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COMPOSITION OF MATTER, SYSTEM, AND
METHOD FOR ENHANCED MAGNESIUM
UPTAKE, RETENTION, AND SYNERGISTIC
ACTIONS

PRIORITY

This application 1s a continuation of and claims priority to
U.S. application Ser. No. 17/820,325 filed Aug. 17, 2022,
entitled “Composition of Matter, System, and Method for
Enhanced Magnesium Uptake, Retention, and Synergistic
Actions”, the entirety of which are incorporated by reference
herein.

TECHNICAL FIELD

The embodiments relate to the field of magnesium uptake,
retention, and synergistic actions 1n cells and other physi-
ologic fluids. Enhanced delivery systems accomplish better
uptake and replenishment of magnesium 1n mammals. This
results 1n multiple beneficial, synergistic eflects.

BACKGROUND

This distinctive composition corrects deficits of
exchangeable magnesium (Mg*™™) throughout the body.
Micellized soft gels containing inverted micellar nanodrop-
lets that improve the uptake and retention of magnesium
related functions in cells and systems that depend upon
magnesiuim.

The usual calcium/magnesium ATPase 10n channel satu-
rates typically at one-third or less of the amount consumed.
Thus, 11 the dose of magnesium salts consumed leads to
retention of two-thirds the amount taken and this leads to
hypermotility and then itestinal discomiort (typically diar-
rhea). Correct combinations of quaternary amines, mono-,
di-, tr1- or multi-carboxylic acids, and magnesium, as
described, produce the novel results presented herein.

When measured in blood serum, low cell magnesium 1s
associated with excess cell acids (cell metabolic acidosis).
Impaired cell functions result. Magnesium deficiency links
to 1mpaired magnesium-dependent enzyme catalyst activa-
tion, impaired ATP activity, and impaired mitochondrial
function due to loss of the proton gradient that depends upon
intracellular magnesium. Thus, cell energy 1s impaired due
to lack of receipt from the mitochondrna of ATP. Chronic 1l
health and treatment resistance are often due to madequate
magnesium. Low cell magnesium 1s defined herein as being,
in the lower half of the serum magnesium range and 1s also
known as chronic latent magnesium deficiency (CLMD).

Magnestum sufliciency 1s indicated by being 1n the upper
half of the usual lab range for serum magnesium. Magne-
sium suiliciency includes a high tracellular Adenosine
triphosphate (ATP) to Adenosine diphosphate (ADP) ratio,
activation of magnesium dependent cell enzyme catalysts,
reduced uptake of toxic minerals that are anti-nutrients,
protection of essential fats 1n transit, along with maintenance
of the cell proton gradient essential for mitochondnal cell
battery functions.

There are many forms of magnesium. Soluble forms are
generally preferred for replenishment of essential magne-
sium mineral.

Magnestum depletion 1s enhanced by distress, a mineral
deficient diet, anti-nutrient pro-oxidative environmental tox-
ins, and toxic minerals uptake especially when cell magne-
sium 1s low.
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Existing magnesium wasting can be caused by thiazides
and thiazide-like diuretics as well as other causes of mag-
nesium wasting that counteract the antihypertensive effect of
these diuretics and medications. This contributes to the lack
of blood pressure control 1n too many patients treated with
such medications.

We will be providing various evidence that micellized
nanodroplet complexes of quaternary amines, magnesium,
and appropriate counter 10ons greatly increases the magne-
sium uptake as determined by the independent serum and
urine tests and other cardiovascular measures.

A combination of magnesium citrate micellized into
stable nanodroplets with phosphatidylcholine increases
magnesium absorption. This counteracts magnesium loss.
This improves control of blood pressure and other physi-
ologic functions performed by magnesium.

In this mstance, wasting means the loss of magnesium 1n
excess of what 1s required to maintain proper levels of the
mineral 1n urine, sweat, and stool. Replenishment of tissue
magnesium 1s elucidated below. Replemishment of tissue
magnesium has previously been ditlicult because the cal-
cium magnesium ATPase 1on channel saturates at one third
of the dose given.

The uniqueness here mvolves increasing the uptake of
magnesium including a quaternary amine and counter ion to
form micellized nanodroplets that are neutral 1n charge on
the outside making them suitable for uptake by neutral pores
that serve as uptake channels of nutrients, including miner-
als when combined as described herein. Neutral pores are
the uptake channel(s) that accepts molecules that are neu-
trally charged on their exterior.

Definition of Terms

24°; 1n the medical community refers to a 24-hour period

Soft gel 1s a technique used to deliver some supplements
and pharmaceuticals that 1s similar to the use of capsules, but
the material of the outer shell 1s usually made of gelatin and
the ingredients are almost always 1 liquid form.

SBP means either Systolic Blood Pressure or Seated
Systolic Blood Pressure depending on the context.

DBP 1s seated diastolic blood pressure

MBP 1s seated median blood pressure which 1s (seated
SBP+seated DBP)/2

ABPM 1s ambulatory blood pressure monitoring measure-
ments.

PK 1s Pharmacokinetics

CRU 1s clinical research unit

CLMD 1s chronic latent magnesium deficiency

SUMMARY OF INVENTION

Our clinical work shows that a change 1n serum magne-
sium 1s correlated to improved vascular compliance, reduc-
tion 1n blood pressure in hypertensive individuals, and a
concomitant increase in serum and urine magnesium levels.
Pharmacokinetics from our clinical study suggests that a
combination of magnesium citrate with phosphatidylcholine
as nanodroplets increases magnesium absorption. In our
clinical trial, uptake and retention of urine magnesium was
about three-fold the maximum previously reported for
uptake and retention of all other forms of magnesium salt
delivery systems and was statistically significant.

Micellized delivery systems of enhanced magnesium
appear to achieve uptake, retention, and functional benefits
as described herein. The present disclosure relates to a
composition of matter and system containing components
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including magnesium citrate and a quaternary amine that are
micellized into stable nanodroplets.

The composition of matter may be formulated as an
extended-release solt gelatin (soft-gel) capsule or otherwise.
The present disclosure also relates to a method of adminis-
tering a delivery system for enhanced magnesium uptake,
retention, and functional benefits including administering,
extended release micellized soft gelatin (soft gel) capsules
containing nanodroplets or controls.

Both the foregoing general description and the following
description present embodiments intended to provide an
overview or framework for understanding the nature and
character of the disclosure.

