectionnée dans le groupe constitué par l'iodate de calcium, l'acide iodique, l'iodate de potas-
sium, l'iodate d'hydrogène de potassium, l'iodate de sodium.

5. Utilisation de la composition selon la revendication 4, dans laquelle ledit réducteur d'iode est sélectionné dans le
groupe constitué par l'iodure, le thiosulfate de sodium, l'ascorbate, le lactose, les sucres réducteurs et l'imidazole.

6. Utilisation de la composition selon la revendication 3, dans laquelle ledit oxydant d'iodure est sélectionné dans le
groupe constitué par le peroxyde d'hydrogène, l'iodate, les sels alcalins de peroxyde tels que le peroxyde de
calcium, la peroxydase, l'acide ascorbique et/ou les autres acides organiques acceptables sur le plan pharmaceu-
tique, présentant un potentiel d'oxydation supérieur à -0,54 électrons-volts.

7. Utilisation de la composition selon la revendication 6, dans laquelle ladite source d'anion iodure est sélectionnée
dans la classe constituée par l'iodure de sodium, l'iodure de potassium, l'iodure d'ammonium, l'iodure de calcium,
l'iodure de magnésium et les autres sels iodures acceptables sur le plan pharmaceutique.

8. Utilisation de la composition selon la revendication 7, dans laquelle ladite peroxydase est sélectionnée dans le
groupe constitué par la peroxydase de raifort, la peroxydase de soja, la lactoperoxydase et la myerloperoxydase.
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9. Utilisation de la composition selon la revendication 1, dans laquelle ladite composition est combinée à un milieu
non-aqueux, acceptable sur le plan pharmaceutique.

10. Utilisation de la composition selon la revendication 9, dans laquelle ledit milieu non-aqueux approprié, acceptable
sur le plan pharmaceutique, est un excipient sélectionné dans le groupe constitué par le saccharose, le lactose,
la maltodextrine, le mannitol, le dextrate, le dextrose, le glucose, l'acide citrique, le sorbitol, la cellulose microcris-
talline, l'amidon, le carbonate de sodium, le carbonate de magnésium, le carbonate de potassium, le carbonate
de calcium, la carboxyméthylcellulose, la cellulose réticulée, le polyéthylène glycol, l'acide borique, le benzoate,
l'acétate, l'oléate, le stéarate de magnésium, l'acide stéarique, le talc, les huiles végétales hydrogénées, l'hydroxy-
méthylcellulose, la cellulose, les phosphates de calcium, les phosphates de sodium, les phosphates de potassium
et les combinaisons de ceux-ci.

11. Utilisation de la composition selon l'une quelconque des revendications 1 à 10, dans laquelle ladite composition
comprend en outre une composition d'iode inorganique ou organique.

12. Utilisation de la composition selon la revendication 1, dans laquelle ledit trouble à traiter est un syndrome de
mastose sclérokystique et la quantité quotidienne efficace d'iode moléculaire généré in vivo, dans l'estomac du
mammifère, est comprise entre 0,01 mg par kilogramme et environ 0,20 mg par kilogramme de poids corporel
dudit mammifère.

13. Utilisation de la composition selon la revendication 12, dans laquelle la quantité quotidienne efficace d'iode mo-
léculaire généré in vivo pour la prévention du syndrome de mastose sclérokystique est comprise entre 0,0025 mg
par kilogramme à environ 0,01 mg par kilogramme de poids corporel dudit mammifère.

14. Utilisation de la composition selon la revendication 1, dans laquelle au moins 50 % de l'iode moléculaire est généré
in vivo dans un intervalle de temps ne dépassant pas 20 minutes à partir du contact de ladite composition avec
le suc gastrique dans l'estomac du mammifère.

