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GLYCERYL 3-HYDROXYBUTYRATES

FOR TRAUMATIC BRAIN INJURY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not Applicable.

STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable

FIELD OF THE INVENTION
[0003] The present invention is directed to the field of traumatic brain injury treatments.
The invention further relates to the field of ketone bodies and further to ketone bodies in the
form of 3-hydroxybutyrate glycerides, in particular, to the use of these glycerides without the
maintenance of a ketogenic diet or starvation, and most particularly with concurrent feeding
of a standard diet having a considerable proportion of glucogenic calorie sources such as

carbohydrate.

BACKGROUND OF THE INVENTION
[0004] Traumatic brain injury (TBI) is a common disorder with an actual incidence of over
1.7 million new cases a year (Faul et al, Traumatic Brain Injury in the United States:
Emergency Department Visits, Hospitalizations and Deaths 2002-2006, Centers for Disease
Control and Prevention, National Center for Injury Prevention and Control, Atlanta,
Georgia.). TBI affects both genders across all age groups and can cause both short term and

long term disabilities. In 2011, the Department of Defense (DoD) asked the Institutes of
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Medicine (IOM) to convene an expert committee to review the potential role of nutrition in
the treatment and resilience against TBI. The 1OM report (Nutrition and Traumatic Brain
Injury) explored the subject of nutrition and TBI and proposed certain areas of nutrition
research that are promising in terms of treatment for the disorder. The IOM committee
identified one promising solution that can immediately improve treatment efforts, namely
early feeding of diets adequate in their level of energy and protein. The committee also
suggested that more research be conducted to target potential nutritional interventions that
fall into restoration of cellular energy processes, reduction in oxidative stress and
inflammation, and recovery of brain function. The committee emphasized the importance of
nutritional research to deal with TBI which, in one estimate 10-20% of retwrning veterans
have sustained the disorder, while another estimate suggests that TBI accounts for up to one-
third of combat related injuries. When civilian cases of TBI are added, the total number of
TBI is indeed staggering.

[0005] Since the IOM Committee Report was published, a whole series of research
publications have appeared to indicate that ketone bodies are useful in the treatment of
neurodegenerative diseases such as Alzheimer’s Parkinson’s disease, amylotrophic lateral
Sclerosis (ALS) and epilepsy. In order to achieve levels of plasma ketones that are
therapeutic (2 mM to 7 mM) but not so high so as to produce acidosis, various investigators
utilized the ketogenic diet or starvation to achieve “physiologic” or “therapeutic” ketosis (i.e.
plasma ketone levels within the 2 mM to 7mM range. The uses of the ketogenic diet(s) to
treat neurodegenerative disorders are discussed in a recent review by Hashim and Van Itallie
(Ketone body therapy: from the ketogenic diet to the oral administration of ketone ester, ]

Lipid Res. 55:1818-1926, 2014). Another ester of beta-hydroxybutyrate (R-3-hydroxybutyl
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R-3-hydroxybutyrate) was studied as an oral supplement to induce therapeutic ketosis in
healthy adult subjects (Clarke, et al., Kinetics, safety and tolerability of (R)-3-hydroxybutyl
(R)-3-hydroxybutyrate in healthy adult subjects, Regul Toxicol Pharmacol 63:401-408,
2012), and later used to treat a patient with Alzheimer’s disease, with noticeable
improvements in symptoms (Newport et al, 4 new way (o produce hyperketonemia: Use of
ketone ester in a case of Alzheimer 's disease. Alzheimer’s and Dementia 2014:1-5, Elsevier)

without resort to the ketogenic diet or carbohydrate caloric restriction.

[0006] The role of ketone body metabolism in TBI was first studied in experimental
animals. There is evidence that administration of a ketogenic diet inmediately after the first
concussive injury (injury that produces no cell loss) improves cognitive function after the
second concussive injury (Salame, et al, Kefogenic neuroprotection of repeat TBI in juvenile
rafs, Soc Neurotrauma 2012). In the same study, rats receiving the ketogenic diet for the
24hr interval between the two concussive injuries showed better cognitive performance.
Thus, based on this reference, one would understand that carbohydrate restriction in
connection with elevated ketone levels is desired and failure to restrict carbohydrate intake is
contraindicated. Further, in Gasior et al. (Neuroprotective and disease-modifying effects of
the ketogenic diet, Behav. Pharmacol. 2006 Sep 17(5-6) 431-439), the authors note that the
beneficial effects in treating epilepsy with a ketogenic diet were quickly reversed when a high

carbohydrate meal was introduced.

|[0007] In TBI, there is distuption of glucose metabolism by the brain characterized by a
decrease in glucose uptake, decreased glycolysis, increased glucose use by the phosphate
pathway, decreased ATP production, and increased oxidative damage. Providing ketones for

the brain to use (through starvation, the ketogenic diet(s), or ketone ester administration)
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results in a more rapid entry of the ketones into the tricarboxylic acid (TCA) cycle, a decrease
in mitochondrial free radical production, an increased energy production via ATP, and
increased glutathione peroxidase activity. Thus, the availability of ketone bodies in TBI
compensates for the loss of energy resulting from TBI-induced diminished energy production
from glucose. That the brain takes up ketones and utilizes them after controlled TBI has been
demonstrated. Intravenous infusions of '“C-3-beta-hydroxybutyrate three hours following
controlled concussive injury (CCI) in adult rats resulted in a greater cerebral uptake of the
ketone with greater production of '*CQOz2 and ATP (Prins, et al; Increased cerebral uptake and
oxidation of exogenous beta HB improves ATP following traumatic brain injury, J.
Neurochem 90: 666-672, 2004). A 1996 article (Ritter, et al, Evaluation of a carbohydrate-
firee diet for patients with severe head injury, ] Neurotrauma 13: 473-485, 1996) reviews a
variety of animal models of TBI that have benefited from caloric deprivation or a ketogenic
diet. The authors state that clinical trials are sorely needed in view of the extensive
preclinical evidence that the ketogenic diet that induces hyperketonemia (up to 7 mM) is
effective in treating TBI thus rendering ketone bodies available for the brain. In a study
involving 20 adult patients vxlrith severe TBI, the patients were randomized to receive either
standard enteral feed or a ketogenic diet (Ritter 1996, above). Those receiving the ketogenic
diet demonstrated higher ketone body levels, lower blood lactate, and better urinary nitrogen
balance. The authors noted that the ketogenic diet was associated with consistent euglycemia
whereas several episodes of hyperglycemia occurred in the group receiving the standard
nutritional diet. Hyperglycemia has been associated with poorer outcome in patients with

TBI, implying that the ketogenic dict was protective of hyperglycemia.

[0008] In a recent “thematic” review (Prins, et al, The collective therapeutic potential of

cerebral ketone metabolism in traumatic brain injury, I Lipid Res 55: 2450-2457, 2014), the

-4
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authors call for further studies to determine the optimal method to induce cerebral ketone
metabolism in post injury brain. In this review the authors emphasize an initial surge in
glucose metabolism soon after TBI, followed by a prolonged period of glucose metabolic
depression. Ketones are the only endogenous fuel that can contribute significantly to energy
production duriné a period of depressed glucose-derived energy. The resulting inability of
the injured neurons to utilize the glucose results in homeostatic signals being generated to
produce additional glucose from glycogen and also to produce additional insulin for suitable
cell uptake, but the injured neurons still can’t use either, so that hyperglycemia is persistent in

the post injury condition.

