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COMPOUNDS FOR USE IN PREVENTING OR TREATING ATHLETE OVERTRAINING 

Field of the Invention 

The present invention relates to compounds for use in treating, and particularly preventing the 

effects of overtraining in a subject, and to treatment of conditions associated with overtraining.  

The invention also relates to prophylactic treatment of a subject to avoid or reduce the risk of 

developing conditions associated with overtraining.  

Background of the Invention 

Any discussion of the prior art throughout the specification should in no way be considered as 

an admission that such prior art is widely known or forms part of common general knowledge 

in the field.  

Overtraining occurs when a person exceeds their body's ability to recover from strenuous 

exercise, to the point where performance declines. Overtraining is a common problem in 

weight training, but is also experienced by runners and other athletes. The specific condition 

is known as overtraining syndrome (OTS).  

OTS represents a systemic inflammatory process with diffuse effects on the neurohormonal 

axis affecting host immunology and mood. The major symptoms of overtraining can be 

classified into four categories: 

• Biochemical - increased cortisol and decreased free testosterone levels 

• Immunological - increased susceptibility to infection 

• Physiological - decreased performance, heavy, sore and stiff muscles, weight loss, 

changes in heart rate 

• Psychological - feelings of anxiety, restlessness 

Generally speaking, athletes train to increase performance. Performance increases are 

achieved through increased training loads. Increased loads are tolerated only through 

interspersed periods of rest and recovery-training periodization. Overreaching is considered 

an accumulation of training load that leads to performance decrements requiring days to weeks 

for recovery. Overreaching followed by appropriate rest may ultimately lead to performance 

increases. However, if overreaching is extreme and combined with an additional stressor, 

overtraining syndrome (OTS) may result. OTS may be caused by systemic inflammation and 

subsequent effects on the central nervous system, including depressed mood, central fatigue, 

and resultant neurohormonal changes.  

There are various hypotheses for OTS, including the following: 
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- Autonomic nervous system: Parasympathetic predominance causes many symptoms of 

overtraining syndrome 

- Central fatigue: Increased tryptophan uptake in the brain leads to increased 5-HT centrally 

and mood symptoms 

- Glutamine: Decreased glutamine causes immune dysfunction and increased susceptibility 

to infection 

- Hypothalamic: Dysregulation of the hypothalamus and hormonal axes cause many 

symptoms of overtraining syndrome 

- Oxidative stress: Excessive oxidative stress causes muscle damage and fatigue.  

Although each of these hypotheses seems plausible, they do not, individually, account for all 

of the symptoms of OTS.  

To date, treatment of overtraining has often been based on appropriate rest. Some have 

proposed that relative rest is more appropriate - building up volume of exercise prior to 

intensity of exercise. The current body of knowledge on the prevention, diagnosis and 

treatment of overtraining syndrome is discussed in a review article by Meeusen et al published 

in the Official Journal of the American College of Sports Medicine, 2012, pages 186-205.  

There is a need for new and effective ways to prevent and treat overtraining effects in a subject.  

The present invention utilises exogenous ketone body precursors. It is generally understood 

that the term "ketone bodies" encompasses three endogenous compounds: D-p

hydroxybutyrate, acetoacetate and acetone. D-p-hydroxybutyrate is otherwise known as (R)

3-hydroxybutyrate, and the latter term will be used hereinafter. Ketone bodies are produced 

by the liver from fatty acids during periods of low food intake.  

Recent advances in exercise physiology have led to a greater understanding of the importance 

of adequate nutrition during training and competition. High carbohydrate diets and high fat 

diets have been compared in multiple trials involving athletes and healthy inactive volunteers, 

with general improvements in maximal athletic performance using diets with higher 

carbohydrate intake. Given the rapid depletion of skeletal muscle glycogen during prolonged 

intense exercise and the increased metabolic efficiency of ketone bodies, ketone bodies have 

been proposed for use before, during and after exercise. Traditional techniques to achieve a 

controlled physiological ketosis, i.e. starvation or a low-carbohydrate, low protein, high-fat 

ketogenic diet, failed to achieve ergogenic effects because of their dependency on limited 

carbohydrate intake. Recently, an exogenous ketone ester (R)-3-hydroxybutyl (R)-3

hydroxybutyrate was developed, which no longer requires reduced carbohydrate intake to 

achieve increased serum ketone levels similar to a period of prolonged fasting. Acute ingestion 
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of this ketone ester has been shown to improve endurance performance in elite cyclists by 

altering fuel competition for oxidative respiration (Cox et al; Cell Metab 24: 256-268, 2016).  

Dietary exogenous ketones may not only enhance exercise performance acutely, they may 

also enhance training adaptation to increase performance over time. It has recently been 

shown that ketones can be considered as an additional stimulus to acute muscle repair via 

stimulation of muscle protein synthesis post-exercise (Vandoorne et a/; Front. Physiol 2017; 

Vol. 8: Article 310).  

Ketone bodies and ketone body esters have been shown to reduce serum cholesterol and/or 

triglyceride levels. For instance, W02009/089144 discloses a ketone diet which doubled the 

plasma p-hydroxybutyrate concentrations in rats. Total serum cholesterol and HDL and LDL 

levels were significantly lower in the rats fed this ketone diet.  

Ketone bodies and ketone body esters have also been shown to have various other uses, such 

as treatment of muscle impairment or fatigue, and protection from radiation exposure. Some 

of these compounds have also been shown to have an effect on muscle recovery after 

exercise. W02015/018913, for instance, teaches that a ketone body ester can increase 

skeletal muscle glycogen by decreasing glycolysis. No effects on overtraining were 

demonstrated.  

It is an object of the present invention to overcome or ameliorate at least one of the 

disadvantages of the prior art, or to provide a useful alternative.  

Summary of the Invention 

In a first aspect, the present invention provides a method of treating overtraining syndrome in 

a subject suffering from overtraining syndrome, comprising administering to the subject in need 

thereof a compound, wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

In a second aspect, the present invention provides use of a compound in the manufacture of 

a medicament for treating overtraining syndrome in a subject suffering from overtraining 

syndrome, wherein the compound is selected from: 
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(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

In a third aspect, the present invention provides a method of treating overtraining syndrome in 

a subject suffering from overtraining syndrome, comprising administering to the subject in need 

thereof a pharmaceutical composition comprising a compound and optionally one or more 

pharmaceutically acceptable excipients, wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

In a fourth aspect, the present invention provides use of a pharmaceutical composition in the 

manufacture of a medicament for treating overtraining syndrome in a subject suffering from 

overtraining syndrome, wherein the pharmaceutical composition comprises a compound and 

optionally one or more pharmaceutically acceptable excipients, and wherein the compound is 

selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

In a fifth aspect, the present invention provides a method of treating overtraining syndrome in 

a subject suffering from overtraining syndrome, comprising administering to the subject in need 

thereof a nutritional composition comprising a compound and optionally further comprising 

water and one or more of a flavouring, a protein, carbohydrate, sugars, fat, fibre, vitamins and 

minerals, wherein the compound is selected from: 
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(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

In a sixth aspect, the present invention provides use of a nutritional composition in the 

manufacture of a medicament for treating overtraining syndrome in a subject suffering from 

overtraining syndrome, wherein the nutritional composition comprises a compound and 

optionally comprises water and one or more of a flavouring, a protein, carbohydrate, sugars, 

fat, fibre, vitamins and minerals, wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

Described herein is a compound for use in preventing or treating overtraining in a subject, 

wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

Also described herein is a pharmaceutical composition for use in preventing or treating 

overtraining in a subject, comprising a compound as defined herein, and optionally one or more 

pharmaceutically acceptable excipients.  

