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tion, calcidiol (but not calcitriol) was described as the active
form of vitamin D. In still other attempts, calcitriol is
directly administered (ROCALTROLTM; 1,25-dihydroxyc
holecalciferol, commercially available by Roche) to increase

COMPOSITIONS AND METHODS RELATED
TO CALCTROL

This application claims priority to our copending U.S.
provisional application Ser. No. 61/166,510 which was filed
Apr. 3, 2009, and which is incorporated by reference herein.
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calcitriol serum concentration. However, oral administration
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of calcitriol is associated with a plethora of undesirable side
effects, including hypercalcemia, excessive thirst and Sweat
ing, nausea, and constipation.
Thus, while numerous compositions and methods of
modulating calcitriol concentrations in serum are known in

FIELD OF THE INVENTION

The field of the invention is compositions and methods
related to modulation of calcitriol (1,25-dihydroxyvitamin
D) concentration in blood/serum of a mammal, and espe
cially to short-term modulations of endogenous calcitriol in

the art, all of almost all of them suffer from one or more

disadvantages. Consequently, there is still a need to provide
improved compositions and methods to modulate the concen
tration of calcitriol in a mammal, and especially in a human.

human serum.
15

BACKGROUND OF THE INVENTION

SUMMARY OF THE INVENTION

The vitamin D endocrine system, besides playing pivotal

The present invention is directed to various compositions
and methods oftemporarily and transiently increasing blood
calcitriol concentration using effective dosages of boron-con
taining compounds. Most preferably, such compounds are
certain carbohydrate-boron complexes with sufficient stabil
ity to allow transit into the blood stream upon oral adminis

roles in calcium homeostasis and bone mineral metabolism, is

recognized to play a pivotal role in a wide range of funda
mental biological functions, and especially in cell differen
tiation, inhibition of cell growth, and immune function. Vita
min D (cholecalciferol) is considered a prohormone, which
is converted into the more active form 25-hydroxyvitamin D.
(calcidiol), which in turn is converted into the hormonal form
1.25-hydroxyvitamin D (calcitriol) in selected tissues. Cal
citriol then binds and activates the cellular Vitamin D recep
tor (VDR) to modulate gene transcription and regulate min
eral ion homeostasis. Abrogation of gene activation by VDR
action is thought to be under the control of the calcitriol
metabolizing enzyme 24-hydroxylase that inactivates cal

tration.
25

In one aspect of the inventive subject matter, a method of
method of acutely and transiently increasing blood calcitriol
concentration in a mammal includes a step of identifying a
dosage and schedule for administration of a boron-containing
compound that is effective to produce a temporary spike in

30

blood calcitriol concentration in the mammal, and another

step of providing the boron-containing compound in a formu
lation that allows administration of the boron-containing
compound in the dosage and Schedule effective to produce the
temporary spike in the calcitriol concentration in the mam

citriol.

As the VDR receptor (and various isoforms) and the cor
responding metabolic enzymes are expressed in many tissues,
it is assumed that calcitriol can act in an autocrine, paracrine,
or intracrine fashion to affect the biology of non-classical
target tissues. For example, production of both the activating
and the metabolizing enzymes by cells of the immune system
Suggests that calcitriol can be locally produced in immune
reaction sites. Indeed, recent studies have shown moderate

immunosuppressive effect of calcitriol. Other studies have
shown that calcitriol may act as a potent antiproliferative
agent. For example, Vitamin D deficiency is Suspected to raise
the risk of prostate cancer, most likely via the VDR but
possibly also through its 1-alpha-hydroxylation in the pros
tate. Similarly, calcitriol is a coordinate regulator of prolif
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eration, differentiation, and survival of breast cancer cells. In

addition, epidemiologic, clinical, and animal studies Sug
gested that vitamin D status is important for protection
against the development of breast cancer. Therefore, vitamin
D compounds that bind and activate VDRs offer promise as
therapeutic agents for the treatment of established breast can

50

C.