[0009] In summary, there is extensive evidence for the beneficial role of ketogenic diet in
TBI, particularly in experimental animals. However, unlike other conditions in which the use
of ketogenic diets, starvation and the use of esters that are ketogenic, where glucogenic
caloric intake is of no concern, the persistent hyperglycemia shown to be present in TBI, and
the association of poorer outcomes in TBI the greater the hyperglycemia, leave only the
ketogenic diet and starvation as the only diet driven treatments. Notwithstanding the above,
Rainero et al, Iusulin sensitivily is impaired in patients with migraine, Cephalagia 25:593-
597, 2005, reported on twins with a high frequency of migraine headaches who improved
during a ketogenic diet. The authors hypothesize the pathogenesis of migraine headache to
diminished insulin sensitivity in the brain with consequent diminished utilization of glucose
as a source of energy. Rainero states: “Our data show that insulin sensitivity is impaired in
migraine and suggest a role for insulin resistance in the comorbidity between migraine and
vascular disease.” Rainero however shows only a coincidence of diminished glucose

utilization in the brain, but not any issue of hyperglycemia that needs to be contended with,

.5
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[0010] The ketogenic diet involves severe restriction of carbohydrates and includes a high
proportion of fats. As cited by Gasior et al. in Newroprolective and disease-modifying effects
of the ketogenic diet, Behav. Pharmacol. 2006 Sep 17(5-6) 431-439), the first ketogenic diet
was published in 1921 by Wilder (The effects of ketonemia on the course of epilepsy, Mayo
Bull 2:307-308, 1921) relating to the treatment of children with epilepsy that is resistant to

the then available pharmacologic therapies. In terms of energy distribution, the original

ketogenic diet was 90% fat, 8% protein, and 2% carbohydrate.

[0011] The ketogenic diet mimics the metabolic state of total starvation. Both result in
hyperketonemia of approximately the same degree, with blood ketone body levels of 2-7 mM
(Cahill, President’s address: Starvation; Trans Am Clin Climatol Assoc, 94:1-21, 1983). It
is important to emphasize that this degree of hyperketonemia is fully buffered in the
circulation, does not induce acidosis, and has been termed as “physiologic” or “therapeutic”
ketosis (Hashim, et al; Ketone body therapy: from the ketogenic diel to the oral

administration of ketone ester; J Lipid Res 44:1818-1826, 2014).

[0012] The ketogenic diet is not the most pleasant of diets. It is rather difficult to follow,
and when followed, it can produce rises in LDL cholesterol, in uric acid, and free fatty acids.
Occasionally, the ketogenic diet may result in increased incidence of nephrolithiasis and
other serious complications (Van Itallie, et al; Kefone metabolism's ugly duckling; Nutr Rev.
61:327-341, 2003). Some of these adverse effects can be prevented by ensuring adequate
hydration; and the hyperlipidemia can be avoided by boosting the proportion of
polyunsaturated and monounsaturated fats in the diet (Fuehrlein et al Differential metabolic
effects of saturated versus polyunsaturated fats in ketogenic diets; J Clin Endocrinol Metab

89:1641-1645, 2004). Also, the inclusion of medium-chain triglycerides (glycerol esters of

-6-
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fatty acids having typically 8 and/or 10 carbons in the fatty acid groups) into the ketogenic
diet may improve the tolerability of the ketogenic diet (Huttenlocher et al; Medium-Chain
triglycerides as a therapy for intractable childhood epilepsy, Neurology, Vol 11, Nov 1971,
pp 1097-1103; Wu et al, Medium-Chain Triglycerides in Infant Formulas and their Relation
to Plasma Ketone Body Concentrations, Pediatric Research, Vol 20, No. 4, pp 338-341,
1986; Balietti et al, Ketogenic diets: An historical antiepileptic therapy with promising

polentialities for the aging brain, Aging Research and Reviews 9 (2010) 273-279.

[0013] Thus, while raising ketone levels in the TBI patient is desirable, one is left with the
unsuitable alternatives of use of the ketogenic diet or starvation as the choices for dietary

intervention in TBI, a treatment choice which is difficult to maintain in TBI patients.

OBJECTS OF THE INVENTION
[0014] An object of the invention is to provide a method of oral/enteral dietary intervention
in the treatment of traumatic brain injury (TBI) in a subject in need thereof while avoiding

both of starvation and a ketogenic diet.

[0015] Another object of the invention is to provide a method of oral/enteral dietary
intervention in the treatment of traumatic brain injury (TBI) in a subject in need thereof in the

absence of other medical intervention for TBI while avoiding both of starvation and a

ketogenic diet.

[0016]) A further object of the invention is to provide a method of oral/enteral dietary

intervention in the treatment of traumatic brain injury (TBI) in a subject in need thereof in

R
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addition to other medical intervention for TBI while avoiding both of starvation and a

ketogenic diet.

[0017] A still further object of the invention is to provide a method of oral/enteral dietary
intervention in the treatment of traumatic brain injury (TBI) in a subject in need thereof in
addition to other medical intervention for TBI in conjunction with a standard enteral diet or

standard parenteral feeding of a diet inclusive of a substantial portion of glucogenic calories.

[0018] Still another object of the invention is to achieve the forgoing objects by

administration of a 3-hydroxybutyrate-glyceride ester in an amount of the 3-hydroxybutyroyl

M
Hal 4]

content corresponding to the oral administration of about 0.5 g/kg to 2.0 g/kg of body weight

per day of glyceryl tris(3-hydroxybutyrate)

[0019] An even further object of the invention is to achieve the foregoing objects by
administration of a 3-hydroxybutyroyl-glyceride ester in an amount so as to result in a total

ketone body plasma blood level of about 2 to about 7.5 mM.
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[0020] Yet another object of the invention is to achieve the forgoing objects by
administration of the glyceryl-(3-hydroxybutyrate) ester(s) in a divided dose regimen of 2-3

x/day for at least 7 days with re-evaluation for restart of the regimen at that point.

[0021] Even further objects of the invention will become apparent to those of ordinary skill

in the art after having benefit of the instant application.

