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DESCRIPTION

[0001] This application claims priority to United States Patent Application Serial No. 61/287,857 filed December 18 2009.

Eield of the Invention

[0002] The invention relates generally to a more efficient and more effective delivery system for B-Hydroxy-p-methylbutyrate (HMB) and more
specifically to administration of HVIB free acid resulting in a more efficient and more effective way of administrating HVB over administration of a
similar dosage of the calcium salt form of HMB (CaHVB).

Background of the Invention

[0003] HMB has been found to be useful within the context of a variety of applications. Specifically, in U.S. Patent No. 5,360,613 (Nissen), HVB
is described as useful for reducing bload levels of total cholesterol and low-density lipoprotein cholesterol. In U.S. Patent No. 5,348,979 (Nissen
et al.), HVB is described as useful for promoting nitrogen retention in humans. U.S. Patent No. 5,028,440 (Nissen) discusses the usefulness of
HMB to increase lean tissue development in animals. Alsg, in U.S. Patent No. 4,992,470 (Nissen), HVB is described as effective in enhancing the
immune response of mammals. U.S. Patent No. 6,031,000 (Nissen et al.) describes use of HMB and at least one amino acid to treat disease-
associated wasting. In U.S. Patent No. 6,103,764, HVB is described as increasing the aerobic capacity of muscle of an animal without a
substantial increase in the mass of the muscle. In addition, HVB has been described as useful for improving a human's perception of his
emotional state in U.S. Patent No. 6,291,525.

[0004] HMB has been shown to have positive effects on maintaining and increasing lean muscle mass in cancer cachexia and AIDS wasting. In
addition, a positive effect on muscle damage and the resulting inflammatory response caused by exercising which leads to muscle soreness,
strength loss, and an increase in pro-inflammatory cytokines is seen with use of HVIB.

[0005] It has previously been observed that HMB alone or in combination with other amino acids is an effective supplement for restoring muscle
strength and function in young athletes. Further, it has been observed that HMB in combination with two amino acids, arginine and lysine, is
effective in increasing muscle mass in elderly persons.

[0006] HMB is an active metabolite of the amino acid leucine. The use of HVIB to suppress proteolysis originates from the observations that
leucine has protein-sparing characteristics (18; 24). The essential amino acid leucine can either be used for protein synthesis or transaminated
to the a-ketoacid (a-ketoisocaproate, KIC) (24). In one pathway, HVB is formed in the liver via oxidation of the leucine transamination product a-
ketoisocaproate. Approximately 5% of leucine oxidation proceeds via this pathway (28). HMB is superior to leucine in enhancing muscle mass
and strength. The optimal effects of HMB can be achieved at 3.0 grams per day, or 0.038g/kg of body weight per day, while those of leucine
require over 30.0 grams per day (29).

[0007] Once produced or ingested, HMB appears to have two fates. The first fate is simple excretion in urine. After HVIB is fed, urine
concentrations increase, resulting in an approximate 20-50% loss of HVB to urine (26; 52). Another fate relates to the activation of HVMB to HVB-
CoA (4; 6; 16; 17, 20; 35; 36; 41; 43; 54). Once converted to HMB-CoA, further metabolism may occur, either dehydration of HMB-CoA to MC-
CoA, or a direct conversion of HMB-CoA to HMG-CoA (42), which provides substrates for intracellular cholesterol synthesis. Several studies have
shown that HVIB is incorporated into the cholesterol synthetic pathway (2-4; 16) and could be a source of cholesterol for new cell membranes
that are used for the regeneration of damaged cell membranes (29). Human studies have shown that muscle damage following intense exercise,
measured by elevated plasma CPK (creatine phosphokinase), is reduced with HMB supplementation. The protective effect of HMB has been
shown to manifest itself for at least three weeks with continued daily use (14; 22; 23).

[0008] In vitro studies in isolated rat muscle show that HMB is a potent inhibitor of muscle proteolysis (32) especially during periods of stress.
These findings have been confirmed in humans; for example, HVB inhibits muscle proteolysis in subjects engaging in resistance training (26).
The results have been duplicated in many studies (14; 22; 33; 46; 53) (9-11; 47; 48; 48) In C2C12 muscle cells, HVB attenuates experimentally-
induced catabolism (e.g..