To increase levels of calcitriol, various attempts have been
undertaken. Most commonly, dietary Supplementation using
Vitamin D (cholecalciferol) is considered a viable option to
raise cholecalciferol levels with the expectation that an
upstream surplus of substrate will ultimately lead to the pro
duction of the calcitriol form. Unfortunately, calcitriol syn
thesis and degradation are tightly regulated processes, and no
significant increase in calcitriol can be achieved using admin
istration of cholecalciferol. Similarly, U.S. Pat. App. No.
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2005/0032743 teaches use of low-dose administration of

selected boron-containing compounds together with chole
calciferol to raise levels of calcidiol (25-hydroxyvitamin D.)
in human, presumably via inhibition of the conversion of the
calcidiol to calcitriol. It should be noted that in this publica

65

mal.

It is generally preferred that the administration is oral
administration, most preferably at a daily dosage between
100 mg and 1000 mg of the boron-containing compound. It is
further generally preferred that the boron-containing com
pound is a carbohydrate-boron complex having a boron por
tion and at least one carbohydrate ligand (e.g., fructose, man
nose, mannitol, Sorbose, and/or Sorbitol) complexed to the
boron portion, typically having a boron-ligand association
constant of between 3,000 and 20,000. In especially preferred
aspects, the boron-ligand association constant that is suffi
cient to deliver the carbohydrate-boron complex into blood in
measurable quantities. Where the complex is electrically
charged, it is typically preferred that the charge is neutralized
by a alkaline or earth alkaline cation. For example, suitable
boron containing complexes include a calcium salt of fruc
toborate. In further contemplated aspects, it is preferred that
the boron-containing compound is formulated Such that the
temporary spike is measurable between 30 and 180, and more
preferably between 60 and 140 minutes post administration.
While not limiting to the inventive subject matter, it is
contemplated that the temporary spike (e.g., an increase of at
least 5% of blood calcitriol concentration, and more typically
at least of at least 25% of blood calcitriol concentration) in the
blood calcitriol concentration is produced by activation of
blood cells, and especially by activation of monocytes. There
fore, and among other Suitable uses, it should be appreciated
that contemplated compounds may be effective to modulate
an immune response, and especially to reduce an inflamma
tory reaction.
Therefore, and viewed from a different perspective, a
method of modulating a condition associated with a serum
calcitriol concentration in a mammal (e.g., an inflammatory
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reaction or a neoplastic condition) is contemplated that
includes the steps of identifying a dosage and Schedule for
administration of a boron-containing compound that is effec
tive to produce a temporary spike in blood calcitriol concen
tration in the mammal; and another step of administering the
boron-containing compound at the dosage and schedule
effective to produce the temporary spike in the calcitriol
concentration in the mammal, wherein the temporary spike is
effective to modulate the condition.

As before, it is generally preferred that the administration
is oral administration, and that the dosage is a daily dosage
between 100 mg and 1000 mg of the boron-containing com
pound. Most preferably, the boron-containing compound is a
carbohydrate-boron complex having a boron portion and at
least one carbohydrate ligand complexed to the boron por
tion, typically having a boron-ligand association constant of
between 3,000 and 20,000. Consequently, it is also preferred
the carbohydrate-boron complex has a boron-ligand associa
tion constant that is sufficient to deliver the carbohydrate
boron complex into blood in measurable quantities.
Various objects, features, aspects and advantages of the
present invention will become more apparent from the fol
lowing detailed description of preferred embodiments of the

10
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about 3,000 to about 20,000.

invention.
25

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1A-1D are exemplary graphs illustrating changes of
calcitriol levels in blood of human volunteers 30 minutes

(1A), 60 minutes (1B), 90 minutes (1C), and 90-120 minutes
(1D) after administration of contemplated compounds.
FIGS. 2A-2B are exemplary graphs depicting acute

30

increase of blood calcitriol over time as a function of admin

istration of contemplated compounds.
FIG. 3 is an exemplary graph depicting kinetics of blood
calcitriol as a function of administration of contemplated
compounds.