BRIEF SUMMARY OF THE INVENTION
[0022] In brief, the foregoing objects of the invention and others can be obtained by the
administration of a glyceryl-(3-hydroxybutyrate) ester to a subject who is having or has
recently had a non-penetrating closed traumatic brain injury (TBI) or a subject who has had a
surgically related traumatic brain injury while maintaining a standard, normal diet that
includes a substantial glucogenic caloric content. This is surprising and expected in that the
literature indicates that in TBI, while there is very transient hyperutilization of glucose, this is
followed by a prolonged period of associated hyperglycemia, and that the more severe the
hyperglycemia, the poorer the outcome for the patient. In addition, the literature indicates
that the use of a starvation or ketogenic diet is beneficial in the treatment of TBI. Therefore,
the further exacerbation of the hyperglycemia by administration of a glucogenic diet would
be contraindicated. Even further, for some conditions, such as epilepsy, the superb control of
the condition when on a ketogenic diet was rapidly reversed on inclusion of a high
carbohydrate meal (See Gasior et al, 2006 above). Nonetheless, the present inventor has
found that contrary to the teachings of the art, the administration of the ketogenic glycerol 3-
hydroxybutyrate esters can be administered in conjunction with diets that do not restrict

glucogenic caloric intake such that standard oral/enteral diets can be utilized and the
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beneficial ketonemia arrived at in a manner that is reasonable to have TBI patients follow for
significant periods, both under close medical supervision as well after release into home care.
When the ester is glyceryl tris(3-hydroxybutyrate), it is administered in an amount that is
typically in the range of 0.5 g/kg to 2.0 g/kg body weight per day in 2-3 divided doses, which
for a 60-kg female is about 10-40 g/serving thrice daily to about 15-60 g/serving twice daily
and for a 70 kg male is about 12-47 g/serving thrice daily to about 17.5-70 g/serving twice
daily. These doses and serving sizes are designed to result in total ketone body blood plasma
levels (combined 3-hydroxybutyrate and acetoacetate) blood plasma levels of 2 mM to 7.5
mM in an average typical subject to whom these compounds are administered. Dosings for
children should be also based on the g/kg/day range initially and modified based on the
ketonemia, when such readings can be obtained. Those of ordinary skill in the art will know
how to adjust these dosage amounts in subjects presenting with non-typical distribution
and/or metabolisms such that the foregoing doses do not result in the blood plasma level
being in the correct range. (Veterinary use (such as in mammals that are household pets,
domesticated animals, farm animals, and/or zoological park animals) is also possible and
those of ordinary skill will be able to adapt the dosings appropriately for the species being
treated based on the various dosings set forth herein.) When the ester is one of the other
esters discussed more fully below, the dose is calculated to result in a comparable blood plasma
level of the combined 3-hydroxybutyroyl moiety and acetoacetate moiety that is ultimately the
result of glyceryl tris(3-hydroxybutyrate) administered as stated above. (For clarity the
“comparable amount” is calculated as the combined levels of 3-hydroxybutyrate groups and
acetoacetate groups since 3-hydroxybutyrate is converted to acetoacetate. If using actual blood
plasma levels to determine the corresponding amounts, the practitioner may choose any particular
time point after administration for so choosing the readings, and one is not limited to the same

time point after administration in each ester as different esters may have slightly different

-10-
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pharmacokinetics and may therefore have differences in lag times for the blood levels to
reach the appropriate range. In any event, a first approximation of the corresponding dose for
esters useful in the invention that do not have three 3-hydropxybutyrate groups is to use an
approximately stoichiometrically equal amount based on the 3-hdyroxybutyrate groups in the

ester of choice relative to the glyceryl tris(3-hydroxybutyrate) ester.

BRIEF DESCRIPTION OF THE DRAWING

[0023] Not Applicable

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention is directed to the use of compounds that have the 3-

M
H3C (o]

3

hydroxybutyroy! group

esterified to a glycerol group in the management, treatment, or prevention of one or more of
the symptoms associated with the traumatic brain injury (TBI) and/or management,
treatment, or prevention of the sequela thereof, and/or the underlying neurological basis for
the symptoms. For the present invention purposes, “treatment” is intended to mean that
administration of the glyceryl 3-hydroxybutyrate ester is as quickly after a TBI as is possible
and glucogenic caloric intake is either (a) maintained at normal levels for the patient in
question or (b) restricted to a typical standard enteral diet which contains a substantial
percentage of glucogenic caloric content and which excludes a starvation diet and excludes a
ketogenic diet having less than 2% carbohydrate and less than 8% protein by weight;
preferably excluding a diet having not more than 2% carbohydrate and not more than 8%

protein by weight; more preferably excluding a diet less than 10% carbohydrate and less than

-11-
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15% protein by weight, most preferably excluding a diet having not more than 10%
carbohydrate and not more than 15% protein by weight. The oral/enteral feedings of the
above diet can be begun at any time that would be normal for the next meal after the patient
presents, or may be initially administered immediately with or closely following the

administration of the glycerol 3-hydroxybutyrate ester as may be desired.

[0025] In many cases, the TBI is the result of an accident (vehicle or otherwise), a sports
injury, or military action, etc. For purposes of the present invention, TBI is deemed to be
brain injuries that are non-penetrating and closed but do include surgical injuries
(notwithstanding that they are open rather than closed), and further exclude brain injuries due
to stroke or aneurism, and still further exclude injuries of viral, bacterial, fungal, or prion
origins. A further subset of TBI is found in Sports Related Concussion, which affects not
only athletes in the TBI prone sports, but many adults and children as well. Another large
set of TBI patients are those serving in the military and in security forces. Such personnel are
frequently in danger of suffering TBIs of all kinds due to the dangerous nature of the roles in

combat and exposure to Improvised Explosive Device (IED), land mines, artillery, etc.

[0026] In many TBI instances where the esters for use in the invention are available, they
can be administered in the field as soon as the injured party is able to orally ingest the esters.
This can be administered by medical or non-medical personnel where desired. If the esters
for use in the present invention are not available in the place where the injury took place, they
can be administered on arrival of medical personnel such as by an EMT before or during

transit to a facility or before the patient declines transport, or as soon as possible upon arrival

12~
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at a medical facility. Since the glyceryl 3-hydroxybutyrate ester is administered by mouth,
the only limitation on the above is that the patient be able to ingest the ester orally. Ifa
feeding tube is needed, the ester can be administered in a suitable form through the feeding

tube once such a tube is properly inserted.

[0027] The esters can be those in which 3-hydroxybutyroyl groups

M
HC (=]

3

esterify 1, 2, or all 3 of the hydroxy groups in a single glycerol molecule. When less than all
three of the glycerol hydroxy groups are esterified by the 3-hydroxybutyroyl group, the
remaining glycerol hydroxy groups can remain unesterified, be esterified by omega-3-fatty
acids, omega-6-fatty acids, omega-3,6-fatty acids, medium-chain fatty acids or mixtures
thereof. (Medium-chain fatty acids are fatty acids having carbon chains of generally 8 and/or
10 carbons, such as for example, one such medium-chain fatty acid in a purified form is
caprylic acid.) Each 3-hydroxybutyroyl group in each molecule is independently in either D
or L form and the bulk compound being administered can be a mix of any or all of the same
(i.¢. a mix of compounds having (a) all of the groups in the D form, (b) all of the groups in
the L form, (c) some in the D-form and some in the L-form, (d) as well as mixtures of
compounds selected from (1) aand b, (2) aand ¢, and (3) a, b, and ¢). Boththe Dand L
forms of the 3-hydroxybutyroyl groups are active, however, the L form is utilized more
slowly and thus, it is preferable that the 3-hydroxybutyroyl groups are substantially all in the
D form. In a particularly preferred embodiment, about 90% to 98%, more preferably about
96% of the 3-hydroxybutyroyl groups are in the D form. Nonetheless, utilization of other
amounts of D vs L forms are within the invention and can be selected from 100% D to 100%