DETAILED DESCRIPTION

The specific details of embodiments or variations
described herein are to describe the composition and meth-
ods of use of the discovery. Any specific details of the
embodiments are used for demonstration purposes only.
They do not include limitations or all inferences to be
understood from there.

The present disclosure describes composition of matter as
stable delivery systems of enhanced magnesium uptake,
retention, and their functional benefits as described herein.
The present disclosure relates to a composition of matter
including but not limited to, magnesium citrate also known
as magnesium  2-hydroxypropane-1,2,3-tricarboxylate
(C,,H,,Mg,0,.,), and a quaternary amine such as phospha-
tidylcholine or choline, and at least one carboxylic acid as
counter 1ons such as citrate, malate, succinate, or other
mono-, di-, or tri-carboxylic acids or functionally identical
chemicals.

The present disclosure also relates to a method of admin-
istering a delivery system of enhanced magnesium in soft
gelatin capsules containing, typically, the equivalent of 110
mg of elemental magnesium as inverted micellar nanodrop-
lets mn a dosing regimen of four capsules (440 mg), twice
daily (880 mg supplement plus about 400 mg from diet per
day).

Unprecedented uptake of magnesium can be accom-
plished by the novel interaction of the following components
comprising magnesium, a quaternary amine, and a counter
ion when ngested in the form of inverted micellized nano-
droplets.

The invention will be better understood with reference to
the following example 1n which the composition was admin-
istered 1n a single center, randomized, double-blind, pla-
cebo-controlled study that administered twice daily, four
extended-release soit gelatin capsules each containing the
equivalent of 110 mg of elemental magnesium or placebo.

Clinical Example

Phase I and II combined clinical trnial tested the clinical
tolerability, safety, and eflicacy as well as the pharmacoki-
netics of 440 mg of the composition administered orally
twice a day (total daily dose of 880 mg elemental magne-
sium) for 7 days compared to placebo 1n adult subjects with
essential hypertension.

The following protocol was implemented. To screen sub-
jects, 1I people were on other hypertension mediations than
thiazide-like diuretics, these medications were removed
prior to the study.

There was a subsequent washout period for three (3) days
during which the blood pressure was monitored properly to
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determine 11 subject’s blood pressure elevated to a danger-
ous level or not. This period was performed to ensure proper
population selection.

SBP means either Systolic Blood Pressure or Seated
Systolic Blood Pressure depending on the context.

The data disclosed 1includes seated systolic blood pressure
(SBP), seated diastolic blood pressure (DBP), seated median
blood pressure (MBP)=(seated SBP+seated DBP)/2] that
will be correlated with other measures of cardiovascular
performance. Not disclosed are any of the ambulatory blood
pressure monitoring (ABPM) measurements. The Pharma-
cokinetics (PK) and Pharmacodynamics (PD) were mea-
sured to the extent possible given the short nature of the
study (10 days).

Subjects that remained eligible after the run-in period
were randomized using a 15:6 ratio to recerve erther 440 mg
of the composition or placebo orally twice daily (1.e., total
daily dose of 880 and 0 mg eclemental magnesium, respec-
tively) for a 7-day treatment period (Days 4-10). Subjects
remained 1n the climical research unit (CRU) on a low salt
(2.5 g/24 hours) diet containing about 400 mg elemental
magnesium for the run-in period through the 24-hour post
treatment assessments (Day 11) and throughout the study.
Subjects returned to the clinic 8 days (£3 days) after the last
dose of the active composition or placebo for their final
study visit.

The 21 subjects (n=21) 1n the trial were randomized in a
15:6 ratio to the composition or placebo. The actual number
of subjects eligible for randomaization at the end of the run-in
period 1n the cohort exceeded the projection by 1, and all
cligible subjects were randomized to treatment. Thus, the
total number randomized was 22 rather than the planned 21.

The actual number of subjects randomized and analyzed
are shown in Table 1 as follows:

TABLE 1

Number of Subjects for Initial Clinical Trial

Composition Placebo Total
Randomized population 16 6 22
Safety population 16 6 22
Pharmmacokinetic (PK) 16 6 22
population
Efficacy population (the 15 6 21

number of patients who
completed the study not
the total that began)

Subjects had to be 18-80 years old people with essential
hypertension that was either recently diagnosed (for which
the subject had not yet started taking anti-hypertensive
medications) or previously diagnosed (for which the sub-
jects were taken ofl all anti-hypertensive therapy to partici-
pate in the study or for which the subject had been ofl
treatment for >1 week before starting the study). To be
randomized to treatment, subjects had to have pre-dose Day
4 SBP=150 and <200 mmHg and DBP=95 and =115 mmHg
alter resting for 5 minutes 1n the seated position.

This randomized to treatment procedure as well as mea-
surements and assessments made were based upon the
definitions provided by the American Heart Association, the
American College of Cardiology and the National Heart
Lung and Blood Institute (INIH).

One subject was withdrawn from the study on Day 9. She
received her last dose of the composition treatment on Day
7 of the study. Her vital signs and blood pressure were
monitored on Days 8 and 9 of the study, and SBP as well as
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ABPM data was collected but only the SBP was disclosed
from Day 8 to Day 9. Her PK data was included in the
retrospective PK analyses for Days 4-8 (and not Days 9-11,
as data for these later times was not available). The reason
for the protocol exclusion was because her systolic blood
pressure dropped below 110 (to 108 from 1355) and might
have indicated hypotension, but it did not. She was carefully
monitored for hypotension which she did not have. The Data
Safety Management Board did not consider this a reportable
adverse event.

Examination of the data confirms that for blood pressure
measurements, ABPM correlates tightly with properly done
seated blood pressure (SBP) measurements.

Subjects that remained eligible were taken ofl their non-
thiazide anti-hypertensive medications (1f any) and under-
went a 7-day washout period. Subjects that remained eli-
gible after the washout period and subjects that did not
require a washout (recently diagnosed or previously diag-
nosed and ofl treatment for >1 week belfore starting the
study) received placebo orally twice daily for a 3-day run-in
period (Days 1-3).

To evaluate the changes over the study time from baseline
(Day 3 to pre-dose Day 4) in mean daytime, systolic and

diastolic (8 AM to 4 PM) ABPM SBP, MBP and DBP
(SBP,,,. MBP,, ., and DBP,, , respectively) atter 7 days of
treatment (Day 10 to Day 11) with the composition com-
pared to placebo 1n adult subjects with essential hyperten-
S1011.

