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(54) SUPPORT OF NUTRITIONAL NEEDS OF HUMAN AND OTHER PATIENTS

(57) Systems, techniques, and methods for estimat-
ing the metabolic state or flux, e.g. the body energy state
(BES) of a patient, are disclosed. The BES provides a
deep insight into the nutritional needs of the patient, thus
allowing for a sort of exquisite glycemic control with re-
gard to the patient. The invention discloses systems and
methods for estimating fractional gluconeogenesis. The
invention also discloses systems and methods for esti-
mating and targeting patient blood lactate concentration,
both as a target itself and as an intermediate step to es-
timating and targeting patient fractional gluconeogenesis
glucose production. Nutritional support methods and for-
mulations are also disclosed. The invention is suitable
for any sort of patient, including those who are injured,
such as with traumatic brain injury, ill, or have other con-
ditions that stress the metabolic system.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to the field of medical treatment. More specifically, the invention
presents systems and methods to ascertain the metabolic state and nutritional needs of a patient, which can be thought
of as the body energy state ("BES") of the patient. Assessment of the BES of the patient is critical information to treat
and nourish (feed) the patient appropriately. Such assessment is based on ongoing and dynamic estimates of the
biomarker fractional gluconeogenesis, which is the % of body glucose production that comes from gluconeogenesis.
Methods, systems and materials for patient nutritional treatment and feeding based on estimation of this biomarker are
also provided.

BACKGROUND OF THE INVENTION

[0002] Glucose is a basic fuel of the human body (as well as of many other organisms) and is delivered throughout
the body through the blood. The rate of glucose production, also referred to as glucose rate of appearance and glucose
Ra, is about 2-3 mg/min/kg of body weight in a healthy person while at rest, and can be as high as 8 mg/min/kg or more
under stress such as exercise or illness. Pyruvate and lactate, which are both gluconeogenic precursors and products
of glucose catabolism, are also basic fuels of the human body and other organisms.
[0003] Glucose, a six-carbon (hexose) sugar, is an essential fuel energy source for several vitally important organs
and tissues in the body, including the brain and nerves that require a continuous glucose supply, including after injury.
Not surprisingly, glucose is an important and tightly regulated metabolite.
[0004] Glucose Ra should not be confused with blood concentration of glucose, also called [glucose]. The latter is a
simple measure of the total amount of glucose in the blood, as opposed to the rate of production. The [glucose] is a
common measurement taken from a blood samples, as in standard doctor office visits and home diabetes diagnostics.
This value can vary significantly in resting individuals, but generally averages about 90-100 mg/dl blood or 5.5 mM.
Physiologically, glucose can appear in the blood of a person by three major means: delivery from ingested carbohydrate-
containing foods, hepatic glycogenolysis ("GLY"), and gluconeogenesis ("GNG") (hepatic and renal). The recommended
dietary allowance for carbohydrate-containing foods is about 130 g/day, a value determined to be the minimal daily brain
glucose requirement (8) (note that non-patent literature citations are made as numbers in parentheses, and the corre-
sponding references are listed at the end of this specification). Hence, dietary carbohydrate and total nutrient inadequacy
will reflexively cause increased GLY and GNG to maintain glucose requirements for the brain, other tissues with high
glucose needs (nerves, red blood cells, kidneys) and the body in general.
[0005] Glucose production occurs by GLY and GNG. It is generally better if the majority of glucose production is from
GLY. This is because GLY is an efficient process of glucose production, in that it is simple breakdown of glycogen, a
glucose polymer stored mainly in the muscles, liver and kidneys. Normally, at rest, in a nourished state, most glucose
is produced by GLY (typically over 75%). This number can decrease under stress such as exercise or illness, as the
body needs to produce more glucose than can be provided by GLY.
[0006] Gluconeogenesis ("GNG") describes essentially all pathways for producing glucose other than glycogenolysis
("GLY"). GNG produces glucose from carbon substrates such as pyruvate, lactate, glycerol, and gluconeogenic amino
acids, among others. These can be termed GNG precursors. GNG is less efficient than GLY in terms of glucose produced
per unit of stored energy because of the more complex pathways needed to produce it. Since it is less efficient than
GLY, it is generally not preferred by the body, but can be used to produce glucose as needed. GNG is less efficient than
GLY in other ways as well. The work of raising a GNG precursor to the level of glucose 6-phosphate and glucose requires
significant energy input, and important body constituents such as lean body mass, muscle are often degraded to provide
precursor materials for the process. GNG also may be used to access glycogen stored elsewhere in the body instead
of direct conversion of that glycogen to glucose.
[0007] The current art in the measurement of metabolic state and treatment has at least two significant categories of
problems. One is that no biomarker measurements, either alone or in combination, are used in the current art to give
an accurate picture of the overall BES of a patient. To the degree that measurements are made in the current art, such
as with [glucose], they are inadequate indicators of the BES.
[0008] The biomarker [glucose], is well known in the art and simple to assess from a blood test. While a large shift
(either low or high) in [glucose] can be cause for concern and inform the type of feeding the patient receives, it does not
provide a good indicator of the BES of a patient, especially within its typical ranges. Indeed, the maintenance of blood
glucose homeostasis is a top physiological priority, and there are diverse and redundant body mechanisms to maintain
blood [glucose]. Thus a normal [glucose] may belie metabolic stresses that are going on, with the body working very
hard to maintain [glucose]. Among those mechanisms are GNG, a critically important process about which the blood
[glucose] measurement provides no direct information.
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[0009] Another biomarker, glucose rate of appearance ("Ra"), gives only a slightly better indicator of the BES of the
patient. A high glucose Ra, for example, indicates that the patient may be experiencing a stress (such as injury, exercise
or starvation) that has induced a high glucose production. While this is a somewhat useful, there is need for a biomarker
that is a more precise indicator of BES. In addition, determination of glucose Ra is complex, time consuming and costly.
It requires labeled glucose to be given to the patient, typically glucose with deuterium (typically noted as simply D or 2H
as opposed to merely H, hydrogen), or carbon 13 (13C), and comparison of labeled and non-labeled glucose (the latter
produced by the glucose pathways) to determine Ra (80).
[0010] The complex, costly and time-consuming process of determining glucose Ra with stable isotopes of H (typically
deuterium) or 13C-glucose is well described in the literature (2, 26, 55). It is typically done as follows. Control subjects
or patients receive a primed continuous infusion of [6,6-2H]glucose, i.e., D2-glucose, glucose with two deuteriums on
carbon number 6 (C-6) diluted in 0.9% sterile saline and tested for pyrogenicity and sterility prior to infusion. To hasten
achievement of a constant blood isotopic enrichment, a priming bolus of perhaps about 125 times the continuous per
minute infusion rate, or about 250 mg D2-glucose, is infused over several min prior to commencement of a continuous
tracer infusion of 2.0 mg·min-1 D2-glucose. In this manner, isotopic equilibration in the blood can be achieved in 60-90
min (about half the time to isotopic equilibration in blood if a priming tracer dose is not given).
[0011] To verify when isotopic equilibration has been achieved, several ml of blood is drawn serially. Verification can
be done by mixing in several volumes of 6-8% perchloric acid ("PCA"), and the deproteinized supernatant analyzed by
means of forming a penta-acetate derivative followed by analysis using gas chromatography/ mass spectrometry
("GC/MS").
[0012] For simultaneous concentration analysis, known amounts of a labeled internal standard, such as uniformly
labeled glucose, where each carbon of the glucose is labeled, by for example, the carbon 13 isotope, thus noted [U-
13C]glucose, is used. The glucose molecule thus has an increased mass of about 6 atomic units ("au") (m+6). This
labeled glucose is added to the supernatant of control subject or patient samples collected in perchloric acid. To separate
glucose, samples are neutralized with 2N KOH and transferred to cation resin, ion exchange columns such as 50W-X8
(from Bio-Rad Laboratories). Glucose is eluted first with doubly deionized H2O (the anions, and cations, by contrast, are
retained on the column).
[0013] The glucose ion-exchange effluent is reduced by lyophilization and derivatized by resuspending the lyophilized
sample in a small amount (e.g., 1 ml) of methanol, a small amount [e.g., 200 microliter (1)] is transferred to a 2 ml
microreaction vial and dried under N2 gas. A small amount (e.g., 100 1) of a 2:1 acetic anhydride-pyridine solution is
added to each sample vial and heated at 60°C for 10 min. Samples are again dried under N2 gas, resuspended in a
small amount (e.g., 200 1) of ethyl acetate, and transferred to micro vials for analysis.
[0014] Glucose isotopic enrichment ("IE") is determined by GC/MS, for instance with a GC model 6890 series and MS
model 5973N, from Agilent Technologies) of the penta-acetate derivative, where methane is used for selected ion
monitoring of mass-to-charge ratios (m/z) 331 (non-labeled glucose), 332 (M+1 isotopomer, [1-13C]glucose), 333 (M+2
isotopomer, D2-glucose), and 337 (M+6 isotopomer, [U-13C]glucose, the internal standard). Whole blood glucose con-
centration is determined by abundance ratios of 331/337. Selected ion abundances are compared against external
standard curves for calculation of concentration and isotopic enrichment.
[0015] Therefore there is a need in the art for a biomarker that is a good indicator, by itself, of BES, as well as simple
and effective methods of estimating that biomarker.

SUMMARY OF THE INVENTION

[0016] The invention presents systems and methods to ascertain the metabolic state and nutritional needs of a patient.
Such assessment is based on ongoing and dynamic estimates of the biomarker fractional gluconeogenesis, which is
the % of body glucose production that comes from gluconeogenesis. Methods, systems and materials for patient nutritional
treatment and feeding based on estimation of this biomarker are also provided. The invention includes, but is not limited
to the following, with some variation.
[0017] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, administering a label to the patient, taking a blood sample from the patient,
analyzing glucose or a glucose derivative from the blood sample, obtaining a value for fractional gluconeogenesis based
on abundance from one or more mass spectra, obtaining a value for fractional gluconeogenesis plus glycogenolysis
from one or more mass spectra, and estimating fractional gluconeogenesis.
[0018] According to an embodiment of the present disclosure, the invention provides a method for providing nutritional
support to a patient, including administering a label to the patient, taking a blood sample from the patient, analyzing
glucose or a glucose derivative from the blood sample, obtaining a value for fractional gluconeogenesis based on
abundance from one or more mass spectra, obtaining a value for fractional gluconeogenesis plus glycogenolysis from
one or more mass spectra, using the value to create to estimate fractional gluconeogenesis, and administering a parenter-
al nutritive formulation to the patient based upon the fractional gluconeogenesis estimate. The label may be deuterium.
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[0019] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, the method including, administering a label to the patient, estimating the fraction
of body water that has been labeled, using this estimate to create a baseline for the amount of total glucose production,
estimating an amount of glucose production only from gluconeogenesis by measuring the label, and estimating the
patient’s fractional gluconeogenesis.
[0020] The methods can include a water labeled with deuterium, wherein less than about 1% of the body water is
labeled, wherein the body water is labeled with an initial bolus, wherein the body water is continually labeled by ongoing
infusion of labeled water, wherein the glucose derivative is a penta-acetate glucose molecule with molecular weight of
about 390, wherein part of the estimation is based on the abundance of the label on one or more of glucose carbons 1,
3, 4, 5, 6, wherein part of the estimation is based on the abundance of the label on glucose carbon 2, wherein glucose
Ra is estimated to further provide an estimate of absolute rate of GNG, and using a correction factor to correct for the
fraction of the molecule that exists in a state that includes the label. The method provides for molecule analysis in a gas
chromatograph mass spectrometer. The method provides, upon estimating the fractional gluconeogenesis, the patient
is administered a parenteral nutritive formulation, wherein the formulation may contain MCC or GNG precursor or both,
pyruvate or lactate or both, wherein the formulation is administered or increased if the estimated fractional GNG is above
about 25% or 35%, wherein the formulation is stopped or decreased if the estimated fractional GNG is below about 15%
or 20%.
[0021] According to an embodiment of the present disclosure, the invention provides a parenteral nutritive formulation
for feeding a patient to decrease or stabilize fractional gluconeogenesis, including water and MCC or GNG precursor
or both. It also provides a parenteral nutritive formulation for feeding a patient with injury or illness, including water and
MCC or GNG precursor or both. It also provides parenteral nutritive formulation for feeding a patient to decrease or
stabilize fractional gluconeogenesis, the formulation including water and lactate or pyruvate or both, and one or more
salts, wherein the formulation has an osmolality less than about 310 mOsm.
[0022] The formulations may also include one or more salts, one or more of Na+, K+, Ca++, Mg++, and H2PO4

-, a label
such as deuterium, have an osmolality of less than about 310 mOsm, where one of the MCCs or GNGs is lactate or
pyruvate or both, where one of the MCCs or GNGs is an amino acid where one of the MCCs or GNGs is a GNG precursor
that naturally occurs in the body, where one of the MCCs or GNGs is a compound that does not naturally occur in the
body but that can be used as a GNG precursor, where one of the MCCs or GNGs is glycerol or glycerol tri-lactate. The
formulation may be administered at a rate of about 3 mg/kg/min, where kg is kg of patient body weight and 3 mg is the
amount of MCC or GNG in the formulation, may be administered at a rate of about 50 micro moles per kg of body weight
per minute (Moles/kg/min), where kg is kg of patient body weight and 50 M is the amount of MCC or GNG in the
formulation, administered or increased if estimated fractional GNG is above about 25% or 35%, or decreased or stopped
if estimate of fractional gluconeogenesis is below about 20% or 15%.
[0023] The formulations may include a label such as deuterium and one or more salts. They may contain or more of
the following: Na+, K+, Ca++, Mg++, and H2PO4

-. They may have Na+, K+, Ca++, Mg++, and H2PO4
- provided in the ratio

of about 145, 4, 2.5, 1.5, and 1.0 respectively. They may have MCC or GNG precursor or both. The formulation may
have an osmolality of less than about 310 mOsm. The formulation may have an MCCs or GNGs that is lactate or pyruvate
or both, an amino acid, a GNG precursor that naturally occurs in the body, a compound that does not naturally occur in
the body but that can be used as a GNG precursor, glycerol tri-lactate or arginyl lactate. The formulation may be
administered at a rate of about 3 mg/kg/min, where kg is kg of patient body weight and 3mg is the amount of MCC or
GNG precursor in the formulation and may be administered or increased if estimated fractional GNG is above about
25% or 35%, or decreased or stopped if estimate of fractional gluconeogenesis is below about 20% or 15%. The
formulations may be parenteral, used to estimate fractional GNG, used to stabilize or decrease fractional GNG. The
label may be incorporated into glucose. The label may be differentially incorporated into glucose depending on whether
it is incorporated via the gluconeogenesis pathway or via the glycogenolysis pathway.
[0024] The nutritive formulations may include deuterium, lactate or pyruvate or both, and one or more salts, may have
an osmolality of less than about 310 mOsm, may have one more of the following: Na+, K+, Ca++, Mg++, and H2PO4

-,
may be parenteral. The nutritive formulation may be used to decrease or stabilize fractional gluconeogenesis, and include
deuterium, lactate or pyruvate or both, and one or more salts, may have an osmolality of less than about 310 mOsm,
and may have one more of the following: Na+, K+, Ca++, Mg++, and H2PO4

-.
[0025] In all of the systems and methods, various labels may be used, including deuterium, such as in deuterium oxide
(water), and sometimes at a concentration of less than about 1% of the water. The formulations may be enteral or
parenteral.
[0026] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, the method including, from a patient blood sample, analyzing the glucose or
one or more derivatives of the glucose, or both, the blood sample comprising glucose and a label, obtaining a value or
set of values for gluconeogenesis, obtaining a value or set of values for total glucose production, and the above to
estimate fractional gluconeogenesis.
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[0027] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, including, from a patient blood sample, analyzing the glucose or one or more
derivatives of the glucose, or both, the blood sample comprising glucose and a label, estimating the fraction of body
water that has been labeled, using this to create a baseline for the amount of total glucose production; estimating an
amount of glucose production from gluconeogenesis by measuring the label and using above to estimate the fractional
gluconeogenesis.
[0028] According to an embodiment of the present disclosure, the invention provides a method for aiding in the esti-
mation of the fractional gluconeogenesis of a patient, the method including, from a patient blood sample, analyzing the
glucose or one or more derivatives of the glucose, or both, the blood sample comprising glucose and a label, obtaining
a value or set of values for gluconeogenesis based on the abundance of the label on one or more of glucose carbons
1, 3, 4, 5, 6, and obtaining a value or set of values for total glucose production based on the abundance of the label on
glucose carbon 2. The method further includes transmitting these values or sets of values and using them to calculate
a value or set of values for estimated fractional gluconeogenesis.
[0029] According to an embodiment of the present disclosure, the invention provides a method for aiding in the esti-
mation of the fractional gluconeogenesis of a patient, the method including from a patient blood sample, analyzing the
glucose or one or more derivatives of the glucose, or both, the blood sample comprising glucose and a label, estimating
the fraction of body water that has been labeled, using this estimating to obtain a value or set of values as a baseline
for the amount of total glucose production and obtaining a value or set of values for gluconeogenesis by measuring the
label. The method also includes transmitting the value or set of values obtained and using them to calculate a value or
set of values for estimated fractional gluconeogenesis.
[0030] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, the method including receiving a value or set of values for gluconeogenesis,
receiving a value or set of values for total glucose production, using (a) and (b) to estimate fractional gluconeogenesis.
[0031] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, the method including receiving a value or set of values for gluconeogenesis,
receiving a value or set of values for fraction of body water that has been labeled and using the above to estimate
fractional gluconeogenesis.
[0032] According to an embodiment of the present disclosure, the invention provides a method of providing nutrition
to a patient, the method including obtaining a value or set of values for estimated fractional gluconeogenesis, and
decreasing, increasing or maintaining nutritional support based on the value or set of values for estimated fractional
gluconeogenesis. Nutritional support may be stopped or decrease if the value or set of values for estimated fractional
gluconeogenesis is above about 25%. Nutritional support is begun or increased if the value or set of values for estimated
fractional gluconeogenesis is below about 15%.
[0033] According to an embodiment of the present disclosure, the invention provides a method of providing nutritional
support to a patient, the method including, (a) administering a label, (b) administering a formulation, (c) taking one or
more blood samples from the patient, and (d) measuring incorporation of the label into glucose in order to estimate
fractional gluconeogenesis. In the method (c) and (d) may be done on a periodic basis in order to provide an ongoing
estimate of fractional gluconeogenesis.
[0034] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, the method including, (1) administering a label, (b) administering a formulation,
(c) taking one or more blood samples from the patient, (d) analyzing glucose or a glucose derivative from the blood
sample, (e) obtaining a value for fractional gluconeogenesis, (f) obtaining a value for fractional gluconeogenesis plus
glycogenolysis, and (g) using (e) and (f) to estimate fractional gluconeogenesis. In the method (c)-(g) are done on a
periodic basis in order to provide an ongoing estimate of fractional gluconeogenesis.
[0035] According to an embodiment of the present disclosure, the invention provides a method for estimating the
fractional gluconeogenesis of a patient, the method including, (a) administering a label, (b) administering a formulation,
(c) taking one or more blood samples from the patient, (d) estimating the fraction of body water that has been labeled,
(e) using the estimating in (d) to create a baseline for the amount of total glucose production, (f) estimating an amount
of glucose production only from gluconeogenesis by measuring the label, and (g) using (e) and (f) to estimate the patient’s
fractional gluconeogenesis. In the method (c)-(g) are done on a periodic basis in order to provide an ongoing estimate
of fractional gluconeogenesis.
[0036] According to an embodiment of the present disclosure, the invention provides a method of modulating the
fractional gluconeogenesis of a patient, the method including: (a) administering a label, (b) administering a formulation,
(c) taking one or more blood samples from the patient, (d) measuring incorporation of the label into glucose in order to
estimate fractional gluconeogenesis, and (e) modifying the composition and rate of infusion or both of the formulation
to target a fractional gluconeogenesis range. In the method (c) and (d) are done on a periodic basis in order to provide
an ongoing estimate of fractional gluconeogenesis. The gluconeogenesis range targeted may be about 15-35% or about
20-25%.
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[0037] According to an embodiment of the present disclosure, the invention provides a method of providing nutritional
support to a patient, the method including, (a) estimating the blood lactate concentration of the patient, (b) providing,
increasing, decreasing or ceasing a formulation to the patient based on the blood lactate concentration.
[0038] According to an embodiment of the present disclosure, the invention provides a method of targeting a blood
lactate concentration in a patient, the method including, (a) estimating the blood lactate concentration of the patient, and
(b) increasing, decreasing or maintaining or ceasing a formulation to achieve the target blood lactate concentration.
[0039] According to an embodiment of the present disclosure, the invention provides a method of affecting the fractional
gluconeogenesis of a patient, the method including: (a) estimating the blood lactate concentration of the patient, (b)
increasing, decreasing or maintaining a first formulation to achieve a target blood lactate concentration, (c) estimating
the fractional gluconeogenesis of the patient, and (d) providing a second formulation to the patient in order to achieve
a target fractional gluconeogenesis range.
[0040] According to an embodiment of the present disclosure, the invention provides a formulation including: (a) GNG
precursor or MCC or both, and (b) one or more salts, the formulation capable of affecting blood lactate concentration.
[0041] According to an embodiment of the present disclosure, the invention provides a formulation including: (a) GNG
precursor or MCC or both, the formulation capable of reducing or stabilizing catabolism or cachexia or both. The formu-
lations of the invention throughout are capable of affecting blood lactate concentration, capable of reducing or stabilizing
catabolism and cachexia. The formulations may include glucose polymer.
[0042] According to an embodiment of the present disclosure, the invention provides method of providing nutritional
support to a patient, the method including: (a) providing a formulation comprising a GNG precursor or MCC or both,
wherein the formulation is capable of affecting the blood lactate concentration of the patient, and may target a blood
lactate concentration is above about 1-8 mM.
[0043] According to an embodiment of the present disclosure, the invention provides a formulation for providing nu-
tritional support for physical activity, the formulation including: GNG precursor or MCC or both, and one or more salts.
[0044] According to an embodiment of the present disclosure, the invention provides method of providing nutritional
support for physical activity, the method including providing a formulation comprising a GNG precursor or MCC or both
and one or more salts, and may target a blood lactate concentration is above about 1-8 mM.
[0045] The method and formulations of the invention may label the body water with an initial bolus or ongoing infusion
or both. The value or set of values for total glucose production can also represent % body water labeled, and can be
based on the abundance of the label on one or more of glucose carbons 1, 3, 4, 5, 6. The value or set of values for
gluconeogenesis can be based on the abundance of the label on glucose carbon 2. The glucose derivative analyzed is
a penta-acetate glucose molecule with molecular weight of about 390, or has a molecular weight of about 169, or 172.
The value or set of may include a correction factor. Glucose Ra may be estimated to further provide an estimate of
absolute rate of gluconeogenesis. The formulation of the method may include GNG precursor or MCC or both, pyruvate
or lactate or both, a GNG precursor or MCC other than lactate. The formulation may be administered or increased if the
estimated fractional gluconeogenesis is above about 25%. The formulation may be stopped or decreased if the estimated
fractional gluconeogenesis is below about 20%.
[0046] The methods and formulations may have Na+, K+, Ca++, Mg++, and H2PO4 Na+, K+, Ca++, Mg++, and H2PO4

-

in the ratio of about 145, 4, 2.5, 1.5, and 1.0 respectively, and a label such as deuterium. The osmolality may be less
than about 310 mOsm.
[0047] The formulations may be administered at a rate of about 3 mg/kg/min, where kg is kg of patient body weight
and 3mg is the amount of GNG precursor or MCC in the formulation or at a rate of about 50 Moles/kg/min, where kg is
kg of patient body weight and 50 M is the amount of GNG precursor or MCC in the formulation. The formulations may
have zero or close to zero nutritional content to accommodate a patient that is adequately fed. An initial bolus of label
may be given to the patient and the initial bolus labels less than about 1% of the patient’s body water and the label may
be deuterium. The label may be in a nutritional formulation. The methods and formulations may be used with a patient
that is a healthy individual engaged physical activity. They may target a fractional gluconeogenesis range and affect
fractional gluconeogenesis.
[0048] The invention discloses systems and apparatus for carrying out all of the above. It includes systems for estimating
the fractional gluconeogenesis of a patient, including: a label administration module, a blood sample module, a glucose
analyzer module, a gluconeogenesis calculation module, a total glucose production calculation module, and a fractional
gluconeogenesis estimation module. It includes systems for aiding in the estimation of the fractional gluconeogenesis
of a patient, including: a glucose molecule analyzer module, a fractional gluconeogenesis calculation module, and a
total glucose production calculation module. It includes systems for estimating the fractional gluconeogenesis of a patient
including: a gluconeogenesis data receiving module, a total glucose production data-receiving module, and a fractional
gluconeogenesis estimation module. It includes systems for estimating targeting a fractional gluconeogenesis range in
a patient, including: a label administration module, a blood sample module, a glucose analyzer module, a gluconeogenesis
calculation module, a total glucose production calculation module, a fractional gluconeogenesis estimation module, and
a gluconeogenesis range targeting module. It includes systems for providing nutritional support to a patient, including:
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a label administration module, a formulation administration module, a blood sample module, a glucose analyzer module,
a gluconeogenesis calculation module, a total glucose production calculation module, and a fractional gluconeogenesis
estimation module. It includes systems for providing nutritional support to a patient, including a blood sample module,
a blood lactate module. and a formulation administration module.
[0049] The invention discloses systems for targeting a blood lactate range in a patient, including: a blood sample
module, a blood lactate module, a formulation administration module, and a lactate range targeting module. It includes
systems for targeting a fractional gluconeogenesis range in a patient, including: a blood sample module, a blood lactate
module, a formulation administration module, a lactate range targeting module, a label administration module, a second
formulation administration module, a blood sample module, a glucose analyzer module, a gluconeogenesis calculation
module, a total glucose production calculation module, a fractional gluconeogenesis estimation module, and a glucone-
ogenesis targeting module. The second formulation administration module and the first second formulation administration
module may be the same.
[0050] The systems may also include a formulation administration module, a body water fraction module, and an
absolute rate of gluconeogenesis calculation module that uses absolute rate of glucose production data. The fractional
gluconeogenesis calculation module may use abundance of label data for one or more of glucose carbons 1, 3, 4, 5, 6.
The fractional gluconeogenesis calculation module may use abundance of label data for one or more of glucose carbon
2. The data may come from glucose or one or more glucose molecule derivatives or both. The invention also discloses
computer products, the products being executable by a processor to perform all of the above methods, systems and
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The described techniques and mechanisms, together with other features, embodiments, and advantages of
the present disclosure, may best be understood by reference to the following description taken in conjunction with the
accompanying drawings, which illustrate various embodiments of the present techniques and mechanisms. In the draw-
ings, structural elements having the same or similar functions are denoted by like reference numerals.