L and any mixture of D and L forms in any proportions. In addition, mixtures of esters

13-
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having one, two, or 3 (3-hydroxybutyryl) groups with (a) no other esterification or (b) further
esterification with an omega fatty acid (either 3-omega, 6-omega, or 3,6-omega or mixtures
thereof) or (c) further esterified with a mid-chain fatty acid or mixtures of different mid-chain
fatty acids or (d) further esterified with both an omega fatty acid and a mid-chain fatty acid
are also contemplated to be within the scope of compounds for use in the present invention.
A highly preferred embodiment is one in which the compound utilized for the present
invention is glyceryl tris(3-hydroxybutyrate); an even more highly preferred compound is
glyceryl tris(DL 3-hydroxybutyrate), the DL referring to the bulk compound and not
necessarily a mixture in a specific molecule; and a still more highly preferred embodiment is
in the use of glyceryl tris(D96%/1.4% 3-hydroxybutyrate), D96%/1.4% referring to the bulk
compound and not necessarily a mixture in a specific molecule. These compounds and a

method of manufacture thereof are described more fully in US 7,807,718.

[0028] In brief, the foregoing object of the invention and others can be obtained by the
administration of a glyceryl-(3-hydroxybutyrate) ester to a subject who has suffered a TBI,
the TBI may range from severe enough to require additional medical intervention to mild
enough that no further medical intervention is deemed necessary, the mildest forms not
showing overt symptoms that the patient is aware of, but which evidence of characteristic
changes in blood chemistry and other tests indicate that a mild injury has in fact occurred. As
such, the present invention is also suitable as a prophylactic treatment in patients that have
sustained a head injury where the overt physical symptoms to the patient are so slight as to
not being recognized. In general, the clinical evaluation as to the severity of the injury is
determined by the Glasgow Coma Scale (adults) and the Modified Glasgow Coma Scale (for

infants and children) (See Merck Manual Professional Version,

-14-
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and Teasdale; Assessment of Coma and Impared Consciousness: A Practical Scale, The
Lancet, July 13, 1974, pp. 81-84.) Notwithstanding the foregoing, in general, any patient
suffering a head trauma sufficient to be considered a concussive patient is a suitable patient
for the present invention treatment, provided oral ingestion of the ester and diet is suitable or
suitable by feeding tube. While the esters of use in the present invention are administered
orally, the nutritional diet being administered can be either orally by normal ingestion,

enterally via a feeding tube, or may be parenterally, where desired.

[0029] When the ester is glyceryl tris(3-hydroxybutyrate), it is generally orally/enterally
administered in an amount that is typically in the range of 0.5 g/kg to 2.0 g/kg body weight
per day (more specifically 0.5 g/kg, 0.55 g/kg, 0.6 g/kg, 0.65 g/kg, 0.7 g/kg, 0.75 g/kg, 0.8
g/kg, 0.85 g/kg, 0.9 g/kg, 0.95 g/kg, 1 g/kg, 1.1 glkg, 1.2 g/kg, 1.3 g/kg, 1.4 g/kg, 1.5 g/kg,
1.6 g/kg, 1.7 g/kg, 1.8 g/kg, 1.9 g/kg, or 2 g/kg, as well as amounts intermediary between any
of these specifically recited amounts) in 2-3 divided doses, which for a 60 kg female is about
10-40 g/serving (more specifically 10 g/serving, 12.5 g/serving, 15 g/serving, 17.5 g/serving,
20 g/serving, 22.5 g/serving, 25 g/serving, 30 g/serving, 35 g/serving, 40 g/serving as well as
amounts intermediary between any of these specifically recited amounts) thrice daily
(approximately every 8 hours) to about 15-60 g/serving (more specifically 15 g/serving, 17.5
g/serving, 20 g/serving, 22.5 g/serving, 25 g/serving, 27.5 g/serving, 30 g/serving, 35
g/serving, 40 g/serving, 45 g/serving, 50 g/serving, 55 g/serving, or 60 g/serving as well as
amounts intermediary between any of these specifically recited amounts) twice daily
(approximately every 12 hours) and for a 70 kg male is about 12-47 g/serving (more

specifically 12 g/serving, 15 g/serving, 17.5 g/serving, 20 g/serving, 22.5 g/serving, 25
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g/serving, 30 g/serving, 35 g/serving, 40 g/serving, 45 g/serving, 47 g/serving, as well as
amoumts intermediary between any of these specifically recited amounts) thrice
(approximately every 8 hours) daily to about 17.5-70 g/serving (more specifically 17.5
g/serving, 20 g/serving, 22.5 g/serving, 25 g/serving, 27.5 g/serving, 30 g/serving, 35
g/serving, 40 g/serving, 45 g/serving, 50 g/serving, 55 g/serving, 60 g/serving, 65 g/serving,
70 g/serving, as well as amounts intermediary between any of these specifically recited
amounts) twice (approximately every 12 hours) daily. These doses and serving sizes are
intended to result in total ketone body (combined 3-hydroxybutyrate and acetoacetate) blood
plasma levels of 2-7.5 mM (more specifically 2 mM, 2.25 mM, 2.5mM, 2.75 mM, 3 mM,
325 mM, 3.5 mM, 4 mM, 4.25 mM, 4.5 mM, 4.6 mM, 4.7 mM, 4.8 mM, 4.9 mM, 5.0 mM,
51 mM, 5.2 mM, 5.3 mM, 54 mM, 5.5mM, 5.6 mM, 5.7 mM, 5.8 mM, 5.9 mM, 6.0 mM,
6.1 mM, 6.2 mM, 6.3 mM, 6.4 mM, 6.5 mM, 6.6 mM, 6.7 mM, 6.8 mM, 6.9 mM, 7.0 mM,
7.1mM, 7.2 mM, 7.3 mM, 7.4 mM, 7.5 mM as well as intermediary levels between any of
these specifically recited levels and any of these may serve as a lower end of a range or upper
end of a range provided the upper end of the range is larger than the lower end of that range)
in an average typical subject to whom these compounds are administered. (Acetoacetate is an

oxidized form of 3-hydroxybutyrate in which the 3-hydroxy group is replaced by a 3-oxo

group
o] o]
I
H3C

When the esters used in the present invention are ingested orally, the esters are primarily

© (acetoacetate).

hydrolyzed in the intestinal tract due to pancreatic lipase, releasing the 3-hydroxybutyrate
moiety which is absorbed, and the body utilizes the 3-hydroxybutyrate by converting it to
acetoacetate which, in tum, is actually used by the cells.) Those of ordinary skill in the art will

know how to adjust these dosage amounts in subjects presenting with non-typical
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distribution and/or metabolisms such that the foregoing doses do not result in the blood plasma
level being in the correct range. (Such modified amounts that are administered are considered
within the scope of the invention if they raise the combined blood plasma level of 3-
hydroxybutyrate and acetoacetate into the range of 2 mM to 7.5 mM range, notwithstanding
they are outside of the “serving size” ranges or bulk g of compound administered set forth

elsewhere in this specification.) When the ester is one of the other esters discussed more fully
below, the dose is calculated to deliver a comparable amount of the combined 3-hydroxybutyroyl

and acetoacetate moietics that is ultimately delivered by the glyceryl tris(3-hydroxybutyrate).