To evaluate the changes from baseline (Day 3 to pre-dose
Day 4) in mean nighttime (10 PM to 6 AM) systolic and
diastolic (10 PM to 6 AM) ABPM. SBP and DBP (SBP,;_,,
MBP,,..» and DBP, ., ., respectively) atter 7 days of treat-
ment (Day 10 to Day 11) with the composition compared to
placebo 1n adult subjects with essential hypertension. We
evaluated the change from baseline (Day 3 to pre-dose Day
4) 1n mean 24-hour ABPM, SBP and DBP (SBP,, ,,. and
DBP,, , , respectively) after 7 days of treatment (Day 10 to
Day 11) with the composition compared to placebo 1n adult
subjects with essential hypertension. This was to evaluate
the change from baseline (pre-dose Day 4) mn SBP and DBP
after 7 days of treatment (Day 11) with the composition
compared to placebo 1n adult subjects with essential hyper-
tension.

The protocol-specified eflicacy analyses were based on all
randomized subjects who completed 7 days of the active
composition or placebo, as well as the Day 4 (pre-dose) and
Day 11 SBP and DBP assessments or the Day 3 to Day 4
(pre-dose) and Day 10 to Day 11 ABPM assessments.

The composition was administered as soft gelatin cap-
sules. The ingredients included medium-chain triglycerides
[National Formulary (NF)], Phosal® 35 SB, gelatin (NF),
vegetable derived glycerol, 99.7% [United States Pharma-
copela (USP)], titammum dioxide (USP) an opaciiying agent,
and purified water (USP). The Phosal® 35 SB contains
34-53% lecithin containing =91% phosphatidylcholines,
soya, 10-25% sunflower o1l, 5-10% soya fatty acids, or other
sources ol quaternary amines, and 0.1-1% DL a-tocopherol.
A single strength 110 mg elemental magnesium/capsule was
used for this example wherein the 110 mg elemental mag-
nesium 1s provided as inverted micellar nanodroplets.

Soit gelatin capsules that were visually indistinguishable
from the active oral dosage form were used as placebo. The
placebo contained the same 1nactive ingredients as the
active, with the exception that mannitol powder, USP, 1n
place of Phosal 35 SB was added to allow for a placebo
according to the observer clinicians and pharmacists who

did the study randomization that shows comparability
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between active and placebo to the study participants in the
absence of active ingredients 1n the placebo.

During the run-1n period, subjects took 4 placebo capsules

orally twice daily at 8 AM (x60 minutes) and 8 PM (x£60
minutes) for 3 days (Days 1-3).

During the treatment period, subjects were randomized 1n
a ratio ol 16:6 to recerve either 4 capsules of the composition
(440 mg elemental magnesium) or 4 capsules of placebo

orally both twice daily at 8 AM (60 minutes) and 8 PM

(£60 minutes) [1.e., total daily dose of 880 and 0 mg
clemental magnesium, respectively] for 7 days (Days 4-10).
All doses were taken 1n the CRU.

Data from all randomized subjects who completed 7 days
of the active composition or placebo treatment, as well as the

Day 3 to pre-dose Day 4 and Day 10 to Day 11 ABPM
assessments or the Day 4 (pre-dose) and Day 11 SBP and
DBP assessments were included in the eflicacy analyses for

changes 1n mean daytime, nighttime, and 24-hour ABPM
and SBP and DBP, respectively.
Individual ABPM SBP, ., SBP, ;.. SBP,, ,,, DBP,,,

DBP,.,, and DBP,, ,, were listed for all randomized
subjects. The listings include calculations of change from
baseline for the post-dose interval (1.e., Day 10 to Day 11).

The pre-dose interval (Day 3 to Day 4) served as the baseline

tor these calculations. Individual SBP ., SBP, ;.. SBP,, ;.
DBP,,., DBP, ;. and DBP_, were summarized descrip-
tively by treatment group for the eflicacy population.
Mean, median, minimum, maximum, and their standard
deviation (SD) were used to summarize the data, and the
data are presented 1n tabular format. Descriptive statistics for
the individual changes in ABPM measurements from base-

line (Day 3 to pre-dose Day 4) to the post-dose assessment
(Day 10 to Day 11) are included.

Individual SBP and DBP (all seated) values are summa-
rized descriptively by treatment group for the eflicacy and
controls populations. Again mean, median, minimum, maxi-
mum, and SD were used to summarize the data. Descriptive
statistics for mdividual changes in SBP and DBP measure-
ments as well as ABPM from baseline (pre-dose Day 4) to
cach assessment after the first randomized dose of the active
composition or placebo were ncluded.

Efficacy Results

Following the 7-day washout/run-in period (for subjects

taking antihypertensives) and 2 days of run-in placebo

period where the subjects remained 1n the CRU on a low salt
(2.5 g sodium/24 hours) diet, the baseline (Day 3 to pre-dose

Day 4) meanzSD SBP,,, was 147.4+9.6 mmHg for the
placebo group and 150.4+13.5 mmHg for the study group.
Thus, the mean SBP, , for the composition treatment group
was slightly higher than for the placebo group (diflerence of
3 mmHg) before administration of the first randomized dose
of the active composition or placebo.

At the end of treatment (Day 10 to Day 11), the mean+SD
SBP,,, was 149.0x11.0 mmHg 1 the placebo group and
145.8+17.7 mmHg 1n the study group. The corresponding
mean+=SD changes from baseline were 1.6x11.4 mmHg 1n
the placebo group and —4.6+x11.7 mmHg 1n the study group.
The increase of 1.6 mmHg in the placebo group and
decrease of 4.6 mmHg 1n the study group results 1n a total
difference of 6.2 mmHg between treatment groups with
regards to change from baseline. The baseline mean+SD
DBP,,,. was 93.3+9.8 mmHg for the placebo group and
02.8x11.6 mmHg for the study group. Thus, the mean
DBP,,, values of the placebo and the study groups were
comparable before administration of the first randomized
dose of the active composition or placebo.
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At the end of treatment, the meantSD DBP,, was
02.1£12.3 mmHg 1n the placebo group and 89.4x10.7
mmHg 1n the study group. The corresponding mean+SD
changes from baseline were —1.2+17.1 mmHg 1n the placebo
group and —3.5x6.9 mmHg 1n the study group. The decrease
of 1.2 mmHg in the placebo group and a decrease of 3.5
mmHg 1n the study group resulted 1n a total difference of 2.3
mmHg between treatment groups with regard to changes in
ABPM {rom baseline.