35

DETAILED DESCRIPTION
40

The inventor has unexpectedly discovered that various
boron-containing compounds are effective in transiently and
acutely raising calcitriol levels in blood of a mammal to a
significant degree. Indeed, calcitriol levels could be acutely
increased in an amount of at about 80% upon oral adminis
tration of a single dose of a boron-containing complex.
In especially preferred aspects of the inventive subject
matter, numerous compositions and methods of modulation
of calcitriol are provided. Most preferably, the modulation is

45

an acute increase in serum concentration and within a rela

50

tively short period of time (e.g., less than 3 hours, and more
typically within 90-120 minutes), and is of transient nature
(typically lasting less than 12 hours, more typically less than
6 hours, and most typically between 30 and 240 minutes).
Most typically, the acute increase is observable as a tempo
rary spike of the calcitriol concentration in the blood/serum,
wherein the spike is typically an increase of at least 10% over
initial/baseline concentration (more typically at least 20%,
even more typically at least 50%, and most typically at least
90%) and limited in duration (e.g., less than 12 hours, more
typically less than 8 hours, and most typically less than 4
hours).
Thus, it should be appreciated that contemplated com
pounds typically produce a transient increase in calcitriol
blood/serum concentration rather than a prolonged steady
state increase. Moreover, it should be appreciated that the
increase is highly specific towards calcitriol and does not

4
significantly affect 25-hydroxyvitamin D (calcidiol).
Among other suitable compounds, it is especially preferred
that contemplated compounds are boron-ligand complexes,
and particularly boron-carbohydrate and/or boron-amino
acid complexes. It should be noted that the term “boron
containing compound as used herein expressly excludes
boric acid and any salt thereof.
Therefore, preferred compositions for modulation of cal
citriol include a boron-containing compound in which boron
or borate is bound (covalently or non-covalently) in a com
plexed form with at least one ligand, and more typically
between two and four ligands. For example, Suitable ligands
will include those in which at least one of the ligands includes
oxygen, nitrogen, carbon, and/or Sulfur, and even more pref
erably in which all of the ligands include at least one of the
above atoms. Viewed from a different perspective, ligands are
especially preferred where the ligand(s) provide a relatively
high association constant, most preferably in the range of
Among other advantages, it is contemplated that boron
complexes with a relatively high association constant will
have sufficient stability in vivo to Survive the passage through
the gastrointestinal system and absorption in to the blood
stream in an unaltered form. While not limiting to the inven
tive subject matter, the inventor hypothesizes that stable
boron-containing complexes will interact with certain mam
malian cells (and especially monocytes and proximal tubule
cells of the nephron) to stimulate 1-alpha hydroxylase,
directly or indirectly (possibly via parathyroid hormone
receptor PTH1R and/or PTH2R).
Consequently, Suitable ligands in contemplated complexes
include saccharides (mono-, di-, and poly-) natural and syn
thetic amino acids, polyols, etc. Thus, especially preferred
ligands have a conformation with at least two hydroxyl
groups, or one hydroxyl group and one amino group in a 12
and a 1.3-position relative to each other. For example, suitable
ligands include fructose, Sorbitol, mannitol, Xylitol, Sorbose,
serine, threonine, etc. Additionally contemplated boron-con
taining compounds are described in U.S. Pat. Nos. 5.962,049,
5,985,842, and 6,080,425, and U.S. Pat. App. No. 2005/
0032743, all of which are incorporated by reference herein.
This and all other extrinsic materials discussed herein are
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incorporated by reference in their entirety. Where a definition
or use of a term in an incorporated reference is inconsistent or
contrary to the definition of that term provided herein, the
definition of that term provided herein applies and the defi
nition of that term in the reference does not apply.
While synthetic compounds are preferred in at least some
aspects of the inventive Subject matter, it should be recog
nized that all naturally-occurring boron/borate-containing
compounds are also deemed Suitable for use herein. Espe
cially Suitable compounds may be isolated from plant mate
rials (and particularly from cell wall associated materials
Such as polysaccharides), and cartilage and/or bone-associ
ated materials (e.g., glucans, dextrans, etc.) as well as micro
bial mucopolysaccharides. Of course, it is noted that where
desirable. Such compounds may also be synthesized mimetics
of the above naturally occurring boron and/or borate contain
ing compounds.
Compositions comprising the boron-containing compound
may be prepared in numerous manners and may include phar
maceutically and/or nutritionally acceptable carriers. There
fore, it should be recognized that the compounds and com
positions according to the inventive Subject matter can be
modified in numerous manners, and especially preferred
modifications include those that improve one or more phar
macokinetic and/or pharmacodynamic parameter. For