[0030] In the present specification, in any case where a range of values for a particular
parameter is given and a more specific recitation of values within such range is given each
specific value can be the basis for a new range limit as long as the lower limit is in fact less
than the upper limit. By way of example, in the foregoing paragraph, the dosage range is
given as “0.5 g/kg to 2.0 g/kg” with a more specific recitation of “0.5 g/kg, 0.55 g/kg, 0.6
g/kg, 0.65 g/kg, 0.7 g/kg, 0.75 g/kg, 0.8 g/kg, 0.85 g/kg, 0.9 g/kg, 0.95 g/kg, 1 g/kg, 1.1 g/kg,
12 g/kg, 1.3 g/kg, 1.4 g/kg, 1.5 g/kg, 1.6 g/kg, 1.7 g/kg, 1.8 g/kg, 1.9 g/kg, or 2 g/kg”. Based
thereon, any of the more specific recited amounts may be the lower limit of a new range and
any larger specific recited amount may be the upper limit of that new range and each such
constructed range shall be deemed as specifically recited in this specification. As such, by
way of example and not limitation, the ranges of 0.5 to 0.6; 0.55t0 1.9, 0.75t0 1.7, 1.8 to 1.9,
etc. are all deemed recited herein. The same is applicable to the other parameters relating to
dosages based on body weight, serving sizes, etc. as well.

[0031] The ester compounds for use in the present invention are administered in amounts

that deliver the same amount of 3-hydroxybutyroyl and/or acetoacetate moiety as that when
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0.5 g/kg to 2.0 g/kg body weight of the glyceryl tris(3-hydroxybutyrate) is administered
orally. Again, the focal point is to achieve the appropriate ketone body (3-hydroxybutyroyl
level plus acetoacetate level) in the blood plasma of between 2 mM and 7 mM, preferably 4.5
mM 1o 7 mM, more preferably 5 mM to 7 mM. In cases where the actual volume or weight
of this amount is too cumbersome or undesired to give as a single dose, the dose can be
divided into multiple divided doses of desirable size given multiple times per day or in
multiple dosage units given in a single dose (i.e. within a few moments of one another as
desired). Preferably the dose is divided into 2-3 divided doses, spaced apart approximately
equally over the course of a 24-hour period, so that twice daily dosing is approximately every
12 hours and thrice daily dosing is approximately every 8 hours. By way of example, if 50 g
is desired to be administered, it can be done as a single dose of 50 g in a single dosage form
or distributed in a food or drink or it can be administered in %2 such amounts twice daily, or it
can be administered in a dosage form having % the dose in two dosage units given within a
few moments of one another (preferably within a few seconds of one another when a
substantially single dosing is desired). Where multiple dosings per day are desired or
multiple dosage units per day at a single dosing are desired, other fractional dosings and
multiple dosage units will be known to those of ordinary skill in the art and include without
limitation administration of 1/3 the above amounts administered 3 times a day or in three
units administered at substantially the same time; 1/4 the above amounts administered 4 times
a day or in four units administered at substantially the same time or 2 units twice in a day,
etc. The intent and objective is to induce a therapeutic hyperketonemia characterized by

H o]
blood plasma levels of the 3-hydroxybutyroyl group ™ ° (together with the
acetoacetate group) of 2 mM-7.5 mM, (such as 4.5 mM, 5.0 mM, 5.5 mM, 6.0 mM, 6.5 mM, 7.0

mM or 7.5 mM, and all mM levels between any particular of these explicitly recited amounts is
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deemed to be explicitly disclosed as well) comparable to those achieved by ketogenic diet or

starvation. Those of ordinary skill in the art will appreciate other variations on the theme.

[0032] Generally, upon oral administration, the necessary blood plasma ketone body levels
can be achieved within 24 hours, more usually within 12 hours, even more typically within 6
hours, even more typically within 2 hours, yet more likely within 1 hour. On oral
administration, the ketone body blood plasma levels rise quickly and peak in about 30
minutes or 45 minutes to 1 hour. Once administration has begun, administration should
continue in daily fractional doses twice or three times a day (1/2 the daily dose twice daily or
1/3 the daily dose three times a day) or even smaller fractional doses more frequently on a
daily basis for about 7 days after which, the patient should be re-evaluated and if deemed
necessary the regimen restarted for another 7 days, with a further re-evaluation. If desired,
re-evaluations can be performed at shorter or longer durations depending upon the clinical

outcome, but the treatment should be for at least 7 days after the injury.

[0033] As previously stated, the above dosing range of the glyceryl tris(3-hydroxybutyrate)
is expected to provide a total ketone body blood plasma level (3-hydroxybutyroyl group

H ]

HiC ° and acetoacetate) of 2 mM to 7 mM.

EXAMPLES

[0034] The following examples exemplify, but do not limit, the present invention.

[0035] Example 1
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[0036] A 60 kg female presents with TBI due to a minor car accident. On initial
examination, within 1 hour of the accident, moderate TBI is determined by EMT at the scene,
on the basis disorientation and of the Glasgow Coma Scale (9-13). The patient is conscious,
is hyperglycemic and able to orally ingest the ester. The patient is started on 0.5 g/kg/day
glyceryl tris(3-hydroxybutyrate) orally in 3 divided doses (i.e., 10 g per serving 3 times a
day). The patient is transported to a medical facility and allowed to ingest a standard diet
lunch, having no glucogenic caloric restriction. After 2 days, the patient appears to have
recovered from her disorientation, is released and advised to continue self-administration of
the glyceryl tris(3-hydroxybutyrate) for an additional 5 days, while continuing to eat her
normal meals, and to return for re-evaluation at that time. The patient completes the regimen.
The patient is followed up on completion of the regimen (at day 7 on the regimen) and
appears to be fully recovered. Surprisingly, the patient remains euglycemic from shortly after

the ester administration through the end of treatment and beyond.

[0037] Example 2

[0038] A second 60 kg female presents with TBI due to a minor car accident. On initial
examination, within 1 hour of the accident, moderate TBI is determined by EMT at the scene,
on the basis of disorientation and of the Glasgow Coma Scale (9-13). The patient is
hyperglycemic, conscious and able to orally ingest the food and medication. The patient is
started on a ketogenic diet in order to induce ketone elevation and reduce her hyperglycemia.
The patient although still being somewhat disoriented, is moderately hypoglycemic and is
released after 2 days to a caregiver who can observe for worsening symptoms and is directed
to continue on the ketogenic diet for 5 more days and return for re-evaluation. The patient
abandons the ketogenic diet almost immediately after being released. The patient is followed

up on what should have been the 7t day of ketogenic diet and although not diabetic, shows
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improper glycemic control, appears to be have residual disorientation, and shows signs of

post-concussion syndrome.