Further described herein is a nutritional composition for use in preventing or treating 

overtraining in a subject comprising a compound as defined herein, and optionally further 

comprising water and optionally one or more of a flavouring, a protein, carbohydrate, sugars, 

fat, fibre, vitamins and minerals.  
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In addition, described herein is use of a compound as defined herein, or a composition as 

defined herein, in the manufacture of a medicament for use in preventing or treating 

overtraining in a subject.  

Additionally described herein is a method of preventing or treating overtraining in a subject 

comprising administering to the subject a compound as defined herein or a composition as 

described herein.  

Compounds as defined herein provide an exogenous source of ketone to the subject, and have 

been shown to be effective in the prevention and treatment of overtraining. The compounds 

used in this invention provide clear beneficial effects in the prevention and treatment of 

musculoskeletal and hormonal dysregulations induced by overtraining, and can protect against 

muscle damage. Although the use of ketone esters to reduce muscle breakdown during a 

single bout of intense exercise was known from W02015/018913, it would not have been 

expected that a ketone ester would work consistently to prevent or treat overtraining, 

specifically decrease OTS.  

Unless the context clearly requires otherwise, throughout the description and the claims, the 

words "comprise", "comprising", and the like are to be construed in an inclusive sense as 

opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including, but not 

limited to".  

Brief Description of the Figures 

Figure 1 shows the ketone ((R)-3-hydroxybutyrate) levels on days 6, 13 and 20 before 

exercise, immediately after exercise and 30 minutes following ingestion of 25 g of ketone ester; 

Figure 2 shows average power output (Figure 2A) and % increase in power compared with a 

placebo drink (Figure 2B) during a 30-minute simulated cycling time trial; 

Figure 3 shows mean power output during a 30-minute time trial immediately following a 2h 

submaximal constant-load exercise bout at the end (day 18) of a 3-week training overload 

period; 

Figure 4 shows the peak heart rate during a 90 second all-out isokinetic sprint (Figure 4A 

shows the absolute values; Figure 4B shows the decline in heart rate versus the pre-test); 

Figure 5 shows the difference in submaximal heart rate measured during the first 5 minutes of 

a 30-min time trial compared to pre-test values; 
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Figure 6 shows the results of DXA scanning before and after the 3-week training period: Figure 

6A shows the % fat; Figure 6B shows the change in bone mineral content and Figure 6C shows 

the change in lean mass versus the pre-test; 
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Figure 7 shows the food intake in the ketone and placebo groups - energy intake was 

measured over two days at the beginning (pre-test), mid (mid) and end (post-test) of the three

week training period; 

5 Figure 8 shows leptin levels over time in fasted plasma samples; 

Figure 9 shows urinary total nocturnal adrenaline - figure 9(a) - and noradrenaline - figure 9(b) 

- excretion before and during the 3-week overreaching/overtraining period; 

10 Figure 10 shows training volume in work (kJ) per week of the ketone ester and placebo groups; 

and 

Figure 11 shows the work for each training session for the ketone ester and ketone groups.  

15 Detailed description of the invention 

The compounds of the invention provide a source of (R)-3-hydroxybutyrate in the body of the 

subject. Accordingly, the compound may be (R)-3-hydroxybutyrate itself, or a precursor to (R)

3-hydroxybutyrate, such as an ester or oligomer thereof, which can be broken down in the 

body to form (R)-3-hydroxybutyrate.  

20 

(R)-3-hydroxybutyrate is a ketone body, as defined in "Metabolic Regulation: A Human 

Perspective" by K N Frayn.  

W02004/108740 discloses that ketone bodies may be administered directly to subjects to 

25 achieve elevated levels of ketone bodies. However, direct administration can be difficult and 

risky under certain circumstances, and the use of esters has therefore been proposed as a 

preferred alternative. The manufacture of ketone esters has been disclosed, for instance, in 

W02014/140308, which describes processes for producing (R)-3-hydroxybutyl (R)-3

hydroxybutyrate.  

30 

An ester of (R)-3-hydroxybutyrate can be produced via a transesterification reaction of ethyl

(R)-3-hydroxybutyrate with an alcohol. This reaction may be enzyme catalysed. For instance, 

an ethyl ester of (R)-3-hydroxybutyrate and (R)-1,3-butanediol may be reacted together in the 

presence of immobilized lipase under mild vacuum to remove the resultant ethanol by-product.  

35 

In a preferred embodiment of the invention, the ester of (R)-3 hydroxybutyrate is a compound 

of general formula 1: 
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OH 0 

OR 1 

wherein 

- R 1 is a Ci-C alkyl group, which alkyl group carries up to five -OR 2 substituents, 

- wherein R2 represents hydrogen, or C1-C6 alkyl or wherein -OR2 represents a (R)-3

5 hydroxybutyrate moiety; or 

- R 1 is a moiety derived from an alcohol HOR 1, wherein said alcohol is a sugar.  

Typically, zero, one or two -OR 2 groups represent a (R)-3-hydroxybutyrate moiety. Preferably, 

only zero or one -OR2 groups represent a (R)-3-hydroxybutyrate moiety.  

10 

Preferred compounds of the invention are esters, particularly those as outlined in formula I 

above. The R1 moiety is derived from a corresponding alcohol HO-R1 . Alcohol HO-R1 may 

be, for instance, a mono-alcohol, a diol, a polyol, or a sugar.  

15 Preferably, in formula I, R 1 is a Cl-Ce alkyl group substituted with 0,1,2,3,4 or 5 -OR2 

substituents. Most preferably, R 1 is a Cl-Ce alkyl group substituted with 1, 2 or 3 -OR2 

substituents, typically 1 or 2 -OR2 substituents.  

Preferably, R 2 is H.  

20 

Preferably, R1 has formula -CH2-CH(OH)-CH 2(OH) or -CH 2-CH 2-CH(OH)-CH 3. In these 

cases, R1 is a moiety derived from an alcohol HO-R1 , which corresponds to butanediol and 

glycerol respectively. The butanediol may be racemic 1,3 butanediol. Most preferably, the 

alcohol HO-R 1 corresponds to R-1,3 butanediol. In this case the group R1 is of formula: 

25 

OH 

Preferably, the compound of the invention is a monoester, i.e. in cases where the alcohol HO

R, comprises more than one pendant hydroxyl, only one of these reacts to form a 

30 hydroxybutyrate moiety. Partial esters are compounds wherein the alcohol HO-R, comprises 

more than one pendant hydroxyl, and not all of these have reacted to form a hydroxybutyrate 

moiety.  

6



WO 2020/070506 PCT/GB2019/052797 

A particularly preferred compound of the invention is (R)-3-hydroxybutyrate (R)-1,3-butanediol 

monoester, otherwise known as (R)-3-hydroxybutyl (R)-3-hydroxybutyrate, of formula: 

OH 0 OH 

0 

5 

A further preferred compound of the invention is (R)-3-hydroxybutyrate-glycerol partial ester, 

i.e. (R)-3-hydroxybutyrate-glycerol monoester or diester.  

10 In a different embodiment of the invention, R1 is derived from an alcohol HOR1, wherein said 

alcohol is a sugar. The sugar may be selected from altrose, arabinose, dextrose, erythrose, 

fructose, galactose, glucose, gulose, idose, lactose, lyxose, mannose, ribose, ribulose, 

sucrose, talose, threose, and xylose.  