The baseline mean for ABPM SBP,, ,=SD was
133.3+£9.3 mmHg for the placebo group and 139.2+17.2
mmHg for the study group. Thus, the mean SBP, ;. for the
composition treatment group was slightly higher than for the
placebo group (difference of 5.9 mmHg) before administra-
tion of the first randomized dose of the active composition
or placebo.

At the end of treatment for ABPM, the mean+SD SBP,,_,,
was 134.0+£10.1 mmHg 1n the placebo group and 135.0£15.5
mmHg 1n the study group. The corresponding mean+SD
changes from baseline were 0.7+12.1 mmHg 1n the placebo
group and —-4.2+12.5 mmHg 1in the study group. The
increase ol 0.7 mmHg in the placebo group and decrease of
4.2 mmHg 1n the study group results in a total difference of
4.9 mmHg between treatment groups with regards to change
from baseline.

The baseline mean+SD ABPM DBP,, ,, was 82.6x3.2
mmHg for the placebo group and 82.9+12.3 mmHg for the
study group. Thus, the mean DBP,, ;. values of the placebo
and the study groups were comparable before administration
of the first randomized dose of the active composition or
placebo.

At the end of treatment for ABPM, the mean+SD DBP-
wighe Was 82.0x9.6 mmHg 1in the placebo group and
81.0£10.4 mmHg in the study group. The corresponding
mean=SD changes from baseline were —0.6£7.5 mmHg in
the placebo group and —1.9+8.8 mmHg in the study group.
The decrease of 0.6 mmHg in the placebo group and
decrease of 1.9 mmHg in the study group results in a total
difference of 1.3 mmHg between treatment groups with
regards to change from baseline.

The baseline mean+SD for ABPM was SBP,, ,, was
141.2+8.1 mmHg for the placebo group and 146.2+14.1
mmHg for the study group. Thus, the mean ABPM SBP,, ,,
for the composition treatment group was slightly higher than
for the placebo group (difference of 5.0 mmHg) before
administration of the first randomized dose of the active
composition or placebo.

At the end of treatment, the mean+SD ABPM SBP,, ;.
was 143.5+10.0 mmHg in the placebo group and 142.4+£16.0
mmHg 1n the study group. The corresponding mean+SD
changes from baseline were 2.3+11.6 mmHg 1n the placebo
group and -3.8+x11.7 mmHg 1n the study group. The increase
of 2.3 mmHg 1 the placebo group and decrease of 3.8
mmHg 1n the study group results 1n a total difference of 6.1
mmHg between treatment groups with regards to change
from baseline.

The baseline meantSD ABPM DBP 24 hr was 88.8+6.0
mmHg for the placebo group and 89.1x11.1 mmHg for the
study group. Thus, the mean DBP_,, values of the placebo
and the study groups were comparable before administration
of the first randomized dose of the active composition or
placebo.

At the end of treatment, the mean+SD ABPM DBP 24 hr
was 89.1x11.3 mmHg 1n the placebo group and 86.9+£10.1
mmHg 1n the study group. The corresponding mean+SD
changes from baseline were 0.3£6.5 mmHg 1n the placebo
group and —-2.3+7.0 mmHg 1n the study group. The increase
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of 0.3 mm{g in the placebo group and decrease of 2.3
mmHg 1n the study group results 1n a total difference of 2.6
mmHg between treatment groups with regards to change
from baseline.

At the end of treatment (Day 11), the mean+SD SBP was
154.845.6 mmHg 1n the placebo group and 146.1x15.4
mmHg 1n the study group. The corresponding mean+SD
changes from baseline were —7.2+7.4 mmHg 1n the placebo
group and -14.6x13.6 mmHg in the study group. The
decrease of 7.2 mmHg 1n the placebo group and decrease of
14.6 mmHg 1n the study group results 1n a total difference of
7.4 mmHg between treatment groups with regards to
changes from baseline.

The baseline mean+SD DBP was 102.0+5.2 mmHg for
the placebo group and 101.1+5.2 mmHg for the study group.
Thus, the mean DBP values for the placebo and the study
groups were comparable before administration of the first
randomized dose of the active composition or placebo.

At the end of treatment, the mean+SD DBP was
99.7+£10.8 mmHg 1n the placebo group and 94.7+7.4 mmHg
in the study group. The corresponding mean+SD changes
from baseline were -2.3+6.3 mmHg 1n the placebo group
and —6.4+6.1 mmHg 1n the study group. The decrease of 2.3
mmHg 1n the placebo group and decrease of 6.4 mmHg in
the study group results 1n a total difference of 4.1 mmHg
between treatment groups with regards to change from
baseline.

The baseline mean+SD MBP was 132.0£3.4 mmHg for
the placebo group and 130.9+6.0 mmHg for the study group.
Thus, the baseline MPB values for the placebo and the study
groups were comparable to what was seen for SBP and DBP
analyzed individually.

At the end of treatment, the mean+SD MBP was
127.3+£7.6 mmHg 1n the placebo group and 120.4+10.2
mmHg 1n the study group. The corresponding mean+SD
changes from baseline were —4.8+6.1 mmHg 1n the placebo
group and -10.5+8.7 mmHg 1in the study group. The
decrease of 4.8 mmHg 1n the placebo group and decrease of
10.5 mmHg 1n the study group results 1n a total difference of
5.7 mmHg between treatment groups with regards to
changes from baseline. Thus, the end of treatment total
difference 1n MBP between treatment groups (5.7 mmHg)
tell between the end of treatment total differences for the
individually analyzed parameters (7.4 mmHg for SBP and
4.1 mmHg for DBP).

No statistically significant correlations were observed but
favorable trends were between individual changes 1n
observed total serum magnesium AUC, ., and ABPM
(SBP,,., SBP,, ;.. and SBP,, ;) from baseline to end of
treatment. Weak correlations were noted between individual
changes 1n observed 24-hour urinary magnesium excretion
and ABPMs (SBP .. SBP,,_,,, and SBP,, ;) from baseline
to end of treatment. The correlation of decreasing ABPM
with increasing observed 24° urinary magnesium excretion
was more pronounced for the daytime ABPM than the
nighttime ABPM.