[0039] Example 3

[0040] A 70 kg male (boxer) presents with a sports injury concussion after having a history
of 3 similar concussions over the past year. The past concussions are treated by standard
medical practice without the use of ketogenic diet, starvation, or the esters of use in the
present invention. The most recent concussive injury occurs 2 hours before the patient being
brought into a hospital for treatment. The patient is immediately examined and determined to
be hyperglycemic and to have a moderate concussive injury (on the basis of short term loss of
consciousness, his lingering disorientation, and a Glasgow Coma Scale score of 9-13). The
patient is started on 2.0 g/kg/day glyceryl tris(3-hydroxybutyrate) in three divided doses (i.e.,
46.7g per serving 3 times a day) and permitted an ordinary standard oral diet not having
glucogenic caloric restrictions for a 70 kg male. Treatment continues for 3 days. On
evaluation at that time, the patient appears to have recovered from his disorientation, and is
released and told to self-administer the glyceryl tris(3-hydroxybutyrate) for an additional 4
days and return for re-evaluation. The patient continues and completes the regimen and is
followed up on day 7 of the prescribed regimen and is fully recovered. Surprisingly, the

patient is euglycemic from shortly after the ester administration through the end of treatment.

[0041] Example 4

[0042] A 70 kg male (boxer) presents with a sports injury concussion after having a history
of 3 similar concussions over the past year. The past concussions are treated by standard
medical practice without the use of ketogenic diet, starvation, or the esters of use in the

present invention. The most recent concussive injury occurs 2 hours before the patient being
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brought into a hospital for treatment. The patient is immediately examined and determined to
be hyperglycemic and to have a moderate concussive injury (on the basis of short term loss of
consciousness, his lingering disorientation, and a Glasgow Coma Scale score of 9-13). The
patient is started on a ketogenic diet. Treatment continues for 3 days upon which the patient
is found to be hypoglycemic, has reduced the level of disorientation from initial presentation
somewhat, is released into the custody of a caregiver who can monitor the patient for
worsening of symptoms, and told maintain the ketogenic diet for an additional 4 days and
return for re-evaluation. The patient promptly abandons the ketogenic diet regimen. On
follow up on the supposed 7' day of ketogenic diet, the patient has improper glycemic
control, shows signs of continued disorientation, and shows signs of post-concussive

syndrome.

[0043] Example 5

[0044] A 70 kg male (boxer) presents with a sports injury concussion after having a history
of 3 similar concussions over the past year. The past concussions are treated by standard
medical practice without the use of ketogenic diet, starvation, or the esters of use in the
present invention. The most recent concussive injury occurs 2 hours before the patient being
brought into a hospital for treatment. The patient is immediately examined and determined to
be hyperglycemic, to have a moderate concussive injury (on the basis of short term loss of
consciousness, his lingering disorientation, and a Glasgow Coma Scale score of 9-13). The
patient is started on a starvation diet. Treatment continues for 3 days, found to be
hypoglycemic, has a somewhat reduced level of disorientation from initial presentation, is
and is released into the custody of a caregiver who can monitor the patient for worsening of
symptoms, and told to maintain the starvation diet for an additional 4 days and return for re-

evaluation. The patient abandons the regimen immediately. On follow up on what would
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have been the 7" day of starvation, the patient has improper glycemic control, shows signs of

continued disorientation, and shows signs of post-concussive syndrome.

[0045) Example 6

[0046] The patient in Example 3, knowing that further concussive incidents are likely
requests advice as to minimizing the effects of further concussive incidents. The patient is
told to restart the glyceryl tris(3-hydroxybutyrate) regimen at least one meal period before
partaking in the activity likely to result in a concussive injury. The patient has such serving
ata 5 PM dinner and is in a match at 7PM. The patient does in fact suffer a further TBI
which once again is upon examination at the scene is determined to be a moderate TBI,
however, the patient is euglycemic. On transport to a medical facility, the patient is re-
examined and confirm that he has suffered another moderate TBI. The patient is started on
2.0 g/kg/day glyceryl tris(3-hydroxybutyrate) in three divided doses (i.e., 46.7g per serving 3
times a day) and permitted an ordinary standard oral diet not having glucogenic caloric
restrictions for a 70 kg male. The next day, the patient is alert, shows no adverse effects, and
has a Glasgow Coma Scale score in in excess of 15, and is released. The patient is advised to
continuc with the glyceryl tris(3-hydroxybutyrate) regimen as in Example 3 for 6 days and
return for re-evaluation. The patient maintains the regimen for 3 days instead of the
recommended 6 and reports no adverse or lingering effects from the TBI. On re-examination,

no symptoms are seen.

[0047] Example 7

[0048] The patients in Examples 2, 4, and 5 on re-evaluation are immediately started on the
regimens referred to in Examples 1, 3, and 3 respectively for 7 days, and directed to return for

re-evaluation on the 7" day of the newly started regimen. Each of the patients completes the
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regimen and shows improvement in the parameter that remains deficient in the evaluation

after what should have been the 7" day of ketogenic diet or starvation. However, the

improvement is not as complete as the patients in Examples 1 or 3.

[0049] Example 8

[0050] A 30 kg child is brought to the emergency room with moderate to severe TBI (as per
the Modified Glasgow Coma Scale) due to a playground fall, is hyperglycemic, is
unconscious, is intubated, and begun on a regimen of 30 g twice daily of glyceryl tris(3-
hydroxybutyrate) and further fed standard normal enteral diet. The regimen is continued for
7 days and re-evaluated at that time. The patient’s clinical symptoms show improvement, but
are not yet in normal ranges. The treatment is continued, with re-evaluation set for 7 days
later. On day 4, the child regains consciousness and is re-evaluated at that time. While the
clinical evaluation appears normal, the treatment is continued for an additional 3 days after

which the child appears fully recovered and is released with no further treatment.

[0051]) Example9

[0052] Patients presenting with moderate TBI are treated upon diagnosis with
administration of the glyceryl tris(3-hydroxybutyrate) in accordance with the invention along
with normal meals 2 or 3 times a day for one or two weeks, and compared with matched
patients presenting with TBI that are treated with ketogenic diets (which patients do not
continue for the full treatment recommendation) or starvation (which the patients do not
follow for the full reatment recommendation). The patients are followed up approximately 6
months, after the TBL. Long term effects in the TBI patients treated according to the present
invention are minimal, if not non-existent. In patients that are started on starvation or

ketogenic diet, but do not complete the full regimen course, but then are transitioned to the
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present invention regimen within a short time, long term effects are seen in a greater extent.
In patients that are started on a ketogenic diet or starvation and do not complete the full
regimen and do not transition to the present invention regimen, long term effects of TBI are
seen 1o an even greater extent, almost approximating the degree and severity seen in those

that historically do receive any treatment.

[0053] Example 10

[0054] Military personnel having closed TBIs due to vehicular accidents or IEDs or other
battlefield causes are evaluated for the severity of their TBIs and, where glyceryl tris(3-
hydroxybutyrate) is available for administration, are started on a regimen of 0.5 g/kg/day to
2.0 g/kg/day in 2 or 3 divided doses for 7 days (which regimen is generally started within 2 or
3 hours of injury) and then re-evaluated at day 7 to assess whether further treatment for the
TBI is warranted. These are compared with comparably injured military personnel where
access to the glyceryl tris(3-hydroxybutyrate) was not available for administration within the
first week after injury. When matching subjects for degree of injury, comparisons show that
those receiving the glyceryl tris (3-hydroxybutyrate) fare much better than those not receiving
it, both in recovery from acule symptoms as well as in long-lerm post-concussive syndrome

symptoms.

