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SUPPLEMENTATION OF
PROPANE-1,2,3-TRIOL AND WATER IN
FASTING SUBJECTS

This application is a 371 of PCT/EP2009/050512, filed
Jan. 16, 2009, which claims priority of EP 08160550.3, filed
Jul. 16, 2008, incorporated herein by reference.

The present invention provides preparations supporting
glycerol-based gluconeogenesis in fasting subjects. The
invention further provides glycerol-containing preparations
preventing dehydration during fasting. The same preparation
may also be utilized in humans facing situations where
urination is impossible or inconvenient.

BACKGROUND OF THE INVENTION

During fasting, the natural metabolite glycerol (propane-
1,2,3-triol), a component of triacylglycerols, is liberated in
the process of lipolysis. Through the final steps of the
gluconeogenetic pathway it is easily converted to glucose,
mainly in the liver. It has been shown that the regulation of
hepatic glycerol metabolism plays a pivotal role in fasting
[Patsouris, D. et al., J. Clin. Invest. 114: 4-103 (2004)].

Assuming a total energy expenditure of 10.000 kJ per day,
about 250 g of body fat will have to be oxidized to meet the
energy demand. This is equivalent to about 1 mol of typical
free fatty acids such as palmitic acid or stearic acid. In the
context of lipolysis, this means a liberation of, at best, ¥ mol
of glycerol, i.e. about 30 g, which may be converted to 30
g glucose. The daily glucose demand of the adult human
brain and of other strictly glucose-dependent tissues is in the
order of 100 g-160 g. As a consequence of this physiological
glycerol deficit in fasting humans, other glucose precursors,
in particular amino acids, become substrates of gluconeo-
genesis, resulting in undesirable protein losses, in particular
during the early stages of fasting [Owen, O. E. et al., Am. J.
Clin. Nutr. 68:12-34 (1998)]. Animals, with smaller brain
mass in relation to their body weight than humans, generally
show a more favourable balance of glucose demand and
glycerol liberation during fasting. Some species thus man-
age to survive long periods of starvation without protein
losses [Bernard, S. F. et al., J. Exp. Biol. 205:2745-2754
(2002)]. It has been shown in mammals that infusion of
glycerol inhibits gluconeogenesis from other precursors
[Steele, R. et al., Am. J. Physiol. 221:883-888 (1971)]. This
generally suggests that gluconeogenetic protein losses in
fasting humans may be reduced by glycerol supplementa-
tion. In contrast to ingestion of glucose and other carbohy-
drates, glycerol supplementation does not increase plasma
glucose concentrations in healthy fasting subjects. More-
over, glycerol application does not increase hepatic glucose
production beyond fasting control conditions without exog-
enous glycerol load [Trimmer, J. K. et al., Am. J. Physiol.
280:E657-E668 (2001)]. This means that glycerol supple-
mentation will not affect the metabolic state of fasting: fatty
acid oxidation remains the major source of energy supply.
Since adequate glycerol supplementation during fasting
improves glucose availability, it reduces undesirable effects
such as hypoglycaemia, gluconeogenetic protein losses and
increased levels of ketone bodies.

In addition to endogenous glucose production, hydration
is a critical topic during fasting. Reducing food intake also
reduces water intake. Fasting subjects practically never
adapt their drinking habits spontaneously and sufficiently to
compensate for these losses. Nutritional consultants there-
fore prescribe strict schemes of fluid intake for fasting
subjects. Simply drinking increased amounts of pure water
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rarely meets with success, because it decreases the osmo-
larity of body fluids, which in turn leads to rapid water
excretion via the Adiuretin pathway. Application of iso- or
hyperosmotic glycerol solutions during short- and long-term
fasting will not only provide a substrate for gluconeogenesis
but also induce a longer-lasting hydration. As stated supra,
glycerol is a natural metabolite and non-toxic in large
doses—European food laws permit application quantum
satis. When consumed, it is rapidly absorbed from the
gastrointestinal tract. Distribution space of glycerol depends
on plasma concentrations: In the range of low plasma
concentrations (<5 mmol/l) it approximates 0.3 1 per kg body
weight. With larger concentrations, distribution space
increases to about 0.6 I/kg, i.e. near to total body water
volume [Beylot, M. et al., J. Lipid. Res. 28:414-422 (1987);
Robergs, R. A. et al., Sports Med. 26:145-167 (1998)].
Below plasma concentrations of 1 mmol/, glycerol is fully
reabsorbed by the kidneys. Above this limit, both tubular
reabsorption and renal excretion increase over a large range
of concentrations.