Statistically  significant correlations were observed

between individual changes 1n observed total serum mag-
nestum AUC,_,, and ABPM (DBP,,,, DBP and DBP 24

rnights
hr) from baseline to end of treatment. The salgne was true for
the comparisons of 24° urinary magnesium excretion and
ABPM measures.

There were significant correlations for 1individuals
between changes 1n observed total serum magnesium con-
centration correlated with seated blood pressures and ABPM
(SBP, DBP, and MBP) from baseline to end of treatment.

Comparisons of 24° urinary magnesium excretion and
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seated blood pressure and ABMP for the group studied were
found to be statistically sigmificant.

The meamngiul trends regarding the observations made
for the serum magnesium concentration deserve more study.
As part of a retrospective analysis, 11 the study N had been
100, rather than the 21 studied, the study would have
reached p=<0.05 significance for changes 1n serum as well
as urine magnesium correlated to systolic and diastolic
blood pressure change.

There 1s a correlation known as CLMD, which 1s chronic
latent magnesium deficiency. This means that 11 a subject 1s
in the lower half of the serum magnesium range their blood
pressure will be higher and their cardiovascular performance
will be worse. This also means that 1f the subject 1s 1n the
upper half of the serum magnesium range, they will have
lower blood pressure and better cardiovascular performance.

This also means that because magnesium 1s water soluble
it 1s regulated by the kidneys, perspiration, and stool and
therefore cannot go above the upper value for the lab range.

If a subject 1s below the lower limit of the range for serum
magnesium they have hypomagnesemia, a more severe and
profound magnestum deficiency.

The details of the clinical study follow.

After 7 days of treatment with the composition in adult
subjects with essential hypertension, the ABPM decreased
from baseline for all ABPM parameters (mean change: —4.6,
-3.5,-4.2,-1.9, -3.8, and -2.3 mmHg for SBP,,, , DBP_,,.
SBP,,.n» DBP,. .., SBP,, ;. and DBP,, ,,, respectively).
The ABPM 1n the placebo group either decreased to a lesser
extent or increased, resulting in total differences 1n mean
change from baseline between treatment groups of 6.2, 2.3,
49, 1.3, 6.1, and 2.6 mmHg, respectively. The decreases
were more pronounced during the day than at night.

Consistent with the ABPM findings, the seated blood
pressures in the study group decreased from baseline to end
of treatment for both SBP and DBP (mean change of -14.6
and —6.4 mmHg, respectively). The seated blood pressures
in the placebo group decreased to a lesser extent, resulting
in total differences 1n mean change from baseline between
treatment groups of 7.4 and 4.1 mmHg, respectively. The
exploratory analysis of change from baseline to end of
treatment 1 a combined version of the two seated blood
pressure parameters [1.e., MBP=(seated SBP+seated DBP)/
2| was also consistent with the ABPM results, and the total
difference 1n MPB between treatment groups (5.7 mmHg)
tell between that detected for the individually analyzed
parameters and the treatment groups.

Reanalysis of the ABPM and seated blood pressure during
the day showed tight correlation for the eflicacy endpoints
tor the satety population. One subject achieved such blood
pressure reduction after 5 days that they were removed from
protocol despite no adverse event such as hypotension
occurred. The decreases 1n blood pressure were greater for
all parameters, as were the total differences in mean change

from baseline between treatment groups (7, 2.6, 5.2, 1.9, 6.6,
2.8, 94, and 5.6 mmHg for ABPM SBP, . DBP,, .

SBP,,;..» DBP, 1. SBP,, ;.. DBP 24 hr, overall SBP, and
overall DBP, respectively).

This reduction 1 blood pressure over a such a short
treatment period (7 days) would be what would be expected
over 12 weeks for patients undergoing thiazide diuretic
treatments. This demonstrates a useful potential treatment
for essential hypertension and potential for cardiovascular,
metabolic, and other molecular therapies dependent upon
magnesium replenishment. This enhanced uptake was mea-
sured 1n urine as well as serum and was accomplished by the
unique interaction of components comprising magnesium, a
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quaternary amine, and a counter 1on when ingested as
inverted micellar nanodroplets.
Pharmacokinetic Results

The mean+SD observed total serum magnesium—the
area under the curve (AUC,_,.,) values—at baseline (Day 3)
were comparable for the placebo and the study groups
(42.8+2.8 mEq*24 hr/LL and 41.4+2.4 mEq*24 hr/L, respec-
tively).

The mean observed total serum magnesium AUC, .,
values after 1 and 7 days of randomized placebo treatment
did not substantially change from baseline, with decreases of
1.01-fold (Day 4) and 1.03-fold (Day 10), respectively.
Increases (1.06-1fold) in mean observed total serum magne-
stum AUC,_,, from baseline were noted after 1 and 7 days
of the composition treatment (43.9+£2.5 and 43.9+1.9
mEq*24 hr/L, respectively).

The mean+SD observed total serum magnesium values at
baseline (within one hour before the first randomized dose
on Day 4) were comparable for the placebo and the study
groups (1.78+0.117 and 1.75+£0.103 mEq/L, respectively).

The mean+SD ratios of observed total serum magnesium
trough concentrations at Days 5-10 (i.e., within one hour
before each morning the active composition or placebo
dose) relative to baseline did not substantially change for the
placebo group (mean ratios ranged from 0.96 to 1.02).
Increases in the mean ratios of observed total serum mag-
nesium concentrations relative to baseline were noted 1n the
study group, starting at Day 5 (1.09£0.06), peaking at Day
6 (1.10+£0.07), and returning to no substantial change by Day
10 (1.02+0.08). More precise analyses may be needed to
distinguish meaningiul differences.

This trend of increases in observed total serum magne-
sium levels early during the 7-day treatment period and
return to levels comparable to baseline by the end of
treatment period in the study group with no substantial
change 1n the placebo group was also apparent in the plots
of individual total serum magnesium concentration data over
time. This includes both for the observed and corrected
values. If 100 people had been studied, retrospective analy-
s1s of the data (serum magnesium change) would correlate to
blood pressure change.

The mean+SD ABPM observed 24-hour urinary magne-
sium excretion values at baseline (Day 3) were comparable
tfor the placebo and the study groups (7.0+x4.3 mEq/24 hr and
7.3+2.6 mEq/24 hr, respectively).