Figure 1 is a standard chemical representation/illustration of the molecule glucose, approximate molecular weight
("MW") 180, in the biologically dominant alpha-D-glucose confirmation.

Figure 2 is a standard chemical representation/illustration of the molecule glucose, with all seven hydrogens replaced
with deuteriums (as labels).

Figure 3 shows the penta-acetate glucose derivative, approximate MW 390, that is part of the mass spectra analysis
method, in a preferred embodiment of the invention.

Figure 4 shows a fragment of the penta-acetate glucose derivative with all of the hydrogens of interest still on the
molecule, approximate MW 331, as well as the same molecule with different isotopes (MW 332, etc.)

Figure 5 shows a fragment of the penta-acetate glucose derivative, approximate MW 271, as well as the same
molecule with different isotopes (MW 272, etc.)

Figure 6 shows another fragment of the penta-acetate glucose derivative, approximate MW 169, as well as the
same molecule with different isotopes (MW 170, etc.)

Figure 7 shows a schematic mass spectrum focusing on the MW 331 and related ions.

Figure 8 shows a schematic mass spectrum focusing on the MW 169 and related ions.

Figure 9 shows a schematic mass spectrum showing the MW 169, 271, 331 and related ions.

Figure 10 shows an actual GC/MS spectrum of the current invention, showing peaks corresponding to the selected
ion monitoring ("SIM") of the MW 331 and 332 ions, where the intensity of the signal is calculated by integrating the
areas under the peaks.

Figure 11 is a flowchart schematically representing GNG methods of the invention.

Figure 12 is a schematic diagram of GNG systems of the invention.
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Figure 13 is a flowchart schematically representing lactate methods of the invention.

Figure 14 is a schematic diagram of lactate systems of the invention.

Figure 15 is a block diagram of an exemplary computing system that may be utilized to practice aspects of the
present disclosure

DETAILED DESCRIPTION OF THE INVENTION

Gluconeogenesis ("GNG")

[0052] That superior biomarker for assessing the BES of a patient, as disclosed in the present invention, is fractional
GNG, that is, the % of total glucose production that comes from GNG.
[0053] Various embodiments of the present disclosure provide systems and mechanisms for estimating fractional
GNG in a patient. The disclosed invention includes systems and methods for determining the nutrition state and needs
of the patient also based on the absolute rate of GNG and the rate of glucose appearance, among other measures. It
also includes systems and methods for treating patients using nutritive formulations as disclosed. In a preferred embod-
iment of the invention, we estimate fractional GNG in a patient, and use this to prescribe the rates of parenteral and
enteral energy substrate administration to support patient recovery. Some of the expected benefits of this treatment are
an increased healing rate and decreased hospitalization time. Importantly, in some patients the results of our invention
may make the difference between poor versus good recovery, and in other patients, the difference between life and
death. The course of discovery to use fractional GNG as a biomarker of BES and needs for energy substrate nutrition
is described here.
[0054] Inspiration for the invention arose in part from the inventors’ cumulative professional experiences in public
service, education, and consultation in industry and metabolic research in exercise physiology. In particular, metabolic
stresses such as the oxygen-limited condition of high altitude, cigarette smoking, and the personal experience of one
inventor, Michael Horning ("MAH") observing the metabolic effects of a traumatic brain injury ("TBI") to a family member
served to help the inventors conceive and reduce the invention to practice.
[0055] Note that in the current art, the term glycemia is loosely used to mean the state of the body and blood glucose,
in particular [glucose]. But the current invention takes the term and makes it much more precise, by describing underlying
mechanisms of glycemic control such as GNG and fractional GNG. The term "tight" glycemic control is sometimes used
loosely in the current art to mean a more nuanced approach to control of glucose, but is also not very precise. The
current invention provides systems and methods for a sort of "exquisite" glycemic control that is vastly superior at
estimating the patient’s BES and meeting the patient’s nutritional needs.
[0056] In 2006, Ruthe Horning ("RH"), mother of MAH, was struck by a car while riding her bicycle in Pacific Grove,
California. She suffered a severe traumatic brain injury, and was rushed into emergency surgery for her first craniectomy.
Later that night she received a second emergency craniectomy (a bilateral craniectomy) to help reduce the swelling
created by the subdural hematoma resulting from the injury to her brain, and her chances of survival (or good recovery)
were uncertain. Over the next several weeks of visiting RH in the intensive care unit ("ICU") MAH made many observations
concerning the metabolic status of his mother including increased heart rate and temperature while she was in a coma.
[0057] From experience and training in science, MAH believed by gross observation of RH’s condition and vital signs,
that his mother’s metabolic state was not that of a resting person, but rather her metabolism was more like that of an
exercising person. Coupled with those observations MAH also noted that RH’s recovery accelerated when she was
eventually given enteral nutrition, at his urging. This nutritional source resulted in a marked improvement and she gained
strength and mental faculties almost immediately.
[0058] RH was in serious need of nutritional support, but was underfed as the result of state of the art treatment. Many
months later RH regained enough mental faculties to start to comprehend the enormity of the accident and her injuries,
and MAH made a commitment to her that he would find a better treatment for injured patients. Thus a compelling need
was articulated that led to a path of discovery of the current invention. The need, in part, was for one or more key
biomarkers of BES, methods for measuring these biomarkers, and nutritional treatment methods and formulations based
on such measurements.
[0059] Over the years, the two inventors began exploring for the particular biomarkers that could be used for BES
assessment and treatment. The inventors were looking for an ideal diagnostic method to use in evaluating metabolic
state and nutritional needs, or BES, of an ill or injured hospitalized human or animal patient. Over time, based on many
studies and empirical observation, it became clear to the inventors that fractional GNG, that is % of glucose production
from GNG, was the key biomarker with regard to BES. While glucose Ra is somewhat useful (and using glucose Ra
and fractional GNG, one can also determine GNG rate of production, since fractional GNG x glucose Ra = GNG rate of
production), fractional GNG alone can be used to accurately assess the BES and nutritional needs of a patient.
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[0060] While there are methods in the art that can be used to estimate fractional GNG and thus assess BES (3, 55-57)
the current invention discloses new, improved, simplified means to estimate fractional GNG.
[0061] The current art views a sedentary or unconscious patient as resting, and thus not needing any nutritional support
beyond that of a resting patient, because he or she is physically inactive. The current art also may view some critical
illnesses as hypermetabolic, and in need of additional caloric support. Even in such cases, an accurate assessment of
BES does not exist, and the nutritional support is often delayed and the nutritional management is based on formulas
not necessarily specific to the patient’s needs. Over time, the inventors realized that many patients, including comatose,
ill or injured persons, are often in a catabolic (body tissue and energy storage breakdown) state because of the stresses
of illness or injury. Based on various empirical observations, the inventors have seen such ill or injured patients with
fractional GNGs well above 25%, which is similar to that of stressed, intensely exercising individuals or even starving ones.
[0062] In fact, by definition, GNG involves catabolism of body tissues to support production of glucose, since it is a
less favored, inefficient method of glucose production. Glucose is an essential body nutrient and unique fuel for tissues
such as brain, nerves, kidneys and red blood cells. To heal and gain strength an ill or injured person needs macro nutrient
nutrition, in particular, including glucose or glucose precursors.
[0063] Another embodiment uses an estimate of the absolute rate of GNG in mg/kg/min, in addition to the %GNG, as
a biomarker. This requires an estimate of glucose Ra, in addition to fractional GNG, in order to yield and estimate of the
absolute rate of GNG (absolute rate GNG = glucose Ra x fractional GNG).
[0064] In the late 1970’s and early 1980s, using radioactive tracers of glucose and lactate the inventors, among others
(11, 23) saw that exercise and exercise training increased the ability of laboratory rats to maintain normal blood glucose
concentration (also referred to as [glucose]) by increased capacity for making new glucose via GNG, using precursors
such as lactate. In humans and other mammals, lactate production takes place in working muscles, among other tissues,
whereas the conversion of lactate to glucose generally takes place mostly in the liver and kidneys. With the advent of
stable, non-radioactive isotopes, the inventors, among others, studied men resting and exercising in a laboratory at sea
level and developed technology to measure gluconeogenesis in resting and exercising men. Then, in the late 1980s,
the inventors, among others, were able to use stable isotopes to measure and compare glucose and lactate fluxes in
men resting and exercising in a laboratory at sea level and then under the added stress of the 14,000 feet elevation on
Pike’s Peak (9, 10). Among the many remarkable findings of such studies were enhanced ability of the subjects to both
produce and use lactate for energy, in part by converting lactate to glucose via GNG and directly oxidizing the remaining
lactate.
[0065] In addition, using stable isotopes of glucose and lactate, the inventors, among others, (21, 22, 39) made
measurements showing enhanced GNG from lactate in smokers compared to non-smokers while exercising. Subse-
quently, over the course of decades of experimentation the inventors became experts in the science and technology of
studying human physiology and of using isotope tracers to measure various metabolite flux rates in humans and other
mammals engaged in exercise and other above-mentioned stresses.
[0066] For the inventors, lessons learned in the laboratory were complimented by a far wider set of experiences that
involved the acquisition and transfer of knowledge that occurred within the context of general research in the field. Areas
of experience included providing consulting and other services to business, scientific and governmental organizations.
Additional areas of experience included serving on review boards and providing editorial duties for scientific journals.
[0067] The invention benefits treatment of an ill or injured person by using fractional GNG as the critical biomarker.
While the general concept of estimation of fractional GNG by itself is not new, see, for example (3, 14, 20, 26, 27, 73,
74) the invention introduces new and improved systems and methods for such estimation. The invention also further
uses these estimates as a highly useful determinant of the balance of BES, e.g., catabolism vs. anabolism and nutritional
needs of an ill or injured patient in order to treat, feed and provide nutrition to the patient appropriately. For discussion
of the general concept of the general use of biomarkers and measurement of various other aspects of metabolic flux
see, for example (28, 65).
[0068] In addition to other improvements, the invention includes the improvement of continually or dynamically esti-
mating fractional GNG, thus providing an ongoing basis by which to understand the BES of the patient and thus treat
the patient, in addition to point measurement of fractional GNG. The invention includes a new metabolic diagnostic test
to assess fractional GNG to determine the underlying metabolic and nutritional status, or BES, of a patient. The scientific
literature increasingly suggests that such measurements should be made, neither specifies how to specifically interpret
such information in the context of the metabolic and nutritive state of the patient, nor how to proceed on this information
in terms of formulations and amounts of such formulations (75). In underfed patients, the liver, and to a lesser extent
the kidneys, are the body organs that make new glucose from GNG. The invention also includes using the information
derived from the test above to articulate information on the metabolic state and nutritive needs of a patient.

Estimating Fractional GNG

[0069] In a preferred embodiment, fractional GNG is estimated, which alone can be used as a highly useful, even
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determinative biomarker of BES. The basic principle is to label a portion of the patient’s body water and then to estimate
the portion of glucose production that becomes labeled via the GNG pathway. Because a label such as deuterium can
be incorporated onto different positional carbons of glucose depending on whether the glucose was produced by GLY
or GNG, such labeling can be used to estimate fractional GNG in the invention.
[0070] To function as an effective precursor label, the proportion of body water to be labeled must be large enough
to give an accurate measurement of isotopic enrichment in both body water and blood glucose by whatever detection
mechanism is used to determine the isotopic enrichments. It should also be highly sensitive so that relatively small blood
samples can be taken for comfort and efficacy, and to reduce the cost of isotopic labeling and analyses. In a preferred
embodiment, that label is deuterium, that is, the hydrogens in the water are the deuterium isotope (written as 2H or D)
and D2O is added to body water.
[0071] This deuterated water (generally commercially available at >98% purity) is generally introduced intravenously
to the patient. In a preferred embodiment, an amount of deuterated water that approximates 0.3-0.5% of body water is
given to the patient as a bolus. This amount is typically estimated by assuming 70% of body weight is water. Within a
few hours, the labeled water both equilibrates with body water and is incorporated into blood glucose via the GLY and
GNG pathways due to rapid isomerization between fructose-6-phosphate and glucose-6-phosphate during the process
of glucose production. The hydrogen atoms on carbon 2 on glucose will be labeled via glucose production in proportion
to the labeling of body water, and can be used to validate the % labeling of body water number enriched with deuterium.
[0072] By contrast, hydrogen atoms on carbons 1, 3, 4, 5, and 6 of glucose will be enriched with deuterium during
transit of precursors through the GNG pathway. The hydrogen atoms on carbons 1, 3, 4, 5, and 6 of glucose will be
labeled equally during GNG due to isomerization of glyceraldehyde-3-phosphate to dihydroxyacetone phosphate by
triose phosphate isomerase and a series of equilibration reactions between phosphoenolpyruvate and dihydroxyacetone
phosphate. The abundance of label at each of these carbons thus each represent GNG enrichment, though the average
of these carbons (or an average of some) can be used for a potentially more accurate measurement. Thus, for example,
the fraction of hydrogen atoms enriched by deuterium on C-1 of glucose will be equal to that on C-5, but each will have
an amount smaller than the enrichment at C-2 due to the combined pathways of GNG and GLY.
[0073] In a preferred embodiment, a blood sample is taken after this initial bolus, and the glucose is extracted using
standard methods known in the art via solvents. In a preferred embodiment, the glucose is converted to the penta-
acetate molecule shown in Figure 2, approximate MW 390, so that this glucose derivative can be detected in a gas
chromatograph ("GC") mass spectrometer ("MS"). The hydrogen-deuterium atoms on C-2 are removed during ionization
so that we can isolate the carbons enriched by deuterium during GNG, thus obtaining the average GNG enrichment.
This mass to charge (m/z) ion has a non-labeled molecular mass ("m") of 169 and charge ("z") of 1. If the ion is enriched
with a deuterium at one of the carbons, then its m/z will be 170.
[0074] In one embodiment, the invention can be practiced without chromatography. Sugar measured without a chro-
matography step to isolate glucose from other blood sugars such as fructose and galactose would still be about 95%
glucose, and so a meaningful number for glucose can be obtain without separation. Carbohydrate digestion produces
a high percentage of glucose as the fundamental energy source for cell metabolism. Two other forms of sugars, galactose,
and fructose, are also products of carbohydrate digestion. Despite the relatively high percentage of digested fructose
and galactose (about 20%), after gastrointestinal absorption, the liver enzymes convert most of these sugars to glucose,
resulting in the 95% number.
[0075] Of course, some of the ions will be enriched at more than one carbon, and by more than one isotope. For
instance, endogenous (background) isotopic enrichment of carbon in body substances by (13C) approximates 1.09%.
Similarly, the endogenous (background) deuterium enrichment is very small, approximately 0.015%, and the target D2O
enrichment in body water is approximately 0.3 to 0.5%, the background deuterium will not meaningfully affect estimation
of fractional GNG as described here. It can in any case be corrected for, if desired.
[0076] The literature contains no reference for the method of determining fractional GNG and isotopic enrichment in
body water following administration of D2O that we describe here. However, others have used different methods using
measurements of the isotopic enrichment of glucose following administration of D2O and comparing to the enrichment
in body water (20, 30, 45).
[0077] The ratio of 170/169 ions (further divided by 6, the number of hydrogen atoms on this ionized glucose fragment)
divided by body water enrichment will thus yield an abundance value for fractional GNG. The body water enrichment
value can either be taken from the bolus to body weight approximation described above (and, in a preferred embodiment,
intended to be 0.3 to 0.5%), or estimated from the glucose carbon 2 enrichment via GLY as described in this equation: 
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[0078] For reference, a standard chemical representation of glucose, approximate molecular weight ("MW") 180, in
shown in Figure 1 (specifically the biologically dominant confirmation alpha-D-glucose). That same glucose molecule
with each of the 7 hydrogens replaced with the marker deuterium (D) is shown in Figure 2.
[0079] Figure 2 is a standard chemical representation/illustration of the molecule glucose, with all seven hydrogens
replaced with deuteriums (as labels).
[0080] Figure 3 shows the penta-acetate glucose derivative, approximate MW 390, that is used in the GC/MS analysis
method, in a preferred embodiment of the invention.
[0081] Figure 4 shows a fragment of the penta-acetate glucose derivative, approximate MW 331, as well as the same
molecule with different isotopes (MW 332, etc.)
[0082] Figure 5 shows a fragment of the penta-acetate glucose derivative, approximate MW 271, as well as the same
molecule with different isotopes (MW 272, etc.)
[0083] Figure 6 shows another fragment of the penta-acetate glucose derivative, approximate MW 169, as well as the
same molecule with different isotopes (MW 170, etc.)
[0084] In a preferred embodiment of the invention the body water enrichment is taken from observing the abundance
of the labeled penta-acetate glucose derivative MW 331. This ion has a non-labeled molecular weight of 331 and charge
of 1. Since this ion retains all carbons and hydrogens of the base glucose molecule, it is enriched by both GLY and
GNG, at one of the seven hydrogens associated with the six carbons of the glucose, resulting in an ion with molecular
weight of 332. Thus the abundance of this molecule represents enrichment by both pathways. Enrichment at carbon 2
is by both pathways, and enrichment at the other carbons is only by GNG.
[0085] Figure 7 shows a schematic mass spectrum focusing on the 331 ion. As stated, relative abundance of the 332
ion (marked with one deuterium) vs. the 331 ion represents enrichment by both GLY and GNG pathways.
[0086] Figure 8 shows a schematic mass spectrum focusing on the 271 ion. Since this ion has lost the hydrogen at
carbon 2, it cannot be marked by the GLY pathway. The ratio of 272 to 271 thus represents the enrichment due only to
GNG. Since the ion may also exist in a configuration where the hydrogen is still present in the molecule, the estimation
of enrichment due to GNG may be modified by a correction factor, in one embodiment 1.0/0.9, because about 90% of
the molecules exist in the configuration without the hydrogen at carbon 2.
[0087] Figure 9 shows a schematic mass spectrum focusing on the 169 ion. Since this ion has lost the hydrogen at
carbon 2, it cannot be marked by the GLY pathway. The ratio of 170 to 169 represents the enrichment due only to GNG.
Since the ion may also exist in a configuration where the hydrogen is still present in the molecule, the estimation of
enrichment due to GNG may be modified by a correction factor, in one embodiment 1.0/0.65, because about 65% of
the molecules exist in the configuration without the hydrogen at carbon 2.
[0088] Since we have information on both pathways, we can establish a baseline for the amount of label produced by
both the GLY and GNG pathways. The ratio of 332 to 331 represents enrichment by both pathways. When either the
170/169 or 272/271 ratios (or the average of both) is subtracted from this, this yields an estimate of the % of body water
labeled, since body water is the starting point for both pathways of glucose genesis. This ratio can be used to confirm
the % of body water labeled, in one embodiment. We can also have a % body water label baseline based on the amount
of labeled water introduced into the body compared to body weight and/or total body water estimate (generally body
water is assumed to be 70% of body weight) in another embodiment. If the ratio of 332/331 minus 170/169 or 272/271
or both differs from this, we can use the average or some other combination of these numbers to establish a baseline
for % body water labeled, in another embodiment.
[0089] Note that in the above schematic mass spectra, the relative abundance of ions is represented by sharp, one-
dimensional lines. The abundances are essentially represented on the y-axis as intensities. In reality, the intensity
readings in mass spectra show up as two-dimensional peaks (hopefully, relatively sharp). The signal/intensity/abundance
of each ion is generally calculated as the area under the curve of that peak. Figure 10 shows an actual Selected Ion
Monitoring ("SIM") GC/MS spectrum of the current invention, showing peaks for selected ions 331 and 332. In any case,
it should be noted that the units of the y-axis are not generally important, as long as the abundance is adequate for good
chromatography, since what we care about are intensity/abundance ratios, and the ratios are dimensionless.
[0090] In a preferred embodiment, the GC/MS used is the Agilent GCMSD 5973. Of course, other types of GC/MS
devices or other types of mass spectrometers such as liquid chromatographs can be used, provided that the enrichment
is sufficient to be accurately detected and the molecules, or derivatives and fragments of the molecules representative
of the relevant label or labels can be detected. Other types of mass spectrometers such as, but not limited to, three-
dimensional quadrupole ion trap, linear quadrupole ion trap, orbitrap, sector, time-of-flight, Fourier transform ion cyclotron
resonance or other detectors. Such detectors can be used alone or in combination (called tandem mass spectroscopy),
e.g., triple quadrupole, quadrupole ion trap.
[0091] The creation of ions can occur by a variety of methods and systems, including, but not limited to, electron
ionization ("EI") and chemical ionization ("CI") used for gases and vapors, electrospray ionization, nanospray ionization,
matrix-assisted laser desorption ionization ("MALDI"), inductively coupled plasma ("ICP"), glow discharge, field desorp-
tion, fast atom bombardment ("FAB"), thermospray, desorption/ionization on silicon ("DIOS"), direct analysis in real time
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("DART"), atmospheric pressure chemical ionization ("APCI"), secondary ion mass spectrometry ("SIMS"), spark ioni-
zation and thermal ionization ("TMS"). These ionization techniques result in the transformation of the molecule to an ion
or multiple fragments of ions. Various chromatographic techniques, for example, gas chromatography ("GC") and liquid
chromatography ("LC") can be combined with the mass spectrometer detectors. For LC/MS the interface between liquid
phase and gas phase typically uses either nanospray ionization or electrospray ionization.
[0092] The invention can also be used with single "purpose-built" mass spectrometers. Distinguished from conventional
central laboratory mass spectrometers, purpose-built mass spectrometers, typically are small, single biotechnology
application, mass spectrometers that use miniaturized molecular traps operating near atmospheric pressure with small
versions of pumps, ionizers, detectors and electronics needed. A handheld version can take a small blood sample so
that tests such as %GNG can be easily and routinely sampled.
[0093] The invention can use deuterium oxide (D2O) alone, or D2O with either D2-glucose, or [1-13C]glucose tracers
administered intravenously upon admission to a hospital intensive care unit ("ICU"), in preoperative preparation or other
forms of hospital admittance in order to establish baseline values for glucose Ra, %GNG, and absolute rate of GNG. In
a preferred embodiment, assuming when blood glucose is in the normal range without exogenous intravenous glucose
supplementation, the use of D2O alone would be sufficient to yield %GNG as the sole biomarker, and analysis of %GNG
alone is a preferred embodiment of the invention.
[0094] In short, estimation of %GNG consists of the intravenous administration of tracer or tracers, a small blood
sample (small enough in fact for the diagnostic to be used in infants and children), preparation of sample for analysis
and mass spectrometry to determine the mass isotopomer distribution of the incorporation of D2O into the product
glucose and the deuterium enrichment of the precursor body water. Our relatively easy, fast and cost effective invention
can be easily deployed in hospitals and trauma centers throughout the world. In other preferred embodiments, we can
combine %GNG estimates with other analyses (D2O plus either D2-glucose (2 deuteriums at C-6), or [1-13C]glucose
(glucose with a carbon 13 at C-1), to yield estimates of glucose Ra and absolute rate of GNG. This would give additional
information as to the to determine metabolic and nutritional state of the patient.
[0095] Expanding on previous methods using mass spectrometry to estimate fractional GNG (20, 30, 44), we propose
new stand-alone infusates and diagnostic methods. Using oral and vascular administration of D2O (2H2O) and a single,
small blood sample, the fractional GNG estimate and deuterium enrichment in body water (D2O or 2H2O) (precursor)
can be simultaneously measured using the ion fragmentation patterns resulting from a single mass spectrum. When the
average deuterium (D or 2H) enrichment (over glucose carbons 1, 3, 4, 5, 6) is used to determine %GNG, we can call
this the "averaging" fractional GNG method of estimation.
[0096] When divided by the enrichment of deuterium in body water (i.e., precursor), the fractional GNG estimate
(glucose being the product of this pathway), yields the estimation of fractional glucose production from GNG, which we
call fractional GNG or %GNG - the terms are used in this invention interchangeably. Instead of performing a separate
analysis for the determination of the isotopic enrichment of deuterium in body water, we propose to use multiple fragments
that result from the penta-acetate glucose derivative and mass spectrometry. Our invention for the averaging GNG
estimate method is to measure the total deuterium enrichment of all hydrogens of glucose and subtracting the enrichment
of deuterium on C-1, C-3, C-4, C-5 and C-6, the difference of which results in calculation of the enrichment of deuterium
on C-2 of glucose. The enrichment of deuterium on C-2 is equivalent to the enrichment of deuterium in body water.
Expressed in another way, enrichment of deuterium on C-2 = (1,2,3,4,5,6,6-H7-1,3,4,5,6,6-H6).
[0097] Therefore fractional GNG = average (1,3,4,5,6,6-H6)/(1,2,3,4,5,6,6-H7-1,3,4,5,6,6-H6).
[0098] The penta-acetate derivative of glucose contains all 6 carbons and 5 acetate functional groups that have
replaced the native glucose hydroxyl groups. With methane chemical ionization (CI) and electron impact ionization (EI)
the first prominent fragments are mass-to-charge (m/z) 331 and the related naturally occurring isotopomers (m/z 332,
333 and 334). This "331 fragment" contains all the carbons of glucose and all the hydrogens of the glucose molecule
(i.e., C-1, C-2, C-3, C-4, C-5, C-6 and H-1, H-2, H-3, H-4, H-5, H-6, H-6 [also can be written as 1,2,3,4,5,6,6-H7] (7
hydrogens total)). The other ion fragments of interest in the proposed method are m/z 169 and its related naturally
occurring isotopomers (m/z 170, 171, 172). Similar to the 331 fragment, the 169 fragment also contain all the carbons
of glucose, but a different number of related hydrogens (i.e., C-1, C-2, C-3, C-4, C-5, C-6, and H-1, H-3, H-4, H-5, H-6,
H-6 [or 1,3,4,5,6,6-H6]). Aspects of our invention are recognition of the loss of H-2 from the 169 fragment, and inclusion
of H-2 in the 331 fragment of the penta-acetate derivative of glucose following the administration of D2O and the process
of GNG.
[0099] Due to complete hydrogen exchange with body water during the extensive glucose-6-phosphate ⇔ fructose-
6-phosphate isomerization, the enrichment of 2H at C-2 of glucose represents body water enrichment. Using the difference
of ion intensities between the two fragments identified above yields both the "average" enrichment of deuterium using
ions 169 and 170 [(170/169)/6], plus the body water enrichment calculated from the difference between the M+1 ratio
from ions 331 and 332 (332/331) and the M+1 ratio of ions 169 and 170 (170/ 169). Hence, fractional GNG can be
estimated by comparing the deuterium enrichment on C-2 with the "average" enrichment of 2H on a glucose penta-
acetate derivative following the administration of D2O.
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[0100] Alternatively stated, in one embodiment, fractional GNG can be calculated by dividing the "average" 2H glucose
isotopic enrichment (the product) by the body water enrichment following administration of water and D2O (the precursor),
see, for example, (20, 30, 58). Restated another way, 2H enrichment on C-2 of a glucose penta-acetate derivative
following administration of D2O is due to both GNG and GLY. However, to reiterate, our new and novel method of
measuring %GNG depends on determinations of the positional isomers of deuterium labeled glucose during GNG, an
assumption that has been verified independently (20, 30). And any one or more of the GNG enriched carbons can be
used to arrive at the %GNG estimate.
[0101] To review the formulas relevant to the invention:

M+1 ratio = m/z (M+1/M); M and M+1 represent ion fragments from mass spectrometry

The M+1 ratio can also be represented as (M+1/Sum (M + (M+1)). For example using ion fragment 331, M+1 ratio
= 332/(331+332).