Besides serving as substrate for gluconeogenesis, glycerol
can be oxidized in many tissues or be used for re-esterifi-
cation of fatty acids [van Hall, G. et al., J. Physiol. 543:
1047-1058 (2002)]. This, however, occurs only at a slow
rate, so that the disappearance rate of glycerol is much
slower than that of, for example, glucose. Given the slow
disappearance rate and the large distribution volume, is00s-
motic or hyperosmotic glycerol solutions will lead to long-
lasting hydration effects.

Persons facing situations where urination is impossible or
inconvenient (e.g. long distance car driving, various occu-
pational contexts), tend to abstain from fluid consumption in
order to reduce the need to urinate. Elderly people, who per
se display reduced fluid intake, frequently undergo deliber-
ate dehydration in the late afternoon and evening hours in
order to avoid frequent urination overnight. The situation
gets worse if neither fluid nor food is consumed, because
hypoglycaemia may add to dehydration. Both hypoglycae-
mia and dehydration reduce mental and physical fitness,
which may be hazardous in some situations. In the elderly,
for example, it will increase the risk of falling. In this field
of application, subjects may also benefit from the hydrating
and anti-hypoglycaemic effect of the present glycerol solu-
tions.

WO 94/25031 discloses an exercise regimen which
enhances exercise endurance and performance. The regimen
includes pre-exercise hydration with a glycerol solution
combined with hydration during exercise with a glycerol-
based solution to prolong hydration effects. The first pre-
exercise glycerol solution regimen begins 2 h prior to
exercise and ends 2 h before exercise begins. The hydration
during exercise regimen combines glycerol with carbohy-
drate and sodium to additionally compensate for glycogen
depletion and the sweat losses of sodium during exercise.
Further WO 06/008552 and CA-A-2233033 disclose aque-
ous (re)hydrating compositions comprising glycerol.

The problem underlying present invention is the insuffi-
cient endogenous glycerol supply and the dehydration seen
in deliberately fasting subjects as well as in subjects trying
to avoid urination. The present invention presents glycerol
as suitable agent that helps preventing hypoglycaemia,
dehydration and gluconeogenetic protein losses in such
contexts.

SHORT DESCRIPTION OF THE INVENTION

It was found that solutions providing adequate amounts
and concentrations of glycerol can be used to stabilize blood
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glucose concentrations in fasting ssbjects. thes reducing the
reliance on ketone bodies and the gluconcogenetic transfor-
mation of amino acids into glucose. In addition, the same
preparation counteracts dehydration in fasting subjects as
well as in subjects undergoing dehydration in order to avoid

embodiment. the glycerol concentration in the composition
is from 0.2 to | mol/l. In a further embodiment, preparation
comprises additional compounds improving palatability
and/or further nutritional supplements such as electrolytes,
vitamins, vitamin-related additives, proteins, amino acids,
dyes. flavouring agents. stabilizing agents, and functional
additives. Thus, the present invention provides:

(1) the use of a liquid containing glycerol for preparing a
liquid preparation for supporting fasting subjects and for
reduction of the need to urinate;

(2) a preferred embodiment of aspect (1), wherein the liquid

ion is a beverage containing glycerol in the range
of 0.2 to 1.0 mol/l preferably 0.4 to 0.8 mol/l;

(3) a liquid composition containing glycerol for supporting
fasting subjects, and for reduction of the need to urinate;

(4) embodiment of aspect (3), wherein the preparation is a
beverage containing glycerol in the range of 0.2 to 1.0
mol/l preferably 0.4 to 0.8 mol/l;

(5) a method for fasting which comprises administering the
fasting subject a liquid composition comprising glycerol
as defined in aspect (3) or (4) above; and

(6) a method for reducing the need to urinate in a subject
which comprising administering the subject a liquid com-
position comprising glycerol as defined in aspect (3) or
(4) above.