15 In cases where R1 is derived from an alcohol HOR 1 which is a polyol, the polyol may be 

selected from glycerol, ribitol and xylitol.  

In an alternative embodiment of the invention, the compound of the invention is of formula II: 

20 

CH3  0 

H 2 
H- -O -HC- c -C- -OR 1 

wherein 

- R 1 is as defined above in the first aspect of the invention; and 

25 - n is an integer of from 2 to 100.  

Preferably, n is from 2 to 50, for instance, 2 to 20, 2 to 10 or 2 to 5. The oligomer may for 

instance comprise just 2,3,4 or 5 repeating units (n = 2,3,4 or 5). The oligomer may be linear 

or cyclic in nature.  

30 
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When the compounds of the invention contain a chiral centre in addition to that depicted in the 

formulae above, the compounds may be present as racemic mixtures or pure enantiomeric 

forms.  

5 Compounds of the invention may be present as physiologically compatible salts. For instance, 

sodium, potassium, calcium or magnesium salts thereof, may be employed.  

We have found that (R)-3-hydroxybutyrate-R-1,3-butanediol monoester and (R)-3

hydroxybutyrate-glycerol partial esters provide high circulating levels of (R)-3-hydroxybutyrate 

10 in the blood. Furthermore, these esters provide a surprisingly high level of uptake in the gut, 

thereby enabling high blood concentrations of (R)-3-hydroxybutyrate to be achieved upon 

consumption of a drink.  

Accordingly, in a preferred embodiment, the invention provides a hydroxybutyrate ester or 

15 partial ester, for example (R)-3-hydroxybutyrate butane-1,3-diol monoester and (R)-3

hydroxybutyrate glycerol partial ester for use in preventing or treating overtraining in a subject.  

Particularly advantageous is (R)-3-hydroxybutyl-(R)-3-hydroxybutyrate as it allows a large rise 

in blood (R)-3-hydroxybutyrate to be achieved with oral ingestion of a smaller volume of 

20 material than with racemic ketones. A subject ingesting the material prior to, or during physical 

exercise, is more readily able to ingest adequate ketone in order to provide a physiologically 

beneficial response without risk of physical discomfort (due to for instance ingestion of a large 

volume of liquid, or a bitter/otherwise aversive flavour). The high level of blood (R)-3

hydroxybutyrate concentration also raises (R)-3-hydroxybutyrate concentrations for a longer 

25 period than ketone salts. A lower frequency of doses is then required to maintain raised (R)

3-hydroxybutyrate levels. This also facilitates compliance of the subject with dosing regimens.  

The invention relates to the prophylaxis, treatment and recovery of overtraining in a subject, 

particularly a subject suffering from overtraining syndrome. Prevention of overtraining may be 

30 regarded as a subset of treating overtraining, in the sense that the invention relates to treating 

a subject who is already on the pathway to suffering from overtraining, but is not necessarily 

showing any overt symptoms thereof.  

Compounds used in the invention can be administered to a subject to inhibit, or delay the onset 

35 of overtraining in a subject. For instance, the compounds can delay the onset of overtraining 

symptoms in subjects by at least one day, preferably at least 2,3,4,5 or 6 days, more preferably 

at least one week, typically at least 2 weeks or at least 3 weeks, compared to subjects who 

have not received the compound. The compounds can delay and/or reduce the intensity of 

8
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the symptoms of overtraining. The beneficial effects increase as the duration of the training 

overload increases in conjunction with administration of compounds of the invention.  

Compounds defined herein can also be used to decrease the loss of endurance performance 

5 typically associated with overtraining. For instance, the compounds have been shown to 

increase the power of subjects during prolonged endurance exercise and reduce the loss of 

power associated with overtraining.  

Administration of the compounds of the invention to a subject can treat the effects of 

10 overtraining in a subject. By this, we mean any of the physiological, psychological, 

immunological or biochemical alterations associated with overtraining in a subject.  

For instance, a subject who is starting to show signs of overtraining can exhibit a lower peak 

heart rate during intense exercise. The compounds of the invention have been shown to 

15 reduce this lowering of the peak heart rate. Similarly, the submaximal heart rate can be 

lowered as overtraining develops. The compounds of the invention have been shown to 

reduce this lowering of the submaximal heart rate.  

Furthermore, the compounds of the invention have been shown to increase bone 

20 mineralisation, despite an extreme training load. Accordingly, compounds of the invention can 

be used to increase or maintain bone mass during prevention or treatment of overtraining.  

By overtraining, we mean a subject presenting with underperformance during training for 

several days to weeks. The subject will typically have exceeded their body's ability to recover 

25 from strenuous exercise. The overtraining may be minor or extreme. At the minor end of the 

spectrum, the subject may have undergone overreaching, for instance, "functional 

overreaching" - a short-term overreaching resulting from increased training leading to a 

temporary performance decrement (improved performance to follow after rest).  

30 Alternatively, the subject may have undergone "non-functional overreaching" - a longer-term 

overreaching resulting from intense training leading to a longer performance decrement (full 

recovery would still follow after rest); accompanied by increased psychological and/or neuro

endocrinological symptoms.  

35 At the more extreme end of the spectrum the subject may be presenting with overtraining 

syndrome (OTS). Overtraining syndrome is consistent with extreme non-functional 

overreaching but with (1) longer performance decrement (> 2 months), (2) more severe 

9
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symptoms and maladapted physiology (psychologic, neurologic, endocrinologic, immunologic 

systems), (3) and an additional stressor not explained by disease.  

Diagnosis of OTS is clinical and accomplished through history, which should demonstrate the 

5 following: (1) decreased performance persisting despite weeks to months of recovery, (2) 

disturbances in mood, and (3) lack of signs/symptoms or diagnosis of other possible causes 

of underperformance.  

Hormones such as leptin, adiponectin and ghrelin, as well as hormones such as interleukin-6 

10 and tumour necrosis factor-alpha, have been recently investigated as possibilities for the 

monitoring of overtraining (von Duvillard S. et al; Metabolism. 2011; 60:335-50). Levels of the 

hormone leptin typically decrease when a subject enters an overtrained state. Administration 

of a compound as described herein can reduce, delay or inhibit the decrease in leptin levels 

associated with overtraining. For instance, administration of a compound as defined herein 

15 can ensure that leptin levels in a subject remain within 50%, preferably within 40% or 30%, 

more preferably within 20%, 15% or 10%, most preferably within 5% of their baseline levels in 

a subject who is overtrained. Administration can also ensure that levels of leptin return to their 

baseline levels more quickly during recovery from overtraining.  

20 The baseline levels of the subject refer to the subject's average plasma leptin reading, taken 

before the subject has entered the overtrained state. A typical plasma leptin reading for a man 

is 2.65-20.7 ng/mL. A typical plasma leptin reading for a woman is 4.7-46 ng/mL.  

Noradrenaline levels have been found to be elevated from a subject's baseline levels, when a 

25 subject enters the overtrained state. Administration of a compound as described herein can 

reduce, delay or inhibit the increase in noradrenaline levels associated with overtraining. For 

instance, administration of a compound as defined herein can ensure that noradrenaline levels 

in a subject remain within 50%, preferably within 40% or 30%, more preferably within 20%, 

15% or 10%, most preferably within 5% of their baseline levels in a subject who is overtrained.  

30 Administration can also ensure that levels of noradrenaline return to their baseline levels more 

quickly during recovery from overtraining.  