[0055] Example 11

[0056] In light of Example 10, combat troops and medics associated therewith are provided
with glyceryl tris(3-hydroxybutyrate) to take into the field for use in triage in the case of
mild-moderate closed TBI situations. When viewed against Example 10, those TBI patients
receiving the glyceryl tris(3-hydroxybutyrate) within minutes of suffering the TBI fare even

better than those receiving the glyceryl tris(3-hydroxybutyrate) treatment in Example 10.
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[0057] Example 12

[0058] In light of Examples 10 and 11, combat troops are routinely given a moming dose of
glyceryl tris(3-hydroxybutyratre while in combat zones in case they suffer a mild to moderate
non-penetrating closed TBI. For those troops that do suffer such TBIs within 12 hours of
administration, their recovery, both acutely and longer term, is improved as compared to
those only receiving the glyceryl tris(3-hydroxybutyrate) administration upon injury, after
being matched for injury severity. Similar comparatives between those getting variously
identical regimens of glyceryl tris(3-hydroxybutyrate) post-injury other than the single
prophylactic dose prior to injury, with those receiving the pre-injury dose faring better than
those not receiving it, and further those whose injury is closer in time to the administration
(1-2 hours post administration) faring better than those being injured further in time form the

administration (10-12 hours post-administration).
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CLAIMS
1. An oral composition comprising an amount of a glyceryl (3-hydroxybutyrate)
ester for use in the treatment and/or management of non-penetrating closed traumatic
brain injury (TBI) or TBI due to surgical intervention or in the prophylactic
management of symptoms and/or sequela of symptoms of a TBI in a mammalian
subject
(a) after said injury to the mammalian subject, or
(b) within 6 hours prior to said mammalian subject engaging in an activity selected
from the group consisting of sports, military activity, and security force activity
or undergoing surgical intervention involving potential injury to brain cells; or
(c) both (b) followed by (a);
wherein said composition is for oral ingestion in accordance with said (a), said (b) or
said (c) respectively, each in conjunction with maintaining a normal diet, said
normal diet having greater than 10% carbohydrate and greater than 15% protein;
and
wherein said glyceryl (3-hydroxybutyrate) ester, upon hydrolysis, gives rise only to
glycerol and 3-hydroxybutyrate moieties, wherein said amount is sufficient to raise
the mammalian subject’s ketone body blood plasma levels, as measured by combined
3-hydroxybutyrate and acetoacetate, into the range of about 2 mM to about 7.5 mM,
and wherein said TBI having associated therewith, in the absence of treatment, a

transient hyper-utilization of glucose phase followed by a persistent hyperglycemia.

2. The composition for use as claimed in claim 1, wherein said glyceryl (3-

hydroxybutyrate) ester comprises a glyceryl tris (3-hydroxybutyrate) and each 3-

hydroxybutyrate moiety is independently selected from D and L forms thereof.
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3. The composition for use as claimed in claim 1, wherein said amount is an oral
amount of about 0.5 g/kg of body weight/day to about 2.0 g/kg of body weight/day as

a single dose or divided doses.

4. The composition for use as claimed in claim 3, wherein said amount is for oral

ingestion for 7 days.

5. The composition for use as claimed in claim 1, wherein said amount is
sufficient to result in a total ketone body blood plasma level comprising the sum of 3-
hydroxybutyroyl moiety and acetoacetate moiety selected from a range having a
fower and upper limit selected from about 2 mM, about 2.25 mM, about 2.5 mM,
about 2.75 mM, about 3 mM, about 3.25 mM, about 3.5 mM, about 3.75 mM, about 4
mM, about 4.25 mM, about 4.5 mM, about 5 mM, about 5.5 mM, about 6 mM, about
6.5 mM, about 7 mM and about 7.5 mM within the first 24 hours of oral ingestion of
said glyceryl (3-hydroxybutyrate) compound, provided said upper limit of the range is

larger than the lower limit of the range.

6. The composition for use as claimed in claim 5, wherein said total ketone body
blood plasma level is achieved within the first 6 hours of ingestion of said glyceryl (3-

hydroxybutyrate) compound.

7. The composition for use as claimed in claim 5, wherein said total ketone body

blood plasma level is achieved within the first 2 hours of ingestion of said glyceryl (3-

hydroxybutyrate) compound.
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8. The composition for use as claimed in claim 5, wherein said total ketone body
blood plasma level is achieved within the first 1 hour of ingestion of said glyceryl (3-

hydroxybutyrate) compound.

9. The composition for use as claimed in claim 5, wherein said total ketone body
blood plasma level is achieved within the first 45 minutes of ingestion of said glyceryl

(3-hydroxybutyrate) compound.

10. The composition for use as claimed in claim 1, wherein said mammalian

subject is a human subject.

11. The composition for use as claimed in claim 1, wherein said mammalian
subject is selected from the group consisting of household pets, domesticated animals,

farm animals, and zoological park animals.

12. The composition for use as claimed in claim 10, wherein said glyceryl (3-
hydroxybutyrate) ester comprises glyceryl tris (3-hydroxybutyrate) ester and each 3-

hydroxybutyrate moiety is independently selected from D and L forms thereof.

13. The composition for use as claimed in claim 1, wherein said glyceryl (3-

hydroxybutyrate) ester comprises a glyceryl bis (3-hydroxybutyrate) ester and each 3-

hydroxybutyrate moiety is independently selected from D and L forms thereof.
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14. The composition for use as claimed in claim 1, wherein said glyceryl (3-

hydroxybutyrate) ester comprises a glyceryl mono (3-hydroxybutyrate) ester.

15. The composition for use as claimed in claim 1, wherein said glyceryl (3-
hydroxybutyrate) ester wherein all of said 3-hydroxybutyrate moieties are in the D-

form.

16. The composition for use as claimed in claim 1, wherein said glyceryl (3-
hydroxybutyrate) ester wherein all of said 3-hydroxybutyrate moieties are in the L-

form.

17. The composition for use as claimed in claim 1, wherein said glyceryl (3-
hydroxybutyrate) ester having more than one 3-hydroxybutyrate moiety present per
molecule thereof, wherein at least one such moiety is in the D-form and at least one

such moiety is in the L-form.

18. The composition for use as claimed in claim 1, wherein said glyceryl (3-

hydroxybutyrate) ester, is selected from the group consisting of

(a) glyceryl (3-hydroxybutyrate)esters where all of the 3-hydroxybutyrates are in the
D-form;

(b) glyceryl (3-hydroxybutyrate)esters where all of the 3-hydroxybutyrates are in the
L-form;

(c) glyceryl (3-hydroxybutyrate)esters where some of the 3-hydroxybutyrates are in
the D-form and some of the 3-hydroxybutyrate groups are in the L-form;

(d) mixtures of (a) and (b);
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(e) mixtures of (a) and (c); and

(f) mixtures of (a), (b), and (c).