US 8,809,284 B2
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example, one or more Substituents may be added or replaced
at the ligands to achieve a higher AUC in serum. On the other
hand, and especially where decreased solubility is desired,
hydrophobic groups may be added. Moreover, contemplated
boron-containing compounds may be modified to so form a
prodrug, and exemplary Suitable protocols for conversion of
contemplated compounds into the corresponding prodrug
form can be found in “Prodrugs (Drugs and the Pharmaceu
tical Sciences: a Series of Textbooks and Monographs) by
Kenneth B. Sloan (ISBN: 0824786297), and “Hydrolysis in
Drug and Prodrug Metabolism: Chemistry, Biochemistry,
and Enzymology” by Bernard Testa, Joachim M. Mayer
(ISBN: 390639025X), both of which are incorporated by
reference herein. On the other hand, and especially where
contemplated compounds have a higher activity when the
compound is metabolized (e.g., partially hydrolyzed,
hydroxylated, glucuronidated, etc.), it should be noted that
metabolites of contemplated compounds are also expressly
contemplated herein.
Depending on the particular purpose, it should also be
recognized that contemplated compounds or combinations of
compounds may be combined (in vivo or in a pharmaceutical
formulation or administration regimen) with further pharma
ceutically active ingredients, and especially contemplated
otheringredients include known anti-neoplastic, anti-obesity,
anti-osteoporosis, anti-stroke, cardioprotective, and/or
immunosuppressant medications.
Depending on the particular use and structure, it is there
fore contemplated that the compounds according to the inven
tive Subject matter are present in the composition in an
amount generally between 1 milligram to 2500 milligrams,
more typically between 10 milligrams to 1000 milligrams,
and most typically between 250 milligrams to 750 milligrams
per single dosage unit. Thus, preferred concentrations of con
templated compounds in vivo or in vitro generally are
between 0.1 nM and 500 microM, more typically between 50
nM and 250 microM, and most typically between 100 nMand
250 microM. In particularly preferred aspects, and based on
various dose range finding studies, especially preferred oral
dosages are between 200 mg and 1000 mg per day, typically
in a single dosage (alternatively, up to three daily dosages or
even more in rare cases, are also deemed Suitable). Unless the
context dictates the contrary, all ranges set forth herein should
be interpreted as being inclusive of their endpoints, and open
ended ranges should be interpreted to include only commer
cially practical values. Similarly, all lists of values should be
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mation, conditions associated with overreaction of the
25
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Suitable routes of administration include oral, intramuscular,

intravenous, Sublingual, rectal, intradermal, transdermal,
topical, or Subcutaneous administration. The person of ordi
nary skill in the art will be well appraised of appropriate
nutraceutical and pharmaceutical carriers, and all of the
known carriers are deemed suitable for use herein. Especially
preferred oral formulations are those in which the boron
complex is not retained over a prolonged period, but is bio