SHORT DESCRIPTION OF THE FIGURES

FIG. 1: Respiratory exchange ratio (RER, means+SE) in
% fasting male subjects after administration of isoosmotic
glycerol solution (290 mmol/l, hatched bars), hyperosmotic
glycerol solution (580 mmol/l, filled bars), and carbohydrate
solution (60 g/l. white bars). 2 | of each beverage were
consumed between —120 and —40 min.

FIG. 2: Blood glucose concentrations (means*SE) in 8
fasting male subjects after administration of isoosmotic
glycerol solution (290 mmol/l, hatched bars), hyperosmotic
glycerol solution (580 mmol/l. filled bars), and carbohydrate
solution (60 g, white bars). 2 | of each beverage were
consumed betweea —120 and —40 min.

FG. 3 Camulated urine volumes (meanstSE) in 8 fasting
male sebgecss afier admimistration of isoosmotic glycerol
solution (290 msmoll. mamgles). hyperosmotic glycerol
solution (580 ol sguares). and carbohydrate solution
(60 2} 2| of cach Bewesase wese consumed between —120
and 90 sam

OF THE

5

20

25

30

35

45

50

55

4

practitioner. Glycerol is liberated from adipose tissue during
fasting and converted into glucose through gluconeogenesis,
mainly in the liver. Due to an unfavourable relationship of
brain mass and overall energy demand, fasting humans
liberate far less glycerol (about 30 g per day) than required
to meet the glucose demands of the brain (about 120 g per
day) and other glucose-dependent tissues. As a consequence
amino acids and other glucose precursors become substrates
of glyconeogenesis and ketone bodies have to be derived
from free fatty acids to compensate for the remaining energy
deficit of the brain. Glycerol supplied by the compositions of
present invention improves glucose availability for the brain
during fasting. Thus it reduces undesirable effects such as
hypoglycaemia, gluconeogenetic protein losses and
increased levels of ketone bodies. Since the capacity of
endogenous glucose production is limited, glycerol does not
increase blood glucose levels in healthy fasting subjects
(FIG. 2). Moreover, the respiratory exchange ratio during
fasting is practically unaffected by glycerol application
(FIG. 1). This means that glycerol, in contrast to carbohy-
drates, does not increase the contribution of carbohydrates to
energy supply. In other words: glycerol does not disturb the
metabolic state of fasting.

In addition to hypoglycaemia, gluconeogenetic loss of
amino acids, and ketosis, dehydration is a further side effect
of fasting. Glycerol permeates membranes, particularly via
aquaglyceroporins. At isoosmotic concentrations (290
mmol/l) and above, its distribution volume approaches the
total body water space. Due to the osmotic effect of glycerol,
the water of such glycerol solutions is also distributed over
its maximal distribution space. As a consequence, potential
counter-regulation induced by volume-receptors of fluid
volume regulation—situated in the walls of the low-pressure
part of the circulation—is minimal. With isoosmotic or
higher concentrations of glycerol, the second group of
receptors associated with fluid and electrolyte control of the
body, osmoreceptors, would signal either an undisturbed
osmolarity or a lack of water. The rate-limiting step of
excess water removal from the body is, therefore, the slow
disappearance rate of glycerol. Glycerol supplied by the
compositions of present invention has the second effect of
improving hydration of fasting subjects.

Long-lasting hydration of the body also means less urine
production per time (FIG. 3). In this aspect, the glycerol
solutions of the present invention may support subjects
facing situations where urination is impossible or inconve-
nient, e.g. in long-distance car driving or in many occupa-
tional contexts. In a preferred embodiment, this invention is
specifically valuable to older people who tend to consume
too little water in the evenings so not to be forced to get up
at night in order to urinate. This frequent behaviour dete-
riorates the effect of already diminished thirst sensation
among the elderly. Therefore, in one aspect, this invention is
specifically targeted at improving living conditions of the
elderly, but also to psychologically help persons forced to
undergo situation where urination is impossible. Since such
situations are frequently associated with short-term fasting,
e.g. an overnight fast in the elderly, the aforementioned
hypoglycaemia-preventing capability of glycerol may add to