The mean observed 24-hour urinary magnesium excretion
alter 1 and 7 days of randomized placebo treatment did not
substantially change from baseline, with decreases of 1.2-
fold at both Days 4 and 10. In contrast, increases of 1.3-fold
and 2.3-fold 1n mean observed 24-hour urinary magnesium
excretion from baseline were noted after 1 and 7 days of the
composition treatment (9.8+3.9 and 16.5+6.2 mEq/24 hr,
respectively) and were significant.

The mean corrected 24-hour urinary magnesium excre-
tion after 1 and 7 days of randomized placebo treatment
were comparable. In contrast, the mean corrected 24-hour
urinary magnesium excretion increased by 3.5-fold after 7
days of the composition treatment relative to 1 day of the
composition treatment (9.1£5.4 and 2.6£3.0 mEqg/24 hr,
respectively). Thus, the increase 1 24-hour urinary magne-
sium excretion was more pronounced for the corrected
levels (i.e., with the endogenous urinary magnesium excre-
tion subtracted) than the observed levels.

This increasing 24-hour urinary magnesium excretion
over the course of the 7-day treatment period 1n the study
group with no substantial change 1n the placebo group was
significant at p=<0.05 level and was also significant 1n




US 12,109,227 B2

11

individual 24-hour urinary magnesium excretion data over
time, 1including both for the observed and corrected values.
Pharmacokinetic Conclusions

Increases from baseline 1n mean values observed total
serum magnesium AUC,_,, (without correction for endog-
enous magnesium levels) were noted after 1 and 7 days of
the composition treatment (1.1-fold for both). Further,
increases from baseline 1n mean observed total serum mag-
nesium through levels on Days 5-10 (within one hour before
cach morning the active composition or placebo dose was
administered) were observed for the composition, starting at
Day 5 (1.1-fold), peaking at Day 6 (1.1-1old), and returning
to no substantial change by Day 10 (1.0-1old).

Substantial increases from baseline 1n mean ABPM values
observed for 24-hour urinary magnesium excretion were
noted after 1 and 7 days of the composition treatment (1.3
and 2.3-fold, respectively). This increase was more pro-
nounced for the mean corrected 24-hour urinary magnesium
excretion, where the endogenous urinary magnesium excre-
tion was subtracted (increase of 3.5-fold after 7 days of
treatment relative to 1 day of treatment). The relatively large
increases 1 observed 24-hour urinary magnesium excretion
coupled together with the slight increases 1n observed total
serum magnesium are indicative of unprecedented uptake of
clemental magnesium and its displacement of metabolic
acids 1nto the urine. This may be accomplished by the unique
interaction of components comprising magnesium, a qua-
ternary amine, and a counterion when ingested 1n the form
ol inverted micellar nanodroplets consistent with the known
tight regulation of exchangeable magnesium in the body
(magnestum homeostasis).

These exploratory analyses evaluate relationships
between the changes 1n magnesium levels and the changes
in blood pressure suggesting that changes 1n observed
24-hour urinary magnesium excretion may be the better
indicator of the ethicacy of the drug candidate.

The composition (compared with total serum magnesium
AUC,_,,) was suflicient for the short-term trials (7 days of
dosing). Longer trials need to be performed to more spe-
cifically determine the exact relationship between blood
pressure, serum magnesium and urine magnesium.

More specifically, the enhancement of serum magnesium
as 1t correlates to urine pH after rest was studied separately.
This included administering proper oral magnesium plus
choline citrate doses to over 5000 people after they had
experienced a minimum of 6 hours of rest. The determina-
tion was made to determine the proper dosage based on urine
pH testing. Healthier range was 6.5-7.5 and indicated that 2
doses per day of 220 mg of elemental magnesium plus one
concurrent teaspoon of choline citrate containing a total of
1300 mg of choline citrate would maintain their exchange-
able magnesium level. For urine pH below 6.5, a single
additional dose of magnesium plus choline citrate should be
administered for each half (0.5) urine pH unit below 6.5. The
study revealed that the intake of the magnesium plus choline
citrate supplement was directly related to the urine pH after
rest presumably because the formulation appeared to form
stable neutrally charged on the outside nanodroplets. It was
also discovered that cell magnesium/cell metabolic acidosis
correlated with the urine pH after rest data.

Modulation by bioavailable magnestum has additional
positive elflects on essential fats and endocannabinoids.
Endocannabinoid receptors exist in higher concentrations
within the brain and the mtestinal “gut” nervous system than
anywhere else 1n the body. With enough activated calcium
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and bioavailable magnesium present i the system, the
gut-brain axis 1s satiated, and a state of poise and relaxation
1s achieved.

The magnesium/calctum balance 1s the second messenger
for hormones (a known biological phenomenon) which
translates 1nto providing the activity pathway hormones will
follow. In our experience, most subjects were found to
exhibit higher than needed calcium levels and lower than
desired magnesium levels so that essential fat protection
from oxidation was insuflicient as was the ability to maintain
endocannabinoid receptors from being too excited. The
proper level of magnesium also protects from metabolic
acidosis that occurs when the cell magnesium 1s low—again
found to be endemic in the general population today.

More specifically, the modulation of magnesium which
exchangeable and therefore 1s biologically active and bio-
logically active.

CLMD occurs in many studied populations. Each lab sets
its own range. Being 1n the lower half of the lab usual range
for magnestum qualifies as CLMD. Being in the upper half
of the serum range for magnesium qualifies as magnesium
suflicient and the subject does not have CLMD. Those
subjects with serum magnesium levels below the lower halt
exhibit hypomagnesia rather than CLMD.

Our studies have also allowed us to confirm in the real
world that the morning urine pH assesses how many doses
of magnesium plus choline citrate are needed throughout the
day.

The discussion above, regarding proper modulation of
bioavailable or exchangeable magnesium can help reduce
the risk factors for strokes, vasculitis, and other circulatory
health 1ssues.

All the examples of physiologic functions below are
known to be made worse by low serum or urine magnesium
and to be made better by magnesium replenishment 1n serum
and urine. Examples of items that directly affect Mg levels
in the general world population(s) include anti-nutrient
pro-oxidative chemicals. There are five (35) categories of
such anti-nutrients which are pro-oxidative—which means
they consume essential antioxidants.