immune system (autoimmune diseases, allergic reactions,
etc.), diabetes mellitus (type II), cardiac diseases, and obesity.
For therapeutic or prophylactic purposes, contemplated
compounds are ordinarily combined with one or more adju
vants appropriate to the indicated route of administration. If
administered per os, the compounds may be admixed with
lactose, Sucrose, starch powder, cellulose esters of alkanoic
acids, cellulose alkyl esters, talc, Stearic acid, magnesium
Stearate, magnesium oxide, sodium and calcium salts of phos
phoric and Sulfuric acids, gelatin, acacia gum, Sodium algi
nate, polyvinylpyrrolidone, and/or polyvinyl alcohol, and
then tableted or encapsulated for convenient administration.
Such capsules or tablets may contain a controlled-release
formulation as may be provided in a dispersion of active
compound in hydroxypropylmethyl cellulose.
Formulations for parenteral administration may be in the
form of aqueous or non-aqueous isotonic sterile injection
Solutions or Suspensions. These solutions and Suspensions
may be prepared from Sterile powders or granules having one
or more of the carriers or diluents mentioned for use in the

45

considered as inclusive of intermediate values unless the con

text indicates the contrary.
Furthermore, it should be recognized that all formulations
are deemed suitable for use herein and especially include oral
and parenteral formulations. For example, for oral adminis
tration, contemplated compositions may be in the form of a
tablet, capsule, Suspension, or liquid. The nutraceutical or
pharmaceutical composition is preferably made in the form of
a dosage unit containing a particular amount of the active
ingredient. Examples of Such dosage units are tablets or cap
Sules. The active ingredient may also be administered by
injection as a composition wherein, for example, Saline, dex
trose or water may be used as a suitable carrier. Alternative

6
available for absorption in less than 90 after administration.
Thus, suitable formulations will include those in which con
templated compounds are packaged into Soft gelatin capsules
(with otherinactive ingredients as appropriate), or are pressed
into a tablet (typically in admixture with pharmaceutically
acceptable inactive ingredients).
The amount of therapeutically active compound that is
administered and the dosage regimen for treating a disease or
condition associated with abnormal levels of calcitriol using
compounds and/or compositions of this invention depends on
a variety of factors, including the age, weight, sex and medi
cal condition of the subject, the severity of the disease, the
route and frequency of administration, and the particular
compound employed, and thus may vary widely. However,
especially Suitable quantities are provided above, and may
therefore allow for a daily dose of about 0.01 (or even less) to
100 mg/kg body weight, preferably between about 0.1 and
about 50 mg/kg body weight and most preferably from about
0.5 to 20 mg/kg body weight. Typically, a daily dose can be
administered in one to four doses per day. Especially contem
plated conditions that though to be modulated with calcitriol
include neoplastic diseases of the prostate and skin, inflam

50
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formulations for oral administration. The compounds may be
dissolved in water, polyethylene glycol, propylene glycol,
ethanol, corn oil, cottonseed oil, peanut oil, Sesame oil, ben
Zyl alcohol, sodium chloride, and/or various buffers. Other
adjuvants and modes of administration are well and widely
known in the pharmaceutical art.
Of course, it should further be appreciated that all contem
plated compounds may be present in form of a prodrug, a
metabolite, and/or a salt with a pharmaceutically acceptable
acid or base. The term “prodrug as used herein refers to a
modification of contemplated compounds, wherein the modi
fied compound exhibits less pharmacological activity (as
compared to the modified compound) and wherein the modi
fied compound is converted within the body (e.g., in a target
cell or target organ) back into the unmodified form through
enzymatic or non-enzymatic reactions. For example, conver
sion of contemplated compounds into prodrugs may be useful
where the active drug is too toxic for safe Systemic adminis
tration, or where the contemplated compound is poorly
absorbed by the digestive tract or other compartment or cell,
or where the body breaks down the contemplated compound
before reaching its target.
With respect to suitable uses, it is generally contemplated
that the compositions and compounds according to the inven