[0102] Mole Percent Excess ("MPE") = M+1 ratiosample - M+1 ratiobackground; sample is blood sample acquired after
administration of 2H20, and background is blood sample acquired upon admittance to hospital and before administration
of D2O. M+1 ratio (332/331) - M+1 ratio (170/ 169) = body 2H20

[0103] Total MPE/6 = average 2H enrichment of C-1, C-3, C-4, C-5, and C-6 blood glucose penta-acetate derivative

[0104] In a preferred embodiment, the method of invention is comprised of three independent parts. Part 1 comprised
of two sub-parts, (1A) administering D2O to an ill or injured patient or to a healthy control in who GNG needs to be
measured, and (1B) measure the glucose penta-acetate ion fragmentation patterns by mass spectrometry, as described
above.

Sub-part 1A

[0105] At the start of treatment, e.g., on admission to a research laboratory, hospital or clinic for ill or injured patients,
or research laboratory, for healthy subjects and scientific study, and before administration of D2O, a background blood
sample should be drawn and prepared for analysis. The background sample is useful because, depending on a patient’s
dietary and environmental history, small and variable amounts of 2H and 13C isotopomers naturally occur in body water,
blood metabolites and other body compartments. After this background blood sampling and analysis, a constant infusion
of deuterium oxide will commence (with or without a bolus depending on the whether %GNG needs to be assessed in
the first several hours of admission). Because the deuterium oxide equilibrates with the body water, a desired enrichment
can be achieved and maintained throughout the entire hospitalization period.
[0106] The desired isotopic enrichment of body water (in one embodiment about 0.3-0.5%, or adequate for ion intensity
comparisons from the utilized method of mass spectrometry) will be adjusted by the constant infusion of D2O and verified
by the determination of deuterium enrichment on C-2 (as described above using the difference in ion intensities between
ion fragments 331 and 169). Alternatively the determination of body water enrichment can be determined by isotope
ratio mass spectrometry (31, 66) or using an isotopic exchange with acetone method (81). Then, when needed and as
frequently as necessary, a small blood sample can be drawn to determine fractional GNG on an ongoing/dynamic basis.
As nutritional support is augmented using the following parts of the invention, the fractional GNG will be controlled, such
as within the target range (20-25%) in a preferred embodiment, varied to mimic a normal daily circadian pattern, or varied
to yield any particular %GNG ranging from 0 to 100% in other embodiments.
[0107] The frequency of blood sampling following D2O administration, the subsequent calculation of %GNG, and
adjustment of enteral and parenteral nutrition is limited by the time needed for analysis. Given current technology, a 2-
hr frequency should be practical. However, as technology advances, the frequency of sampling may increase. In a busy
hospital setting, morning, noon and evening sampling may be necessary to estimate %GNG and other biomarkers.
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Sub-part 1B

[0108] The analysis of the data derived from the analytical process in Part 1 determined from the mass isotopomer
distribution of deuterium incorporation into glucose yields the rate of GNG, which can also be understood as the % of
Ra glucose derived from GNG precursors (mainly lactate). This is referred to as fractional GNG or %GNG. Fractional
GNG is proportional to the rate of glucose production. In a normal resting person, % of total glucose production to support
the brain approximates 25%, a very high percentage considering the mass of the brain in comparison to the rest of the
body. Blood glucose demands increase in injured persons regardless of the site of injury, and the balance of glucose
Ra from GLY and GNG varies depending on nutritional state, time and metabolic needs of various body tissues. Para-
doxically, following brain injury, cerebral glucose uptake is stunned and diminished, however, the % of cerebral glucose
uptake from GNG rises, as has been observed by the inventors and other researchers, in studies to be published in the
coming months.
[0109] In healthy, uninjured persons the %GNG can fluctuate between ∼ 10% (over fed), to ∼20-25% (appropriately
nourished) to as high as ∼90% (in undernourished and catabolic patients). Our observations show that %GNG approx-
imates 70% for TBI persons in the ICU, as has been observed by the inventors and other researchers, in studies to be
published in the coming months.
[0110] Importantly, even though the %GNG will follow a circadian fluctuation in a traumatized or critically ill patient;
this fluctuation can be minimized by the provision of nutritive support to achieve a normal (20-25) %GNG, indicative of
normal metabolic and nutritive states. By this means, "exquisite" glycemic control and Ra glucose, without the use of
conventional or intensive insulin therapy, can be achieved, which may be of critical benefit to the patient.
[0111] In describing %GNG it needs to be understood that %GNG is a variable that can have physiological range of
0 to 100%. Based on our work as well as that of others, the stated target range of 20-25% in healthy post-absorptive
individuals, is a biomarker for adequate nutrient delivery in an ill or injured patient or other individual incapable of taking
adequate macronutrient nutrition, as defined by the Harris-Benedict (32) or Institute of Medicine equations (8, 51). In a
preferred embodiment of the invention, nutrition is provided so that %GNG is between about 15 and 30%. In another
preferred embodiment of the invention %GNG of about 20-25% is aimed for based on studies on healthy young individuals
3-4 hours after having eaten (3, 24, 26, 27, 58, 73).

Part 2

[0112] Part 2 articulates the metabolic and nutritive state, also known as body energy state (76) of the patient. For
Part 2 the acquisition of the mass isotopomer distribution of the deuterium and hydrogen content in the body water and
the glucose, taking into consideration the natural occurrence of isotopes of carbon and other atoms with naturally
occurring isotopes, consists of selective ion monitoring ("SIM") of the mass to charge ratio (m/z) of the ions of interests
coupled with an integration of the SIM to deduce the response factor associated with the abundance of the ions of
interests as they relate to the precursor and product relationship.
[0113] The invention also includes a method and system to compare the precursor and product relationship based on
the patient’s baseline measurement and the daily (or multiple daily) measurements taken from the patient. The invention,
in a preferred embodiment, has a database that informs the basis from which the nutritional status was evaluated and
the prescription of nutritional support was determined. With the additional process of part 1, the database will contain
variables for the relevant ions (e.g., 331, 332, 272, 271,169,170) to calculate fractional GNG and body water enrichment
as it relates to infusion of the tracer deuterium oxide and the precise, prescription nutritional support. As well, the system
will contain non-identifiable data on patients, the severity of injury on entry into the study, the initial %GNG, the enteral
and parenteral nutrition provided, and patient outcomes.
[0114] It will be appreciated that many of the described methods can be intermediated and implemented automatically
by a computer, or special-purpose hardware, or some combination of both, as such systems are well known in the art.
Specialized software or hardware of the invention could read the intensity of signals provide my mass spectra and
automatically calculate the ratios and other important data to give a reading of fractional GNG. Such readings could
automatically be stored in databases or computer memory and presented to users in various visual forms. The software
could also make recommendations as to feeding protocols and times, frequency of patient sampling, or simply carry out
these methods automatically.
[0115] The invention as such can be implemented on any suitable computer system. A typical, general purpose
computer system suitable for implementing the present invention includes any number of processors that are coupled
to memory devices including primary storage devices such as a read only memory, random access memory and hard
drives. Any one of many data and database architectures can be used to store and retrieve methods, protocols and
recommendation, to store data, and to communicate with server side assistance through the Internet and other networks.
[0116] A hardware system may be specially constructed for the required purposes, or it may be a general-purpose
computer, such as a server computer or a mainframe computer, selectively activated or configured by a computer
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program stored in the computer. The processes presented above are not inherently related to any particular computer
or other computing apparatus. In particular, various general-purpose computers may be used with programs written in
accordance with the teachings herein, or, alternatively, it may be more convenient to construct a more specialized
computer system to perform the required operations.
[0117] Such a general-purpose computer system suitable for carrying out the processing in accordance with one
embodiment of the present invention can be a server computer, a client computer, or a mainframe computer. Other
computer system architectures and configurations can be used, made up of various subsystems described below,
includes one or more microprocessors (or central processing units). Using instructions retrieved from memory, the
microprocessor controls the reception and manipulation of input data, and the output and display of data on output devices.

Part 3

[0118] Part 3 relates to nutritive methods, formulations and amounts. With the prescription of medicine determined
following parts 1 and 2 dictated by the invention for each patient, the attending physician shall administer the level of
nutritive support to administer to each patient to normalize the %GNG. Further, the attending physician or other health
care professional shall utilize information from continual determinations of GNG and nutrient delivery following application
of parts 1 and 2 of the invention for each patient as they recover or as conditions change. The invention will prescribe
feeding protocols for the patient, as follows, based on general nutritional concepts described in (8, 51).

(A) A preferred form of treatment will consist of the intravenous infusion of the gluconeogenic precursor, including
any of the following in combination or alone: L-(+)-lactate salts, other lactate compounds, L-(+)-pyruvate salts, other
pyruvate compounds, L-(+)-lactate alone, lactate plus other amendments included in lactate, pyruvate and similar
nutritional molecules are herein referred to as monocarboxylate compounds ("MCC"). The metabolic precursors of
glucose in the GNG pathway are herein called GNG precursors. These include many MCCs, such as those listed
herein, as well as other compounds, such as some amino acids (e.g., alanine) and glycerol compounds.

[0119] These nutritive formulations are referred herein as cocktails, infusions, formulations, MCC cocktails and GNG
precursor cocktails. To provide nutritive support and reverse body catabolism to anabolism following trauma or chronic
illness, the rate of MCC infusion would range from high (13) to low (13) as governed by the individually measured %GNG
and glucose appearance rates:

A1: High (Maximum) MCC Cocktail infusion rate (mg/min) = glucose Ra (mg/min)

A2: Low (Minimum) MCC Cocktail infusion rate (mg/min) = glucose Ra (mg/min) x (%GNG) = absolute rate of GNG

[0120] In its simplest form, the MCC cocktail would be sodium-L-(+)-Lactate prepared by titrating L-(+)-Lactic acid with
NaOH (24, 52, 55-57). Briefly, the MCC infusion cocktail is prepared by mixing 30% L-(+)-lactic acid solution (e.g., Sigma)
in 2 N NaOH to pH 4.8. The invention, in one embodiment, specifies an initial infusion rate would deliver 11-50 (micro
Moles per kg of body weight per minute) Moles/kg/min, with maintenance infusion rate targeting blood lactate concen-
tration of 3.5 - 4.5 mM. Higher blood lactate levels (6 mM) have been seen without ill effects (57, 71). Consistent with
section methods described above, assuming a formula weight of 112 g/ Mol for sodium lactate, an infusion rate of 11
Moles/kg/min would deliver the mass equivalent of 1.0 mg/kg/min of glucose, an infusion rate of 23 Moles/kg/min of
sodium lactate MCC would deliver the mass equivalent of 3 mg/kg/min glucose, whereas an infusion rate of 50
Moles/kg/min would deliver the mass equivalent of 4.5 mg/kg/min of glucose. Ideally, the MCC is prepared from highest
purity materials, is pathogen free, certified for human pharmaceutical use and is delivered into a large central vein, but
peripheral vein can be used if administered with physiological saline to minimize osmolality and pH effects at the infusion
site that might provoke phlebitis of hemolysis.
[0121] In one embodiment, the starting MCC infusion rate is approximately 3 mg/kg/min, or in an alternate embodiment,
100% of glucose Ra, as has been observed by the inventors and other researchers, in studies to be published in the
coming months. In one embodiment, this can be done even without estimating %GNG, Ra glucose or other biomarkers.
This route and amount of vascular lactate administration has been shown to be safe (55-57, 71). The amount also
corresponds to the average empirically determined Ra glucose in TBI patients (74), as has been observed by the inventors
and other researchers, in studies to be published in the coming months.
[0122] The invention provides for adjusting the nutrition, including MCC infusion rates, such that a target %GNG is
achieved. To some, results of studies of the extent of gluconeogenesis in humans might seem quite variable; however,
if results are viewed from the context of subject time since last eating, then a clear pattern emerges: GNG is suppressed
as nutrients enter the gut, portal and circulation (e.g., 0-15% of glucose Ra), and 20-25% of glucose Ra 3-4 hr after a
mixed, CHO (carbohydrate) containing meal, and the percentages rises continuously thereafter (74).
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(B) An alternative and also preferred form of treatment will involve Procedure A plus either (B1) enteral nutrition via
nasal gastric or nasal jejunal tube, or parenteral nutrition (B2) via intravenous catheter. If these, Method B1 is useful
because nutrients will enter the stomach and reach intestines, portal circulation and liver, thereby eliciting physio-
logically appropriate and anabolic local intestinal and long neural endocrine reflexes as well as general endocrine
responses with signals reaching the liver, pancreas, muscles, heart, adipose, and brain including hypothalamus
regarding the presence of appropriate nutritive energy support (79).

(B1a) The clinician shall proceed as in (A), above, but, as well, provide enteral nutritive support according to
various protocols, such as the Appropriate Macronutrient Distribution Ranges ("AMDR") as defined by the
Institute of Medicine ("IOM"). These AMDR ranges are: carbohydrate in the range of 45-65%, protein in the
range of 10-35% and fat in the range of 20-35%, with total daily energy input as determined by the IOM equations
for men and women (8, 51) assuming no physical activity, but a 10% increase in total daily energy expenditure
("TEE") to support hyper-metabolism of trauma and cover energy needs for tissue repair such that physical
activity level ("PAL") (8, 51) = 1.1:

Men: TEE =1864-9.72 x age [yr] + PAL x (14.2 x weight [kg] + 503 x height [m])

Women: TEE =1387-7.31 x age [yr] + PAL x (10.9 x weight [kg] + 660.7 x height [m])

(B1b) The clinician shall proceed as in (A), but as well provide enteral nutritive support from various protocols,
such as according to the Appropriate Macronutrient Distribution Range ("AMDR"s) as defined by the Institute
of Medicine (51), and that energy is delivered according to the Harris-Benedict Equations (32):

Men: TEE = 66.473 + 13.7516 W [kg] + 5.0033 H [cm] - 6.7550 Age [yr]

Women: TEE = 655.0955 + 9.5634 W [kg] + 1.8496 H [cm] - 4.6756 Age [yr].

(B2) The clinician shall proceed as in (B), but nutrients will be administered into the blood via an indwelling
catheter. Monitoring and adjustment of MCC and macronutrient infusion rates will be similar to (A) and (B1).

(C) Another embodiment of the invention relies on robust, scientifically determined underpinnings of the metabolic
and GNG responses to trauma, including neurotrauma, as has been observed by the inventors and other researchers,
in studies to be published in the coming months, and is to be regarded as an emergency procedure when isotopes
and analytical equipment are unavailable and the patient needs to be sustained until relocation to an appropriately
equipped facility.

(Cla) The clinician shall commence intravascular infusion of Na+-L-(+)-Lactate at the rate of 3 mg/kg/min plus
enteral nutritive support according to the AMDRs and TEE estimates as given by the Institute of Medicine ("IOM")
(8, 51).

(C1b) The clinician shall commence intravascular infusion of Na+-L-(+)-Lactate at the rate of 3 mg/kg/min plus
enteral nutritive support according to the AMDRs and TEE estimates as given by Harris and Benedict (32).

(C1c) The clinician shall commence intravascular infusion of Na+-L-(+)-Lactate at the rate of 3 mg/kg/min plus
parenteral (intravascular) nutritive support according to the AMDRs and TEE estimates as given by the IOM (8,
51).

(C1d) The clinician shall commence intravascular infusion of Na+-L-(+)-Lactate at the rate of 3 mg/kg/min plus
parenteral (intravascular) nutritive support according to the AMDRs and TEE estimates as given by the Harris-
Benedict equations (32).

(D) Another embodiment of the invention also relies on robust, scientifically determined underpinnings of the met-
abolic and GNG responses to trauma and is to be regarded as an emergency procedure when isotopes, analytical
equipment and MCCs are unavailable and the patient needs to be sustained until relocation to an appropriately
equipped facility. Such locations could include, for example, a battlefield or a rural setting.

(D1a) In a facility unequipped to determine %GNG the clinician shall commence intravascular infusion of D-
Glucose at the rate of 1-2 mg/kg/min and enteral nutritive support according to the AMDRs and TEE estimates
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as given by the IOM (8, 51). The inventors have seen a rate of 3 mg/kg/min in TBI patients, as has been observed
by the inventors and other researchers, in studies to be published in the coming months. However, experience
teaches that it is difficult to maintain the desirable [glucose] in severely injured patients (78). In severely injured
patients giving exogenous glucose (usually in the form of dextrose) may induce hyperglycemia thereby eliciting
an insulin response or the need to administer insulin due to undesirably high [glucose].
This undesirable process can be described as a pattern of clinicians to clumsily trying to ride a "metabolic roller
coaster" of intravenous dextrose followed by insulin and yet again dextrose, and the current invention can
eliminate this problem. Importantly, while spending time, effort, resources and attention by managing [glucose]
in patients by alternately adjusting infusion rates of dextrose and insulin, the clinician obtains little useful infor-
mation or meeting patient nutrient needs. The current invention will enable clinicians to meet patient nutrient
needs and serves to save clinician time and effort and releases clinicians from the responsibilities associated
with managing the aforementioned metabolic roller coaster.

(D1b) The clinician shall commence intravascular infusion of D-Glucose at the rate of 1-2 mg/kg/min and enteral
nutritive support according to the AMDRs and TEE estimates as given by Harris and Benedict (32).

(D1c) The clinician shall commence intravascular infusion of D-Glucose at the rate of 1-2 mg/kg/min and parenter-
al (intravascular) nutritive support according to the AMDRs and TEE estimates as given by the IOM (8, 51).

(D1d) The clinician shall commence intravascular infusion of D-Glucose at the rate of 3 mg/kg/min and parenteral
(intravascular) nutritive support according to the AMDRs and TEE estimates as given by the Harris-Benedict
equations (32).

(D1e) If enteral or parenteral support is unavailable, the clinician shall commence intravascular infusion of D-
Glucose at the rate of 3 mg/kg/min which is the empirically derived best estimate of body glucose flux following
a TBI or other injury, illness or situation, as has been observed by the inventors and other researchers, in studies
to be published in the coming months. This elevated value of glucose flux that occurs after TBI or other injury,
illness or situation, is indicative of a "hypermetabolic" state would be in contrast to the depression in glucose
flux as might occur in a "hypometabolic" state, such as advanced ageing (see below, vide infra).

[0123] In a preferred embodiment, nutritive support treatment targets are %GNG 20-25%. In another preferred em-
bodiment plasma [glucose] is targeted as 5-7mM. In another preferred embodiment, plasma [lactate] is targeted as
3-4mM. These targets can be achieved by adjusting MCC, enteral and parenteral administration rates either singularly,
or in combination. However in methods C and D, %GNG will not be known. In these cases, in addition to adjusting MCC,
enteral and parenteral administration rates, insulin therapy may be indicated above a certain [glucose] such as 7.8, or
below 5.6 mM (75).
[0124] The robust nature of the GNG response to the stresses of injury can be supported by provision of an MCC,
that can be comprised of one, or combinations of the following: sodium L-(+)-lactate, arginyl lactate, glycerol, glycerol
tri-lactate, sodium L-(+)-pyruvate, arginyl pyruvate, glycerol tri-pyruvate, glycerol tri-acetate, -OH-butyrate or acetoace-
tate [in which all monocarboxylate enantiomers are L-(+)- enantiomers], or mixtures thereof in which the relative amount
of any single constituent could range from 0-100%. As well, embodiments of a MCC cocktail could include Ca++, Mg++,
and K+-salts of lactate, pyruvate, alanine, -OH-butyrate, acetoacetate, etc., as all are salts of monocarboxylic acids.
However, sodium ion (Na+) is the main cation in plasma, normally 145mM, other cations are far less abundant in plasma.
For instance, normal values for K+, Ca++, and Mg++ are, respectively, 4, 2.5 and 1.5 mM. Hence, a mixture of inorganic
lactate salts comprised of Na+, K+, Ca++, and Mg++ would be given in the ratio of 145, 4, 2.5, and 1.5. In this embodiment
of invention, the main anion would be lactate, but phosphates (PO4

3-), hydrogen phosphate (HPO4
2) and dihydrogen

phosphate (H2PO4
-), in the amount of 1.0 mEq would be provided as well. Because Na+, K+, Ca++, Mg++, and H2PO4

-

are present in the plasma of healthy individuals at levels of 145, 4, 2.5, 1.5, and 1.0 milliequivalent per liter (mEq/1, this
particular embodiment of MCC could be termed "Sanguisal" from the Latin words for blood (sanguis) and salt (53). The
provision of sodium and other cations as a means to deliver lactate anions in an MCC has the advantage of reducing
brain swelling following TBI, as has been observed by the inventors and other researchers, in studies to be published
in the coming months and (15) as well as providing nutritive support to intensive care patients following trauma (70).
[0125] As an alternative to Sanguisal-L that uses lactate as the major anion (vide supra), Sanguisal-P will involve the
use of pyruvate (P) as the major anion, while at the same time maintaining the above-stated levels of cations {Na+, K+,
Ca++, Mg++, and H2PO4

- as are present in the plasma of healthy individuals: 145, 4, 2.5, 1.5, and 1.0 mEq/1}. Like it’s
counterpart lactate, pyruvate is the precursor to lactate in glycolysis. Further, pyruvate is an oxidizable fuel and GNG
precursor whose metabolism may affect cell redox status if converted to lactate. Although typically present in 1/ 10 or
lesser concentration compared to lactate, pyruvate has been introduced into the systemic circulation of large mammals
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in which the circulation has been interrupted to mimic cardiac arrest (61-63, 68). In such cases 100% pyruvate infusion
raises the circulating pyruvate level, but more so, the circulating lactate level achieving a circulating L/P of 2-3 (69).
None the less, because of its chemical structure, pyruvate has the advantage over lactate of serving as an antioxidant
in the myocardium subjected to reperfusion injury, and, by extension exogenous pyruvate my also serve to scavenge
free radicals in the brain after blood flow is interrupted.
[0126] A problem with regard to the use of Sanguisal-P, in contrast to the -L form, is that in circulation pyruvate is
rapidly converted to lactate due to the effects of lactate dehydrogenase in red blood cells and the lung parenchyma (41).
Hence, for the antioxidant properties of pyruvate (48), the optimal site of Sanguisal-P infusion would be in the carotid
artery or ascending aorta. Still, by the ability to infuse mixtures of Sanguisal-L and Sanguisal-P into the systemic circu-
lation, ascending or carotid artery, the clinician would have the opportunity to affect redox status in an injured brain.
However, because carotid or ascending catheterization is uncommon even in the ICU, systemic solutions of a very low
L/P ratio (i.e., high P/L) such as infusion of 100 % Sanguisal-P, or a mixture of Sanguisal-P/Sanguisal-L of 2.0 (L/P =
© in the infusate), would serve to raise the arterial level of pyruvate relative to that of lactate.
[0127] It should be noted that one issue with aqueous pyruvate-containing solutions is the spontaneous degradation
of pyruvate and the accumulation of unintended and possibly toxic substances in aqueous conditions. Accordingly, the
manufacturing and storing Sanguisal P and Sanguisal L-P mixtures needs to be anhydrous. Water (pure and sterile)
can then be added to he formulation immediately before delivery to the patient.
[0128] In using Sanguisal-L, Sanguisal-P, or other sodium salts of lactate or pyruvate the assumption is that the patient
to be supported has normal renal function and is capable of managing the sodium load. In the event that the patient
does suffer renal failure, then the use of Sanguisal or other sodium-based salts will need to be reduced to the levels
where normal sodium, potassium and other plasma cations are in the normal range. In this case also, substrate availability
in patients can be maintained by combinations of intravenous Dextrose (a synonym for glucose), with and without insulin,
and enteral nutrition as described in section D, above. Still, however, %GNG will serve as the biomarker around which
to provide enteral and parenteral nutrition.