The baseline levels of the subject refer to the subject's average nocturnal urine noradrenaline 

reading, taken before the subject has entered the overtrained state. A typical urine 

35 noradrenaline reading is <170 pg /24 h (<1005 nmol/d).  
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Compounds of the invention can also stimulate training adaptation. The compounds increase 

training volume/quality while at the same time inhibiting overreaching, which ultimately leads 

to greater training adaptation and improved performance.  

5 Subjects of the invention are typically athletes. The subjects have typically reached a stage of 

"overtraining" as defined above, and may be suffering from overtraining syndrome. The athlete 

may have suffered overtraining as a result of intense exercise or training overload (for instance, 

running, cycling, swimming and/or weight training), without sufficient rest.  

10 Typically, the subject will have been training for several weeks, for instance, at least 1, 2, 3, 4, 

5 or 6 weeks, to reach the stage of overtraining.  

In order to prevent or delay the onset of overtraining, a subject may ingest the compound of 

the invention in a prophylactic manner. By this, we mean that the subject may ingest the 

15 compound on a regular basis (for instance, every morning, or before bedtime), before any 

symptoms of overtraining develop. The subject may ingest the compound more than once a 

day - for instance, twice or three times per day. Alternatively, (or as well as), the subject may 

ingest the compound before, during and/or after every training session, with or without a 

carbohydrate and/or protein-based drink.  

20 

In a different embodiment of the invention, compounds of the invention are ingested when the 

symptoms of overtraining have started to develop, as detailed above.  

Suitably the compound of the invention, preferably (R)-3-hydroxybutyrate- (R)-1,3-butanediol 

25 monoester, is ingested at a level of at least 100 mg per kilogram of body weight of ketone per 

day. Desirably, the ketone body or ketone body ester is ingested at a level adequate to provide 

a blood plasma ketone level of at least 0.1 mM, preferably at least 0.2 mM, more preferably at 

least 1 mM and optimally at least 2 mM. Suitably the ketone body or ketone body ester is 

ingested at a level such that the blood plasma ketone level does not exceed 20 mM, suitably 

30 does not exceed 10 mM or 8 mM and may not exceed 5 mM.  

The blood plasma level of ketone will depend on the body weight of the individual and we have 

found that oral administration of (R)-3-hydroxybutyrate- (R)-1,3-butanediol monoester of at 

least 300 mg per kilogram of body weight provides a blood plasma concentration of (R)-3

35 hydroxybutyrate of around 1.5 mM and administration at 500 mg/kg provides at least 3 mM 

(R)-3-hydroxybutyrate. At a dose of 1 g/kg of body weight of the subject, the blood (R)-3

hydroxybutyrate concentration is suitably at least 4 mM, preferably 5 mM. Upon oral 

administration of monoester of 1.5 g/kg of body weight of the subject, the blood (R)-3

11
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hydroxybutyrate concentration is suitably at least 7 mM, preferably at least 8mM, especially at 

least 9 mM. A dosing regime comprises multiple drinks consumed separately.  

Blood levels of (R)-3-hydroxybutyrate may be determined by commercially available testing 

5 kits, for example, (R)-3-hydroxybutyrate can be measured on whole blood using a handheld 

monitor and reagent strips (Precision Xtra, Abbott Diabetes Care, UK).  

The compound of the invention may be used to treat a healthy subject to reduce the effects of 

overtraining.  

10 

Compounds for use of the invention may be included with nutritional compositions. Suitably 

the nutritional composition comprises water and a source of (R)-3-hydroxybutyrate. Preferably, 

the composition comprises an ester of (R)-3-hydroxybutyrate, a flavouring and optionally one 

or more of a protein, carbohydrate, sugars, fat, fibre, vitamins and minerals. Suitably, the 

15 flavouring may comprise a fruit-based flavouring. In one embodiment, the flavouring is suitably 

bitter, for example coffee, chocolate, and cranberry. A bitter flavouring may be combined with 

other flavourings such as fruit based flavourings, for example grapefruit, raspberry and 

cranberry.  

20 Compounds for use of the invention are preferably administered together with one or more 

carbohydrates and/or proteins and/or amino acids.  

Compositions for use of the invention may comprise mixtures of isomers of the compounds 

defined herein.  

25 

The composition is suitably organoleptically acceptable. By "organoleptically acceptable" we 

mean that the composition must possess acceptable sensory properties of taste, colour, feel 

and odour.  

30 The composition may comprise a mid-chain triglyceride (MCT). If present, the mid-chain 

triglyceride preferably comprises a mid-chain triglyceride having a formula CH 2R- CH2Rb 

CH 2Re wherein Ra, Rb and R. are fatty acids having 5 to 12 carbon atoms. Suitably, Ra, Rb, 

and Rc are fatty acids containing a six-carbon backbone (tri-C6:0) as tri-C6:O MCTs are 

reported to be absorbed very rapidly by the gastrointestinal tract.  

35 

The composition of the invention may comprise L-carnitine or a derivative of L-carnitine.  

Examples of derivatives of L-carnitine include decanoylcamitine, hexanoylcarnitine, 

caproylcarnitine, lauroylcarnitine, octanoylcarnitine, stearoylcarnitine, myristoylcarnitine, 

12
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acetyl-L-carnitine, O-Acetyl-L-carnitine, and palmitoyl-L-carnitine. Where a carnitine is 

employed, suitably the composition of the invention comprises i) a ketone body, preferably a 

ketone monoester, more preferably a (R)-3-hydroxybutyrate monoester and ii) L-carnitine or a 

derivative of L-carnitine and optionally an MCT.  

5 

A suitable dosage of L-carnitine would be, for instance, 2 portions of 2000mg L-carnitine

tartrate per day. The L-carnitine may be administered together with carbohydrates and/or 

protein. The L-carnitine may be administered for a relatively long period of time, for instance, 

6 months or more.  

10 

Where MCT and L-carnitine or its derivative is employed, suitably the MCT is emulsified with 

the carnitine. Preferably 10 to 500 g of emulsified MCT is combined with 10 to 2000 mg of 

carnitine for example 50 g MCT (95% triC8:0) emulsified with 50 g of mono- and di-glycerides 

combined with 500 mg of L-carnitine. Preferably the level of the source of (R)-3

15 hydroxybutyrate is greater than the level of the MCT.  

Compositions according to the invention may be provided in any suitable form, including a 

solid, for example a powder, tablet, bar, confectionary product or a granule, a liquid, for 

example a beverage, a gel, a capsule or any other conventional product form. Thecomposition 

20 may be a food product, food supplement, dietary supplement, functional food or a nutraceutical 

or a component thereof.  

Examples of food products into which the composition may be incorporated as an additive 

include snack bars, cereals, confectionery and probiotic formulations including yoghurts.  

25 Examples of beverages include soft beverages, alcoholic beverages, energy beverages, dry 

drink mixes, nutritional beverages and herbal teas for infusion or herbal blends for decoction 

in water.  

A nutraceutical is a food ingredient, food supplement or food product, which is considered to 

30 provide a medical or health benefit, including the prevention and treatment of disease. In 

general, a nutraceutical is specifically adapted to confer a health benefit on the consumer. A 

nutraceutical typically comprises a micronutrient such as a vitamin, mineral, herb or 

phytochemical at a higher level than would be found in a corresponding regular food product.  

That level is typically selected to optimise the intended health benefit of the nutraceutical when 

35 taken either as a single serving or as part of a diet regimen or course of nutritional therapy.  