US 8,809,284 B2
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tive subject matter can be employed in the prophylaxis and/or
treatment of any condition that is characterized by an abnor
mal serum concentration (or kinetic) of calcitriol. The term
'abnormal serum concentration' as used herein refers to a

deviation of at least 20% of the average calcitriol concentra
tion, which is typically below 20 pg/ml, and even more typi
cally below 15 pg/ml. Therefore, especially contemplated
uses include all conditions and diseases known to be associ

ated with (permanent or transient) low levels of calcitriol. For
example, contemplated uses include prophylactic or thera
peutic use of contemplated compounds to treat or prevent
various cancers, and especially cancers of the prostate, the
mammary gland, and the skin. Moreover, contemplated com
pounds may also be used to reduce inflammation, or to pro
duce a local or systemic immunomodulation (e.g., change in
Th1/Th2 cytokine balance or immunosuppression). Alterna
tively, suitable uses further include treatment and prevention
of diabetes and heart disease, treatment or prevention of obe

10

15

hormone.

S1ty.

EXAMPLES

In a typical example, five subjects were administered a
single dosage of 552 mg calcium fructoborate upon informed
consent, and blood was drawn immediately prior to adminis

25

tration and after 30, 60, 90, and 120 minutes. Calcitriol was

measured using a standard radioimmunoassay from a com
mercial lab starting from 4 ml whole blood (numerous alter
native methods are also deemed Suitable, including those
described in U.S. Pat. Nos. 4,585,741, 5,202,266, and 6,455,

30

714). From each sample and for each time point, concentra
tions of calcidiol and calcitriol in serum were measured and

the data are shown in FIGS. 1A to 1D. FIG. 1A depicts the
effect of oral administration of calcium fructoborate on blood

calcitriol 30 minutes after oral administration, FIG. 1B

35

depicts the effect of oral administration of calcium fructobo
rate on blood calcitriol 60 minutes after oral administration,

and FIG. 1C depicts the effect of oral administration of cal
cium fructoborate on blood calcitriol 90 minutes after oral

administration. FIG. 1D depicts the effect of oral administra
utes after oral administration. Remarkably, while calcitriol
serum concentration was significantly and acutely affected as
can be readily taken from FIGS. 1A-1D, the calcidiol con
FIGS. 2A and 2B depict a graphic illustration of the results
from this study where the biphasic mode of modulation of
calcitriol is clearly seen between times 0-90 minutes (de
crease) and 90-120 minutes (increase). In most cases, it is
expected that the so increased calcitriol level will drop back to
starting levels within 6 hours or less, and more typically
within 4 hours, or less (data not shown). FIG. 3 depicts
another graphic representation in which the exclusive modu

contemplated aspects of the inventive Subject matter, it is
noted that in at least Some dosage ranges boric acid and any
salt thereof may also be employed to modulate the serum
calcitriol concentration in a mammal. Thus, it should be

45

appreciated that boron-containing compounds (and to some
extent even boric acid and any salt thereof) may be effective
in modulation of calcitriol and diseases/conditions associated
with abnormal calcitriol levels.

50

lation of calcitriol versus calcidiol is shown.

As the concentration of calcitriol is tightly regulated, it
should be appreciated that the stimulatory effect of contem
plated compounds is not expected to raise the steady-state
level of calcitriol, but rather to provide a pulse of calcitriol
(synthesis and/or release). Consequently, contemplated com
pounds are thought to be particularly useful to provide a
transient increase in serum calcitriol without significantly
altering serum levels of calcidiol.
While not wishing to be bound by any theory or hypothesis,
the inventors contemplate that the compounds according to
the inventive Subject matter increase serum concentration of
calcitriol in a bi-modal manner. During the first 60 minutes, a
moderate increase is observed in the case of subjects with low