[0009] The molecular mechanisms by which HVB decreases protein breakdown and increases protein synthesis have been reported (10; 44). In
mice bearing the MAC16 cachexia-inducing tumor, HVB attenuated protein degradation through the down-regulation of key activators of the
ubiquitin-proteasome pathway (47). Furthermore, HMB attenuated proteolysis-inducing factor (PIF) activation and increased gene expression of
the ubiquitin-proteasome pathway in murine myotubes, thereby reducing protein degradation (48). PIF inhibits protein synthesis in murine
myotubes by 50% and HMB attenuates this depression in protein synthesis (9). Eley et al demonstrated that HVIB increases protein synthesis by
a number of mechanisms, including the down-regulation of eukaryotic initiation factor 2 (elF2) phosphorylation through an effect on dsRNA-

dependant protein kinase (PKR) and upregulation of the mammalian target of rapamycin/70-kDa ribosomal S6 kinase (mTOR/p7036k) pathway.
The net result is increased phosphorylation of 4E-binding protein (4E-BP1) and an increase in the active elF4G.elF4E complex. Leucine shares
many of these mechanisms with HVB, but HMB appears to be more potent in stimulating protein synthesis (9).

[0010] HMB can also increase protein synthesis by attenuating the common pathway that mediates the effects of other catabolic factors such as
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lipopolysaccharide (LPS), tumor necrosis factor- a/interferon- y (TNF-ct /IFN-y), and angiotensin Il (Ang Il) (10; 11). HMB acts by attenuating the
activation of caspases-3 and -8, and the subsequent attenuation of the activation of PKR and reactive oxygen species (ROS) formation via
down-regulation of p38 mitagen activated protein kinase (p38MAPK). Increased ROS formation is known to induce protein degradation through
the ubiquitin-proteasome pathway. HMB accomplishes this attenuation through the autophosphorylation PKR and the subsequent
phosphorylation of elF2a, and in part, through the activation of the mT OR pathway.

[0011] Arecent report tested the hypothesis that HMB, like leucine, would stimulate mTORc1 independent of PI3K signaling in C2C12 myotubes
(19). HVB stimulated the phosphorylation of AKTSer473 (+129%), S6K1Thr389 (+50%) and 4EBP1Thr65/70 (+51%). HMB stimulated anabolic
signaling with greater potency than leucine, e.g. S6K1Thr389 +50% vs. +17%; respectively. As expected, incubation of HMB with rapamycin
(mTORec1 inhibitor) ablated increases in mTORc1 signaling, but not AKT phosphorylation (+188%). In contrast, incubation with LY290042 (PI3K
inhibitor) abolished HMB-induced increases in both AKT and mTORc1 signaling, suggesting HMB signals to mTORc1 in a PI3K-dependent
manner. These data suggest that HVB, despite being a leucine metabolite, signals to mTORc1 through mechanisms distinct from those of
leucine.

[0012] Numerous studies have shown an effective dose of HMB to be 3.0 grams per day as CaHMB (~38 mg/kg body weight-day‘1). As a dietary
supplement, HVIB has been used as the mono-hydrated calcium salt, whose empirical formula is Ca(HMB)2-Hp0. This dosage increases muscle
mass and strength gains associated with resistance training, while minimizing muscle damage associated with strenuous exercise (14, 26; 30;
33). HVB has been tested for safety, showing no side effects in healthy young or old adults (15; 25). HMB in combination with L-arginine and L-
glutamine has also been shown to be safe when supplemented to AIDS and cancer patients (38).

[0013] Studies in humans have also shown that dietary supplementation with 3.0 grams of CaHVB per day plus amino acids attenuates the loss
of muscle mass in various conditions such as cancer and AIDS (5; 12). A meta-analysis of supplements to increase lean mass and strength with
weight training showed HMB to be one of only 2 dietary supplements that increase lean mass and strength with exercise (30). More recently it
was shown that HMB and the amino acids arginine and lysine increased lean mass in a non-exercising, elderly population over a year-long study.

[0014] Leucine oxidation increases after exercise, and optimal levels of HMB during and just after exercise would be desired for optimal
prevention of muscle damage and subsequent recovery. Further, the inflammatory process is stimulated during an injury, which if left unchecked
is deleterious and delays healing. Chronic inflammation and pro-inflammatory cytokines have been shown to be a major underlying and causative
factor in cardiovascular disease and type Il diabetes, as well as in asthma, autoimmune diseases, inflammatory bowel disease, chronic
obstructive pulmonary disease and rheumatoid arthritis.