These are listed below as:

(1) Persisting organic pollutants: POPs such as PFAS,
DDT, DDE, PCBs, heptachlor, kepone and other simi-
lar hormone disrupters

(11) Solvent residues: VOCs such as TCE, methylene
chloride, toluene, ortho-toluene, benzene, and xylene

(111) Toxic metals: examples include lead, mercury, arse-
nic, cadmium, and nickel

(1v) Mold products: products produced by molds includ-
ing spores, harmful chemicals, and other products of
fungal proliferation

(v) Radioisotopes: Radon and other radioisotopes either
naturally occurring or manmade

The following description of variants is only illustrative
of components, elements, acts, products, and methods con-
sidered to be within the scope of the invention and are not
in any way intended to limit such scope by what 1s specifi-
cally disclosed or not expressly set forth. The components,
clements, acts, products, and methods as described herein
may be combined and rearranged other than as expressly
described herein and the present disclosures are included.

Variations in composition are examples ol what the syn-
ergistic nanodroplet complex accomplishes. The exterior of
the nanodroplet 1s neither positively charged nor negatively
charged so that the outer shell remains neutrally charged
while the inner portion of the nanodroplet has balanced
charged populations.
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The present disclosure includes at least the following
variations and/or embodiments that represent that already
described above.

More specifically, the present disclosure provides for a
magnesium complex comprising magnesium citrate; and a
quaternary amine.

Here the magnesium complex includes magnesium citrate
that 1s chemically named magnesium 2-hydroxypropane-1,
2.3-tricarboxylate.

In addition, the quaternary amine comprises phosphati-
dylcholine and/or choline. The complex includes at least one
mono- di-, or tri-carboxylic acid. Typically, the complex
comprises one or more of a group consisting ol citrate,
malate, succinate, and fumarate or similar counter 1on.

Also, the magnesium complex forms a combination with
choline and/or phosphatidylcholine wherein said quaternary
amine must include an appropnate class of counter 1ons
where the counter 1ons include all possible choline counter
ions including but not limited to one or more of choline
citrate, choline malate, choline fumarate, choline succinate,
choline glycinate, choline ascorbate, choline taurate, choline
pidolate, choline bitartrate, choline bis-salicylate and all
lecithins that contain phosphatidylcholine or 1ts derivatives.

In a further embodiment the magnesium complex together
with said quaternary amine provides nanodroplets that are
neutrally charged on an exterior surface of the nanodroplets
and wherein within the nanodroplets there exists equal
amounts of both negative and positive charges. Within the
nanodroplets there exists magnesium plus choline and/or
phosphatidylcholine or other quaternary amines plus a func-
tionally suitable counter ion.

The magnesium complex includes compositions of nano-
droplets that function to enhance the uptake and functional
retention of exchangeable magnesium and as a result and
reduce gastrointestinal distress 1n adults.

In yet another embodiment, the magnestum complex
comprises 110 mg of elemental magnesium and the magne-
sium complex 1s provided in a micellized soft-gel capsule
wherein each capsule contains 110 mg of elemental mag-
nesium as nanodroplets.

Here, the magnesium containing soft-gel 1s formulated
and provided as inverted micellar nanodroplets wherein the
inverted micellar nanodroplets are neutral on the outside
while containing balanced charges on the inside.

It 1s understood that the magnesium citrate and the
quaternary amine can be combined wherein the magnesium
citrate and the quaternary amine can be combined 1n an
aqueous and/or solid combination.

It 1s also possible that the magnesium citrate and the
quaternary amine can be combined 1nto a form of a tablet.

The magnesium complex further comprises at least one
alkalinizing acid such as a Krebs salt.

The magnesium complex has been formulated when con-
sumed 1n appropriate doses to reduce one or more of a group
of mammalian conditions and/or symptoms when compared
with not consuming the appropriate doses of the complex:

long digestive transit time;

atrial fibrillation;

restless leg syndrome;

Barlow’s mitral valve prolapse;

deep vein thrombosis (DVT);

endocarditis;

immune complex vasculitis;

autoimmune disease;

infectious chronic disease;

heart arrythmaias;

chronic kidney disease;
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liver disease;

eczema and psoriasis;

skin hyperproliferation;

immune impairment;

autoimmune compromised mammalian systems;

chronic fatigue;

repair deficiency;

impaired cell protein synthesis;

cell proton gradient mitochondrial functions;

improvement 1 SF-36 symptom score;

improvement 1n cell electron flow;

improvement in neurochemical balance including mea-

surement of an adrenaline/serotonin ratio;
improvement in cell protective bullering gradient capaci-
ties:

improvement in restorative sleep;

reduction 1 depression and mood disorders;

improvement 1n overall productivity and performance of

mammalian systems;

improvement 1n physical and mental endurance measured

by number and complexity of tasks performed;
improvement in cell energetic performance as measured
by quantifying individual or collective cell energy
including measurement of ATP to ADP ratio;
improvement in tolerance in immune defense and repair;
improvement of primary and secondary immune recy-
cling of foreign invaders;

In another embodiment this disclosure provides a system
comprising a magnesium complex comprising a magnesium
citrate and a quaternary amine wherein the magnesium
citrate 1s also known as magnesium 2-hydroxypropane-1,2,
3-tricarboxylate. The quaternary amine comprises phospha-
tidylcholine and/or choline and wherein the magnesium
complex includes at least one mono- di-, or tri-carboxylic
acid. Wherein the system includes administering the mag-
nesium complex nanodroplets formulated to improve blood
pressure 1n hypertensive adults by administering at least one
first dose of the magnesium complex, wherein the at least
one first dose comprises 440 mg of elemental magnesium;
and administering at least one second dose of the magne-
sium complex, wherein the at least one second dose com-
prises 440 mg of elemental magnesium.

In addition, the present disclosure includes a method
comprising:

administering a magnesium complex comprising a mag-

nesium citrate, a quaternary amine, and at least one
carboxylic acid, and administering at least one {first
dose of the magnesium complex; and administering at
least one second dose of the magnestum complex to
study subjects.

This method 1ncludes a magnesium complex that com-
prises a dose of four soft-gels with a total concentration of
440 mg of elemental magnesium. This magnesium complex
comprises 440 mg of element magnesium that 1s present as
inverted micellar nanodroplets.

Here the method involves administering at least one first
dose of magnesium complex and administering at least one
second dose of magnesium complex occurs within approxi-
mately twenty-four hours.

The quaternary amine comprises phosphatidylcholine
and/or choline.

This method mvolves magnesium, quaternary amine and
at least one carboxylic acid such as citrate, malate, succinate,
and/or mono-, di-, or tri-carboxylic acid or functionally
identical counterions.