Notably, it was observed that the serum calcium and serum
phosphate concentrations only changed relatively moderately
(about 5-15%) upon administration of contemplated com
pounds (and especially administration of about 550 mg cal
cium fructoborate), while the serum concentrations of par
athyroid hormone and calcitonin changed at range 10-30%
(data not shown).
Among other conditions and disorders that are associated
with or responsive to calcitriol, especially contemplated con
ditions and disorders that may be treated with the boron
containing complexes presented herein are those that require
reduction of an immune response (e.g., due to activation of
monocytes) to so treat certain inflammatory and/or immune
disorders, colorectal cancer, and obesity.
It is still further contemplated that the desirable effect of
selectively modulating calcitriol and not affecting calcidiol
may be due to the relatively high dosage of contemplated
compounds. Therefore, it is contemplated that particularly
preferred compositions and methods will include administra
tion of boron-containing compounds at a daily dose of at least
50 mg, more preferably at least 100 mg, even more preferably
at least 250 mg, and most preferably at least 500 mg to a
achieve a selective modulation of calcitriol. In further, less

40

tion of calcium fructoborate on blood calcitriol 90-120 min

centration remained unaffected.

8
initial level of calcitriol (<30 pg/ml), but not in subjects with
initial levelD30 pg/ml. Quite likely, activity of the CYP sys
tem may play a role during this phase. During the 90-120
minute interval, all Subjects responded the same way with a
Substantial increase regardless of initial calcitriol concentra
tion, which may indicate that the increase in calcitriol may be
due to de novo synthesis in the kidney (and possibly ectopi
cally by other tissues and organs). Based on these observa
tions, it should be appreciated that the increase of calcitriol is
not a matter of increased stability of calcidiol as postulated
earlier. Instead, the increase may be due to a stimulatory
effect of contemplated compounds on the kidney and other
enzymatically active tissues. Alternatively, or additionally,
stimulation by contemplated compounds may also be linked
to levels in calcium, phosphate, calcitonin, and/or parathyroid
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Suitable dosage ranges may be identified by various man
ners, generally following the experimental protocol as out
lined above. Most typically, dosage ranges for a specific route
of administration will begin at a low dose (e.g., 0.1 mg/kg)
and increase gradually (typically in two- to ten-fold increased
of the initial dosage), and effects on blood calcitriol will be
observed over several hours following administration. Alter
natively, Suitable dosage ranges can also be determined by
reference to specific literature, and even by reference to this
document. Similarly, suitable schedules can be determined
without undue experimentation, following the experimental
procedures as noted above. Therefore, suitable schedules will
typically be between once and four times daily or as otherwise
desired.

Using LC-MS, Ca-Fructoborate was detected and mea
Sured from serum samples at concentrations as low as 0.2 ppm
and higher. This method was used to analyze the presence and
65

amount of Ca-Fructoborate in serum collected from mice

treated orally (gavage) with Ca-Fructoborate in liquid at dose
600 mcg/mouse for 30 and 60 minutes. Results show clearly

US 8,809,284 B2
10
that the referenced elements, components, or steps may be
present, or utilized, or combined with other elements, com
ponents, or steps that are not expressly referenced. Where the
specification claims refers to at least one of something
selected from the group consisting of A, B, C . . . and N, the
text should be interpreted as requiring only one element from
the group, not A plus N, or B plus N, etc.

that Ca-Fructoborate was delivered from intestine to blood

stream in intact form and in time-dependent manner, which is
reflected in the Table below. The here obtained data show for
the first time that Ca-fructoborate can serve as a controlled

release source of boron in blood and tissues and is not likely
to be a pre-from of boric acid. Based upon the amount of
Ca-fructoborate provided per mouse (20 g. by average) the
collected results show that bioavailability of the compound is
as high as 556 mcg/ml of serum.

What is claimed is:
10

Sample

Time of Treatment

Intact Ca-fructoborate mcg/mL)

Untreated
1.
2.