[0015] Human studies have shown a positive effect of resistance exercise on muscle protein synthesis as early as 1-2 hours post exercise and
lasting up to 48 hours (8; 34). Studies have also shown that the timing of nutrient availability to be critical for maximal post-exercise stimulation of
protein synthesis as well as blunting of protein breakdown (40). The most optimal time for delivery of nutrient appears to be within 2 hours post-
exercise. Dreyer at al. (7) demonstrated that the ingestion of a leucine-rich nutrient solution within 1 h of post-exercise recovery resulted in
significant enhancement of the mTOR signaling pathway and muscle protein synthesis.

[0016] The dissociation curve of CaHMB is identical to that of calcium acetate (49) resulting in peak plasma HMB levels ranging from 60 to 120
minutes after ingestion depending upon the dosage given. Time to peak plasma levels after a typical 1 gram dosage was 2 hours (52), thus
requiring CaHVB to be taken before exercise for maximal benefit.

[0017] Thus, the timing of HMB administration and the HMB level in the blood are important to the efficacy of HMB on muscle. The need exists
for a faster and more efficient delivery system for HVB.

Summary of the Invention

[0018] The invention relates to the administration of HMB in a free acid form ("HMB-acid").

Administration using HMB free acid improves HMB availability to tissues and thus provides a more rapid and efficient method to get HVB to the
tissues than administration of CaHMB. The oral intake or sublingual administration of a free acid HMB associated with a matrix results in direct
and rapid absorption of HMB, offering an improved method of delivery resulting in an increased availability of HVB to the tissues.

[0019] In one example, the HMB free acid is delivered directly by neutralizing HMB free acid in a soluble matrix such as a gel. The HVB free acid
is administered orally or sublingually to a person in an effective amount.

Brief Description of the Figures

[0020]
Figure 1 shows plasma levels of CPK and LDH after a strenuous exercise bout.

Figure 2 shows muscle strength and subjective soreness after a strenuous bout of exercise.
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Figure 3 shows plasma HMB levels as found in Experimental Example 1.

Figure 4 shows peak plasma HMB concentration and time to peak concentration.
Figure 5 shows plasma HMB levels.

Figure 6 shows peak plasma HMB concentration and time to peak concentration.
Figure 7 shows percent of HVB dosage excreted in the urine.

Figure 8 shows a treatment regime of the present invention.

Figure 9 shows changes in CPK after an acute bout of eccentric exercise.
Detailed Description of Preferred Embodiments

[0021] The invention relates to a method of delivery of HVB to a person, and specifically a method

of administering HMB-acid to a person such that the administration of free acid HMB results in an increase in effectiveness of HMB over
administration of other forms of HVB, including CaHMB. Use of HMB-acid results in the improvement of HMB availability to a person's tissues. The
administration of HMB-acid increases effectiveness for protecting against muscle damage and accompanying inflammatory response over
administration of HVB in its other forms. Further, administration of free acid HVB may also preserve muscle in cachectic and wasting conditions
and act to blunt inflammation, including chronic inflammation that may cause a number of diseases, such as cardiovascular disease. The
unexpected and surprising discovery that free acid HMB decreases muscle damage better than CaHMB indicates that it may also decrease
inflammatory response resulting from the damage. The administration of HMB free acid has widespread applications as a nutritional or medical
supplement and may affect a large portion of the population.

[0022] In accordance with the present invention, HVB is administered to humans in its free acid form. The free acid HVB may be associated with
a carrier, such as a matrix or gel. In the preferred embodiment, the free acid HMB is administered orally or sublingually, although any means of
administering HMB is appropriate. HMB-acid is commercially available.