A % @s Bydration effect, thus further improving mental and

Stmcss.

om toeal emergy expenditure, and thus endog-

Wheration. as well as brain mass, a fasting

= 2 ghyeerol supplementation in the order of
—'~ 142 g=1.7 g per hour) to obtain the

d efiect of glycerol. On the other hand,

efiects of glycerol are only seen with
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concentrations above 0.2 mol/l (18 g/). Therefore, solutions
of the present invention contain at least 0.2 mol/l, preferably
0.3 to 1 mol/l, more preferably 0.4 to 0.8 mol/l.

Of note, solutfons containing too high concentrations of
glycerol can potentially lead to stomach upsets, vomiting
and diarrhoea in healthy subjects. Similarly, fast consump-
tion of large doses may lead to cerebral dehydration result-
ing in headaches, dizziness and blurred vision.

Similarly, application of glycerol may cause hyperv-
olemia and is contraindicated in subjects with reduced heart
function or hepatic or renal diseases or when reduction of
urine flow is not desired.

Therefore, in another aspect of present invention, com-
positions do not contain more than 1 mol/l of glycerol.

Additionally, in a further aspect, the composition contains
additives such as electrolytes, vitamins, vitamin-related
additives, amino acids, proteins, dyes, flavouring agents, and
stabilizing agents.

Added electrolytes are chosen from the group of sodium,
potassium, calcium, chloride, phosphorous, and magnesium.
Too high concentrations of electrolytes could have negative
effects on electrolyte resorption and general physical per-
formance, wherefore the concentration range is chosen so
that positive and no negative effects are obtained. Therefore,
in a further aspect of the present invention, the concentration
of electrolytes in the composition is:

10-400 mg/l sodium, preferably about 300 mg/l; and/or

10-300 mg/l potassium, preferably about 200 mg/1; and/or

10-200 mg/I chloride, preferably about 150 mg/l; and/or

10-200 mg/l phosphorous, preferably about 150 mg/l;

and/or

5-200 mg/l magnesium, preferably about 100 mg/l; and/or

5-200 mg/l calcium, preferably about 100 mg/l.

In a further aspect, vitamins and/or vitamin-related addi-
tives are added to the solution. In a preferred embodiment,
the vitamins and/or vitamin-related additives added are
chosen from vitamin B1, vitamin B11, vitamin B12, vitamin
C, and L-carnitine. More preferably, the preferred concen-
trations of the vitamins and vitamin-related additives added
depend upon an undersupply or specific demand and are:

1-100 mg/1 ascorbic acid (vitamin C), preferably about 30

mg/l; and/or

0.50-5 mg/l thiamine (vitamin B1), preferably about 1.0

mg/l; and/or

100-600 pg/l folic acid/folat/pteroylglutamate (vitamin

B11), preferably about 400 pg/l; and/or

1-10 pg/l cobalamine (vitamin B12), preferably about 5

ug; and/or

100-4000 mg L-carnitine, preferably about 1000 mg.

In a further aspect, flavouring agents and dyes are added
to confer an appealing appearance to the composition.
Suitable flavouring agents and dyes are chosen from all
authorized additives, especially natural flavouring agents
and dyes (phenolic compounds and isoprenoidic compounds
like phenolics, carotenoids, flavonoids, terpenes etc.)

In a further aspect, stabilizing agents are contained in the
composition. In a more preferred embodiment, stabilizing
agents are chosen from the group of benzoic acid, propionic
acid, and antioxidants.

In a further embodiment, the present invention comprises
an instant composition, from which the liquid composition
of the present invention can be generated by dissolution in
water. This instant composition can be on hand as a powder
or as syrupy liquid or paste.

The following examples will further expatiate on the
benefits of present invention.
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These examples however are not to be construed as
limiting the invention.