Alternative Methods to Estimate %GNG

[0129] The invention is comprised of a three-part process to assess the metabolic status and deliver macronutrient
energy to an ill or injured human or other mammal. The first part is to estimate the %GNG, the favored method is to
utilize deuterium oxide (D2O) alone, or D2O with either D2-glucose, or [1-13C]glucose tracers administered intravenously
upon admission to a hospital ICU (20).
[0130] One advantage of the new method is that the tracer needs to be given once that will suffice for measurements
of GNG to be made daily for several days and a constant infusion can be started to offset the dilution of the enrichment
of the deuterium oxide caused by intake of fluids. However, we have used primed-continuous infusions to measure
glucose recycling or lactate incorporation lactate into glucose. The former method (glucose recycling) requires using
D2-glucose (that does not involve carbon recycling, and a 13C-glucose tracer (e.g., [1-13C]glucose) in which the carbon
recycles (26, 27). In this carbon-recycling method, %GNG = (100) Ra Glucose (from 13C-glucose) - Ra Glucose (from
D2-glucose)/Ra Glucose (from D2-Glucose). Disadvantages of this method are that tracers will need to be given con-
tinuously over days, perhaps leading to weeks, and that assumptions need to be made over the extent of carbon isotope
dilution in the Krebs (tricarboxylic acid) Cycle (37, 38).
[0131] Another method also uses deuterium oxide and measures the deuterium incorporation on glucose carbons
using the mass isotopomer analysis technique with the aldonitrile penta-acetate and methyloxime-trimethylsilyl deriva-
tives (42).
[0132] Another alternative method also uses deuterium oxide but measures the enrichment at carbon 2, 5, and 6 of
glucose using the HMT (hexamethylebetetramine) derivative. Disadvantages of this method are the complexity in pre-
paring the derivative (44, 45).
[0133] Another alternative method involves primed-continuous infusion of D2-glucose (and a 13C-lactate tracer (e.g.,
[1-13C]lactate) (3) in which the carbon from lactate recycles to glucose. Disadvantages of this method are that tracers
will need to be given continuously over days, perhaps leading to weeks, and that assumptions need to be made over
the extent of carbon isotope dilution in the TCA Cycle.
[0134] Another alternative method involves the primed-continuous infusion of H13CO3-(i.e., 13C-bicarbonate) that will
be fixed as the result of isotopic equilibration during the process of gluconeogenesis (37, 65). Disadvantages of this
method are the tracer needs to be given continuously over days, perhaps leading to weeks. Again, the method relies
on assumptions on the extent of carbon exchange during GNG, with the extent of isotopic dilution subject to metabolic
state of the individual (38).
[0135] Another alternative method involves the use of mass isotopomer distribution analysis (MIDA) using a labeled
glycerol precursor. Disadvantages of this method include the large amount of tracer needed to make the measurement.
(35, 58).
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[0136] Another alternative method involves the use of [U-13C]glucose (72). This method was enhanced to the "Recip-
rocal pool model" by (34). Disadvantages of these methods are that the tracers need to be given over days and potentially
weeks.
[0137] Still other methods for assessing GNG in vivo do not involve isotopomer detection via mass spectrometry, but
instead rely on nuclear resonance spectrometry (MRS, or NMR), e.g., (46). The literature on isotopomer detection via
MRS is less extensive, but the method may prove to be more sensitive, for instance extending the time between frequency
of dosing with D2O to estimate GNG, or %GNG. However, the large amount of deuterium oxide needed for the meas-
urement may lack efficacy.
[0138] In a preferred embodiment to measure fractional GNG, D2O, also called deuterium oxide or heavy water, either
alone or in combination with [6,6-2H]glucose (i.e., DD-glucose or D2-glucose) or [1-13C]glucose) (20), is administered
intravenously. Then, after a set amount of time a blood sample can be obtained, and the mass isotopomer distribution
in the blood sugar glucose produced from the heavy water precursor can be analyzed to determine the percentage
contribution of gluconeogenesis (%GNG) to the total rate of hepatic plus renal glucose production, alternatively termed
glucose appearance (Ra glucose) that can be determined from the isotopic enrichment ("IE") of D2-glucose in blood.
Beyond the isotope tracer method noted by example for measurement of %GNG, other methods also exist to determine
%GNG, see below (3, 26).
[0139] The major GNG precursor is the monocarboxylate, 2-hydroxy-propionate (also known as lactate) (3, 40, 54),
which is also a major energy substrate for most body tissues (5-7), including the brain (28, 33, 64). As well, to lesser
extents, the salts of other monocarboxylic acids are also gluconeogenic precursors; these include: pyruvate, acetate,
acetoacetate, -hydroxybutyrate, and related compounds, see below. Because at physiological blood pH (about 7.4)
monocarboxylic acids (lactic, pyruvic, acetic, - hydroxybutyric, acetoacetic acids, etc.) will be dissociated to protons and
respective anions, here we refer the monocarboxylate anions lactate, pyruvate, acetate, acetoacetate, and -hydroxybu-
tyrate.
[0140] According to the invention, in one embodiment, the fractional GNG is used to determine nutritive support rate
to achieve preferred glucose Ra and fractional GNG. For example, an injured patient may have an increased metabolic
rate (hypermetabolic) and thus need both glucose and GNG precursor support. By contrast, an aging or chronically ill
patient may have a depressed whole body metabolic rate (hypometabolic), but still an elevated need for GNG precursors
without glucose support. Even with knowledge of [glucose], which is commonly measured, but without a clear picture of
the fractional GNG rate (our biomarker for the metabolic and nutritive state of the patient), a clinician may not recognize
that the patient is in a catabolic state and is degrading essential body stores to provide the precursors and energy for GNG.
[0141] Conversely, a clinician might induce a nutritional state that renders the patient overfed by administering too
much nutrition because a lack of knowledge of the underlying metabolic and nutritional status of the individual patient.
An overfed patient can result in significant metabolic stress and may result in complications including prolonged me-
chanical ventilation, infection risk, delayed hospital discharge and even increased morbidity (29, 47). Indeed, without
knowledge of the fractional GNG and based on false assumptions of previous art, a clinician may be unaware of the
body’s attempt to supply glucose from gluconeogenesis, and, in fact, the clinician may inadvertently act to suppress
GNG (78).

Application of the Invention to Various Injuries and Illnesses

[0142] By way of describing importance of our method for providing nutritive support to injured patients is to describe
the condition of TBI (also known as intracranial injury). Such injuries occur when an external force suddenly impacts,
and causes injuries to the brain (15). Often the mechanism of injury produces two, or more lesions, one a laceration or
contusion at the site of impact or cranial penetration, and the other a contralateral contusion injury if the force of impact
is sufficient to accelerate the brain such that it forcibly contacts the cranium at a vector directed by the initial impact. TBI
can be classified based on severity, mechanism (closed or penetrating head injury), or other features, e.g., occurring in
a specific location or over a widespread area (15, 28). Head injury usually refers to TBI, but is a broader category because
it can involve damage to structures other than the brain, such as the scalp and skull (15). TBI is a major cause of death
and disability worldwide, especially in children and young adults and the elderly. Causes include falls, vehicle accidents,
and violence.
[0143] Typically, following severe TBI, patients are unconscious in a coma, are on life support in a hospital intensive
care unit ("ICU"), and have less than 100% chance of surviving and less than 100% chance of regaining pre-injury
cerebral functions if they do survive (28). More and more, sports related concussions in American football and other
activities, involving loss of consciousness, or other neurological symptoms such as dizziness, nausea, the patient "seeing
stars" and behavioral changes are becoming recognized as mild forms of TBI. Especially of concern is growing recognition
of the frequency and severity of sports-related concussions to student athletes, still undergoing neural development,
and who are particularly sensitive to repeated cerebral injuries. And finally, another source of TBI occurs to soldiers
concussed, and injured in the field as the result of improvised, and other explosive devices.



EP 3 505 167 A1

20

5

10

15

20

25

30

35

40

45

50

55

[0144] Given this unfortunate background of TBI following vehicle accidents, falls, violence, sports and warfare, our
method of determining the rate of GNG following trauma and restoring the rate to normative levels is becoming increasingly
important because of the frequency and severities of injuries.
[0145] The description includes examples of patient treatment following trauma and chronic illness. The invention
includes, methods for managing those extreme and other cases and instances when assessment of BES, diagnosis
and treatment are appropriate. Such examples include, but are not limited to assessing BES of patients or others before
and after surgery, before and after drug treatment or dietary intervention, or any situation in which knowing, or stand-
ardizing BES is essential for determining outcome of any treatment, or establishing the effect of said treatment on humans
or other mammals.
[0146] GNG is part of normal physiology that includes the "fight-and-flight" response to emergency situations that is
well-known in the art, see for example the classic work of Selye (67), and the reference books by Cannon, W. B. "The
Wisdom of the Body" (17) and Brooks (12)). In both healthy and uninjured persons, gluconeogenesis works to maintain
blood glucose concentration, or glycemia, in the normal range in the early morning hours after the previous evening’s
meal has been digested and nutrients cleared from the blood, and when the maintenance of glycemia depends on GNG
(54). Commonly stated examples given to illustrate importance of the fight and flight response are evolutionary in nature,
such as the need to flee predators, or catch large game animals.
[0147] While interesting, such examples are remote from contemporary human experience, but injuries and illnesses
persist in society and are associated with comorbidities, including nutrient deprivation. Seen in the context of contemporary
fight and flight responses, following TBI and other forms of trauma of the critically ill or injured patient the need to provide
blood glucose is paramount because glucose is an essential fuel for the brain, as has been observed by the inventors
and other researchers, in studies to be published in the coming months, and other tissues such as nerves, red blood
cells and the kidneys (8, 51). Indeed, the dietary reference intake ("DRI") for total daily carbohydrate ("CHO") consumption
was established based on the glucose needs for the brain (8, 51). Therefore, not only is the total body needs for glucose
increased following TBI, but also elevated is the rate of gluconeogenesis from lactate and other GNG precursors, as
has been observed by the inventors and other researchers, in studies to be published in the coming months.
[0148] The body’s need for GNG is increased following TBI, and mimics the starvation state in which body tissues are
cannibalized (catabolized or degraded), as is well-known in the art, for example see the textbook by Brooks (12). This
pathway supplies byproducts of carbohydrate (e.g., lactate and pyruvate), amino acids (e.g., alanine), and fats (e.g.,
glycerol and ketones such as -hydroxy butyrate and acetoacetate) (16). Of these, lactate is by far the most important
GNG precursor, easily seen during exercise when blood lactate concentration is elevated (3-5, 7). Crucially, even though
GNG provides a short term, fight-and-flight response to the emergency need for a glucose supply to the brain, nerves
and other glucose requiring tissues, the price of GNG is to sacrifice (catabolize) essential body substances and tissues.
Crucial also is the realization that the basic needs for glucose and other macronutrients by glucose-requiring tissues
continue unabated whether those tissues are traumatized, or not. Hence, key underlying concepts of our invention are
that glucose and other macronutrients are required, always, that the requirement is the same as normal or increased
after trauma, and that the rate of GNG is a critical marker of body tissue catabolism following injury, and alone can be
used to direct nutritional treatment.
[0149] Derived from such knowledge gained through innovative technology are clinical procedures and materials to
support glucose Ra while minimizing %GNG, because GNG is the best real-time measure of body wasting. As well, we
assert that these methods have application beyond TBI to the treatment of trauma and chronic and infectious illnesses,
in general, because the same methods support the body corpus overall that is comprised of injured and non-injured
tissues all requiring nutrient supply.
[0150] For a traumatized patient, cachexia, or body-wasting syndrome, is a problem because basal metabolic rate is
elevated, but the person is unable to eat. Body weight loss, muscle atrophy and weakness and fatigue result leaving a
person diminished even if they survive. In addition to trauma, other conditions and illnesses of life are accompanied by
loss of appetite and cachexia. These include aging, infectious diseases (e.g., tuberculosis and AIDS), chronic diseases
(chronic obstructive lung disease, multiple sclerosis and congestive hear failure), cancer and some autoimmune disor-
ders. Regrettably also, exposure to environmental toxins (e.g., mercury) can result in cachexia, and occasionally there
are some who are unable to access food and are starved. All such sick individuals and chronically ill patients who are
unable to ingest adequate macronutrients to maintain body requirements, let alone restore health would also benefit
from treatment by the invention we describe.
[0151] It has long been recognized that patient care in the ICU necessitates the monitoring of blood glucose concen-
trations due to the stress from critical illness. Some have identified insulin resistance and unsuppressed gluconeogenesis
(i.e., when negative feedback from rising blood [glucose] fails to down regulate GNG) that results in the required monitoring
of blood glucose in over 90% of ICU patients (83). Additionally, various attempts to control blood glucose concentration
including hyperglycemia with blood glucose concentration of 180-215mg/dL is considered beneficial.
[0152] Conversely, others have attempted to regulate blood glucose concentration to values between 80 and 110mg/dL
in an attempt to maintain a strict normal glycemic range. However, because the balance of glucose production and



EP 3 505 167 A1

21

5

10

15

20

25

30

35

40

45

50

55

removal are unknown, and not considered in the simple measurement of blood glucose concentration, using blood
glucose concentration as the diagnostic and insulin as the treatment often leads to wide swings in blood glucose con-
centration. Regrettably, despite diligent efforts on the part of clinicians attempting to maintain patients by dextrose drip
and pushing insulin to normalize blood glucose concentration, the patient will be maintained at the perceived ideal blood
glucose concentration range for only short periods of time. Additionally, the risk of hypoglycemia from too aggressive
insulin therapy is also a serious risk and increased with intensive insulin therapy. Recognizing the difficulty of using
dextrose and insulin therapy to maintain blood glucose concentration in injured and ill patients others have created
computer-assisted record keeping devices to assist in therapy (59), while others have studied the benefits and liabilities
of early versus late parenteral complement to enteral and oral nutritional support to achieve better patient outcomes and
shorter hospitalization times (18). The methods fail for lack or knowing the underlying mechanisms of flux (metabolite
appearance and disposal).
[0153] A better understanding of the pathophysiology resulting from the stress of critical illness is desired and, in fact,
needed to better care for patients. Now, by means of our invention, using fractional GNG measurements a clinician shall
be able to determine the exact nutritional and metabolic state of the patient, and therefore, be able to effectively intervene
in illnesses such as, but not limited to, preterm infant care, complications from pregnancy requiring hospitalization, pre-
operative surgery preparation and post-surgery monitoring, stroke, aneurism, terminal illness, urinary sepsis, cardiac
failure (post-cardiac surgery), esophagectomy for carcinoma, subarachnoid hemorrhage, ileus, subdural hematoma,
pulmonary sepsis, cardiac failure (post-myocardial infarction), respiratory failure (chronic obstructive pulmonary disease),
oropharyngeal abscess, coronary bypass, resection of thoracic aneurysm, starvation, burns, severe acute respiratory
syndrome ("SARS") and potential epidemics and pandemics relating to influenza can be treated more precisely according
to the individual nutritional needs based on the patients energy demands from their individual metabolic state.
[0154] The term "patient" often refers to an individual (human, other mammal or even other animals) suffering from
injury or chronic disease. It can also refer to acutely or chronically stressed individuals such as premature infants, the
chronically malnourished, underfed and physically exhausted athletes, soldiers and manual laborers, subjects in studies
of pharmaceutical development, and many others. It can and here is intended to apply to individuals who also do not fit
obvious or conventional notions of injured or ill patients, but can benefit from diagnostic, feeding or other treatments.
[0155] In fact, fractional GNG has already been measured in persons suffering many of the illnesses listed above;
however, to date none have recognized that the nutritional needs of ill and injured patients could be met by targeting a
constant range. The inventors, among others, have observed that a 12-hour fasts results in a fractional GNG of about
40%, while starvation over several days will drive fractional GNG above 90%. According to the invention, treatment of
an ill or injured individual would involve negative feedback control of enteral nutrition and MCC infusion: response to
high %GNG would be increasing enteral nutrition and MCC infusion, whereas low %GNG would mean over nutrition
and the need to reduce feeding rate. A range of near 25% is generally an appropriately fed state, 3-4 hr after a balanced,
CHO-containing meal. In healthy, uninjured individuals, a low level of fractional GNG, around 10% would be measured
soon after they consumed a balanced, CHO-containing meal. A low fractional GNG of around 10% in a comatose
individual, such as a TBI patient in an ICU, a GNG of 10% is unlikely, as has been observed by the inventors and other
researchers, in studies to be published in the coming months, but would be indicative of over feeding and the need to
reduce enteral feeding and MCC infusion until %GNG is in the 20-25% range, thus avoiding some of the consequences
as described above. More typical of a TBI patient in the ICU would be %GNG > 40%, thus requiring increased provision
of enteral nutrition and vascular MCC infusion. In the case of a brain-injured person, the approach should be to maintain
glycemia with both enteral nutrition and MCC infusion, the latter being important to supply cerebral nutrition and elec-
trolytes to reduce cerebral swelling and minimizing hyperglycemia from dextrose.
[0156] In one embodiment, fractional GNG of 20-25% is aimed for, in another 15-35%. Regrettably, none of the current
art has recognized that fractional GNG is the key biomarker of the pathophysiology related to critical illness. Regrettably
also, none have used knowledge of fractional GNG to assess patient nutrient needs. We have devised such methods
for intravenous, oral or gastric nutrient delivery to patients.
[0157] Large and extensive studies have been conducted to understand the benefits associated with nutritional support
(18). Such studies have gone to some lengths to understand the patient’s nutritional needs, but they have not found a
good biomarker to indicate if patients are well nourished, overfed or underfed. Without the underlying metabolic state
of the patient it is impossible to know what the exact nutritional needs are of that patient. Therefore, despite studying
over 5000 patients, the above study was unable to determine a clear advantage to early parenteral nutrition to complete
the enteral nutrition. They did, however identify negative consequences from overfeeding and underfeeding, but it is not
clear that they are able to ascertain the precise nutritional status of their patents.
[0158] Some studies (65) have used indirect calorimetry in order to determine the exact energy expenditure over a
24hr period and then administer 100% of the nutrients required to meet the energy expenditure of the individual patient.
However, a close evaluation of their data reveals the percent contribution of glucose from gluconeogenesis indicates
their patients were overfed. Despite the attempt to measure energy expenditure and deliver 100% of needed nutrients
enterally, they inadvertently overfed their patients. Overfeeding like underfeeding, of hospitalized patients can result in
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serious negative consequences including infection, prolonged ventilation, metabolic disturbances (hyperglycemia, dy-
slipidemia, liver dysfunction), morbidity and mortality (50).

Some Other Applications

[0159] Already described are patient treatments following trauma and chronic illness. The invention also includes
methods for managing those extreme and other cases and instances when assessment of BES, diagnosis and treatment
are appropriate. Such examples include, but are not limited to assessing BES of patients or others before and after
surgery, before and after drug treatment or dietary intervention, or any situation in which knowing, or standardizing BES
is essential for determining outcome of any treatment, or establishing the effect of said treatment on humans or other
mammals.
[0160] An example of using the new invention to set the BES background in which to evaluate safety, efficacy and
functionality in the process of drug development. Drug development is a term used to describe the process of bringing
a drug to market that includes pre-clinical research including animal studies, and human clinical trials, potentially leading
to regulatory approval. In well-fed individuals %GNG can be as low as 10%, whereas after several days in the ICU
%GNG could be 70% in TBI patients. Given this 7-fold range in GNG flux, pharmaceutical manufacturers with drugs
that can affect metabolic flux rates several-fold would have a difficult time demonstrating effectiveness of their new drug.
Therefore, with the present invention of being able to determine, and nourish individuals to the point of controlling GNG
and establishing a stable background in which to evaluate effectiveness of a new drug, the patient treatments could be
optimized. Also, costs associated with testing for the effectiveness of new drugs could be minimized.
[0161] Additionally, the application of %GNG may also improve dose response and efficacy for already established
drugs or for new uses for drugs already on the market. For example, the commonly used drug Decadron (Dexamethasone)
may have a new application in post-surgery applications for inflammation. However, it is anticipated that Decadron will
affect the metabolic function of the patient. This augmented metabolic function might cause the patient to become
catabolic simply from the administration of the drug and thus obviate the desired anti-inflammation characteristics of the
drug by causing an undesirable side effect. If this action were to happen, the application for the drug might be interpreted
to cause the patient to have a poor outcome. However, the outcome might be enhanced by proper nourishment using
%GNG as a diagnostic. Under an appropriately nourished state, the administration of Decadron could minimize inflam-
mation, leading to desired affect of administration of the drug and potentially a better overall outcome for the patient.

Determination of %GNG and The Timing, Type and Amount of Nutrient Delivery

[0162] Fractional gluconeogenesis (%GNG) will typically be determined on patients in the morning so that the Part 1
measurement can be made, interpreted in Part 2, and the target GNG or %GNG achieved during the work day. By this
schedule, it can be anticipated that GNG be determined 3 times during the day, ideally morning, noon and evening. The
morning measurement will provide important information on the patient’s nutritional state through the evening and ef-
fectiveness on the ongoing, individual patient’s needs for enteral nutrition and MCC infusion to achieve %GNG in the
target range. Importantly, also, the morning measurement will inform clinicians to the need to adjust rates of enteral
nutrition and MCC infusion. The noon, or early afternoon measurement will be important to monitor the individual patient’s
changing state, and to evaluate effectiveness of morning adjustments to achieve the target %GNG. And, the evening
measurement will be important to establish stability of blood glucose concentration and %GNG in the patient during
night hours when medical attention is typically less frequent.

Recovery from Illness and Trauma and Resumption of Oral Feeding

[0163] With the above described treatments (A-D) exquisite glycemic control shall be accomplished in comatose
patients. However, procedures need to be in place for when patients recover consciousness sufficiently to allow the
taking of some oral, including real-food, nutrition, but continue to require intravascular nutrient support. In all conditions,
whether determined on patients after arising in the morning, or after a 12-hr fast, the target %GNG of 25% remains in
place. For example, because most dietary energy might be consumed during awake hours, parenteral nutrition may be
insufficient to prevent GNG from exceeding 25% of glucose Ra. Accordingly, food and parenteral nutrition would be
given to achieve the target range of ∼20-25 %GNG.

Care of Infants

[0164] The exhaustive body of literature cited above deals largely with the care of injured and ill adults. However, the
CDC reports 500,000 pre-term births annually in the US. Pre-term is the birth of an infant prior to 37 weeks of gestation.
Pre-term birth is the most frequent cause of infant death, and leading cause of neurological disabilities (49). Such children
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are in obvious need of nutritive support, whether or not surgery is required for survival, and the provision of nutritive
support may avoid the development of conditions such as cerebral palsy, developmental delay, hearing impairment and
other neurological disabilities and death. Although not highly developed in the literature, the provision of nutritive support
to premature infants, and the monitoring of gluconeogenesis have been subjects of investigation (43, 77). Gluconeo-
genesis has been reported to be established 4-6 hr after birth in full-term children (43), and gluconeogenesis does
respond to the availability nutritive support (77). Extremely low birth weight pre-term infants do present abnormalities in
the ability to regulate GNG in response to nutrient supply (19), but nutritive support is none-the-less essential to the
survival in such infants.

Care of Ill or Injured Mammals

[0165] Significant portions of the invention, principles, theory and practice would likely apply to the care of most
mammals (11, 23) and others (37, 72, 84). A notable exception will apply to the care of ruminant mammals whose gut
is evolved to digest fibrous plant materials such as cellulose to propionate (42), which is closely related to lactate (2-
hydroxypropionate). Hence, in the case of ruminant mammals, the nutritional formulation could include 0-100% propi-
onate.