The compound of the invention is typically formulated as a food or nutraceutical.  

13
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When in solid form, the composition suitably comprises at least 5% by weight of the compound 

of the invention, which is preferably an ester, more preferably at least 10% by weight and up 

to 95% by weight of the composition. Whilst a level of 15 to 30% by weight of a dry composition 

may be suitable, for example where the composition is a dry powder intended for use with a 

5 liquid to produce a liquid composition, a solid bar or product form suitably comprises from 30 

to 95%, especially 50 to 95% by weight of the composition.  

When the composition is in solid form the composition may further comprise one or more of 

the following components: 

10 - a diluent for example lactose, dextrose, saccharose, cellulose, corn starch or potato starch; 

- a lubricant for example silica, talc, stearic acid, magnesium or calcium stearate and/or 

polyethylene glycols; 

- a binding agent for example starches, arabic gums, gelatin, methylcellulose, 

carboxymethylcellulose, or polyvinyl pyrrolidone; 

15 - a disintegrating agent such as starch, alginic acid, alginates or sodium starch glycolate; 

- an effervescing agent; 

- a dyestuff; 

- a flavouring; 

- a wetting agent, for example lecithin, polysorbates, lauryl sulphates; and/or 

20 - a carrier.  

Where the composition is in liquid form, the composition suitably comprises a compound of the 

invention at a level of at least 1%, for example 3 to 40% by weight of the liquid composition, 

but may be higher, for example up to 50% by weight of the composition, depending on whether 

25 the composition is intended to be taken as a single dose or in multiple smaller doses to reach 

the desired blood ketone level.  

The composition in liquid form may comprise several liquid components that are suitably 

blended together or may comprise liquid and solid components that are mixed with or dissolved 

30 in the liquid component as appropriate. In one embodiment, a dry composition comprising the 

ketone is diluted with a suitable liquid, for example water, fruit juice, yoghurt or milk, preferably 

at a ratio of 1:1 to 1:10, more preferably 1:3 to 1:7 of dry composition to liquid.  

The composition may be provided, as desired, as a liquid product in a form ready for 

35 consumption or as a concentrate or paste suitable for dilution on use. The diluent for use with 

the liquid composition is preferably milk, fruit juice or water.  
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If desired, the composition may also be provided in encapsulated form, provided that the 

encapsulation material and the quantity in which it is used is suitable for safe human 

consumption.  

5 The invention provides in further aspect a kit comprising a compound in accordance with the 

first aspect of the invention, preferably an ester, or a composition according to the invention, 

and a ketone monitor and optionally instructions as to the level of product to consume per unit 

body weight and a dosage regimen to prevent or treat overtraining. Suitably, the user 

consumes the product and may then periodically test their blood plasma ketone level to 

10 determine whether further ingestion of ketone is required to reach or to maintain a desired 

blood plasma ketone level.  

One aspect of the invention provides compounds of the invention as defined above in a 

pharmaceutical composition, optionally togetherwith one or more pharmaceutically acceptable 

15 excipients.  

Compounds of the invention may be present as pharmaceutically acceptable salts. As used 

herein, a pharmaceutically acceptable salt is a salt with a pharmaceutically acceptable acid or 

base. Pharmaceutically acceptable acids include both inorganic acids such as hydrochloric, 

20 sulphuric, phosphoric, diphosphoric, hydrobromic or nitric acid and organic acids such as citric, 

fumaric, maleic, malic, ascorbic, succinic, tartaric, benzoic, acetic, methanesulphonic, 

ethanesulphonic, benzenesulphonic or p-toluenesulphonic acid. Pharmaceutically acceptable 

bases include alkali metal (e.g. sodium or potassium) and alkali earth metal (e.g. calcium or 

magnesium) hydroxides and organic bases such as alkyl amines, aralkyl amines and 

25 heterocyclic amines.  

Compounds of the invention may be present as solvates. The term "solvate" refers to a 

complex or aggregate formed by one or more molecules of a solute, i.e. compounds of the 

invention or pharmaceutically-acceptable salts thereof, and one or more molecules of a 

30 solvent. Such solvates are typically crystalline solids having a substantially fixed molar ratio 

of solute and solvent. Representative solvents include by way of example, water, methanol, 

ethanol, isopropanol, acetic acid, and the like. When the solvent is water, the solvate formed 

is a hydrate.  

35 The compounds of the invention contain a chiral center. Accordingly, they can be used in the 

form of a racemic mixture, an enantiomer, or a mixture enriched in one or more stereoisomer.  

The scope of the invention as described and claimed encompasses the racemic forms of the 
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compounds of the invention as well as the individual enantiomers, and stereoisomer-enriched 

mixtures.  

It will be appreciated that the term "or a pharmaceutically acceptable salt or solvate thereof" is 

5 intended to include all permutations of salts and solvates, such as solvates of 

pharmaceutically-acceptable salts of compounds of the invention.  

The pharmaceutical composition of the invention comprises a compound of the invention 

optionally admixed with one or more pharmaceutically acceptable diluents, excipients or 

10 carriers. Even though the compounds of the present invention (including their 

pharmaceutically acceptable salts, esters and pharmaceutically acceptable solvates) can be 

administered alone, they will generally be administered in admixture with a pharmaceutical 

carrier, excipient or diluent, particularly for human therapy. The pharmaceutical compositions 

may be for human or animal usage in human and veterinary medicine.  

15 

Examples of such suitable excipients for the different forms of pharmaceutical compositions 

described herein may be found in the "Handbook of Pharmaceutical Excipients, 2 nd Edition, 

(1994), Edited by A Wade and PJ Weller.  

20 Compositions of the invention (both pharmaceutical and nutritional) may comprise an 

adsorbent that is pharmaceutically acceptable. Suitably the adsorbent adsorbs the compound 

of the invention in or on the adsorbent. Advantageously, the flavour of the compound (which 

may be aversive to taste) is experienced to a lesser degree by the user than would be 

experienced on consumption of the same composition without the adsorbent. Preferably the 

25 adsorbent comprises a lattice or voids capable of retaining the compound of the invention. Any 

adsorbents used or known for use in food products may be employed. Examples of suitable 

adsorbents include a polymer hydrogel, for example a polymer of a crosslinked 

polycarboxylate homopolymer or copolymer, a clathrate, a cyclic oligosaccharide, for example 

cyclodextrins, and milk powder. The adsorbent may be present at any desired level according 

30 to the particular formulation and may be from 5% to 80% by weight of the composition, for 

example from 10 to 50%.  

Typically, the subject of the invention is a mammal, for instance, a human.  

35 Typically, use of the invention involves administering compounds orally, parenterally or 

intravenously. Oral administration is preferred.  
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The present invention also provides a compound, as defined herein, in substantially pure form 

or in association with one or more pharmaceutically acceptable diluents or carriers for use in 

a method of preventing or treating overtraining in a subject.  

5 As used herein, the term "substantially pure form" typically refers to a compound at a purity of 

50% or greater, preferably 75% or greater, more preferably 90% or greater, even more 

preferably 95% or greater, and most preferably 99% or greater.  

The invention is described by reference to the following non-limiting Example.  

10 

EXAMPLE 

Effect of ketones on exercise-induced musculoskeletal and hormonal dysregulation 

15 Subjects 

Healthy male subjects (n = 24) were recruited. The males were aged between 18 and 30 years 

old, were physically fit and regularly involved in physical activity and had good health status 

confirmed by medical screening.  