15. Composition caractérisée par un oxydant acceptable sur le plan pharmaceutique pour une espèce d'iode, un
réducteur d'iode acceptable sur le plan pharmaceutique et un vecteur acceptable sur le plan pharmaceutique pour
une utilisation en tant que médicament destiné à administrer in vivo de l'iode thérapeutique à un mammifère, dans
laquelle au moins un de ces composants contient une espèce d'iode, avec lesdits oxydant et réducteur choisis
pour subir des réactions d'oxydation-réduction par contact avec les sucs gastriques présents dans l'estomac dudit
mammifère, en quantité suffisante pour générer de l'iode moléculaire in vivo, selon un rapport d'iode moléculaire
à l'iode total d'au moins environ 0,8.

16. Composition selon la revendication 15, dans laquelle les oxydant et réducteur comprennent respectivement un
iodate et un iodure.

17. Composition selon la revendication 16, dans laquelle ledit iodure est choisi dans le groupe constitué par l'iodure
de sodium, l'iodure de potassium, l'iodure d'ammonium, l'iodure de calcium et l'iodure de magnésium.

18. Composition non-aqueuse selon la revendication 17, dans laquelle ledit iodate est choisi dans le groupe constitué
par l'iodate de calcium, l'iodate de potassium et l'iodate de sodium.

19. Composition selon la revendication 16, dans laquelle le rapport préféré en poids de l'anion iodure à l'anion iodate
est de 3,63 à 1,0.

20. Composition selon la revendication 16, dans laquelle le rapport préféré en poids de l'anion iodure à l'anion iodate
([I-]/[IO] est compris entre 0,78 et 6,0.

21. Composition selon l'une quelconque des revendications précédentes, dans laquelle ledit vecteur acceptable sur
le plan pharmaceutique est un excipient non-toxique choisi dans le groupe constitué par le saccharose, le lactose,
la maltodextrine, le mannitol, le dextrate, le dextrose, le glucose, le sorbitol, la cellulose microcristalline, l'amidon,
le carbonate de sodium, le carbonate de magnésium, le carbonate de potassium, le carbonate de calcium, la
carboxyméthylcellulose, la cellulose réticulée, le polyéthylène glycol, l'acide borique, le benzoate, l'acétate, l'oléa-
te, le stéarate de magnésium, l'acide stéarique, le talc, les huiles végétales hydrogénées, l'hydroxyméthylcellulose,
la cellulose, les phosphates de calcium, les phosphates de sodium, les phosphates de potassium et les combi-
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naisons de ceux-ci.

22. Composition selon l'une quelconque des revendications précédentes, dans laquelle le pH du liquide gastrique
dans l'estomac dudit mammifère avant l'administration de ladite composition non-aqueuse est inférieur à 4,5.

23. Composition selon la revendication 17, caractérisée en outre en ce que l'anion iodate et l'anion iodure sont
initialement dissous dans une composition aqueuse et ensuite, appliqués à un vecteur acceptable sur le plan
pharmaceutique avant séchage.

24. Composition selon l'une quelconque des revendications précédentes, dans laquelle lesdits oxydant et réducteur
comprennent une source de peroxyde d'hydrogène, un iodure et une peroxydase choisie dans le groupe constitué
par la peroxydase de raifort, la peroxydase de soja, la lactoperoxydase et la myerloperoxydase.

25. Composition aqueuse selon la revendication 15, dans laquelle lesdits oxydant et réducteur comprennent respec-
tivement un iodate et un iodure contenus dans une solution ou une émulsion.

26. Composition selon la revendication 25, dans laquelle ledit iodure est choisi dans le groupe constitué par l'iodure
de sodium, l'iodure de potassium, l'iodure d'ammonium, l'iodure de calcium et l'iodure de magnésium.

27. Composition selon la revendication 25, dans laquelle ledit iodate est choisi dans le groupe constitué par l'iodate
de calcium, l'iodate de potassium, l'iodate de sodium.

28. Composition selon la revendication 25, dans laquelle le rapport en poids préféré de l'anion iodure à l'anion iodate
est de 3,63 à 1,0.

29. Composition selon la revendication 25, dans laquelle le rapport en poids de l'anion iodure à l'anion iodate ( [I-] /
[IO]) est compris entre 0,78 et 6,0.
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