Nutritive Formulations

[0166] Nutritive formulations to be given to patients after estimation of GNG (and in some cases, other biomarkers as
well), has been discussed above, but will be discussed in more detail below.

Lactate-Based Formulations (Sanguisal-L)

[0167] In its simplest form, the MCC cocktail would be sodium-L-(+)-Lactate prepared by titrating L-(+)-Lactic acid with
NaOH. The following describe such procedures: (24, 52, 55-57). Briefly, the MCC infusion cocktail is prepared by mixing
concentrated (30 - 88%) L-(+)-lactic acid solution (e.g., Sigma-Aldrich or PCCA) in 2 N NaOH to pH 4.8. In the example
provided, the starting point is a 30% stock lactic acid solution: 300 g 30% lactic acid stock solution is titrated with 133.3
g 2N NaOH and diluted to 1,000 ml with water. This will produce a 11.2% weight-by-volume ("w/v") MCC cocktail (sodium-
L-(+)-Lactate) with an osmolality approximating 2,000 mOsm/l. Depending on the stock lactic acid solution used, a NaOH
titrating solution > 2 N may be necessary to neutralize stock lactic acid without exceeding the intended volume. Regardless
of the specifics of acid titration, a 1.72% Na+-lactate aqueous solution is isosmotic (308 mOsm/l); consequently, as
initially mixed the above described MCC is far too concentrated to be given in a peripheral vein and will need to be
diluted to less than 1,000 mOsm/l (a 5.6% Na+-lactate solution). In a peripheral arm vein and a 5.0-5.6% Na+-lactate
MCC should be given with normal (0.9%, 308 mOsm/l) saline or another isosmotic solution such as 5 mM glucose
(dextrose) in water, commonly called D5W (see more below).
[0168] This isosmotic admixture of MCC and diluent at the MCC infusion site will be sufficient to maintain vessel
patency and prevent phlebitis or hemolysis at the infusion site (56). In a large vessel a 5% Na+-lactate MCC cocktail
could be given without expectation of hemolysis at the infusion site (57). Regardless of the dilution, the initial MCC
solution delivery rate should be adjusted to deliver 10-50 (micro Moles) Moles/kg/min, with maintenance infusion rate
targeting blood lactate concentration of 3.5 - 4.5 mM, although higher levels (6 mM) have been used without ill effects
(57, 71). Consistent with section methods described above, an infusion rate of 11 Moles/kg/min would deliver the mass
equivalent of 1.0 mg/kg/min of glucose, and infusion rate of 23 Moles/kg/min of sodium lactate MCC would deliver the
mass equivalent of 3 mg/kg/min glucose, and an infusion rate of 50 Moles/kg/min would deliver the mass equivalent of
4.5 mg/kg/min of glucose. Ideally, the MCC is prepared from highest purity materials, is pathogen free, certified for
human pharmaceutical use and is delivered into a large central vein, but peripheral vein can be used if administered
with physiological saline to minimize osmolality and pH effects at the infusion site that might provoke phlebitis of hemolysis.
[0169] In another version of the simplest form, the MCC cocktail would be sodium-L-(+)-Lactate prepared from the
dry, powdered salt in deionized water to the concentration intended [e.g., for an isosmotic solution: 154 mM lactate (plus
154 mM Na+) total osmolarity 308 mOsm/l], and infused in the above-stated amounts to raise arterial [lactate] to the
intended levels.
[0170] In the preferred form of the simplest iteration, the basic sodium-L-(+)-Lactate cocktail would be amended to
include other lactate salts as exist in the plasma of healthy humans. Sodium ion (Na+) is the main cation in plasma,
normally 145 mM, and values for K+, Ca++, and Mg++ are, respectively, 4, 2.5 and 1.5 mM. Hence, a mixture of inorganic
lactate salts comprised of Na+-, K+-, Ca++-, and Mg++-lactate would be combined in the ratio of 144, 4, 2.5, and 1.5. In
this embodiment of invention, the main anion would be lactate, but phosphates are important ions in energy metabolism
and would be added in the form of 1 mM NaH2PO4

-. Because Na+, K+, Ca++, Mg++, and H2PO4
- are present in the

plasma of healthy individuals at levels of 145, 4, 2.5, 1.5, and 1.0 milliequivalent per liter (mEq/l) (53). This particular
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embodiment of MCC could be termed "Sanguisal" from the Latin words for blood (sanguis) and salt. To reiterate from
above, the provision of sodium and other cations as a means to deliver lactate anions in an MCC has the advantage of
reducing brain swelling following TBI (15) as well as providing nutritive support to intensive care patients following trauma
(70).

Pyruvate-Based Formulations (Sanguisal-P)

[0171] As an alternative to Sanguisal-L that uses lactate as the major anion (vide supra), Sanguisal-P will involve the
use of pyruvate (P) as the major anion, while at the same time maintaining the above-stated levels of cations {Na+, K+,
Ca++, Mg++, and H2PO4

- as are present in the plasma of healthy individuals: 145, 4, 2.5, 1.5, and 1.0 mEq/l}. Like its
counterpart lactate, pyruvate is the precursor to lactate in glycolysis. Further, pyruvate is an oxidizable fuel and GNG
precursor whose metabolism may affect cell redox status if converted to lactate. Further, pyruvate possesses antioxidant
properties (48). Although typically present in 1/10 or lesser concentration compared to lactate, pyruvate has been
introduced into the systemic circulation of large mammals in which the circulation has been interrupted to mimic cardiac
arrest (61-63, 68). In such cases 100% pyruvate infusion raises the circulating pyruvate level, but more so, the circulating
lactate level achieving a circulating L/P of 2-3. None the less, because of its chemical structure, pyruvate has the
advantage over lactate of serving as an antioxidant in the myocardium subjected to reperfusion injury, and, by extension
exogenous pyruvate my also serve to scavenge free radicals in the brain after blood flow is interrupted. A problem with
regard to the use of Sanguisal-P, in contrast to the Sanguisal-L form, is that in circulation pyruvate is rapidly converted
to lactate due to the effects of lactate dehydrogenase in red blood cells and the lung parenchyma (41). Hence, for the
antioxidant properties of pyruvate, the optimal site of Sanguisal-P infusion would be in the carotid artery or ascending
aorta. Still, by the ability to infuse mixtures of Sanguisal-L and Sanguisal-P into the systemic circulation, ascending or
carotid artery, the clinician would have the opportunity to affect redox status in an injured brain. However, because
carotid or ascending catheterization is uncommon even in the ICU, systemic solutions of a very low L/P ratio (i.e., high
P/L) such as infusion of 100 % Sanguisal-P, or a mixture of Sanguisal-P/Sanguisal-L of 2.0 (L/P = © in the infusate),
would serve to raise the arterial level of pyruvate relative to that of lactate.
[0172] In its simplest form, Sanguisal-P would be sodium-L-(+)-Pyruvate prepared by titrating L-(+)-Pyruvic acid with
NaOH as described above for lactate (24, 52, 55-57). As with lactate (vide supra), the initial Na+-pyruvate infusion rate
would deliver 11-50 (micro Moles) Moles/kg/min, with maintenance infusion rate targeting blood lactate concentration
of 3.5 - 4.5 mM, although higher levels (6 mM) have been used without ill effects (57, 71). Consistent with section methods
described above, infusion rate of 11
[0173] Moles/kg/min of sodium pyruvate MCC would deliver the mass equivalent of 1.0 mg/kg/min of glucose, an
infusion rate of 23 Moles/kg/min would deliver the mass equivalent of 3 mg/kg/min glucose, whereas an infusion rate of
50 Moles/kg/min of sodium pyruvate MCC would deliver the mass equivalent of 4.5 mg/kg/min of glucose. Ideally, the
Na+-pyruvate MCC is prepared from highest purity materials, is pathogen free, certified for human pharmaceutical use
and is delivered into a large central vein, but peripheral vein can be used if administered with physiological saline to
minimize osmolality and pH effects at the infusion site that might provoke phlebitis of hemolysis.
[0174] In another version of the simplest form, the MCC cocktail would be sodium-L-(+)-Pyruvate prepared from the
dry, powdered salt in deionized water to the concentration intended, and infused in the above-stated amounts to raise
arterial [lactate] to the intended levels. To reiterate, manufacturing and storing pyruvate-containing formulations such
as Sanguisal P and Sanguisal L-P mixtures should be anhydrous. Pure sterile water can be added immediately before
delivery to avoid pyruvate degradation and accumulation of undesired pyruvate degradation products.
[0175] In the preferred form of the simplest iteration, the basic sodium-L-(+)-Pyruvate cocktail would be amended to
include other pyruvate salts as exist in the plasma of healthy humans. Sodium ion (Na+) is the main cation in plasma,
normally 145mM, and values for K+, Ca++, and Mg++ are, respectively, 4, 2.5 and 1.5 mM. Hence, a mixture of inorganic
lactate salts comprised of Na+-, K+-, Ca++-, and Mg++-lactate would be combined in the ratio of 144, 4, 2.5, and 1.5. In
this embodiment of invention, the main anion would be pyruvate, but phosphates are important ions in energy metabolism
and could be added in the form of 1 mM NaH2PO4

-. Because Na+, K+, Ca++, Mg++, and H2PO4
- are present in the plasma

of healthy individuals at levels of 145, 4, 2.5, 1.5, and 1.0 milliequivalent per liter (mEq/l, this particular embodiment of
MCC could be termed "Sanguisal" from the Latin words for blood (sanguis) and salt (53); in this case Sanguisal-P (for
pyruvate). To reiterate from above, the provision of pyruvate and other cations as a means to deliver lactate anions in
an MCC has the advantage of reducing brain swelling following TBI, as has been observed by the inventors and other
researchers in studies to be published in the coming months, see also (15). The invention can also provides nutritive
support to intensive care unit patients following trauma (70), and acting as a reactive oxygen species ("ROS") scavenger
(48).
[0176] In this preferred form, Sanguisal-P would be prepared from the dry, powdered pyruvate salts (Na+, K+, Ca++,
Mg++, and H2PO4

-) in the ratios of 145: 4: 2.5: 1.5: 1.0 in sterile deionized water to an anion concentration of 154
milliequivalent per liter (mEq/l), and infused in the above-stated amounts to raise arterial [pyruvate] to 1-2 mM and an
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arterial [lactate] in the intended range.

Lactate and Pyruvate Combination-Based Formulations (Sanguisal-L/P)

[0177] Isosmotic (154 mM) mixtures of Sanguisal-L and -P may be mixed and used to change the circulating L/P.
Infusions of 2N Na+-Pyruvate into swine were observed to raise arterial [pyruvate] to 3.5 mM and [lactate] to 8 mM for
an L/P in the range of 2-3 (68). If an arterial L/P of 10 - 11 is typical of healthy resting humans (36), then infusing a
Sanguisal mix of 2 parts Sanguisal-P to 1 Part Sanguisal-L may reduce an elevated systemic L/P to that seen in healthy
individuals. Then, by observation, the clinician has the ability to lower the circulating L/P by lowering the L/P of the
Sanguisal mix given. Conversely, the clinician has the ability to raise the circulating L/P by increasing the L/P of the
Sanguisal mix given. In summary, Sanguisal (S) mixes of 100% S-Pyruvate to 100% S-Lactate may be used to provide
nutritive support to the injured brain and other injured or non-injured tissues, provide a gluconeogenic precursor, and
scavenge ROS in all tissues perfused.
[0178] With regard to the infusion of Sanguisal-P, one may logically ask: "why is the resulting arterial [lactate] moni-
tored?" There are practical as well as scientific reasons for this. From the practical standpoint, rapid lactate, but not
pyruvate analyzers are available. And scientifically, lactate is the preferred monocarboxylate compound (MCC) in nature:
the L/P in arterial blood of healthy individuals is minimally 10, and rises more than an order of magnitude in normal
physiology. Secondly, pyruvate is rapidly converted to lactate in the blood by the action of lactic dehydrogenase in
erythrocytes (RBCs) in the blood (69) and the lung parenchyma (41), and lactate, not pyruvate, it the major fuel source
and GNG precursor (see above).
[0179] Regardless of whether Sanguisal-L, -P or -L/-P mixtures are administered, the clinician will monitor %GNG and
titrate the Sanguisal infusion rate with the target to achieving approximate estimates of GNG between 15-30%.

Lactate Esters as MCCs

[0180] As described herein, Sanguisal-L and -P are inorganic salt-based means to deliver nutritive support. However,
it is possible to deliver lactate and other nutritive compounds (pyruvate and acetate) by other means, including esters.
Arginyl lactate (US Patent 5,420,107) has been extensively used as an (enteral) amendment to sports drinks to provide
energy and blood buffering (1, 25). Arginyl lactate is formed by the electrostatic binding of lactate from lactic acid and
the basic (zwitterion) amino acid arginine under basic conditions. These individual units dissociate spontaneously at
neutral pH as exists in human plasma. The components of arginyl lactate (arginine and lactate) are benign and efficacious
in human blood.
[0181] Similarly, the lactate thiolester formed from the combination of lactate and N-acetylcysteine (called "LNACE",
see, for example, US Patent 6,482,853) has been proposed as an amendment to sports drinks to provide energy and
blood buffering. Like arginyl lactate, LNACE is yet another platform for parenteral nutrition of an ill or injured patient.
[0182] Still another means to deliver parenteral nutrition of an ill or injured patient is glycerol tri-lactate (called "GTL",
see, for example, US Patent 6,743,821). Glycerol tri-lactate is formed by the esterification of glycerol by lactic acid by
means of organic or enzymatically catalyzed processes (see, for example, US Patent 6,743,821). These individual units
rapidly dissociate because of the lipases and esterases in human plasma. The components of GTL (glycerol and lactate)
are benign and efficacious in human blood. Glycerol has been used as a plasma expander (76) and gluconeogenic
precursor (73). In terms of nutrient delivery, GTL is preferred over sodium- and other inorganic salts of lactate because
more lactate is carried, no sodium load is incurred, and because the glycerol carrier is efficacious.
[0183] Still another means to deliver parenteral nutrition of an ill or injured patient is glycerol tri-acetate (called "GTA",
see, for example, US Patent 6,743,821), or acetin. Acetate is another body, although not brain, fuel energy source.
[0184] Lactate, Pyruvate and Dextrose Combination-Based Formulations (Sanguisal-L/P/D)
[0185] State of the art is to provide parenteral nutritive support to patients using 5% dextrose (D5W, glucose in water,
vide supra). Because glucose (dextrose) has a molecular weight of 180, osmolality of D5W is 278 mM, which in the low
range of normal plasma osmolality (275-310 mEq/l). Even though the glucose concentration in D5W is 50 times greater
than homeostatic in plasma, in terms of its isosmotic effect with glucose alone being the only solute, D5W is isosmotic.
Mixing equal isosmotic solutions such as equal volumes of 154 mM Sanguisal-L and D5W glucose will produce an
osmolality in the high end of the normal range. As noted earlier, this slightly elevated osmolality because of sodium
content will draw fluid from tissues into the vascular compartment, thus mitigating swelling due to injury (15).

Lactate, Pyruvate, and Amino Acid Combination-Based Formulations (Sanguisal-L/P/A)

[0186] Parenteral nutrition is provided to hasten nutrient delivery or gastro-intestinal and other conditions exist to limit
the enteral delivery of nutrients. The above-identified Sanguisal formulations are all carbohydrate (CHO)-based and can
be used and adjusted to nourish the injured brain and other organs. In vivo, energy balance and nitrogen balance interact,



EP 3 505 167 A1

26

5

10

15

20

25

30

35

40

45

50

55

the RDA for amino acid and protein intake being 0.8 g/kg body weight/day (8, 51), with the assumption being that the
diet supplies sufficient energy to maintain energy balance. Although the latter assumption is seldom recognized with
athletes taking upwards of 2 g/lb/body weight (60), even very high protein diets that are accompanied by a very high
nitrogen load, will lack energy to maintain a person in nitrogen balance. Accordingly, in attempts to maintain nitrogen
balance and body mass in injured and ill patients, amino acid and protein supplementation to the extent of 50% above
the RDA for amino acids and proteins on the background of adequate energy supply is deemed prudent (82).
[0187] Commercially available parenteral amino acid solutions contain essential and non-essential amino acids. In
contemporary literature, investigators have evaluated effects of emphasizing particular amino acids, and types of amino
acids including: glutamine, arginine, cysteine, taurine, and branched chain amino acids ("BCAA", leucine, isoleucine,
and valine, particularly leucine). At present it is clear that parenteral solutions containing mixes of essential and non-
essential amino acids are safe and efficacious, being part of routine parenteral nutrition. Such solutions are typically
hyperosmotic, but less than 1,000 mOsm/l. As such, current art allows that infusions of Sanguisal-L, Sanguisal-P, or
mixes of Sanguisal (L/P), could be augmented by infusions of amino acid parenteral solutions delivering 1.0-1.2 g
nitrogen/kg body weight/day.

Lactate, Pyruvate, Dextrose and Amino Acid Combination-Based Formulations (Sanguisal-L/P/D/A)

[0188] When %GNG is unknown, with the assumption that blood glucose can be monitored in real time, a clinician
can provide parenteral and enteral nutrition as described above. In the event of hepatic or renal failure, and consequent
limitations in a patient’s ability to clear sodium or regulate glycemia by means of providing GNG precursors, a clinician
may moderate the course of providing lactate- and, or, pyruvate-based MCCs, and instead supplement the patient with
D5W, in extreme hypoglycemia, D10W (5 mM glucose (dextrose)).

Adding D2O to Sanguisal Formulations

[0189] For assessment of GNG using the D2O method, first responders will need to take a first ("background") blood
sample before the injection of D2O. As noted above, the 0.3 to 0.5 % D2O abundance necessary to estimate GNG from
the penta-acetate derivative of glucose and GC/MS could be obtained by a bolus of D2O. However, also as noted above,
the 0.3 to 0.5 % abundance of D2O could be maintained over days and weeks by adding D2O to all infusates given to
TBI and other injured and ill patients. As Sanguisal solutions will be given to provide parenteral nutrition and maintain
glycemia, as a preferred form, D2O could be to make Sanguisal solutions 0.3 to 0.5 % D2O. Another preferred form of
D2O could be to make common intravenous saline solutions 0.3 to 0.5 % D2O as the majority of the exogenous fluids
delivered to an ill or injured patient comes form the intravenous ("i.v.") saline solutions routinely used in the hospital. If
the exogenous fluid load can be controlled by the clinician through use of the common i.v. saline solution, then the
enrichment of body water by deuterium can also be controlled and therefore the measurement of %GNG can be made
for the duration of the stay at the hospital as frequently as required by the attending clinician. For example, if 100% of
the exogenous solution come from the i.v. saline solution and the i.v. solution is a 1 liter bag, the i.v. solution will have
approximately 0.3 to 0.5 g of D2O added. If enteral feeding, for example, contributes 25% of the exogenous fluids, then
the D2O saline solution could contain 25% more D2O to accommodate for the increased ingestion of exogenous fluids.
Therefore the saline solution would now contain approximately 0.375 to 0.625 g D2O.

Nutritional Support and Lactate Range Targets Without, or In Advance of, BES/% GNG Measurements

[0190] Assessments of the BES %GNG of the patient by %GNG may not be immediately available and in some cases
may not be feasible for hours, or days following an injury or illness incident. In addition, follow-on metabolic crises
provoked can develop quickly, before measurements can be made. Therefore, the invention also provides for effective
ways of feeding and treating a patient in the absence of such BES measurements.
[0191] The general approach of this embodiment of the invention is to target a range or ranges of blood lactate
concentrations, [lactate] using formulations containing sodium-lactate, lactate esters and polymers, and/or other MCC
and GNG precursors. This helps ensure adequate energy supply and limited catabolism of the patient far better than
simply targeting a [glucose] range as is done in the current art.
[0192] The [lactate] can be measured as easily as [glucose] can be (in a drop of blood), and so can be taken such at
the site of an incident such as a sports venue, battlefield, emergency vehicle, as well as hospital emergency room or
ICU. To reiterate and expand upon what has been stated above, because blood glucose homeostasis is such an important
physiological priority, and because redundant physiological mechanisms are in place to maintain blood glucose con-
centration, [glucose] provides no information on the BES of a patient unless it falls well outside of normal physiological
range. At this point, dire hypoglycemia or hyperglycemia conditions exist for the patient. More importantly, in this aspect
of the invention, [glucose] measurements also do not provide actionable data on what nutritional action to take - by
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contrast, [lactate] does provide such actionable data, even if it does not provide true insight into the BES of a patient.
[0193] Of the GNG precursors, lactate is by far most important (11, 12, 24, 54, 113). As part of the body’s protective
fight-and-flight mechanism, blood lactate generally rises, and this rise acts to provide lactate as a GNG precursor and
fuel for injured and other tissues. However, depending on the manner and time of injury and the nutritional state of the
patient, the rise in lactate may be inadequate to meet patient needs especially as the body energy stores are depleted.
[0194] Lactate (24, 52, 55-57, 104) and other MCC or GNG precursor supplementation are of great benefit to the
patient not only because it is a fuel energy source for the body in general (3, 5-7, 55, 56, 104, 112, 116, 117), but because
it is especially important for tissues and organs such as the brain (33, 105, 115, 118). In addition, it is known that the
brain swelling that accompanies injury can be mitigated by providing sodium ions using lactate as the carrier vehicle
(108). Lactate supplementation, whether given orally or intravenously, is known to provide fuel to the working muscles
of athletes and others engaged in vigorous physical activity. Oral or intravenous administration of lactate is safe and
has no apparent side effects except mild alkalosis. This can possibly being an actual advantage to the ill or injured when
acidosis is a problem (101) as it is in high-intensity exercise and hypermetabolic patients.
[0195] As stated above, the invention provides for various methods and systems for assessing BES and providing
nutritive support. The interim between onset of injury or sudden illness and the assessment of BES by %GNG can be
a period of nutritionally unsupported risk to the patient without immediate supplementation. The benefits of lactate
supplementation to athletes are here adapted for use with ill, injured and nutritionally compromised patients. Hence the
inventors now describe targeting a range of [lactate] concentration as both an interim and even long-term method for
providing for the nutritional needs of the patient. Infusion of lactate or other MCC or GNG precursor can also be provided
even before measurement of [lactate], to be on the safe side in terms of providing adequate nutrition to the patient.
[0196] Note also that [glucose] is generally not affected by supplementation by lactate or other MCC or GNG precursors
because of the preferential use of lactate as a fuel energy source and autoregulation of hepatic glucose production
("HGP"). Because HGP is tightly controlled, elevated availability of GNG precursors (such as the MCC, lactate) will
increase the component of HGP from GNG, and decrease the contribution of GLY. Thus [glucose] is not only generally
less useful than [lactate] as a indication of nutritional needs, it is especially limited with respect to the nutritional protocols
of the current invention.
[0197] The liver uses exogenous as well as endogenous reserves of lactate, pyruvate, glycerol, alanine and other
gluconeogenic amino acids to produce glucose via GNG. This catabolism of body tissues to support GNG has both
short- and long-term negative consequences including body wasting. Providing lactate or other MCC or GNG precursors
(that quickly become lactate) to an ill or injured patient will mitigate catabolism of body tissues. As noted above, a normal
[glucose] may belie metabolic stresses within a body working very hard to maintain glycemia in the normal range and
thus is depleting body energy stores and tissues.
[0198] The biomarker blood [lactate] is well known in the art and simple to assess from a blood test used to determine
the level of metabolic stress in athletes and others engaged in vigorous physical exercise. Recent papers show that in
contrast to classical thinking, providing lactate orally or intravenously can enhance an athlete’s physiological status and
performance. Intravenously provided lactate supports blood glucose homeostasis in at least two major, related ways.
Lactate is a GNG precursor and lactate is itself a major fuel source (4, 104, 112, 116, 117) surpassing glucose in
magnitude of both concentration range and metabolic flux rate of use/production).
[0199] In fact, providing exogenous lactate in effect spares the blood’s circulating glucose from metabolism because
lactate is the preferred energy source. This leaves the meager glucose reserves of the blood (5 liters of blood, each
containing 1 gram of glucose with only a total caloric value of only about 20 kcal - oxidation of each gram of glucose
yields 4 kcal) available to the body.
[0200] As an analogue to the BES of an ill or injured person, we can use the example of a resting 12-hr overnight
fasted healthy male. This fasted person will use approximately 1.8 kcal/min of total energy, with carbohydrate (CHO:
glycogen, glucose and lactate) providing about 40% of the energy, lipids about 50%, and proteins and amino acids the
remainder, about 10% (103). In this context, in contrast to providing i.v. glucose, providing lactate or other MCC or GNG
precursors can make up for the CHO and energy deficits. Because of the autoregulation of hepatic and renal autoregulation
of blood [glucose], this approach of providing GNG precursors will provide glucose at moderate but sustained rates and
will not provoke a spike in blood [glucose] that will elicit a strong insulin response. Avoidance of this hyperinsulinemic
insulin response is desirable, because it often results in a metabolic roller coaster wherein the patient is given glucose,
which drives [glucose] very high, thus invoking an insulin response, which drives [glucose] very low, followed by another
cycle of i.v. glucose and insulin injections and infusions (vide supra).
[0201] If we provide nutritional supplementation to a patient as described below, we will allow the patient to be func-
tionally hypermetabolic, that is using energy at a high rate but also being fed energy at a high rate. This will cause the
patient to have a BES similar to that of an athlete doing mild to moderate intensity physical exercise, where both the
relative use of CHO-derived energy sources and total energy expenditure (kcal/min) are elevated.
[0202] Note that a lactate clamp (LC) is a glucose clamp, in that a particular [lactate[ or range is targeted, as is done
in the art with [glucose] and glucose. In the invention, we implement a lactate clamp with an infusion of a sodium lactate