[0023] HMB in its acid form is called 3-hydroxy-3-methylbutyric acid, B-hydroxy-B-methylbutyric acid, or B-hydroxy-isovalaryic acid and can be
designated "HMB-acid." The structural formula is (CH3)2C(OH)CH2COOH and the molecule is:

CHy O

H;C

N OH

[0024] In the present invention, HMB-acid is administered to a human in an effective amount. An effective amount includes a range from about
0.01 grams to about 0.2 grams of HMB-acid per kilogram body weight in twenty-four (24) hours. HMB-acid may also be administered to a human
in an effective amount from about 0.5 grams to about 30 grams of HMB-acid per day. An effective amount of HVB-acid will result in a greater
increase in plasma levels of HMB and/or will result in a faster time to reach peak plasma levels of HVIB relative to administration of a similar
dosage of CaHMB The increase in the effectiveness with administration of HMB-acid may be 10%, 20%, 30%, 50%, 75%, 100%, 200%, 400%,
500% or greater than administration of a similar dose of CaHMB. Comparison of HMB-acid with other forms of HMB may be based on
effectiveness or efficiency of HMB using standard indices known to those of skill in the art.

[0025] In the Examples, the HMB-acid is administered as a soluble gel, although the invention is not limited to use of a soluble gel or matrix with
HMB-acid. HMB-acid in any pharmaceutically acceptable form, including but not limited to sclids, tablets, capsules, and liquids such as oral
intravenous solutions, is within the scope of this invention. The HVIB-acid can be administered utilizing any pharmaceutically acceptable carrier,
including but not limited to various starches and saline solutions. In the preferred embodiment, an effective amount of HMB-acid is administered
as two or three daily doses, although a single dose of an effective amount of HMB-acid per day will be understood to be within the scope of the
invention, as would be any other number of doses of HVIB during the day.

[0026] The delivery of HMB-acid, most typically as a HMB-acid soluble matrix such as a gel, results in a significant improvement in HVB's
anabolic effect with marked reductions in CPK over administration of HVMB as a salt, including CaHMB or administration of HMB in other forms
such as an ester or lactone. In one embodiment, the administration of HVIB-acid gel results in a doubling of the plasma peak of HMB in about ¥4
of the time as administration of a similar dosage of CaHMB, and has a 25% improved efficiency of delivery as measured by plasma clearance
over a similar dosage of CaHVIB.

[0027] This method of delivery has widespread applications. Known uses or benefits of HMB include, but are not limited to, improved nitrogen
retention and protein sparing, improving lean body mass, improving muscle function and/or muscle performance, decreasing muscle damage in
muscle subjected to stress or damage, decreasing inflammatory response after muscle is subjected to stress or damage, improving the body's
immune response after stress or damage, treating disease associated wasting (such as wasting associated with cancer, chronic pulmonary



DK/EP 2512236 T3

disease, age, chronic kidney disease, long-term hospitalization or AIDS), improving a lipid profile such a low density lipoprotein (LDL) to high
density lipoprotein (HDL), and improving a person's emotional state. A more effective and more efficient way to administer HVB has widespread
applications in all of these known uses of HVIB.

[0028] While use of HMB-acid has previously been stated, HMB in free acid form was thought to be equivalent to HMB in the calcium salt and
other salts as proposed administration forms in the prior art. Differences in the effectiveness of HMB-acid and HVB salts were not previously
tested.

[0029] Previously, numerous obstacles existed to both extensive testing and commercial utilization of the free acid form of HVB, and since it was
thought there was no difference, the calcium salt was adopted as a commercial source of HMB. Until recently packaging and, in particular,
distribution of dietary supplements has been better suited to handle nutrients in a powdered form and therefore the calcium salt of HMB was
widely accepted. HMB-acid is a liquid and much more difficult to deliver or incorparate into products.

[0030] Unlike other calcium salts, it had been shown that the calcium and HMB components of the molecule dissociate very easily, therefore,
adding to the assumption that there would be no physiological difference between HMB free acid and the calcium salt of HMB (19)..(49).

[0031] Additionally, formation and crystallization of the calcium salt of HVB had been utilized as a final purification stage in the manufacturing
process. One compound in particular that the crystallization served to limit was 3,3-Dimethyl acrylic acid. This compound adds a very off flavor
which is hard to mask. Currently, the manufacturing process for HMB has allowed for HMB free acid to be produced in a purity that allows for oral
ingestion of the HMB free acid. Besides currently having a commercial source that is pure enough for oral ingestion, the HVB- acid needs to be
buffered for oral ingestion, a process which only recently was determined due to the factors listed above which precluded previous use of HVB-
acid.