19. The composition for use as claimed in claim 10, wherein said glyceryl (3-
hydroxybutyrate) ester comprises a glyceryl bis (3-hydroxybutyrate) ester and each 3-

hydroxybutyrate moiety is independently selected from D and L forms thereof.

20. The composition for use as claimed in claim 10, wherein said glyceryl (3-

hydroxybutyrate) ester comprises a glyceryl mono (3-hydroxybutyrate) ester.

21. The composition for use as claimed in claim 1, wherein said mammalian

subject is a human subject and

(a) intends to participate in said activity or is having said surgical intervention
involving potential injury to brain cells, wherein said human is concerned about
possible traumatic brain injury (TBI) due to said human participating in said
activity or said surgical intervention and said human wishes to engage in a
preventive management program with respect to one or more of the symptoms of
said TBI and/or the sequela thereof and/or for an underlying neurological basis for

such symptoms or sequela; and

(b) said oral ingestion is for at least a portion of the 6 hours preceding said human’s
intention of engaging in said activity or undergoing said surgical intervention so
as to preventively manage said symptoms of said TBI and/or said sequela thercof
and/or said underlying neurological basis for said symptom and/or said sequela in

the event of said TBI occurring during an overlap between (a) said oral ingestion
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and 12 hours after said oral ingestion and (b) while said human is engaging in said

activity or while undergoing said surgical intervention;

whereby if the human subject does suffer a mild to moderate non-penetrating closed
TBI or a mild to moderate TBI secondary to said surgical intervention within 12
hours after said oral ingestion, said oral ingestion results in an elevated ketone
body blood plasma level at the time of said TBI taking place, whereby the acute

adverse effects of said TBI are minimized;

wherein said amount of said glyceryl 3-hydroxybutyrate ester is such as to result in a
total ketone body blood plasma level comprising the sum of 3-hydroxybutyroyl
moiety and acetoacetate moiety selected from a range having a lower and upper
limit selected from about 2 mM, about 2.25 mM, about 2.5 mM, about 2.75 mM,
about 3 mM, about 3.25 mM, about 3.5 mM, about 3.75 mM, about 4 mM, about
4.25 mM, about 4.5 mM, about 5 mM, about 5.5 mM, about 6 mM, about 6.5 mM,

about 7 mM and about 7.5 mM with the first 12 hours of oral ingestion.

22. The composition for use as claimed in claim 21, wherein said glyceryl (3-
hydroxybutyrate) ester comprises a glyceryl tris (3-hydroxybutyrate)-and each 3-

hydroxybutyrate moiety is independently selected from D and L forms thereof.

23. The composition for use as claimed in claim 21, wherein said glyceryl (3-

hydroxybutyrate) ester comprises glyceryl bis(3-hydroxybutyrate) ester.

24. The composition for use as claimed in claim 21, wherein said glyceryl (3-

hydroxybutyrate) ester comprises glyceryl mono(3-hydroxybutyrate) ester.
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25. The composition for use as claimed in claim 21, wherein said glyceryl (3-
hydroxybutyrate) ester comprises a glyceryl bis (3-hydroxybutyrate), and each 3-

hydroxybutyrate moiety is independently selected from D and L forms thereof.

26. The composition for use as claimed in claim 21, wherein said amount is an
oral amount of about 0.5 g/kg of body weight/day to about 2.0 g/kg of body

weight/day as a single dose or divided doses.

217. The composition for use as claimed in claim 21, wherein said glyceryl (3-
hydroxybutyrate) ester wherein all of said 3-hydroxybutyrate moieties are in the D-

form.

28. The composition for use as claimed in claim 21, wherein said glyceryl (3-
hydroxybutyrate) ester wherein all of said 3-hydroxybutyrate moieties are in the L-

form.

29. The composition for use as claimed in claim 21, wherein said glyceryl (3-
hydroxybutyrate) ester is selected from the group consisting of:
(a) glyceryl (3-hydroxybutyrate)esters where all of the 3-hydroxybutyrates are in the
D-form,;
(b) glyceryl (3-hydroxybutyrate)esters where all of the 3-hydroxybutyrates are in the
L-form;
(c) glyceryl (3-hydroxybutyrate)esters where some of the 3-hydroxybutyrates are in

the D-form and some of the 3-hydroxybutyrate groups are in the L-form;
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(d) mixtures of (a) and (b);
(e) mixtures of (a) and (c); and

(f) mixtures of (a), (b), and (¢).

30. The composition for use as claimed in claim 21, wherein said glyceryl (3-
hydroxybutyrate) ester has at least a portion of said 3-hydroxybutyrate moieties in the

D-form and at least a portion of said 3-hydroxybutyrate moieties in the L-form.

31. The composition for use as claimed in claim 20, wherein said amount is an
oral amount of about 0.5 g/kg of body weight/day to about 2.0 g/kg of body

weight/day as a single dose or divided doses.

32. The composition for use as claimed in claim 21, wherein said total ketone
body blood plasma level is achieved within the first 6 hours of administration of said

glyceryl (3-hydroxybutyrate) compound.

33. The composition for use as claimed in claim 21, wherein said total ketone
body blood plasma level is achieved within the first 2 hours of administration of said

glyceryl (3-hydroxybutyrate) compound.

34. The composition for use as claimed in claim 21, wherein said total ketone

body blood plasma level is achieved within the first 1 hour of administration of said

glyceryl (3-hydroxybutyrate) compound.
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The composition for use as claimed in claim 21, wherein said total ketone
body blood plasma level is achieved within the first 45 minutes of administration of

said glyceryl (3-hydroxybutyrate) compound.

The composition for use as claimed in claim 21, wherein said oral ingestion is

2-3 times per day for up to 7 days at a dose of 0.5 g/kg/day to 2.0 g/kg/day.

The composition for use as claimed in claim 21 in a human subject having a

history of at least one traumatic brain injury (TBI), wherein

said oral composition is for oral ingestion within a portion of the time period of 6
hours prior to said human subject engaging in said activity potentially resulting in
a further mild to moderate non-penetrating closed Traumatic Brain Injury (TBI) or

is having a surgical intervention involving potential injury to brain cells ;

whereby if the human subject does suffer a mild to moderate non-penetrating closed
TBI or a mild to moderate TBI secondary to a surgical intervention within 12
hours after said ingestion, said ingestion results in an elevated ketone body blood

level at the time of said subsequent TBI taking place,

whereby the symptoms associated with a TBI, and/or the sequela thereof, and/or the
underlying neurological basis for such symptoms and/or sequela are preventively

managed;

wherein said amount of said glyceryl 3-hydroxybutyrate ester that is ingested is
sufficient to raise the subject’s ketone body blood plasma levels, as measured by
combined 3-hydroxybutyrate and acetoacetate, into the range of about 2 mM to

about 7.5 mM.
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38. The composition for use as claimed in claim 37 wherein said human subject is
selected from those (a) having a known history of at least one traumatic brain injury
(TBI) and (b) nonetheless is knowingly going into a situation that is potentially
resulting in a further mild to moderate non-penetrating closed Traumatic Brain Injury

(TBI) or is having said surgical intervention involving potential injury to brain cells.
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