EP 3 505 167 A1

28

5

10

15

20

25

30

35

40

45

50

55

or other MCC or GNG precursor cocktail that raises blood [lactate] to 4 mM, or other target blood [lactate] or range. As
described in the invention, infusion of sodium lactate or other MCC or GNG precursor cocktail is followed by frequent
monitoring of blood [lactate], with increases or decreases in infusion rate as the target blood [lactate] is achieved and
maintained. Note that when a LC is employed in exercising healthy young men (where the total energy expenditure can
be greater than 10 times that at rest) exogenous and endogenous lactate make up the majority of CHO-energy used by
the body at that time (104).
[0203] Although the hypermetabolic patient as described will generally resemble an exercising human more than a
resting person, the examples provided with the invention describe a range of responses. Lactate, including vascularly
supplied exogenous lactate, can play an important role as a body energy source in all of them. The [lactate] level at
which the beneficial effects of exogenously supplied lactate occur is above normal (1-2mM), generally about 4 mM (102).
Note that normal circulating [lactate] Hence, [lactate] is one target which indicates that sufficient lactate is on board to
directly fuel an injured brain or other tissues, to indirectly fuel glucose-dependent tissues such as the brain via GNG, as
well as to mitigate acidosis and tissue swelling (108).
[0204] The invention provides for estimating and targeting patient blood lactate concentration ([lactate]), both as a
target itself and as an intermediate step to estimating and targeting patient fractional GNG in body glucose production.
Nutritional support methods and formulations are also disclosed that can be used in conjunction with BES/%GNG
estimate, as well as without these measurements.
[0205] The invention provides systems and methods to guide the administration of lactate or other MCC or other GNG
precursor formulations to an injured or critically ill patient. The method can be used in either of two ways: (1) as a first
step during the interim between the adverse patient illness or injury event and assessment of BES via %GNG. In a
preferred embodiment, the initial lactate/MCC/GNG precursor infusion rate is about 3-4.5 mg/kg/min, where kg is kg of
patient body weight and 3 and 4.5 mg are the amounts of MCC or GNG precursor such as sodium lactate.
[0206] Alternatively, about 23-50 mMol/kg body weight/min between the time of injury or acute illness until BES can
be determined via %GNG. The formulation infusion rate can be adjusted up or down to target such [lactate] levels. This
helps ensure that [lactate] levels are adequate to (a) directly fuel the brain and other tissues, (b) indirectly fuel tissues
with obligatory glucose needs (glucose created via GNG), (c) mitigate tissue swelling by decreasing intracranial pressure,
and (d) mitigate metabolic or respiratory acidosis by affecting hydrogen ion removal through lactate shuttling as well as
by and providing a strong anion. Other standard clinical values such as blood pH, electrolyte, total dietary calories and
glucose levels, can also be targeted in various aspects of the invention.
[0207] The invention provides a method for estimating the lactate or other MCC or GNG precursor infusion rate needed
to provide patient needs between the time of injury and assessment for BES by determining fractional gluconeogenesis
of a patient. The method commences with administering at a lactate or other MCC or GNG precursor infusion rate, as
described above, taking a small venous or arterial blood sample from the patient, analyzing [lactate], and adjusting the
infusion rate to maintain the target blood [lactate] over time. A small (20-100 ml) sample of arterial, venous, finger or
earlobe blood is typically used to measure [lactate].
[0208] The invention provides for the analysis of blood [lactate] by means of a clinical blood gas analyzer or similar
device that is used routinely to determine blood acid/base status in a clinical setting. The invention also provides for the
analysis of blood [lactate] by means of an approved portable, hand-held or other device as used in laboratory, clinical
or field assessments in resting individuals or athletes or others performing vigorous physical exercise. Such devices are
readily available, inexpensive, and used by sports medicine practitioners, athletes and coaches as are portable heart
rate monitors. Although generally not as accurate as FDA-approved and other clinical devices, hand-held portable lactate
analyzers are accurate in the mM range and can be used to establish a target a LC value or range while ill or injured
persons are transported to clinical facilities. New, more portable and more sophisticated apparatus for analyzing [lactate],
as well other biomarkers on interest in the invention, are constantly being developed and are contemplated by the
invention.
[0209] With regard to total body nutritional calculations such as from the Institute of Medicine and others, parental
supplementation of the current can included in these calculations, or in a preferred embodiment, added to these numbers.
Hypermetabolic states, such as exist with TBI, will require an even greater total daily calories that may not be able to
be delivered adequately enterally.
[0210] The formulations of the invention may also include one or more salts, one or more of Na+, K+, Ca++, Mg++, and
H2PO4

-, and have an osmolality of less than about 310 mOsm, where the MCCs or GNG precursors are lactate or
pyruvate or both. In a preferred embodiment an alternative to the formulation of less than about 310 mOsm as described
above a stock formulation with an osmolality ≈ 3,000 mOsm can be used so long as it is diluted with sterile hypotonic
or isosmotic solutions (distilled water, half normal or normal physiological, 154 mM saline, so that the solution entering
the body has an osmolarity of less than of about 310 mOsm, and in some cases less than about 1,000 mOsm.
[0211] The formulation may be administered at a rate of about 10-50 micro moles per kg of body weight per minute
(mMoles/kg/min), where kg is kg of patient body weight and 10-50 mMoles is the amount of lactate or other MCC or GNG
in the formulation, administered and the infusion rate increased or decreased if the measured blood [lactate] differs from



EP 3 505 167 A1

29

5

10

15

20

25

30

35

40

45

50

55

the target value or values.
[0212] Lactate was once thought to be a waste product of metabolism owing to oxygen insufficiency and a cause of
muscle fatigue and soreness, largely based on the classic papers of the 1920s and 1930s papers by Hill, Margaria and
Meyerhof (107, 111, 114). Today as part of lactate shuttle theory, lactate is viewed as an energy fuel source, a GNG
precursor and a signaling molecule, in other words a lactormone (5, 106). Lactate is produced continuously under fully
aerobic conditions and is an essential metabolic intermediate at the crossroads of the pathways of carbon metabolism
(5-7). In the outdated concept lactate was a liability. In the contemporary view lactate is a metabolite of great utility and
importance.
[0213] Blood lactate concentration or [lactate], is also called lactatemia. Hyperlactatemia refers to elevated blood
[lactate], as generally considered greater than that of rest (about 1-2mM). In exercise physiology and sports medicine
science, hyperlactemia with a value of 4 mM is often referred to as the lactate threshold ("LT"), also know as the onset
of blood lactate accumulation ("OBLA") (12, 52, 102).
[0214] The target blood [lactate] of 4 mM refers to hyperlactatemia induced by exogenous vascular infusion of the
current invention. Such a target [lactate] provides sufficient lactate to provide fuel energy, material for gluconeogenesis,
and anti-inflammatory and buffering capacity.
[0215] In 1963, an inspired track and field athlete, inventor GAB, inquired of his collegiate coach about why he was
incapable of making the US Olympic team despite serious efforts to do so. The coach answered in the conventional
wisdom at the time that he had an oxygen debt and too much lactic acid. Subsequently, when looking for a Ph.D.
dissertation subject, and realizing that century-old explanations were not consistent with then contemporary knowledge
of physiology and biochemistry, GAB set out to study and conduct definitive studies on the physiology and biochemistry
of oxygen debt and lactic acidosis. Thus, his interest in sports science proved to be the starting point for a career in
studying the science of metabolic regulation. The course of discovery involved studies of oxygen uptake kinetics during
exercise and recovery, isotope tracer studies of metabolite flux rates in animals and humans, and the molecular biology
of tissue adaption to exercise and other stresses.
[0216] In 1984, realizing the significance of lactate flux and its integration and significance in intermediary metabolism,
inventor GAB invented the term lactate shuttle to describe the exchange and use of lactate as an energy source within,
between and among cell compartments, cells, tissues and organs. Since the original articulation of discovery, intracellular
and cell-cell lactate shuttles have been described in the literature (vide supra). As well, others scientists have recognized
generality of the principle and have described lactate shuttles within the brain (33, 64, 115, 118).
[0217] Realizing the importance of lactate as a fuel energy source, in 2002 the inventors developed the lactate clamp
technique for the study of energy substrate partitioning in resting and exercising humans (55). Since then, the effect of
lactate clamp technique on blood acid-base balance and electrolyte content has been determined (57), and the technique
has been used to interrogate meaning of the "lactate threshold" ("LT") in exercising humans (52, 104). In exercising
humans, the LT occurs at a blood lactate concentration of about 4 mM, though that concentration varies among individuals
and depends on the conditions of study (102). An elevated blood lactate concentration in exercising humans allows for
the use of lactate as fuel energy source and GNG precursor (2-4, 5-7, 24, 104, 112).
[0218] Therefore, one aspect of the invention provides for infusion of a formula containing MCC or GNG precursor or
both, with periodic blood sampling and measurement to achieve a blood [lactate] target soon after injury or onset of
serious illness. This can be a first step segue to the provisioning of nutrition based on the either estimation of [lactate]
or %GNG or both. The target [lactate] concentration of the invention is in some cases, above about 0.5 to 1mM, 0.5 to
1 mM being the bottom of the normal range for [lactate]. In other embodiments, it is above about 2 mM, 2mM being the
top of the normal range for [lactate]. In other embodiments it is above about 4 mM, 4 mM being the hyperlactemia level
where beneficial effects occur all the way to about 8 mM. In another embodiment it is this entire range of normal to quite
high, about 0.5-8 mM.
[0219] For example, in the case of trauma, such as in severe TBI, treatment will start with a formulation of the invention
at a rate of about 50 mMol/body weight/min (about 4.5 mg/kg/min). When it is possible, blood [lactate] will be sampled
at regular intervals to achieve the target blood [lactate]. Subsequently, according to the invention, one may increase,
decrease, or maintain the MCC or GNG precursor infusion rate to achieve a target blood [lactate] value or range.
[0220] Using such a target [lactate] range can be an interim target until BES assessment via %GNG estimation becomes
available. It also works in the invention as a stand-alone since high levels of [lactate] are generally well tolerated by
patients. Thus it makes sense to err on the high side of [lactate]. Infusion of MCC or GNG precursor certainly raises
blood [lactate], but it generally does not affect blood [glucose] (24, 55, 56).
[0221] Stability of blood [glucose] during lactate clamp procedure is attributable to autoregulation of hepatic and renal
glucose production. If there is demand for increased glucose production, increased GNG precursor supply can support
that need. However, equally likely is that increased GNG precursor supply will result in decreased hepatic GLY and
stabilized glucose production (glucose Ra), and even glycogen synthesis. As well, exogenous lactate may substitute for
peripheral glucose use. Therefore, the infusion of a MCC or GNG precursor solution may have an indirect, but small
effect on glucose Ra depending on several factors including: recent dietary history, hypo- or hypermetabolic state of the
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patient, and level of sodium lactate infusion.
[0222] A small reduction in blood glucose flux can occur when lactate is used in preference to glucose as a fuel, thus
decreasing glucose Rd. Again, as a result of the autoregulation of hepatic ("HGP") and renal glucose production ("RGP"),
peripheral substitution of lactate for glucose as an energy source will decrease the needs for hepatic glucose production
(via GLY and GNG) and RGP (via GNG). The use of LC procedure has additional beneficial effects: exogenous lactate
buffers blood pH (lowers H+ and raises pH), without major effects on plasma electrolytes (57).
[0223] However, while a blood [lactate] of 4 mM is a reasonable target that is familiar to practitioners of sports medicine
and science, in and of itself the blood [lactate] value provides no direct information on lactate kinetics such as rate of
appearance (Ra), rate of disposal (Rd), rate of oxidation (Rox), metabolic clearance ("MCR"), and of course GNG (2-4,
11, 24, 52, 53, 104).
[0224] The lack of ability to ascertain blood lactate kinetics from concentration has to do with importance of lactate
metabolic clearance rate which is lactate Rd/[lactate] (4, 53, 102, 116, 117). Nonetheless, by means of commencing
with exogenous lactate to achieve a stable blood [lactate], the invention provides sufficient lactate to provide nutritive
support directly to an injured brain and other tissues, both directly as lactate, as well as indirectly via GNG.
[0225] It is also possible that subsequent to the initiation of the normative sodium lactate or other MCC or GNG
precursor infusion rate (3-4.5 mg/kg/min), the resulting blood [lactate] might be 2 mM. Presentation of a low (about <2
mM) blood [lactate] will be interpreted to represent the presence of a hypermetabolic state with increased demands for
lactate as fuel and GNG precursor, and will typically lead to an increase in the infusion rate, according to a preferred
embodiment of the invention.
[0226] Alternatively, if the resulting blood [lactate] exceeds 8 mM in the absence of other enteral or parenteral nutrition,
or if alkalosis or disturbances in plasma electrolyte levels occur, in the invention we may decrease the normative lactate
infusion rate knowing that lactate Rd is < the combination of endogenous and exogenous lactate Ra.
[0227] When %GNG data is available, and %GNG is titrated to the ranges as indicated above, then the method will
have optimal information on patient BES, and the interim target level of 4 mM no longer carries great weight as a feedback
parameter on BES. However, [lactate] may still provide useful guidance. For instance, in an embodiment of the invention,
in some situations, a [lactate] of 1-2 mM instead of 4 mM may be utilized, because %GNG indicates that sufficient energy
from other energy sources exist for the brain and other tissues.
[0228] Hence, depending on knowledge of BES as determined by %GNG, the target blood [lactate] range can be as
low as 0.5-2 mM, whereas in the absence of %GNG information, a range of about 4 mM and in some embodiments up
to about 8 mM is desirable.
[0229] In the absence of %GNG, the MCC or GNG precursor infusion rate of approximately 3 mg/kg/min may continue
until periodic blood sampling indicates that blood [lactate] reaches 4mM, at which time the infusion rate will be maintained
or adjusted up or down to maintain blood [lactate] at that target level. When %GNG data become available, the combination
of enteral and parenteral nutrition will be maintained or adjusted to achieve the target of 25% GNG at which time
exogenous MCC or GNG precursor infusion rate can be adjusted to maintain arterial blood [lactate] in the range of 1-2
mM (vide supra).
[0230] Parenteral nutrition can eventually be diminished or curtailed when enteral nutritional delivery is adequate to
normalize BES, but intravascular Na+-L-(+)-Lactate infusion may be maintained or restarted if the patient’s BES indicates
a need to supplement enteral nutrition and achieve approximately 25% GNG. Na+-L-(+)-Lactate may also be used to
manage intracerebral pressure ("ICP"). The invention, in a preferred embodiment, shall commence intravascular infusion
of Na+-L-(+)-Lactate at the rate of 3 mg/kg/min. In the absence of data on %GNG, the MCC or alternate embodiment
infusion rate of approximately 3 mg/kg/min will continue until periodic blood sampling indicates that blood [lactate] reaches
4 mM, at which time the infusion rate will be maintained or adjusted up or down to maintain blood [lactate] at the target level.
[0231] When %GNG data become available, the combination of enteral and parenteral nutrition will be maintained or
adjusted to achieve the target of 20-25% GNG in some embodiments, and 15-35% in others. At the same time exogenous
MCC or GNG precursor infusion may be adjusted to maintain arterial blood [lactate] in the range of 1-2 mM (vide supra).
Parenteral nutrition will eventually be stopped when enteral nutritional delivery is adequate, but the intravascular
Na+-L-(+)-Lactate infusion can be maintained or restarted if the patient’s BES indicates a need to supplement enteral
nutrition to achieve approximately the desired %GNG, or if the clinician decides to augment cerebral nutrition or to
manage ICP.
[0232] In one embodiment, the invention shall commence intravascular infusion of Na+-L-(+)-Lactate at the rate of 3
mg/kg/min plus parenteral (intravascular) nutritive support according to the AMDRs and TEE estimates as given by the
IOM. In the absence of data on %GNG, the MCC or alternate embodiment infusion rate of approximately 3 mg/kg/min
will continue until periodic blood sampling indicates that blood [lactate] reaches 4 mM, at which time the infusion rate
will be maintained or adjusted up or down to maintain blood [lactate] at the target level.
[0233] When % GNG data become available, the combination of enteral and parenteral nutrition will be maintained
or adjusted to achieve the target of GNG at which time exogenous MCC or GNG precursor infusion rate can be adjusted
to maintain arterial blood [lactate] in the range of 1-2 mM (vide supra). Parenteral nutrition eventually may be stopped
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due to adequate enteral nutritional delivery, but the intravascular Na+-L-(+)-Lactate infusion can be maintained or restarted
if the patient’s BES indicates a need to supplement enteral nutrition to achieve approximately 25% GNG, or if it is decided
to augment cerebral nutrition or to manage ICP.
[0234] In one embodiment, the invention shall commence intravascular infusion of Na+-L-(+)-Lactate, MCC or GNG
precursor at the rate of 3 mg/kg/min plus parenteral (intravascular) nutritive support according to the AMDRs and TEE
estimates as given by the Harris-Benedict equations . In the absence of data on %GNG, the MCC or alternate embodiment
infusion rate of approximately 3 mg/kg/ min will continue until periodic blood sampling indicates that blood [lactate]
reaches 4 mM, at which time the infusion rate will be maintained or adjusted up or down to maintain blood [lactate] at
the target level. When %GNG data become available, the combination of enteral and parenteral nutrition will be maintained
or adjusted to achieve the target of 25% GNG at which time exogenous MCC or GNG precursor infusion rate can be
adjusted to maintain arterial blood [lactate] in the range of 1-2 mM (vide supra). Parenteral nutrition may eventually be
stopped due to adequate enteral nutritional delivery, but the intravascular Na+-L-(+)-Lactate can be maintained or re-
started if the patient’s BES indicates a need to supplement enteral nutrition to achieve approximately 25 %GNG, or if it
is decided to augment cerebral nutrition or to manage ICP.
[0235] In a preferred embodiment, nutritive support treatment targets are 15-35% GNG or 20-25 %GNG. In this
embodiment, plasma [lactate] is targeted at 4 mM. In another preferred embodiment plasma [glucose] is targeted as
5-7mM. These targets can be achieved by adjusting enteral and parenteral administration rates either singularly, or in
combination. However, when %GNG is unknown, in addition to adjusting MCC, enteral and parenteral administration
rates, Dextrose and/or insulin therapy may be indicated above a certain [glucose] such as 7.8, or below 5.6 mM. Rates
of infusion of Dextrose should not exceed the endogenous glucose Rd (2-3 mg/kg/min) as this will cause a hyperglycemic
condition.

Nutritive Support For Those Engaged in Physical Activity

[0236] To this point the invention as described pertains to the care of ill and injured individuals whose metabolism
while significantly affected by disease states, approximates those of resting individuals. However, the methods and
formulations described above are relevant to supporting BES of other individuals, such as those with hypermetabolic
states such as athletes, soldiers and manual laborers engaged in strenuous physical activity. In athletic arenas, pools
and stadia, in combat zones, and in the factory or on the farm individuals can increase metabolic rates 20-30 fold over
rest. Importantly, during moderate to high-intensity exercise, carbohydrate energy sources (muscle glycogen, blood
lactate, liver glycogen and blood glucose) are the predominant energy sources (103).
[0237] On such occasions, metabolic rate greatly exceeds that of the ill and injured, but it is neither possible to estimate
BES by taking blood to measure % GNG, nor is it possible to come close to matching energy flux by supplying parenteral
or enteral nutrition alone or in combination. Further, attempts to buttress BES by intravascular infusion of energy-
containing formulations is either impractical, against rules of competition, or both. None the less, the formulations de-
scribed herein, and the rates of oral consumption of those formulations can be efficacious in reducing the energy deficit
of strenuous exercise, preserving limited glycogen an blood glucose reserves, compensating for dehydration and salt
losses in sweating, controlling the effects of hyperthermia in hot an humid environments, reducing the perception of
exertion, and thus prolonging the duration of activities such as exercise, warfare or work.
[0238] Again, with reference to the stresses imposed on athletes as an example, energy flux may increase more than
an order of magnitude at a time when the capacity for enteral nutrient delivery is limited not by access to fluids and solid
foods, but by gastric emptying and intestinal absorption. With regard to the fueling of athletes, the prime example being
professional male cyclists, with single component drinks {e.g., 100% glucose (i.e., dextrose)}, the rates of gastric emptying
and intestinal absorption approximate 1 g/min when the solute concentration is 6 g% (6 g/ 100 ml or 60 g/1,000 ml) when
consumed at the rate of ≈ 1,000 ml/hr. However, if the solution consumed contains two sugar forms, such as glucose
and fructose, the solute absorption rate can increase resulting in greater oxidation (109, 110). Interestingly, in terms of
lactate shuttle theory, it is apparent that nutrient supplementation with glucose plus fructose increases lactate availability
(1, 109, 110). Moreover, if the drink consumed contains multiple carbohydrate forms, the total carbohydrate (CHO)
absorption rate, and physical performance can rise still further (1).
[0239] Reasons for the advantage of multiple, as opposed to single CHO form availability in sports drinks is attributable
to several factors, but primarily the expression of multiple transport (carrier) proteins in the intestinal wall is primarily
important. Expressed in the intestinal mucosa are transporters for lactate, glucose, fructose, acetate, and amino acids,
among others. Further, some transporters are symporters, also called symports, meaning that they cotransport other
substances, in the instance of lactate and glucose transporters, the co-transported moiety is sodium ion (Na+). The
presence of sodium-mediated symports is efficacious in terms of energy, electrolyte and water absorption.
[0240] These intestinal transporters accomplish what is termed the facilitated transport of solutes. This means that
cellular energy sources such as adenosine triphosphate ("ATP") are not used, but viewed in three dimensions transporters
are structured in such a way as to form channels, specific for the particular metabolite, that can move down a concentration
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gradient from intestine to portal blood. While not properly classed as enzymes, transporters display Michaelis-Menten
kinetics, meaning that their transport capability possesses unique characteristics such as sensitivity to [substrate], (kM),
and maximal rate of substrate transport (Vmax). Another key feature of transporters is that they demonstrate the char-
acteristic termed saturation, where no further increase in transport despite increased solute availability once Vmax is
achieved. Hence, because of the abundance of multiple intestinal solute transporters, each functioning independently,
but sensitive to saturation by their respective substrates, by including more different forms of solutes as opposed to
more of one single solute, a higher total rate of solute transport from intestinal lumen to portal blood can be accomplished.
[0241] Another feature of intestinal transporters relates to the facilitated transport of water through water channels,
termed aquaporins, meaning water pores. Aquaporins facilitate the movement of water down concentration gradients.
Alternatively stated, water follows the solutes, in other words, water moves to minimize the osmotic pressure differences
exerted by solutes in different exchangeable compartments, such as between the intestinal lumen and portal blood.
Restated another way, the transport of more carbohydrate energy forms move more Na+ ions, and more water follows.
Hence, sports drinks containing sub-saturating levels of multiple carbohydrate and amino acid energy forms move more
energy, fluid and electrolytes than do single or dual solute-containing sports drinks.
[0242] To support BES in the injured and ill persons above we described parenteral and enteral fluid formulations
containing lactate salts, esters and polymers (e.g., Na+-lactate, arginyl-lactate, glycerol tri-lactate), glycerol tri-acetate,
hexoses (glucose and fructose), disaccharides such as sucrose (glucose + fructose), maltodextrins (glucose polymers)
and amino acids. Also described above are methods to deliver formulations to the ill or injured based on feedback from
measurements of %GNG. Herein we also describe methods to deliver formulations to the ill and injured based on
feedback knowledge of blood [lactate], e.g., 4 mM. Now also, we describe that those same formulations, or variations
thereof, can be administered to those engaged in very high rates of energy expenditure, perhaps in challenging envi-
ronments when measurements of BES using D2O or blood [metabolite] are not feasible or appropriate. In such case the
solutions can be formulated in 6-8% (w/v) solutions that are consumed intermittently and as required due to the intensity
of exercise or exertion, e.g., at the rate of 250 ml/15 min, or 1,000 ml/hr to deliver fuel at a rate ≥ 1 g/min along with
electrolytes and water. As such, a sports drink prescription or protocol would enable the individual to alter the consumption
of the energy drink based on the type and intensity of activity performed.
[0243] In an ideal formulation, a sports drink would contain energy substrates, electrolytes and water sufficient to
support needs for those substances in an athlete or other person engaged in strenuous exercise, perhaps in a stressful
environment. Using already described formulations (vide supra) so that an 8% solution could contain: Sanguisal {Na+-,
K+-, Ca++-, Mg++-L-(+)-lactate, and NaH2PO4

-} in the ratio of about 145, 4, 2.5, 1.5, and 1.0. In this iteration of formulation,
Sanguisal would provide electrolytes (Na+, K+, Ca++, Mg++, and H2PO4