[0032] Because the calcium and HMB in the calcium salt was loosely associated (49), it was previously thought that there would be no difference
in oral administration of HMB either as a free acid or as a calcium salt (19). As shown in Example 1, not only is there a surprising difference in
plasma levels attained with oral administration of HMB-acid, but there is a 25% increase in plasma clearance which indicates increased utilization
of HMB by tissues with resultant improved effects on muscle mass and function. When given in molar equivalents, HMB in free acid form results in
double the plasma level of HVB in about one fourth (%) the time when compared to the calcium salt of HVB. The improved effect on muscle is
clearly shown in Example 2 in that HMB administered in free acid form is more protective than CaHVIB when muscle is subjected to acute
exercise.

[0033] While it is known that CaHMB is soluble in and easily dissociates in aqueous solutions of neutral to acidic pH, one of skill in the art would
predict a short lag time in appearance due to this dissociation step. CaHMB administered in a gelatin capsule has a dissolution time of between
10 and 15 minutes in the gut. Therefore, one skilled in the art would expect similar absorption and thus peak plasma levels of HVIB whether the
HMB was administered as CaHMB or as HMB-acid, however, slightly delayed for the differences described. Contrary to these expectations,
however, it was found that there was a significant difference in plasma peak between the two forms. In some instances, the difference in peak
plasma times was ninety (90) minutes, which is several fold longer than should be accounted for by capsule dissolution and disassociation of the
CaHVB.

[0034] One skilled in the art would also predict similar plasma peaks and areas under the curve since a similar amount of the nutrient HVB was
being released into the gut with the CaHMB curve shifted further out in time. An unexpected result of administering HMB-acid is the doubling in
peak plasma HMVB levels.

[0035] An additional unexpected result is the greater clearance (utilization) of HVIB once in the plasma. Many nutrients have similar plasma and
urinary profiles unless there is a conservation mechanism in the kidney for that nutrient. None is presently known for HMB and thus one skilled in
the art might presume a much higher percentage of the dosage would be excreted in the urine with the doubling of the plasma peak in HVIB
concentrations. Again, this was not observed and is an unexpected finding. This coupled with the higher clearance rate show improved ultilization
of HMB by tissues which again was a surprising finding.

[0036] As shown in the Experimental Examples, and specifically in Example 2, administering HMB-acid is more quickly effective in minimizing
muscle damage after exercise than CaHMB. This second example shows a benefit that could not have been predicted directly from the findings of

Example 1.

[0037] The method of this invention is further illustrated by the following experimental examples.

EXPERIMENTAL

Example 1: Absorption of HMB-Acid Gel Compared with CaHMB in Capsule Form

Materials and Methods
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[0038] Human subjects. In study 1, four male and four female college-aged subjects were studied. In study 2, an additional four male and four
female college-aged subjects were studied. The protocals for both studies were approved by the lowa State University IRB and each subject
gave informed consent to participate in the study. Due to the nature of the treatments, neither the subjects nor the researchers could be blinded.

[0039] Treatments. The same treatments were given to the subjects in both study groups. The three treatments were given in random order to
each subject with at least a one week washout period between treatments. The treatments were supplied by Metabolic Technologies, Inc. (MTI,
Ames, IA) and were prepared with food grade ingredients. One gram of CaHMB or the equivalent HVIB in free acid in a gel form was administered
to the subjects. The CaHMB capsules were obtained from a commercial supplement manufacturer (Optimum Nutrition, Aurora, IL) while the HMB-
acid gel was prepared at MTI laboratories. Briefly, the HVB-acid was adjusted to a pH 4.5 with potassium carbonate (K2CO3) and flavors and
sweeteners were then added. The 1.0 g CaHMB capsule was taken with 355 mL of water (approx. 12 0z.). The free acid gel dosage was 0.80 g
and was equivalent to the free acid contained in the CaHMB in the capsule. The free acid gel treatments were either swallowed (FASW) or held
sublingual for 15 seconds and then swallowed (FASL). FASW consisted of expelling the entire dose into the mouth in a 3 ml syringe, swallowing,
and then following this with 355 mL of water. FASL subjects were instructed to place the entire dosage under the tongue and hold the dosage for
15 sec before swallowing. They then rinsed and followed the dose with 355 mL of water.