20 Table 1 shows an overview of the study design (A) and familiarisation sessions (B).  

Table 1A: STUDY DESIGN 
Post

Pre-test 3 weeks supervised 
(-)3 weeks (-2) weeks (-1) week test 

week overload period week 

Training (6 days/week 12 

Sport Familiarisation Pre-test sessions/week) Ketone ester Post-test 
medical REST 

sessions week or placebo (control) after each week 

session and pre-sleep 

Table 1B: FAMILIARIZATION 
Dayl Day2 Day3 Day4 Day5 Day6 Day7 

TT30min TT30min 
VO2 max test REST REST REST REST 

W30s W30s 

Cycling TT30min = 30 min Cycling Time-Trial; W3os= 30s all-out sprints.  

A randomized placebo-controlled (ketone ester versus placebo) intervention study was 

25 performed. The study involved a pretest and a posttest with a 3-week training overload period 
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in between (Table 1A). During this 3-week period, subjects received either ketone ester or an 

isocaloric placebo (long chain triglyceride) after each training session and 30 minutes before 

sleep. The conditions were blinded to both the subjects and the investigators until completion 

of all the experiments.  

5 

Three weeks prior to the start of the study, subjects underwent a sport medical screening by a 

certified sports physician. One week later, the subjects participated in three familiarization 

sessions (Table 1B) to get familiarwith the experimental procedures. In the first familiarization 

session, the subjects performed a maximal incremental VO2max test on a cycle ergometer 

10 (Avantronic Cyclus II, Leipzig, Germany). The initial workload was set at 60 W and increased 

by 30 W per min until volitional exhaustion. Respiratory gas exchange was measured 

continuously during the test (Cortex Metalyzer II, Leipzig, Germany), and the highest oxygen 

uptake measured over a 30-s period defined as the maximal oxygen uptake (VO 2max). Two 

days later, the subjects participated in a second and third familiarization session with a 48-h 

15 interval in between. In each of these sessions, they performed a 30-min simulated time trial 

(TT30min) on the cycle ergometer. Following 15 min of active recovery (cycling @ 50W), 

subjects performed a 30-s all-out sprint (W30s), with cadence fixed at 100 rev.min-1. Mean 

power output registered in the latter TTomin was used as the initial workload for the TT30min in 

the experimental sessions. Subjects were assigned to either of the two groups using a 1:1 (1 

20 KE vs. 1 placebo) stratified, simple randomisation procedure using the following strata:V0 2 

max, mean power output, as well as body mass and height. Randomisation was performed to 

ensure double blindness.  

Pretest 

25 The subjects were instructed to refrain from any strenuous physical activity for at least 48 h 

prior to the pretest. In order to avoid differences in initial muscle glycogen concentration 

between the pretest and posttest, the subjects received detailed dietary instructions. In 

addition, on the evening before each experimental session, the subjects received a 

standardized carbohydrate-rich meal (1500 kcal of which 70 E% carbohydrates, 20 E% 

30 protein, 10 E%fat). Nextmorning upon arrival inthe laboratory they consumed a standardized 

carbohydrate-rich breakfast containing -750 kcal (70 E% carbohydrates, 20 E% protein, 10 

E% fat). Following breakfast, the subjects rested for two hours.  

For the first experimental session, after a 10-min warming up (5 min at 100 W, plus 5 min at 

35 150 W), the subjects performed a TT30min. During the first 5 minutes (t0-t5), the workload was 

set equal to the mean power output achieved during the TT30min in the last familiarization 

session. From t5 to t25, the subjects adjusted the workload at 5-min intervals according to their 

subjective perception of fatigue. From t25 to t30, 1-min adjustments were allowed so as to be 
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able to establish full exhaustion by the end of the TT. Immediately after completion of the TT, 

subjects (1) scored the rate of perceived exertion on a 15-point Borg scale and completed a 

gastrointestinal symptom questionnaire. Following 15 min of active recovery (cycling @50W), 

subjects performed a W30s. One day later, the subjects returned to the laboratory for the 

5 second experimental session. During this session a VO2max test was performed. Initial 

workload was set at 60W and is increased by 30W per min until volitional exhaustion or failure 

to maintain cadence > 65 rpm.  

3-week training overload period 

10 Following the pre-test, participants were enrolled in a 3-week supervised and fully-controlled 

exercise training program. Each week of the training program consisted of six training days 

with an interval training in the morning and an endurance training in the evening, for a total of 

twelve training sessions per week (Table 2).  

15 Table 2: Overview of the different training sessions during one week of the 3-week supervised 

overload period 

Day1 Day2 Day3 Day4 Day5 Day6 Day7 

4-6 x 30 5 x 6 min 4-6 x 5x6min 4-6 x 30 5x6min 

sec MAX @85% 30sec @85% sec MAX @ 85% 

AM + VO2max + MAX + VO2max + + VO2max + REST 

4 min 8 min 4 min 8 min 4 min 8 min 

recup recup recup recup recup recup 

150 min 150 min 150 min 150 min 150 min 150 min 

PM @65% @65% @65% @65% @65% @65% REST 

VO 2max VO2max VO 2max VO2 max VO2max VO 2max 

Each training session started with a standardized 10-min warming-up (5 min at 100 W, plus 5 

min at 150 W), and ended with a 10-min cooling-down at 50W. As shown in Table 2, the 

20 training following the warming-up consisted of either a high-intensity interval-training session 

(HIIT) involving 30-s maximal sprints followed by 4-min active recovery at 50W (Mon, Wed, 

Fri), or a high-intensity intermittent endurance training session involving 5x 6-min of cycling at 

high intensity blocks (85% VO 2max) followed by 8-min active recovery @ 50% of VO 2max 

(Tue, Thu, Sat). The number of maximal sprints in the HIIT sessions increased from 4 in week 

25 1, to 5 in week 2 and 6 in the final week. Endurance sessions were performed in the evening 

and consisted of 150 min of cycling at 65% VO 2max. During the 3-week training period the 

subjects abstained from any exercise other than the exercise prescribed by the study protocol.  
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On day 12 of the training overload period, the AM training session was replaced by an 

experimental session identical to the first experimental session of the pretest. Briefly, subjects 

performed a TT30min immediately followed by completion of the 15-point Borg scale and a 

gastrointestinal symptom questionnaire. Following 15 min of active recovery (cycling @ 50W), 

5 subjects performed a W3os.  

Post-test 

One day after the last training session of the 3-week training period, the subjects participated 

in the post-test, which was identical to the pre-test.  

10 

Follow-up sessions during recovery 

After the posttest the subjects were instructed to abstain from training for a week. After 3 and 

7 days in this recovery period a number of measurements that were done in the pretest and 

the posttest were repeated.  

15 

Ketone and placebo supplements 

Immediately following each training session and 30 min before sleep, subjects received a 

recovery drink (6D Recovery Shake, Medix, Oudenaarde, Belgium) containing 1g 

carbohydrates per kg body weight, plus 0.35 g whey protein isolate per kg body weight.  

20 Additionally, subjects received 0.35g per kg body weight of a ketone ester drink or an isocaloric 

placebo (PL; long chain triglycerides) as a separate drink to be ingested together with the 

carbohydrate/protein recovery drink. The ketone ester supplement (AG@) delivered pure D-p

hydroxybutyrate-R 1,3 butanediol monoester. These nutritional supplements have been 

extensively tested before (see for instance Cox et al; Cell Metab 24: 256-268, 2016).  