Here the complex can also be characterized as including

a magnesium salt and acetylcholine as a quaternary amine.
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As before the magnesium complex also comprises at least
one or a combination of an acetate, glycinate, taurate,
pidolate, bitartrate, bis-salicylate, succinate, fumarate,
malate, citrate and/or ascorbate or other functionally equiva-
lent counter 10ns.

In yet another embodiment the magnesium complex exits
as nanodroplets that range 1n size between 0.1 micron and
100 microns that are bioavailable, bio-adsorbable, and bio-
functional and wherein said nanodroplets can also exist as
super nanodroplets that range 1n size of greater than 100
microns to a size of 300 microns that are bioavailable,
bioabsorbable and bio-functional and wherein the complex
forms multiple clusters of the nanodroplets as they are
released into simulated digestive fluid that results 1n com-
plete dispersion of the nanodroplets that yields a completely
transparent simulated digestive fluid phase.

WORKING EXAMPLE

The working example provides one instance or more,
specifically to describe formation of inverted stable micellar
nanodroplets (that are primarily spherically shaped par-
ticles) which meet the necessary criteria for assuring the
uptake of the magnestum complex. To acquire the proper
delivery of the magnesium as neutral nanodroplets, a charge
balance 1s a required. This requirement includes the need to
not only neutralize the charge at the surface of the nanopar-
ticle (nanodroplet) but also to neutralize the charge(s) of the
ions within the nanoparticle to stabilize 1t.

In order to exemplily certain characteristics of the
charged constituents to achieve a balanced charged inner
portion of each nanosphere, there are 2 citrate 1ons that each
have a -3 charge that equals a —6 overall charge. To balance
or neutralize the negative charged citrate there exists 2 Mg
ions, each with a +2 charge that equates to a +4 overall
charge and 2 choline 1ons (each with a +1 charge that equates
to a +2 overall charge). In this manner an overall stoichi-
ometry 1s obtained that reflects balanced inner overall 10nic
charges that sum to zero. Equivalence 1s achieved when the
charge distribution 1s stoichiometrically balanced.

By accomplishing the properly balanced stoichiometry
the nanodroplet contains equal numbers of negative and
positive charges inside a neutrally charged droplet that
retains 1its integrity. This overall neutrality both within and
on the surface of the nanodroplets, which are more accu-
rately described as “inverted micellar nanodroplets™ that
refers to both the properly balanced stoichiometry with
charged balanced counter 1ons within the nanodroplets and
an outer shell portion (near and on the surface) of the
nanodroplets also being neutrally charged. This overall
neutrality (both within and on the surface of the nanodrop-
lets) provides the necessary bioavailability required to
achieve the eflicacy to meet the demands of alleviating
and/or eliminating the magnesium deficit conditions
described herein.

For example, 1t 1s also observed that these nanodroplets
are provided in a size distribution of up to 100 microns
which allows for complete miscibility within simulated
intestinal fluid used. Above 100 microns and to at least 300
microns the nanodroplets become “super nanodroplets™ that
remain bioavailable. More specifically, when the contents of
the nanodroplets are 1n proper proportions and observed
within the simulated intestinal fluid vial the nanodroplets
remain nanodroplets as they are dispersed 1n a diaphanous
manner becoming transparent.

If the proper charges, sizes, and sequences of the nano-
droplets are maintained there will be complete release of the
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contents of the soft-gel that houses the elemental magnesium
for proper delivery. If not, then the droplets can either
coalesce at the top portion of the simulated 1ntestinal fluid or
a gelation can occur which leads to a bottom portion phase
separation. The goal 1s to prevent coacervation and/or
agglomeration of these nanodroplets so that neither the top
portion or bottom portion indicates coacervation or separa-
tion.

Clinical data supports the hypothesis that these nanodrop-
lets are neutral on the surface and charged on the interior
while remaining relatively small (typically up to 100
microns) in the aggregate. This allows for both bioactive and
bioavailable Mg 1ons to disperse into the bioavailable pool
of total body magnesium which 1s about 20% of the total
body magnesium.

The method regarding how nanodroplets disperse 1n simu-
lated 1ntestinal fluid over time can be described as follows.
A timeline exists for release of the soft-gel contents into
simulated intestinal fluid. What we want to convey 1s that the
release of the contents of the soft-gel occurred slowly and
dispersed completely 1nto the fluid so that the dispersion of
the soft-gel contents results 1n a clear or transparent solution.
This 1s the desired end-result.

If an o1ly top layer forms 1t indicates that the nanodroplets
have coalesced and lost their ability to be taken up by the
body. The basket containing the soit-gels was immersed in
simulated intestinal fluid at 37° C. and stirred at 700 RPM
to maintain constant temperature. When the release of the
solt-gel contents occurs, there are only three possibilities.
The nanodroplets might disperse completely into the fluid.
The contents of the soft-gel might float to the top of the
vessel indicating that they were no longer nanodroplets. The
contents might have become a coacervate which also cannot
be taken up by mammals. Fortunately, the results of the
study reported here support the nanodroplet characteristics
of the contents of the soit-gel.

It would be unduly repetitious and obfuscating to describe
and 1illustrate every combination and sub-combination of
these embodiments. The claims as presented represent some
of these different embodiments but are not intended to be
tully encompassing of every aspect of the present disclosure
and accompanying nvention.

I claim:

1. A method of treatment to reduce blood pressure 1n a
hypertensive adult within 7 days comprising; administering
a magnestum complex to the hypertensive adult, wherein
said complex 1s magnesium 2-hydroxypropane-1,2,3-tricar-
boxylate and a quaternary amine and wherein said magne-
sium complex provides nanodroplets that are neutrally
charged on an exterior surface of said nanodroplets and
wherein within said nanodroplets there are equal negative
and positive charges that stabilize said nanodroplets to
provide mverted micellular nanodroplets and wherein said
inverted micellular nanodroplets are disposed within tablets
and/or soft gels, wherein said hypertensive adult 1s admin-
istered at least one first dose of said magnesium complex,
wherein said at least one first dose comprises 440 mg of
clemental magnesium and at least one second dose of said
magnesium complex, wherein said at least one second dose
comprises 440 mg of elemental magnesium so that at an end
of said treatment, the seated median blood pressure 1is
decreased 1n the hypertensive adult.

2. The method of claim 1, wherein, after said treatment,
the seated median blood pressure of the hypertensive adult
1s reduced by 3.7 mmHg.
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