-) as well as energy substrate (lactate). Additionally,
multiple additional substrates (arginyl-lactate, dextrose, fructose, sucrose, maltodextrin and amino acids in addition to
arginine (e.g., glycine, alanine, glutamate, glutamine, leucine, isoleucine and valine) could be provided alone, or in
combination in the formulation to be consumed orally. Within the domain of oral (enteral) supplementation, the formulation
could include fructose and maltodextrins (glucose polymers) that are not appropriate for vascular infusion.
[0244] As an example of an 8% (w/v) sports drink formulation, the drink could consist of: 0.17% Sanguisal, 1.00%
arginyl lactate and/or glycerol tri-lactate, 2.40% dextrose, 2.43% maltodextrin, and 2.00% fructose. Within the example
provided, but maintaining the 8% solute content, changes in the relative contributions of each ingredient would be
efficacious to the extent that additions of other amendments such as glycerol tri-acetate (GTA), alanine, branched chain
and other amino acids are possible, determined largely by the science of utilizing multiple energy substrates that would
be transported by specific intestinal transporters, but also by the availability of ingredients and to make beverages
flavorful. For example, the components of dextrose and maltodextrins could be combined to provide 4.8% of either; the
fructose and dextrose components could be combined to provide 4.4% of total as sucrose (cane or beet sugar), and the
Sanguisal, arginyl-lactate plus GTL and GTA component could be combined to provide 1.0-2.0 % of either. Similarly,
the inclusion of alanine, branched chain and other amino acids to the level of 1%, would result in systematic reductions
in the concentrations of other amendments keeping the total solute content at about 8% (w/v).
[0245] As an example of the sports drink "prescription" the suggested consumption of the energy drink would be > 1
g/min at the highest intensity, but at 50% of maximal workload (e.g., brisk walking) the consumption would be 0.5 g/min.
[0246] Administering/drinking of oral sports drink can be done with the measurement of blood [lactate] using a con-
centration meter and a small blood sample to monitor blood [lactate] during training. An individual could use the meas-
urement of blood [lactate] at rest and during exercise to augment the formulations and consumption of the sports drinks
depending on training goals and type of activity. For example, by raising blood lactate concentration during exercise by
0.5 to 1.0 mM by the consumption of lactate- or fructose-containing beverages (109, 110), and thereby conserving
endogenous carbohydrate stores, performance may be improved (speed, endurance, duration, among other measure)
(1). Alternatively, and analogous to the use of a hyperinsulinemic-euglycemic glucose clamp to assess insulin action in
a diabetic, it is possible to use a 4 mM LC procedure to assess lactate clearance capacity in a resting athlete before
and after training.
[0247] In summary, although the energy and fluid needs of athletes, manual laborers and soldiers in combat can
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exceed the rate of food energy and fluid resupply rates imposed by the constraints of gastric emptying and intestinal
absorption, oral formulations can support BES by supplying at least some to the fuel and electrolytes that can be relatively
rapidly assimilated. Lactate-containing and other GNG precursor or MCC drinks offer the advantage of providing oxi-
dizable fuel most rapidly (1, 104). As well, because lactate is a major gluconeogenic precursor (24, 54, 113), lactate in
a sport drink will indirectly support blood glucose homeostasis during hard exercise by providing substrate for GNG and
reducing liver and muscle GLY. Additionally, as the salt of an acid, lactate anion is a buffer. Providing dextrose in a
sports drink will directly support blood glucose homeostasis and help minimize hepatic GLY. The presence of lactate
and glucose in sports drinks is efficacious also because they ate transported by symporters that also move sodium ion
from intestinal lumen into the portal circulation. Providing fructose in a sports drink is efficacious as it is flavorful, and
also gives rise to hepatic glucose and lactate production.
[0248] Providing acetate in a sports drink is efficacious because of the abundance of intestinal transporters and
because acetate is rapidly oxidized, thus sparing glucose, glycogen sources. Providing branched-chain amino acids
("BCAA"), such as leucine, in small amounts a sports drink is efficacious because BCAAs are transported independently
and are oxidized during exercise. Providing the amino acid arginine in a sports drink is efficacious because it can be
used as a lactate carrier and a precursor to nitric oxide (NO), a vasodilator. Providing glycerol in the form of GTL and
GTA in a sports drink is efficacious because it can be used as a carrier for lactate and acetate, and because glycerol is
a gluconeogenic precursor. Thus, acting individually, but more effectively in concert, multiple amendments in sports
drinks act to reduce the stress of exercise by providing fuel energy, fluid and electrolytes to increase endurance capacity
by extending the time of exercise, particularly at high power outputs (1).

Additional Labeling Techniques

[0249] In one embodiment, as described in detail above, nutritional formulations contain the label deuterium as deu-
terium oxide (heavy water), in addition to the other nutritional ingredients of the formulation. However, the invention is
not limited to deuterium or deuterium oxide labeling. In another embodiment, the carbohydrates, lipids or proteins of the
formulation could be labeled at one or more of the atoms of the molecule and therefore act as the source of delivery of
the label to be given to the individual as a bolus and/or continuously. Sites of labeling of the atoms of the molecules of
carbohydrate, lipids or proteins can include carbon (13C), hydrogen/deuterium (2H), and nitrogen (15N), among others.
[0250] In another embodiment, other ingredients in the formulation contain the label. These ingredients could be
specialized drugs for the specific treatment of the individual, anti-inflammatory drugs added to the formulation, agents
for the treatment of infection added to the formulation, probiotics, etc. If one or more atom of these molecules are labeled
with a stable isotope they can act as the source of delivery of the label to be given as a bolus and/or continuously. Sites
of labeling of the atoms of the molecules of anti-inflammatory drugs, agents for the treatment of infection, probiotics,
etc., can include carbon (13C), hydrogen/deuterium (2H), and nitrogen (15N), among others.
[0251] In all embodiments the labeling of any ingredient included in the formulations can be applied to both enteral
and parenteral formulations. The targeted use of infusion of tracer D2O, or other tracer ingredient in the formulation can
enable the measurement of multiple analytes in multiple patient populations. For example, depending on the enrichment
of D2O and therefore body water enrichment, multiple products can be measured for metabolic flux. This can be useful
for simultaneous input functions into the platform for metabolomics, proteomics and fluxomics (inferring, estimating,
measuring or predicting rates of metabolic reactions. Examples are precursor (body water) enrichment and product
(glucose and lipids) enrichments among others. Note that non-isotope tracing and labeling techniques could be used
with the invention as well, though these would require different ways of labeling or tracing molecules, and different
calculations. Some examples include indicator dilution using a dye or cold saline for blood flow measurements and
Doppler measurements.
[0252] The infusion of tracer D2O will be targeted to approximately 0.5% for all patient populations, in one embodiment.
Because an adult and infant have significantly different body weights, the total amount of tracer infusion will differ
significantly, but the percentage of body water enrichment will be similar.

Flowcharts of Methods of the Invention

[0253] Figure 11 is a flowchart schematically showing methods of the invention, specifically the GNG methods 1101.
Various embodiments of the invention use elements of the method flow as shown, but not necessarily all of them. In
addition, some elements may be done more than once, or continuously throughout the method. Figure 11 includes
elements administering a label 1105; taking a blood sample 1107; analyzing glucose or a glucose derivative from the
blood sample 1109; obtaining a value for gluconeogenesis 1111; obtaining a value for total glucose production (typically
gluconeogenesis plus glycogenolysis) 1113. The flowchart also can include obtaining a value for fraction of body water
labeled 1115, which can be an accurate proxy for separate measurement of total glucose production 1113. It can also
include measurement of absolute rate of glucose production 1117.
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[0254] The ultimate method elements of the invention typically include one or more of estimating fractional glucone-
ogenesis 1119; administering nutritional formulation in order to support nutritional needs 1121, enabled by the estimating
fractional gluconeogenesis; and targeting a desired fractional GNG range 1123. The administration of the formulation
includes providing, maintaining, increasing, decreasing or ceasing the formulation, parenterally or enterally or both. The
flowchart of Figure 11 can be understood as a method of assessing the body energy state (BES) and/or providing
targeted nutrition, and in particular a method for estimating fractional GNG and/or providing targeted nutrition.
[0255] Note that some parts of the method can be carried out more than once in the flowchart. For example, admin-
istering formulation 1121 can be done after analysis of body energy state, but it can also be done in the beginning before
such analysis, as a precautionary matter when it makes sense to err on the high side in terms of nutrition. In addition,
various parts of the method can be executed on either side of a client-server relationship. So, for instance, obtaining a
value for gluconeogenesis 1111 can also be carried out as receiving a value for gluconeogenesis. This would take place,
for instance, in a case where label administration, blood sample analysis and data generation for a gluconeogenesis
value or values are carried out at one site or on one apparatus and further calculation or manipulation of this data is
done at another, for instance, a server that stores and otherwise uses the data gathered from various hospitals over the
Internet. In other words, the data is received, not generated. As noted before, data generated or received by the invention
may be more than one value, as in a set of values, range or ranges of values.
[0256] In addition, in various embodiments of the invention, only some parts of the method in Figure 11 might be
carried out. For example, an embodiment of the invention as practiced might start with analyzing glucose or a glucose
derivative from the blood sample 1109; then obtaining a value for gluconeogenesis 1111; obtaining a value for total
glucose production 1113; and estimating fractional GNG 1119. Other parts of the invention, such as administering a
label 1105; taking a blood sample 1107; and administering formulation 1121 might be carried out separately, for example,
on site at a hospital.
[0257] In another embodiment of the invention, measuring and/or targeting blood lactate concentration to the benefit
of the patient, is practiced. Figure 12 is a schematic flowchart illustrating the lactate methods 1201. It includes elements
taking a blood sample 1205; measuring the blood lactate concentration of the patient 1207; and administrating formulation
1209, by providing, maintaining, increasing, decreasing or ceasing a formulation; and targeting a desired blood lactate
range 1211. These elements may be carried out more than once, or not carried out at all in some embodiments. The
method of Figure 12 is also compatible with the method of Figure 11. For example, blood lactate measurement and/or
[lactate] targeting can be carried out before or after the method of Figure 11, or simultaneously with it, to the degree that
targeting of [lactate] and fractional GNG and nutritional support are compatible.

Systems and Apparatus and Architecture of the Invention

[0258] The invention includes, in preferred embodiments, functions that calculate nutritional dosimetery prescriptions,
with these functions are particularized to different populations, for example, TBI, pre-term infants, diabetics, trained
athletes, and many other types of patient populations patients. These functions are typically stored in a database. Not
only do these functions provide specific formulations, they are also particularized to the biomarkers of each population,
for example, a particular %GNG might have a different meaning with regard to status and nutritional prescription in one
population versus another. The invention, in a preferred embodiment, also has embedded regulatory codes, among
other features, that can be updated through software updates. The invention can create complex dosimetery prescriptions
for an entire panel of macronutrients and micronutrients, as well as, in some embodiments, drugs, anti-inflammatory
agents, and other prescribed agents. The approach of the invention can be a theranostics approach, that is, diagnostics
and therapeutics tightly coupled for a complete and effective patient solution, also known as companion diagnostics.
Note also that the invention is compatible with technologies that may exist in the art wherein blood sample measurements
can be taken in vivo without actually extracting blood. Taking a blood sample, as described in the invention, may thus
include such techniques.
[0259] As discussed above, the invention as practiced has parts that may be carried out manually or carried out
automatically by some apparatus, system or computer, or some combination of both. Ideally, as much of the methods
are automated as possible, via software and/or hardware, on one ore more physical machines. For example, a blood
sample may be manually taken from a patient and then prepared for analysis by a lab. While most blood samples today
are still taken manually by practitioners, there are electronic apparatus for taking blood samples, and they can be
computer or electronically controlled. Similarly, administration of formulation and/or label can be done by manipulation
of drip rate, or such administration can be handled automatically, and rate of administration controlled by hardware or
computer.
[0260] Figure 13 is a schematic system illustration 1301 of a fractional GNG and nutritional support system. Various
embodiments may not include all of these elements, and some may be duplicated. The apparatus may include a label
administration module 1305; a blood sample module 1307; a glucose analyzer module 1309; a gluconeogenesis cal-
culation module 1311; and a total glucose calculation module 1313. The invention can include a body water fraction
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module 1315, which can provide a body water fraction value as an accurate proxy for the total glucose calculation of
1313. It can also include an absolute rate of glucose production module 1317.
[0261] The invention typically will include one or more of a fractional gluconeogenesis estimation module 1319 that
provides the fractional GNG estimate of the invention; a nutritional formulation administration module 1321, enabled by
the fractional gluconeogenesis estimate that controls formula administration; and a fractional GNG range targeting
module 1323 that works with 1321 to achieve the targeting. The system also includes an information bus 1351 by which
the apparatus modules can communicate. The information bus 1351 should be understood generically as any mode of
effective communication, and each module of the invention may communicate by different modes with any of the other
modules. Thus the information bus 1351 can include the internal information bus of a particular processor, hardware,
or computer by which internal components communicate, it can be a network such as a local area network, wide area
network, or other network, including the Internet or other network by which modules that are not in the same location
can communicate. The information bus 1351 may be one or more data transport means, including a local microprocessor
bus and/or one or more input/output (I/O) buses. The components may be distributed among multiple devices and/or
servers, and configured to communicate via the network(s) and/or wireless systems.
[0262] The information bus 1351 should also be understood to include even human communication and interaction,
such as written, oral or reading a display, such as a graphical user interface ("GUI"), in cases where the invention is
practiced with some manual aspects. For instance, in one embodiment, a blood sample can be fed into a machine that
provides an estimate of fractional GNG. The data generated by this machine can be automatically communicated to a
device that meters nutritional administration via i.v. It also could have a display that provides information by which a
practitioner manually adjusts the formula administration. In such cases, the information bus 1351 is the reading of the
display and memorizing its content or instructions by a practitioner to manually execute formulation administration. The
apparatus of Figure 13 thus contemplates completely automated modules and communication, but also allows for some
manual components.
[0263] Figure 14, is a schematic system illustration 1401 of a system for blood lactate measuring targeting. It includes
elements of a blood sample module 1411; a blood lactate concentration measurement module that provides blood lactate
concentration measurement 1413; and a formulation administration module 1415, that operates by providing, maintaining,
increasing, decreasing or ceasing a formulation. It also includes a blood lactate range targeting module 1417, which
works with 1415 to achieve a target blood lactate range (clamp).
[0264] The system includes an information bus 1451 by which the apparatus modules can communicate. The infor-
mation bus 1451 should be understood generically as any mode of effective communication, and each module of the
invention may communicate by different modes with any of the other modules. Thus the information bus 1451 can include
the internal information bus of a particular processor, hardware, or computer by which internal components communicate,
it can be a network such as a local area network, wide area network, or other network, including the Internet or other
network by which modules that are not in the same location can communicate. The information bus 1451 may be one
or more data transport means, including a local microprocessor bus and/or one or more input/output (I/O) buses. The
components may be distributed among multiple devices and/or servers, and configured to communicate via the network(s)
and/or wireless systems.
[0265] The information bus 1451 should also be understood to include even human communication and interaction,
such as written, oral or reading a display, such as a graphical user interface ("GUI"), in cases where the invention is
practiced with some manual aspects. For instance, in one embodiment, a blood sample can be fed into a machine that
provides an estimate of fractional GNG. The data generated by this machine can be automatically communicated to a
device that meters nutritional administration via i.v. It also could have a display that provides information by which a
practitioner manually adjusts the formula administration. In such cases, the information bus 1451 is the reading of the
display and memorizing its content or instructions by a practitioner to manually execute formulation administration. The
apparatus of Figure 14 thus contemplates completely automated modules and communication, but also allows for some
manual components. This system is also compatible with the system of Figure 13 in that one extant system can have
elements of both and be capable of carrying out the functions of both Figure 13 and Figure 14.
[0266] As one embodiment of the system/apparatus of the invention, consider the targeting of lactate ranges (lactate
clamp). The system can include a small lactate concentration meter for real-time measurement and feedback on lactate
ranges, for example at the bedside or during training. The invention can provide raw data on [lactate], or have simple
instructions using an LCD display or colored lights, e.g., red to instruct the user to reduce ingestion/infusion and green
to instruct the user to increase ingestion/infusion, or some other user interaction interface such as a GUI. It can be
embodied as an apparatus with a lactate meter and a SOC system on chip ("SOC") with some combination of hardware
and software that takes the electronic results from the insertion of a biological sample (blood drop) and implements an
algorithm to calculate and present a prescription to the user. This prescription could be available to the user bedside or
networked for continued analysis, sharing, comparison of historic or changing conditions and database storage. The
invention can be embodied as firmware, software, SOC or even a total-solution metering device comparable with readily
available [lactate] meters on the market.
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[0267] In the case of fractional GNG embodiments of the invention, a mass spectrometer of some sort would be
required as part of the system. Table-top mass spectrometers and even handheld and chip-sized devices are now
available. A practical implementation of the invention would be a specialized mass spectrometer to measure specific
glucose fragmentation patters as described above. Such devices can be networked wirelessly as clients to software as
a service ("SAAS") solutions with website server services to such clients. Stand-alone and internal network solutions
can also be implemented.
[0268] As discussed, the invention contemplates manual implementations of the invention. For instance, one or more
of fractional body water labeling, [lactate], nutritional formulation administration rates could be read and logged by a
practitioner into a system and then stored on-site or on system servers, or in the Internet cloud. An attending clinician
could then access and monitor the patient over time and treatment and increase, decrease, maintain or cease the
prescription based on the measurement of [lactate] or %GNG, or simply follow instructions as calculated and displayed
by the system. Working locally, the device could have software that could be useful for a meter manufacturer or SOC
designer so a measurable event can be programmed to produce a prescription that will be an actionable event instructing
the nurse, clinician, athlete, worker, etc., to change oral ingestion or infusion rate, or both. In another embodiment,
formula administration can be carried out automatically by the system, e.g., automatically metered through i.v.
[0269] For example, the invention provides for raising blood [lactate] between 0.5 and 1 mM above a concentration
measurement comparable to ingestion based on water alone. So, during exercise an athlete could have lactate concen-
tration measured with no ingestion or ingestion consisting of only water to determine the background concentration
measurements. Then choosing the same intensity of exercise, a variable amount of a formulation of sports drink could
be administered to raise the blood [lactate] above background. This would allow the athlete to consume the optimal
amount of fuel for the working muscle during for his or her current state of body energy flux. The invention could display
the proper actionable steps (drink amount and rate) or automatically dispense the proper amounts at the proper times.
[0270] For example, based on [lactate] ranges such as 0.5-1.9 mM, 2.0-2.9 mM, 3.0-3.9 mM, the invention would
generate required or suggested nutritional administration rates. As another example, consider %GNG estimates based
on ion intensity of MW 169, 170, 331, 332 glucose penta-acetate derivative fragments, these could be envisioned as
entered into rows and columns in memory or a database. For example, if fractional GNG, expressed as ion intensities
([ion 170/169]/6) / ([ion 332/331]-[ion 170/169]) <15%, then decrease infusion rate of exogenous energy formulation, if
> 15% and <30%, then maintain infusion rate of exogenous energy formulation, if > 30%, then increase infusion rate of
exogenous energy formulation.
[0271] As discussed in detail above, a key biomarker of energy balance for the platform is %GNG. There are other
important biomarkers and metrics such as nitrogen balance, albumin, pre-albumin, hemoglobin, sodium (measured as
concentration, delivery in kg/day, mEq/kg and total volume of fluids, among others), potassium, calcium, magnesium,
phosphorus, urine urea nitrogen balance, total nitrogen balance, temperature, heart rate, pH, fluid homeostasis (osmotic
pressure: blood and urine osmolality), total calories of percentage of carbohydrate, fat and protein (and fractions of
each), and delivery rate of enteral and/or parenteral nutrition.
[0272] The invention contemplates addressing some of these other biomarkers as well. For instance, nitrogen balance
is a measure of the adequacy of protein intake and can estimate the patient’s current protein requirements. The calculation
of nitrogen balance is based on the total daily intake of nitrogen minus the daily excretion.

[0273] Urinary Urea Nitrogen is typically determined from a 24-hour urine collection and 4g is a correction factor to
account for miscellaneous nitrogen losses.
[0274] In the case of diabetic patients who are being treated for a critical illness or injury, the method to determine
BES is as described above as a non-diabetic patient except the baseline is shifted up. In other words, diabetic will go
from a nourished BES to a catabolic state of BES similar to a non-diabetic patient, but the values will be elevated as
compared to the non-diabetic patient. To best achieve nutritional supplementation, the invention can accommodate for
various patient populations and individual phenotypes, such as type 2 diabetes. For type 2 diabetes, the same measurable
event happens for both normal and diabetes, but the baseline %GNG is shifted upward for the diabetes patient. For
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example, in one experiment, it was observed that after identical 23 hour fasting periods, the normal control subject
reached a fractional GNG of 70% whereas the type 2 diabetic subject reached 88% fractional GNG. It would be best to
add a numerical example here.
[0275] Based on such subtlety, a myriad of diagnostic can be utilized in conjunction to achieve a more granular
interpretation of BES. Note that in the invention, the paradigm of dosimetery is applied to nutrition, in other words, nutrition
dosimetery is a key part of what the invention implements, and it is a new paradigm and concept in the art. The invention
can ultimately be seen as a sort of operating system for nutritional management for patients in general, and is compatible
with many systems and implementations. It can be built as an open platform that enables third parties to integrate
thorough open standards and application programming interfaces.
[0276] Figure 15 is a block diagram of an exemplary computing system that may be utilized to practice aspects of the
present disclosure. Figure 15 illustrates an exemplary computing device 1500 that may be used to implement an em-
bodiment of the present systems and methods. The system 1500 of Figure 15 may be implemented in the contexts of
the likes of computing devices, networks, servers, or combinations thereof. The computing device 1500 of Figure 15
includes one or more processors 1510 and main memory 1520. Main memory 1520 stores, in part, instructions and data
for execution by processor 1510. Main memory 1520 may store the executable code when in operation. The system
1500 of Figure 15 further includes a mass storage device 1530, portable storage device 1540, output devices 1550,
user input devices 1560, a display system 15150, and peripheral devices 1580. In some embodiments, main memory
1520 is used by storage for storing data.
[0277] The components shown in Figure 15 are depicted as being connected via a single bus 1590. The components
may be connected through one or more data transport means. Processor unit 1510 and main memory 1520 may be
connected via a local microprocessor bus, and the mass storage device 1530, peripheral device(s) 1580, portable storage
device 1540, and output devices 1550 may be connected via one or more input/output (I/O) buses.
[0278] Mass storage device 1530, which may be implemented with a magnetic disk drive or an optical disk drive, is a
non-volatile storage device for storing data and instructions for use by processor unit 1510. Mass storage device 1530
may store the system software for implementing embodiments of the present technology for purposes of loading that
software into main memory 1520. In some embodiments, portable storage device 1540 is used by storage for storing data.
[0279] Portable storage device 1540 operates in conjunction with a portable non-volatile storage medium, such as a
floppy disk, compact disk, digital video disc, or USB storage device, to input and output data and code to and from the
computer system 1500 of Figure 15. The system software for implementing embodiments of the present technology
may be stored on such a portable medium and input to the computer system 1500 via the portable storage device 1540.
In some embodiments, portable storage device 1540 is used by storage for storing data.
[0280] User input devices 1560 provide a portion of a user interface. User input devices 1560 may include an alpha-
numeric keypad, such as a keyboard, for inputting alphanumeric and other information, or a pointing device, such as a
mouse, a trackball, stylus, or cursor direction keys. Additional user input devices 1560 may be comprised of, but are not
limited to, devices such as speech recognition systems, facial recognition systems, motion-based input systems, gesture-
based systems, and so forth. For example, user input devices 1560 may include a touchscreen. Additionally, the system
1500 as shown in Figure 15 includes output devices 1550. Suitable output devices include speakers, printers, network
interfaces, and monitors.
[0281] Output devices 1550 may include a liquid crystal display (LCD) or other suitable display device. Display system
1550 receives textual and graphical information, and processes the information for output to the display device.
[0282] Peripheral device(s) 1580 may include any type of computer support device to add additional functionality to
the computer system. Peripheral device(s) 1580 may include a modem or a router.
[0283] The components provided in the computer system 1500 of Figure 15 are those typically found in computer
systems that may be suitable for use with embodiments of the present technology and are intended to represent a broad
category of such computer components that are well known in the art. Thus, the computer system 1500 of Figure 15
may be a personal computer, hand held computing device, telephone, mobile computing device, workstation, server,
minicomputer, mainframe computer, or any other computing device. The computer may also include different bus con-
figurations, networked platforms, multi-processor platforms, etc. Various operating systems may be used including Unix,
Linux, Windows, Mac OS, Palm OS, Android, iOS (known as iPhone OS before June 2010), QNX, and other suitable
operating systems.
[0284] It is noteworthy that any hardware platform suitable for performing the processing described herein is suitable
for use with the systems and methods provided herein. Computer-readable storage media refer to any medium or media
that participate in providing instructions to a central processing unit (CPU), a processor, a microcontroller, or the like.
Such media may take forms including, but not limited to, non-volatile and volatile media such as optical or magnetic
disks and dynamic memory, respectively. Common forms of computer-readable storage media include a floppy disk, a
flexible disk, a hard disk, magnetic tape, any other magnetic storage medium, a CD-ROM disk, digital video disk (DVD),
any other optical storage medium, RAM, PROM, EPROM, a FLASHEPROM, any other memory chip or cartridge.
[0285] Computer program code for carrying out operations for aspects of the present technology may be written in
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any combination of one or more programming languages, including an object oriented programming language such as
Python, Java, Smalltalk, C++ or the like and conventional procedural programming languages, such as the "C" program-
ming language or similar programming languages. The program code may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software package, partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the latter scenario, the remote computer may be coupled with
the user’s computer through any type of network, including a local area network (LAN) or a wide area network (WAN),
or the connection may be made to an external computer (for example, through the Internet using an Internet Service
Provider).
[0286] With regard to the present invention, the many features and advantages of the present invention are apparent
from the written description, and thus, it is intended by the appended claims to cover all such features and advantages
of the invention. Further, since numerous modifications and changes will readily occur to those skilled in the art, it is not
desired to limit the invention to the exact construction and operation as illustrated and described. Hence, all suitable
modifications and equivalents may be resorted to as falling within the scope of the invention.
[0287] Various elements of the invention are described as modules implemented as software on a general purpose
computer and others as hardware elements. It should be apparent that in various embodiments of the invention, imple-
mentation of software can be executed by embedded hardware, or vice versa, or in some combination of software and
hardware. Also, a computer may take the form of an integrated circuit, printed circuit board, handheld computer, or any
general-purpose computer without limitation.
[0288] Part of the invention may be implemented by a general-purpose computer, embedded circuitry, or some com-
bination of these. The software execution may be accomplished through the use of a program storage device readable
by the computer and encoding a program of instructions executable by the computer for performing the operations
described above. The program storage device may take the form of any memory known in the art or subsequently
developed. The program of instructions may be object code, i.e., in binary form that is executable more-or-less directly
by the computer; in source code that requires compilation or interpretation before execution; or in some intermediate
form such as partially compiled code and/or a collection of executable library files. The precise forms of the program
storage device and of the encoding of instructions are immaterial here.
[0289] The invention also contemplates use of computer networks known in the art, including but not limited to, intranets
such as corporate networks, local and wide area networks, the Internet and the World Wide Web. Wire and wireless
communication and communication protocols known in the art, such as, but not limited to, radio, infrared, Bluetooth,
Ethernet and other wireless and wired networks, are also contemplated.
[0290] Preferred embodiments of flow direction between elements, looping and iteration are discussed, but alternative
embodiments of these flows are contemplated by the invention. Any elements or other features described in the figures,
even if not described in the specification, are supported in the figures so as to be enabling. All references cited here are
incorporated in their entirety for all purposes.
[0291] The invention is further defined by the following clauses:

Clause 1. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

(a) administering a label to the patient;
(b) taking a blood sample from the patient;
(c) analyzing glucose or a glucose derivative from the blood sample;
(d) obtaining a value for fractional gluconeogenesis;
(e) obtaining a value for fractional gluconeogenesis plus glycogenolysis; and
(f) using (d) and (e) to estimate fractional gluconeogenesis.