25 

Details of measurements 

Blood samples 

Blood samples (2 x 5ml) were taken from an arm vein by use of the Venoject@ system into BD 

Vacutainer@ tubes. Samples were taken immediately before and 2h after TT30min in the pre

30 and posttest, and in the fasted state at day 1, 4, 8, 11, 15 and 18 during the training-overload 

period. Plasma was immediately separated by centrifugation. Serum and plasma samples 

were used to evaluate chemical markers using High Sensitivity ELISA kits.  

Furthermore, during TT 30min small capillary blood samples (5 pl) were collected at 5-min time 

35 intervals via a small puncture in the earlobe. These microsamples were immediately analyzed 

for blood lactate concentration (Lactate Pro@, Arkray, Kyoto, Japan), blood glucose and SHB 

levels (GlucoMen Lx plus- meter with Lx glucose or Lx p-ketone strips, Menarini Diagnostics, 

Firenze, Italy).  
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Urine samples 

Total nocturnal urine (10pm to 8am) was collected during the night before each experimental 

session in flasks prepared with 10ml hydrochloric acid. Urinary volume output was noted and 

5 an aliquot of the well-mixed samples was stored at -80°C until assayed in a single run for 

noradrenaline concentration using a commercially available enzyme linked immunosorbent 

assay (ELISA) (BA E-5400, LDN, Nordhorn, Germany).  

Results 

10 The results are demonstrated in the accompanying figures.  

Figure 1 illustrates ketone (p-hydroxybutyrate) levels in blood samples taken before exercise, 

immediately after exercise and 30 minutes following ingestion of either a ketone ester or a 

placebo drink. Samples were taken on days 6, 13 and 20. Blood p-hydroxybutyrate levels are 

15 shown to be significantly higher following ingestion of the ketone ester drink. Ketone ester 

intake consistently elevated blood (R)-3-hydroxybutyrate to -2-3 mmol/L 30 minutes post 

exercise.  

Figure 2 shows the 30-minute time trial performances at different time points, from pre-test, 

20 weeks 1 and 2, post-test and follow-up sessions 3 and 7 days after the posttest, respectively.  

Figure 2A shows the average power (W) during the 30 minute time trials, whereas Figure 2B 

shows the increase, from pre-test values, in power during the 30 minute time trials. Average 

power was significantly higher at the post-test and follow-up 1 times for the ketone ester group.  

Following 1 week of tapering after a 3-week training overload period, power output was 

25 increased by -8% in the ketone ester group, but not in the placebo group.  

Figure 3 illustrates the 30 minute time trial performance results at the end of a 120 minute 

constant-load endurance training session at day 18 of the training period. Average power was 

significantly higher for the ketone ester vs. placebo group. Before training, performance was 

30 similar between the groups. However, on day 18 and compared with a placebo drink, ingestion 

of ketone ester increased mean power output by -15%.  

Figure 4 shows the peak heart rate during 90 second all-out isokinetic sprints at different time 

points during the experiment. Figure 4A gives the absolute values, and Figure 4B gives the 

35 decrease in heart rate (A) from the pre-test values. During the experiment, there was a decline 

in maximum heart rate in all subjects, which was particularly marked by week 3 (and 

demonstrates that the subjects were suffering from overreaching/overtraining). However, the 

decline in maximum heart rate was significantly less for the subjects ingesting the ketone ester 
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drink. Compared with a placebo drink, the decrement of maximal heart rate, which is a primary 

symptom of overreaching/overtraining, was inhibited by ketone ester intake during a 3-week 

training overload period.  

5 Figure 5 shows the change in the submaximal heart rates vs. the pre-test heart rates, which 

declined in all subjects during the experiment, but was significantly less in the ketone group.  

Decrease of heart rate for a given submaximal workload in well-trained individuals is a typical 

symptom of overtraining. Compared with a placebo drink, ketone ester intake inhibited the drop 

in submaximal heart rate during a 3-week training overload period.  

10 

Figure 6 shows the results of DXA scans, pre- and post-test, on the % body fat (Figure 6A), 

change in bone mineral content (Figure 6B) and change in lean body mass (Figure 6C).  

Percentage body fat decreased from the pre-to post test states for all subjects, as would be 

expected. The lean body mass increased to the same extent in both groups. Interestingly, 

15 subjects who drank the ketone ester had increased bone mineral content in the post-test 

compared to placebo (Figure 6B). Loss of bone mineral mass is a typical symptom of 

endurance training overload, particularly in non weight-bearing sports such as cycling and 

swimming. Compared with placebo, ketone ester intake did not alter changes in body fat and 

lean body mass during a 3-week training overload period, yet increased bone mineral content.  

20 

Figure 7 shows that subjects on ketone ester spontaneously increased their energy intake as 

energy expenditure in training was increased from week 1 to week 3, whilst in placebo energy 

intake was stable. Training load was gradually increased during a 3-week training overload 

period. Opposite to subjects on placebo, subjects on ketone ester spontaneously increased 

25 their daily energy intake to compensate for increasing energy expenditure in training.  

Figure 8 shows leptin levels over time. Leptin plays an important role in body weight and 

energy balance control. From the pretest to the posttest leptin levels significantly dropped in 

the placebo group, whilst they were constant in the ketone group. Leptin levels were higher at 

30 all timepoints after the pretest for the ketone ester group, compared to the placebo. This may 

indicate that ketone ester intake may contribute to maintain a hormonal milieu that facilitates 

to match energy intake to energy expenditure during episodes of strenuous 

training/overtraining.  

35 Figure 9(b) shows urinary total nocturnal noraderenaline excretion before and during the 3

week overreaching/overtraining period. Noradrenaline excretion was consistently elevated in 

placebo, but was stable at baseline levels in the ketone group. This indicates that the 
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overtraining programme increased sympathetic tone in placebo but not in subjects receiving 

ketones. Figure 9(a) illustrates the results for adrenaline and shows a similar pattern.  

Figure 10 shows work per week of the ketone ester and placebo groups, and Figure 11 shows 

5 the work for each training session for the ketone ester and ketone groups. Regarding the 

training loads, there was no difference between the placebo and ketone groups in weeks 1 

and 2, but by week 3 the training load was definitely higher in the ketone group than in placebo.  

In fact, from day 20 workload effected during each single training session was higher in the 

ketone group. Nonetheless, the ketone ester group was less overtrained by the end of the 

10 training period. Thus they were able to train more while developing less symptoms of fatigue 

and overreaching.  
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CLAIMS 

1. A method of treating overtraining syndrome in a subject suffering from overtraining 

syndrome, comprising administering to the subject in need thereof a compound, 

wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

2. Use of a compound in the manufacture of a medicament for treating overtraining 

syndrome in a subject suffering from overtraining syndrome, wherein the compound 

is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

3. A method of treating overtraining syndrome in a subject suffering from overtraining 

syndrome, comprising administering to the subject in need thereof a pharmaceutical 

composition comprising a compound and optionally one or more pharmaceutically 

acceptable excipients, wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

4. Use of a pharmaceutical composition in the manufacture of a medicament for treating 

overtraining syndrome in a subject suffering from overtraining syndrome, wherein the 

pharmaceutical composition comprises a compound and optionally one or more 

pharmaceutically acceptable excipients, and wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 
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(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

5. A method of treating overtraining syndrome in a subject suffering from overtraining 

syndrome, comprising administering to the subject in need thereof a nutritional 

composition comprising a compound and optionally further comprising water and one 

or more of a flavouring, a protein, carbohydrate, sugars, fat, fibre, vitamins and 

minerals, wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

6. Use of a nutritional composition in the manufacture of a medicament for treating 

overtraining syndrome in a subject suffering from overtraining syndrome, wherein the 

nutritional composition comprises a compound and optionally comprises water and 

one or more of a flavouring, a protein, carbohydrate, sugars, fat, fibre, vitamins and 

minerals, wherein the compound is selected from: 

(i) (R)-3-hydroxybutyrate; 

(ii) an ester of (R)-3-hydroxybutyrate; and 

(iii) an oligomer obtainable by oligomerising (R)-3-hydroxybutyrate moieties; 

or a pharmaceutically acceptable salt or solvate thereof.  