EXAMPLES
Example 1

Determination of the Respiratory Exchange Rate
Upon Administration of Carbohydrate, Isoosmotic,
and Hyperosmotic Glycerol Solution

The respiratory exchange ratio (RER) upon administra-
tion of carbohydrate (60 g/1), isoosmotic (290 mmol/l), and
hyperosmotic (580 mmol/l) glycerol solution was studied in
8 male subjects aged between 22 and 35 years. After an
overnight fast, each subject consumed 2 1 of one solution
(between —120 min and —40 min in FIG. 1). All subjects had
to ingest all types of solution, however in random order.
Oxygen consumption and CO, output for RER determina-
tion were measured over 5 min periods at the times given in
FIG. 1. Simultaneously, blood samples were taken and
analyzed for plasma glucose and haemoglobin concentration
as well as haematocrit. RER measurements confirmed that
all subjects were in a fasting state. In contrast to the
carbohydrate solution, RER remained in the fasting range
after administration of the glycerol beverages. As expected,
blood glucose concentration remained unaffected by glyc-
erol application but increased after carbohydrate ingestion
(FIG. 2). In conjunction with the RER results (FIG. 1), this
shows that consumption of glycerol has no appreciable
effect on energy metabolism during fasting.

Example 2

Determination of the Cumulated Urine Volumes
Upon Administration of Carbohydrate, Isoosmotic,
and Hyperosmotic Glycerol Solution

The cumulated urine volumes upon administration of
carbohydrate (60 g/1), isoosmotic (290 mmol/l), and hyper-
osmotic (580 mmol/l) glycerol solution was studied in 8
male subjects aged between 22 and 35 years. After an
overnight fast and emptying their urinary bladder, each
subject consumed 2 1 of one solution (between —120 min and
—40 min in FIG. 3). All subjects had to ingest all types of
solution, however in random order. Urine was collected over
a period of 3 hours (between —60 min and 120 min in FIG.
3). While the isoosmotic glycerol solution induced only a
short delay of urine output in comparison with the carbo-
hydrate beverage, the hyperosmotic glycerol concentration
lead to a substantial reduction of urine production over the
measurement period.

The invention claimed is:

1. A method for reducing hypoglycaemia in a fasting
subject without affecting the respiratory exchange ratio of
fasting, wherein in said fasting subject fatty acid oxidation
is the major source of energy supply, said method compris-
ing administering to said fasting subject a liquid composi-
tion comprising glycerol in an amount of 0.2 to 1.0 mol/l and
reducing hypoglycaemia in said fasting subject without
affecting the respiratory exchange ratio of fasting.

2. The method of claim 1, wherein the liquid composition
further comprises one or more compounds that improve the
palatability of the liquid composition and/or one or more
nutritional supplements selected from the group consisting
of electrolytes, vitamins, vitamin-related additives, proteins,
amino acids, dyes, flavouring agents and stabilizing agents.
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3. The method of claim 2, wherein the liquid composition
comprises one or more electrolytes selected from the group
consisting of sodium, potassium, magnesium, calcium, chlo-
ride, and phosphprous.

4. The method of claim 2, wherein the liquid composition 5
comprises mineral nutrients in a content of mineral nutrients
per liter of liquid composition of:

10-400 mg sodium; and/or

10-300 mg potassium; and/or

10-200 mg chloride; and/or 10

10-200 mg phosphorous; and/or

5-200 mg magnesium; and/or

5-200 mg calcium.

5. The method of claim 2, wherein the liquid composition
comprises: (a) one or more vitamins and vitamin-related 15
additives selected from the group consisting of vitamin B1,
vitamin B11, vitamin B12, vitamin C, and L-carnitine and
wherein the content of vitamins and vitamin-related addi-
tives per liter is 1-100 mg vitamin C; and/or 0.50-5 mg
vitamin B1; and/or 100-600 pg vitamin B11; and/or 1-10 ug 20
vitamin B12; and/or 100-4000 mg L-carnitine; and/or

(b)_one or more flavouring agents selected from the group

consisting of natural flavouring agents and dyes; and/or

(c) one or more stabilizing agents selected from the group

consisting of benzoic acid, propionic acid, and antioxi- 25
dants.

6. The method of claim 1, wherein the liquid composition
is prepared from a liquid or solid concentrate.

* k% % Xk %