[0040] Study 1 design. For study 1 the subjects reported to the laboratory in the morning following an overnight fast. Before ingestion of one of
the supplemental treatments, a flexible sterile polyethylene catheter was inserted into a forearm vein using sterile procedures and a pre-ingestion
blood sample was drawn. Subsequent blood samples were taken at 0, 2, 5, 10, 15, 25, 35, 45, 60, 90, 120 and 180 min after ingestion of the
treatment. Plasma was separated and samples were stored frozen at -70° C for analysis of HMB concentration. In addition, a portion of the pre-
ingestion and 180 minute blood samples were used for measurements (LabCorp, Kansas City, MO) of glucose, uric acid, blood urea nitrogen
(BUN), creatinine, sodium, potassium, chloride, carbon dioxide, phosphorous, protein, albumin, globulin, albumin:globulin ratio, total bilirubin,
direct bilirubin, alkaline phosphatase, lactate dehydrogenase, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-
glutamyl transpeptidase (GGT), iron binding capacity (TIBC), unsaturated iron binding capacity (UIBC), iron, iron saturation, total cholesterol,
triglycerides, high density lipoprotein (HDL), low density lipoprotein (LDL), and cholesterol ratio. A complete blood count (CBC) was also
performed before and after the 180 min treatment period. Subjects also completed a brief questionnaire to report any physical symptoms (such
as nausea, headache, etc) they may have experienced during the experiment.

[0041] Study 2 design. Study 2 was conducted similar to study 1 with the following modifications. In study 2, plasma levels of HVB were
measured for 1440 min (24 h) and total urine collection was also performed for measurement of urinary HVB excretion during this period. After
the 180 min blood sample, the subjects were allowed to leave the laboratory and were instructed to return to the laboratory for additional blood
samples at 360, 720, and 1440 min after the ingestion of the supplement. As in study 1, each subject took each of the treatments with at least a
one week washout period between treatments. Samples were again stored frozen at -70° C for analysis of plasma and urinary HVB
concentrations. Pre-ingestion, 180 min and 1440 min blood samples were again assayed for the same measurements already for study 1.
Subjects were provided with a standardized lunch after the 180 min blood sampling and instructed to eat this at approximately 240 min post
ingestion. Following the 720 min blood sample, subjects were instructed to eat a normal evening meal before 10 pm. Subjects reported back to
the laboratory the following morning for the fasted 1440 min blood sample. A urine collection container was provided and subjects collected all
urine produced during the experimental 24 h experimental period. The urine was stored refrigerated when not being collected. Urine volumes
were measured and samples of the total urine collection were taken and stored frozen at -70°C until analyzed for HMB.

[0042] HMB analysis. Plasma and urine HVIB were analyzed by gas chromatography/mass spectrometry (GC/MS) as previously described.(27)

[0043] Calculations and statistics. Areas under the curves were calculated for each subject using the trapezoidal method that sums the area

above baseline.(51) Half-life of plasma HMB was calculated for study 2. The following equations were used:
K=(In(Cpead-I0(Crrougn) Tintcrvat

t1,=0.693/k

[0044] Peak plasma concentrations for each subject were used for Cpeak. Trough concentrations, Croygh Were the concentrations measured at
720 min, because the 720 min plasma concentrations were not significantly different from baseline. Tpeak was the time at which Cpeak was
measured and Tintenval is the time from Tpeak until the time at Croygh (720 min). The extracellular fluid compartment was assumed to be 20% of

body weight and calculated using equation 3 below(1). The plasma clearance of HVB was then calculated by multiplying the extracellular fluid
compartment, V4, by the elimination constant, Kgj, as shown in equation 4{Thalhammer, 1998 9588 /id}.

V= Body wt(0.20)

Clearance = Vq(Ka)(30).

[0045] The data were analyzed using a crossover design with Proc GLM in SAS. (45) For the timed sampling of plasma HVB a repeated
measures polynomial model was used. The model included subject, order, and treatment main effects and time by treatment interaction where
appropriate. For other parameters Proc GLM was also used with subject, order, and treatment main effects and the p values are reported for the
treatment main effect. Statistical significance was determined for p<0.05 and a trend was determined for 0.05<p<0.10.
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Results