7. Method according to claim 5 or use according to claim 6, wherein the nutritional 

composition further comprises a mid chain triglyceride, preferably wherein the mid 

chain triglyceride has formula CH 2Ra-CH2Rb-CH 2Rc wherein Ra, Rb and Rc are fatty 

acids having 5 to 12 carbon atoms.  

8. Method according to any one of claims 1, 3, 5 and 7, or use according to any one of 

claims 2, 4, 6 and 7, wherein the ester of (R)-3 hydroxybutyrate is a compound of 

general formula 1: 
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OH 0 

OR1 

wherein 

- R 1 is a C1-C alkyl group, which alkyl group carries up to five -OR2 substituents, 

wherein R2 represents hydrogen, or C1-C alkyl or wherein -OR2 represents a (R)-3

hydroxybutyrate moiety; or 

- R 1 is a moiety derived from an alcohol HOR 1, wherein said alcohol is a sugar.  

9. Method according to any one of claims 1, 3, 5, 7 and 8, or use according to any one 

of claims 2, 4 and 6 to 8, wherein R1 is a C1-C alkyl group substituted with 1, 2 or 3 

OR2 substituents.  

10. Method or use according to claim 8 or 9 wherein R 2 is H.  

11. Method or use according to any one of claims 8 to 10, wherein when R1 has the 

formula -CH2-CH(OH)-CH 2(OH) or -CH 2-CH 2-CH(OH)-CH 3.  

12. Method or use according to claim 8 wherein R1 is a moiety derived from an alcohol 

HOR 1, wherein said alcohol is a sugar selected from altrose, arabinose, dextrose, 

erythrose, fructose, galactose, glucose, gulose, idose, lactose, lyxose, mannose, 

ribose, ribulose, sucrose, talose, threose, and xylose.  

13. Method according any one of claims 1, 3, 5 and 7 or use according to any one of 

claims 2, 4, 6 and 7, wherein the oligomer is a compound of formula 1l: 

CH 3  0 

H2 
H- -O-HC- C -C- -OR 1 

n 

II 

wherein 

- R 1 is as defined in any one of claims 2 to 6; and 

- n is an integer of from 2 to 100.  
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14. Method according to any one of claims 1, 3, 5 and 7 to 11, or use according to any 

one of claims 2, 4 and 6 to 11, wherein the compound is (R)-3-hydroxybutyrate (R)

1,3-butanediol monoester of formula: 

OH 0 OH 

15. Method according to any one of claims 1, 3, 5 and 7 to 14, or use according to any 

one of claims 2, 4 and 6 to 14, wherein the treating comprises treating one or more 

of the physiological, psychological, immunological or biochemical alterations 

associated with overtraining in the subject.  

16. Method or use according to claim 15, wherein the treating further comprises delaying 

or inhibiting the increase in noradrenaline levels associated with overtraining in the 

subject.  

17. Method according to any one of claims 1, 3, 5 and 7 to 16, or use according to any 

one of claims 2, 4 and 6 to 16, wherein the treating comprises delaying the onset of 

symptoms of overtraining by at least one day, preferably at least two, three, four, five 

or six days, more preferably at least one week, preferably at least 2 weeks, more 

preferably at least 3 weeks.  

18. Method according to any one of claims 1, 3, 5 and 7 to 17, or use according to any 

one of claims 2, 4 and 6 to 17, wherein the treating comprises reducing the loss of 

power associated with overtraining.  

19. Method according to any one of claims 1, 3, 5 and 7 to 18, or use according to any 

one of claims 2, 4 and 6 to 18, wherein the treating comprises increasing or 

maintaining bone mineral content.  

20. Method according to any one of claims 1, 3, 5 and 7 to 19, or use according to any 

one of claims 2, 4 and 6 to 19, wherein the subject is an athlete, preferably an 

endurance athlete.  

27



WO 2020/070506 PCT/GB2019/052797

1/9

4

Ketone

Placebo

3
* #

* #
* #

2

1

0

Day 6 Day 13 Day 20

*
p< 0.05 Ket VS. Plac (group-effect)

# p< 0.05 VS. pre-ex (time-effect)

FIG. 1



WO 2020/070506 PCT/GB2019/052797

2/9

260
30' TT

Ketone

Placebo

§

240
# #

#

220

200

180

Pretest

FIG. 2A

120 30' TT

115

# #
110

#

105 I

100

95

90

Prefest

* P < 0.05 Ket VS. Plac (group-effect)

# P < 0.05 VS. pretest (time effect for K groups)

§ P < 0.05 VS. pretest (time effect for P groups)

FIG. 2B



WO 2020/070506 PCT/GB2019/052797

3/9

30' TT end of endurance training

250
*

200

150

100

50

0

Ketone Placebo

FIG. 3



WO 2020/070506 PCT/GB2019/052797

4/9

HRmax
Ketone

200
Placebo

190
#

#
§

§
§ T

I
180

170

FIG. 4A

0
HRmax

§ §
#

#
§

-5
#

-10

-15

-20

* P < 0.05 Ket VS. Plac (group-effect)

# P < 0.05 VS. pretest (time effect for K groups)

§ P < 0.05 VS. pretest (time effect for P groups)

FIG. 4B



WO 2020/070506 PCT/GB2019/052797

5/9

Ketone

Placebo

Asubmaximal HR vs. pretest

5

0

*

I
*

-5

HOT

-10

-15

-20

* P < 0.05 Ket VS. Plac (group-effect)

FIG. 5



O Ketone

% fat

Placebo

20

ABMC

40

§

Lean mass

15

2000

#

30

10

20

1500

10

5

1000

0

0

-10

500

-20

Prefest

Ketone

0

Placebo

Ketone

Placebo

*

P < 0.05 Ket VS. Plac (group-effect)

# P < 0.05 VS. pretest (time effect for K groups)§ P < 0.05 VS. pretest (time effect for P groups)

FIG. 6A

FIG. 6B

FIG. 6C



WO 2020/070506 PCT/GB2019/052797

7/9

Food intake
Ketone

5000 Placebo

4000

3000

2000

1000

0

FIG. 7

500 Ketone

Placebo

400 I

300

200

100

0

Follow

§ p< 0.05 VS. pretest (time effect for P groups)

FIG. 8



WO 2020/070506 PCT/GB2019/052797

8/9

80

60
Ketone

Placebo

40

20

0

*
p< 0.05 Ket VS. Plac (group-effect)

§ p< 0.05 VS. pretest (time effect for P groups)

FIG. 9A

150

100

I

50

0

Follow

FIG. 9B



WO 2020/070506 PCT/GB2019/052797

9/9

Work per Week
15000

KE
PL

10000

5000

0
1 2 3

Week

FIG. 10

KE
Work for each training session

PL

2000

1500

1000

500

0
3 4 5 6 7 8 9 10111213141516171819202122232425 262728

Training

FIG. 11


	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