O
30 minutes
60 minutes

*below detection
449
556

15

*Detection limit - 3 mcgfmL

concentration unaffected in the mammal; and

Detection of intact Ca-Fructoborate in sera collected from

fasted mice treated orally with the compound for 30 or 60
minutes. Collected sera were diluted in running buffer and
filtered through 0.45 PVDF filter. This solution was analyzed
by LCMS for Ca-Fructoborate as the fructoborate anion.
Remarkably, the inventors further contemplate that con
templated compounds additionally had a long-term effect on
blood/serum testosterone, particularly where the compounds
(typically calcium fructoborate) were administered over
extended periods of time. For example, upon administration
of 100-600mg of the boron containing compounds, testoster
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administering the boron-containing compound at the dos
age and Schedule effective to produce the temporary
spike in the calcitriol concentration while simulta
neously maintaining calcidiol concentration unaffected
in the mammal; wherein the boron-containing com
pound is a carbohydrate-boron complex; and carbohy
drate-boron complex is a calcium salt of fructoborate
and thereby acutely and transiently increase the endog
enous blood calcitriol concentration in the mammal.
2. The method of claim 1 wherein administration is oral

one levels increased in male and female Volunteers at least

15% over base line, more typically at least 20%, and in some
cases even more than 25% during administration over at least
14 days.
Consequently, the inventors also contemplate methods of
marketing, informing, and advertising a consumer (or
patient) that calcitriol levels can be transiently elevated by
administration of a boron-containing compound as disclosed
and exemplified above. In especially preferred methods, the
boron-containing compound is a compound in which boron
forms a complex with one or more carbohydrate, polyol.
and/or amino acid ligands. Furthermore, it is generally pre
ferred that administration of such compounds is in the range
of between 1-2500 mg per day, and more preferably between
100 and 1000 mg per day. With respect to marketing, inform
ing, and advertising, it is noted that all suitable methods are
deemed appropriate and include printed matter (e.g., on prod
uct package or flyer), displayed matter (e.g., on screen via
Internet or TV), and auditory channels (e.g., radio ad).
It should be apparent to those skilled in the art that many
more modifications besides those already described are pos
sible without departing from the inventive concepts herein.
The inventive subject matter, therefore, is not to be restricted
except in the spirit of the appended claims. Moreover, in
interpreting both the specification and the claims, all terms
should be interpreted in the broadest possible manner consis
tent with the context. In particular, the terms “comprises” and
“comprising should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating

1. A method of acutely and transiently increasing endog
enous blood calcitriol concentration in a mammal, compris
ing:
identifying a dosage and Schedule for administration of a
boron-containing compound that is effective to produce
a temporary spike in endogenous blood calcitriol con
centration while simultaneously maintaining calcidiol
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administration, and wherein the dosage is a daily dosage
between 200 mg and 1000 mg of the boron-containing com
pound.
3. The method of claim 1 wherein the boron-containing
compound is a carbohydrate-boron complex having a boron
portion and at least one carbohydrate ligand complexed to the
boron portion.
4. The method of claim 3, wherein the carbohydrate-boron
complex has a boron-ligand association constant of between
3,000 and 20,000.

5. The method of claim3, wherein the carbohydrate ligand
is fructose, mannose, mannitol, Sorbose, or Sorbitol.
40
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6. The method of claim 3, wherein the carbohydrate-boron
complex has a boron-ligand association constant that is Suf
ficient to deliver the carbohydrate-boron complex into blood
in measurable quantities.
7. The method of claim 1, wherein the temporary spike in
blood calcitriol concentration is produced by monocyte acti
Vation.

8. The method of claim 1, wherein the administration is
50

effective to modulate an immune response.
9. The method of claim 1, wherein the immune response is
an inflammatory reaction.
10. The method of claim 1, wherein the temporary spike is
an increase of at least 5% of blood calcitriol concentration.

11. The method of claim 1, wherein the temporary spike is
an increase of at least 25% of blood calcitriol concentration.
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12. The method of claim 1, wherein the temporary spike is
measurable between 30 and 180 minutes post administration.
k

k

k

k
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