Clause 2. The method of clause 1 wherein the label is deuterium.
Clause 3. The method of clause 1 wherein less than about 1% of the body water is labeled.
Clause 4. The method of clause 1 wherein the body water is labeled with an initial bolus or ongoing infusion or both.
Clause 5. The method of clause 1 wherein the value in (e) also represents % body water labeled.
Clause 6. The method of clause 1 wherein the glucose derivative is a penta-acetate glucose molecule with molecular
weight of about 390.
Clause 7. The method of clause 1 wherein (d) is based on the abundance of the label on one or more of glucose
carbons 1, 3, 4, 5, 6.
Clause 8. The method of clause 1 wherein (e) is based on the abundance of the label on glucose carbon 2.
Clause 9. The method of clause 1 wherein glucose Ra is estimated to further provide an estimate of absolute rate
of gluconeogenesis.
Clause 10. The method of clause 1 wherein the analyzing is done using a mass spectrometer.
Clause 11. The method of clause 1, wherein the analyzing is done using one or more chromatography techniques.
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Clause 12. The method of clause 1, wherein upon estimating the fractional gluconeogenesis, the patient is admin-
istered a parenteral or enteral nutritive formulation or both.
Clause 13. The method of clause 1 wherein the formulation contains GNG precursor or MCC or both.
Clause 14. The method of clause 1 wherein the formulation contains pyruvate or lactate or both.
Clause 15. The method of clause 1 wherein the formulation is administered or increased if the estimated fractional
gluconeogenesis is above about 25%.
Clause 16. The method of clause 1 wherein the formulation is administered or increased if the estimated fractional
gluconeogenesis is above about 35%.
Clause 17. The method of clause 1 wherein the formulation is stopped or decreased if the estimated fractional
gluconeogenesis is below about 15%.
Clause 18. The method of clause 1 wherein the formulation is stopped or decreased if the estimated fractional
gluconeogenesis is below about 20%.
Clause 19. A method for providing nutritional support to a patient, the method comprising:

(g) administering a label to the patient;
(h) taking a blood sample from the patient;
(i) analyzing glucose or a glucose derivative from the blood sample;
(j) obtaining a value for fractional gluconeogenesis;
(k) obtaining a value for fractional gluconeogenesis plus glycogenolysis;
(1) using (d) and (e) to create to estimate fractional gluconeogenesis; and

(g) administering a parenteral nutritive formulation or enteral nutritive formulation or both to the patient based upon
the fractional gluconeogenesis estimate.
Clause 20. The method of clause 19 wherein the label is deuterium.
Clause 21. The method of clause 19 wherein less than about 1% of the body water is labeled.
Clause 22. The method of clause 19 wherein the body water is labeled with an initial bolus or ongoing infusion or both.
Clause 23. The method of clause 19 wherein the value in (e) also represents % body water labeled.
Clause 24. The method of clause 19 wherein the glucose derivative is a penta-acetate glucose molecule with
molecular weight of about 390.
Clause 25. The method of clause 19 wherein the value in (d) is based on the abundance of the label on one or more
of glucose carbons 1, 3, 4, 5, 6.
Clause 26. The method of clause 19 wherein the value in (e) is based on the abundance of the label on glucose
carbon 2.
Clause 27. The method of clause 19 wherein the formulation contains GNG precursor or MCC or both.
Clause 28. The method of clause 19 wherein the molecule is analyzed using a mass spectrometer.
Clause 29. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

(m) administering an amount of label to the patient;

(b) estimating the fraction of body water that has been labeled;
(c) using the estimating in (b) to create a baseline for the amount of total glucose production;
(d) estimating an amount of glucose production only from gluconeogenesis by measuring the label; and
(e) using (c) and (d) to estimate the patient’s fractional gluconeogenesis.

Clause 30. A method for providing nutritional support to a patient, the method comprising:

(n) administering an amount of label to the patient;

(b) estimating the fraction of body water that has been labeled;
(c) using the estimating in (b) to create a baseline for the amount of total glucose production;
(d) estimating an amount of glucose production only from gluconeogenesis by measuring the label;
(e) using (c) and (d) to estimate the patient’s fractional gluconeogenesis; and
(f) administering a parenteral nutritive formulation to the patient based upon the fractional gluconeogenesis
estimate.

Clause 31. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

(a) from a patient blood sample, analyzing the glucose or one or more derivatives of the glucose, or both, the
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blood sample comprising glucose and a label;
(b) obtaining a value or set of values for gluconeogenesis;
(c) obtaining a value or set of values for total glucose production; and
(d) using (b) and (c) to estimate fractional gluconeogenesis.

Clause 32. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

(a) from a patient blood sample, analyzing the glucose or one or more derivatives of the glucose, or both, the
blood sample comprising glucose and a label;
(b) estimating the fraction of body water that has been labeled;
(c) using the estimating in (b) to create a baseline for the amount of total glucose production;
(d) estimating an amount of glucose production from gluconeogenesis by measuring the label; and
(e) using (c) and (d) to estimate the fractional gluconeogenesis.

Clause 33. A method for aiding in the estimation of the fractional gluconeogenesis of a patient, the method comprising:

(a) from a patient blood sample, analyzing the glucose or one or more derivatives of the glucose, or both, the
blood sample comprising glucose and a label;
(b) obtaining a value or set of values for fractional gluconeogenesis; and
(c) obtaining a value or set of values for total glucose production.

Clause 34. A method for aiding in the estimation of the fractional gluconeogenesis of a patient, the method comprising:

(a) from a patient blood sample, analyzing the glucose or one or more derivatives of the glucose, or both, the
blood sample comprising glucose and a label;
(b) estimating the fraction of body water that has been labeled;
(c) using the estimating in (b) to obtain a value or set of values as a baseline for the amount of total glucose
production; and
(d) obtaining a value or set of values for gluconeogenesis by measuring the label. Clause 35. A method for
estimating the fractional gluconeogenesis of a patient, the method comprising:

(a) receiving a value or set of values for gluconeogenesis;

(b) receiving a value or set of values for total glucose production; and

using (a) and (b) to estimate fractional gluconeogenesis.
Clause 36. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

(a) receiving a value or set of values for gluconeogenesis;
(b) receiving a value or set of values for fraction of body water that has been labeled; and
(c) using (a) and (b) to estimate fractional gluconeogenesis.

Clause 37. A nutritive formulation comprising GNG precursor or MCC or both, the formulation capable of affecting
fractional gluconeogenesis.
Clause 38. The formulation of clause 37 wherein the formulation further comprises one or more salts.
Clause 39. The formulation of clause 37 wherein the formulation further comprises one or more of the following:
Na+, K+, Ca++, Mg++, and H2PO4

-.
Clause 40. The formulation of clause 37 wherein Na+, K+, Ca++, Mg++, and H2PO4

- are provided in the ratio of about
145, 4, 2.5, 1.5, and 1.0 respectively.
Clause 41. The formulation of clause 37 wherein the water contains a label such as deuterium.
Clause 42. The formulation of clause 37 wherein the formulation has an osmolality of less than about 310 mOsm.
Clause 43. The formulation of clause 37 wherein the GNG precursor or MCC is lactate or pyruvate or both.
Clause 44. The formulation of clause 37 wherein the GNG precursor or MCC is an amino acid.
Clause 45. The formulation of clause 37 wherein the GNG precursor or MCC is one or more the following: glycerol,
glycerol tri-lactate or arginyl lactate.
Clause 46. The formulation of clause 37 wherein the formulation is administered at a rate of about 3 mg/kg/min,
where kg is kg of patient body weight and 3 mg is the amount of GNG or MCC precursor in the formulation.
Clause 47. The formulation of clause 37 wherein the formulation is administered at a rate of about 50 mMoles/kg/min,
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where kg is kg of patient body weight and 50 mM is the amount of GNG or MCC precursor in the formulation.
Clause 48. The formulation of clause 37 wherein the formulation is administered or increased if the estimated
fractional GNG is above about 25%.
Clause 49. The formulation of clause 37 wherein the formulation is administered or increased if the estimated
fractional gluconeogenesis is above about 35%.
Clause 50. The formulation of clause 37 wherein the formulation is decreased or stopped if the estimated fractional
gluconeogenesis is below about 20%.
Clause 51. The formulation of clause 37 wherein the formulation is decreased or stopped if the estimated fractional
gluconeogenesis is below about 15%.
Clause 52. A formulation comprising:

(a) GNG precursor or MCC or both; and
(b) one or more salts.

Clause 53. The formulation of clause 52 wherein the formulation further comprises a label such as deuterium.
Clause 54. The formulation of clause 52 wherein Na+, K+, Ca++, Mg++, and H2PO4

- are provided in the ratio of about
145, 4, 2.5, 1.5, and 1.0 respectively.
Clause 55. The formulation of clause 52 wherein the formulation has an osmolality of less than about 310 mOsm.
Clause 56. The formulation of clause 52 wherein the GNG precursor or MCC is lactate or pyruvate or both.
Clause 57. The formulation of clause 52 wherein the GNG precursor or MCC is an amino acid.
Clause 58. The formulation of clause 52 wherein the GNG precursor or MCC is a GNG precursor that naturally
occurs in the body.
Clause 59. The formulation of clause 52 wherein the GNG precursor or MCC is a compound that does not naturally
occur in the body but that can be used as a GNG precursor.
Clause 60. The formulation of clause 52 wherein the GNG precursor or MCC is one or more the following: glycerol,
glycerol tri-lactate or arginyl lactate.
Clause 61. The formulation of clause 52 wherein the formulation is administered at a rate of about 3 mg/kg/min,
where kg is kg of patient body weight and 3mg is the amount of MCC or GNG in the formulation.
Clause 62. The formulation of clause 52 wherein the formulation is administered at a rate of about 50 mMoles/kg/min,
where kg is kg of patient body weight and 50 mM is the amount of GNG precursor or MCC in the formulation.
Clause 63. A nutritive formulation to affect fractional gluconeogenesis comprising:

(a) lactate or pyruvate or both;

the formulation capable of affecting fractional gluconeogenesis.
Clause 64. A formulation comprising:

(a) lactate or pyruvate or both; and
(b) one or more salts.

Clause 65. A method of providing nutrition to a patient, the method comprising:

(a) obtaining a value or set of values for estimated fractional gluconeogenesis;
(b) decreasing, increasing or maintaining nutritional support based on the value or set of values for estimated
fractional gluconeogenesis.

Clause 66. A method of affecting fractional gluconeogenesis of a patient, the method comprising administering a
formulation comprising GNG precursor or MCC or both. Clause 67. A formulation comprising:

(a) a label such as deuterium; and
(b) one or more salts.

Clause 68. The formulation of clause 65 wherein the formulation further comprises one or more of the following:
Na+, K+, Ca++, Mg++, and H2PO4

-.
Clause 69. The formulation of clause 1 wherein Na+, K+, Ca++, Mg++, and H2PO4

- are provided in the ratio of about
145, 4, 2.5, 1.5, and 1.0 respectively.
Clause 70. The formulation of clause 65 wherein the formulation is further a nutritive formulation comprising GNG
or MCC precursor or both.



EP 3 505 167 A1

42

5

10

15

20

25

30

35

40

45

50

55

Clause 71. The formulation of clause 65 wherein the formulation has an osmolality of less than about 310 mOsm.
Clause 72. The formulation of clause 65 wherein the GNG precursor or MCC is lactate or pyruvate or both.
Clause 73. The formulation of clause 65 wherein the GNG precursor or MCC is an amino acid.
Clause 74. The formulation of clause 65 wherein the GNG precursor or MCC is one or more the following: glycerol,
glycerol tri-lactate or arginyl lactate.
Clause 75. The formulation of clause 65 wherein the formulation is administered at a rate of about 3 mg/kg/min,
where kg is kg of patient body weight and 3mg is the amount of GNG precursors or MCC in the formulation.
Clause 76. The formulation of clause 65 wherein the formulation is administered or increased if estimated fractional
gluconeogenesis is above about 25%.
Clause 77. The formulation of clause 65 wherein the formulation is administered or increased if the estimated
fractional gluconeogenesis is above about 35%.
Clause 78. The formulation of clause 65 wherein the formulation is decreased or stopped if the estimated fractional
gluconeogenesis is below about 20%.
Clause 79. The formulation of clause 65 wherein the formulation is decreased or stopped if the estimated fractional
gluconeogenesis is below about 15%.
Clause 80. The formulation of clause 65 wherein the label is deuterium.
Clause 81. The formulation of clause 65 wherein the deuterium is water as deuterium oxide at a concentration of
less than about 1% of the water.
Clause 82. The formulation of clause 65 wherein the formulation is parenteral.
Clause 83. The formulation of clause 65 wherein the formulation is used to estimate fractional gluconeogenesis.
Clause 84. The formulation of clause 65 wherein the formulation is used to stabilize or decrease fractional gluco-
neogenesis.
Clause 85. The formulation of clause 65 wherein the label is incorporated into glucose.
Clause 86. The formulation of clause 65 wherein the label is differentially incorporated into glucose depending on
whether it is incorporated via the gluconeogenesis pathway or via the glycogenolysis pathway.
Clause 87. A formulation, the formulation comprising:

(a) deuterium;
(b) lactate or pyruvate or both; and
(c) one or more salts.

Clause 88. The formulation of clause 87 wherein the formulation has an osmolality of less than about 310 mOsm.
Clause 89. The formulation of clause 87 wherein the formulation further comprises one or more of the following:
Na+, K+, Ca++, Mg++, and H2PO4

-.
Clause 90. A nutritive formulation, the formulation comprising:

(a) deuterium; and
(b) lactate or pyruvate or both;

the formulation capable of affecting fractional gluconeogenesis.
Clause 91. The formulation of clause 87 wherein the formulation has an osmolality less than about 310 mOsm.
Clause 92. The formulation of clause 87 wherein the formulation further comprises one or more of the following:
Na+, K+, Ca++, Mg++, and H2PO4

-.
Clause 93. A formulation, the formulation comprising:

(a) a label such as deuterium; and
(b) lactate or pyruvate or both.

Clause 94. A method of providing nutritional support to a patient, the method comprising:

(a) administering a label;
(b) administering a formulation;
(c) taking one or more blood samples from the patient; and
(d) measuring incorporation of the label into glucose in order to estimate fractional gluconeogenesis.

Clause 95. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

administering a label;
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administering a formulation;

(a) taking one or more blood samples from the patient;
(b) analyzing glucose or a glucose derivative from the blood sample;
(c) obtaining a value for fractional gluconeogenesis;
(d) obtaining a value for fractional gluconeogenesis plus glycogenolysis; and
(e) using (e) and (f) to estimate fractional gluconeogenesis.

Clause 96. A method for estimating the fractional gluconeogenesis of a patient, the method comprising:

a) administering a label;
b) administering a formulation;
c) taking one or more blood samples from the patient;
(d) estimating the fraction of body water that has been labeled;
(e) using the estimating in (d) to create a baseline for the amount of total glucose production;
(f) estimating an amount of glucose production only from gluconeogenesis by measuring the label; and
(g) using (e) and (f) to estimate the patient’s fractional gluconeogenesis.

Clause 97. A method of modulating the fractional gluconeogenesis of a patient, the method comprising:

(a) administering a label;
(b) administering a formulation;
(c) taking one or more blood samples from the patient;
(d) measuring incorporation of the label into glucose in order to estimate fractional gluconeogenesis; and
(e) modifying the composition and rate of infusion or both of the formulation to target a fractional gluconeogenesis
range.

Clause 98. A method of providing nutritional support to a patient, the method comprising:

a) estimating the blood lactate concentration of the patient; and
b) providing, maintaining, increasing, decreasing or ceasing a formulation to the patient based on the blood
lactate concentration.

Clause 99. A method of targeting a blood lactate concentration in a patient, the method comprising:

a) estimating the blood lactate concentration of the patient; and
b) providing, maintaining, increasing, decreasing or ceasing a formulation to achieve the target blood lactate
concentration.

Clause 100. A method of affecting the fractional gluconeogenesis of a patient, the method comprising:

a) estimating the blood lactate concentration of the patient;
b) providing, maintaining, increasing, decreasing or ceasing a first formulation to achieve a target blood lactate
concentration;
c) estimating the fractional gluconeogenesis of the patient; and
d) providing a second formulation to the patient in order to achieve a target fractional gluconeogenesis range.

Clause 101. A formulation comprising:

(a) GNG precursor or MCC or both; and
(b) one or more salts;

the formulation capable of affecting blood lactate concentration.
Clause 102. A formulation comprising:

(a) GNG precursor or MCC or both;
the formulation capable of reducing or stabilizing catabolism or cachexia or both. Clause 103. A method of
providing nutritional support to a patient, the method comprising:
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(a) providing a formulation comprising a GNG precursor or MCC or both;

wherein the formulation is capable of affecting the blood lactate concentration of the patient.
Clause 104. A formulation for providing nutritional support for physical activity, the formulation comprising:

a) GNG precursor or MCC or both; and
b) and one or more salts.

Clause 105. A method of providing nutritional support for physical activity, the method comprising:

a) providing a formulation comprising a GNG precursor or MCC or both; and
b) one or more salts.

Clause 106. A method of providing nutritional support to a patient, the method comprising:

a) estimating the blood lactate concentration of the patient; and
b) providing, maintaining, increasing, decreasing or ceasing a formulation to the patient based on the blood
lactate concentration.

Clause 107. A method of targeting a blood lactate concentration in a patient, the method comprising:

a) estimating the blood lactate concentration of the patient; and
b) providing, maintaining, increasing, decreasing or ceasing a formulation to achieve the target blood lactate
concentration.

Clause 108. A method of affecting the fractional gluconeogenesis of a patient, the method comprising:

a) estimating the blood lactate concentration of the patient;
b) providing, maintaining, increasing, decreasing or ceasing a first formulation to achieve a target blood lactate
concentration;
c) estimating the fractional gluconeogenesis of the patient; and
d) providing a second formulation to the patient in order to achieve a target fractional gluconeogenesis range.

Clause 109. A nutritive formulation comprising GNG precursor or MCC or both, the formulation capable of affecting
blood lactate concentration.
Clause 110. A formulation comprising:

(a) GNG precursor or MCC or both; and
(b) one or more salts;

the formulation capable of affecting blood lactate concentration.
Clause 111. A formulation comprising:

(a) GNG precursor or MCC or both;
the formulation capable of reducing or stabilizing catabolism or cachexia or both. Clause 112. A method of
providing nutritional support to a patient, the method comprising:

a) providing a formulation comprising a GNG precursor or MCC or both;

wherein the formulation is capable of affecting the blood lactate concentration of the patient.
Clause 113. The method of clause 66 wherein the GNG precursor or MCC is lactate or pyruvate or both.
Clause 114. A formulation for providing nutritional support for physical activity, the formulation comprising:

a) GNG precursor or MCC or both; and
b) and one or more salts.

Clause 115. A method of providing nutritional support for physical activity, the method comprising:
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(a) providing a formulation comprising a GNG precursor or MCC or both; and
(b) one or more salts.

Clause 116. A system for estimating the fractional gluconeogenesis of a patient, the system comprising:

a) a label administration module;
b) a blood sample module;
c) a glucose analyzer module;
d) a gluconeogenesis calculation module;
e) a total glucose production calculation module; and
f) a fractional gluconeogenesis estimation module.

Clause 117. The system of clause 116 further comprising a formulation administration module.
Clause 118. The system of clause 116 further comprising a body water fraction module.
Clause 119. The system of clause 116 further comprising an absolute rate of gluconeogenesis calculation module
that uses absolute rate of glucose production data.
Clause 120. The system of clause 116 wherein the fractional gluconeogenesis calculation module uses abundance
of label data for one or more of glucose carbons 1, 3, 4, 5, 6.
Clause 121. The system of clause 116 wherein the fractional gluconeogenesis calculation module uses abundance
of label data for glucose carbon 2.
Clause 122. The system of clause 116 wherein the system uses data from glucose or one or more glucose molecule
derivatives or both.
Clause 123. A system for aiding in the estimation of the fractional gluconeogenesis of a patient, the system comprising:

a) a glucose molecule analyzer module;
b) fractional gluconeogenesis calculation module; and
c) a total glucose production calculation module.

Clause 124. A system for estimating the fractional gluconeogenesis of a patient, the system comprising:

a) a gluconeogenesis data receiving module;
b) a total glucose production data receiving module; and
c) a fractional gluconeogenesis estimation module.

Clause 125. A system for estimating targeting a fractional gluconeogenesis range in a patient, the system comprising:

a) a label administration module;
b) a blood sample module;
c) a glucose analyzer module;
d) a gluconeogenesis calculation module;
e) a total glucose production calculation module;
f) a fractional gluconeogenesis estimation module; and
g) a gluconeogenesis range targeting module.

Clause 126. A system for providing nutritional support to a patient, the system comprising:

(a) a label administration module;
(b) a formulation administration module;
(c) a blood sample module;
(d) a glucose analyzer module;
(e) a gluconeogenesis calculation module;
(f) a total glucose production calculation module; and
(g) a fractional gluconeogenesis estimation module.

Clause 127. A computer program product, the product being executable by a processor to perform a method for
estimating the fractional gluconeogenesis of a patient, the method comprising:

a) administering a label to the patient;
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b) taking a blood sample from the patient;
c) analyzing glucose or a glucose derivative from the blood sample;
d) obtaining a value for fractional gluconeogenesis;
e) obtaining a value for fractional gluconeogenesis plus glycogenolysis; and

Clause 128. A computer program product, the product being executable by a processor to perform a method for
aiding in the estimation of the fractional gluconeogenesis of a patient, the method comprising:

a) from a patient blood sample, analyzing the glucose or one or more derivatives of the glucose, or both, the
blood sample comprising glucose and a label;
b) obtaining a value or set of values for fractional gluconeogenesis; and
c) obtaining a value or set of values for total glucose production.

Clause 129. A computer program product, the product being executable by a processor to perform a method for
estimating the fractional gluconeogenesis of a patient, the method comprising:

a) receiving a value or set of values for gluconeogenesis;
b) receiving a value or set of values for total glucose production;
c) using (a) and (b) to estimate fractional gluconeogenesis.
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Claims

1. An infusion formulation comprising a gluconeogenesis (GNG) precursor comprising at least one of glycerol, glycerol
tri-lactate, lactate; for use in achieving a target blood lactate level in a patient after injury wherein the target blood
lactate level is above 4 mM, up to about 8 mM, wherein the injury comprises trauma, and the formulation is admin-
istered by infusion.

2. The infusion formulation for use of Claim 1, further comprising one or more of the following: Na+, K+, Ca++, Mg++ or
H2PO4

-.

3. The infusion formulation for use of Claim 1, further comprising a label.

4. The infusion formulation for use of Claim 3, wherein the label comprises deuterium.

5. The infusion formulation for use of Claim 1, wherein the infusion formulation has an osmolality of less than 310 mOsm.

6. The infusion formulation for use of Claim 1, wherein the infusion formulation is configured for administration at a
rate of 10-50 microMole of gluconeogenesis precursor/kg body weight/min.
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