[0046] The results of the studies are shown in Figs. 1-7. Figure 1 shows plasma levels of CPK and LDH after a strenuous exercise bout. Figure
2 shows muscle strength and subjective soreness after a strenuous bout of exercise. Figure 3 shows plasma HMB levels in study 1. Values are
means +/-SEM, n=4 males and 4 females. *=p,0.05, +=p,0.001, +p,0.0001 for free acid treatments versus CaHVIB capsules. Figure 4 shows
Study 1 peak plasma HMB concentration and time to peak concentration after a single dose of either CaHMB, HVIB-acid gel swallowed (FASW, or
HMB-acid gel held sublingual and then swallowed (FASL). **=p,0.0002. Figure 5 shows plasma HMB levels in sugdy 2. Values are means +/-SEM,
n =4 males and 4 females. *=p,0.05, +=p,0.01, ++p,0.0001. Figure 6 shows Study 2 peak plasma HMB concentration and time to peak
concentration after a single dose of either CaHVIB, HMB free acid gel swallowed (FASW, or HVIB free acid gel held sublingual then swallowed
(FASL). *=p<0.0002 for concentration and p<0.0001 for time. Figure 7 shows percent of the HVB dosage excreted in the urine over 24 h past
ingestion and relative percentage of the dose retained. *=p<0.002.

[0047] Subject characteristics. Table 1 shows the subject characteristics for studies 1 and 2. Each study was balanced for gender and each
treatment group maintained steady weights throughout the 3 testing periods. In each study all subjects completed all 3 testing protocols. No
adverse treatment effects, such as nausea after taking the treatments, were reported in either study.

[0048] Study 1 results (Tables 2-4). Table 2 illustrates the peak plasma concentrations (Cpeak) and time to reach peak plasma concentrations
(tPeak)- CaHMB taken by capsule resulted in a peak plasma HMB level of 131£10 nmol/mL, whereas HMB taken either by free acid gel FASW or
FASL delivery resulted in significantly greater (259+24 and 231+21 nmol/mL, respectively, p<0.0001) and earlier (33.1+4.6 and 36.3+1.3 min,
respectively) peaks in plasma HVIB levels compared with CaHMB by capsule at 121.9+15.6 h (p<0.0001). At 180 min, plasma HMB for all delivery
methods was still elevated above baseline, and there were no treatment differences among the three groups. Consequently, Areas under the
curve (AUC) for plasma HMB levels following the 3 treatments are also shown in Table 2. HMB administered in free acid gel form resulted in 97%
and 91% greater areas under the curve (AUC) for FASW and FASL, respectively (p<0.0001). There were no differences between HMB-acid gel
delivered by FASW or by FASL.

[0049] Table 3 shows blood chemistries for study 1. There were no significant main effect treatment differences for any of the measured time
points or differences. Table 4 shows blood hematology measured in study 1. The FASW group had significantly greater decrease in absolute
lymphocyte numbers over the measurement period (p<0.04) due primarily to the fact that the FASW group tended to have higher lymphocyte
numbers at the start of the study (p<0.09). There were no significant differences in lymphocyte numbers at the end of the study and all the
means were within normal limits for lymphocyte number.

[0050] Study 2 results (Tables 2, 5-7). Study 2 was conducted to look at plasma HMVB for a 24 hour period as well as to measure urinary losses
during this same time period. Similar to study 1, a rapid increase in and significantly greater plasma HVB with HVB given in free acid gel form for
both FASW and FASL than with CaHMB in capsule form was seen. At 180 min all treatments resulted in similar plasma HMB levels (approximately
110 nmol/mL). CaHMB by capsule did maintain a slightly higher plasma HVB level at 360 and 720 min (p<0.05).

[0051] Table 5 lists peak plasma HMB concentrations (Cpeak), time to peak plasma HMB concentrations (tpeak), and plasma HMB half-life.
Plasma HMB level for CaHVIB by capsule peaked at 131.2+6.0 nmol/mL at 135.0£17.0 min, while FASW and FASL resulted in greater HVB
plasma peaks (p<0.0003) in shorter time (p<0.0001), 238.6£16.0 nmol/mL at 41.945.8 min and 247.6+19.8 nmol/mL at 38.8+2.6 min for FASW
and FASL, respectively.

[0052] Plasma half-life as shown in Table 5 for CaHMB by capsule was 3.17+0.22 h. Half-lives for HMB FASW and HMB FASL were 2.50+0.13
and 2.51+0.14 h, respectively (p<0.004). Area under the curve and urinary HMB measured in study 2 are also shown in Table 5. Over the 24
hours period AUC for HMB administered as the free acid gel was significantly greater by 15.4 and 14.3% for FASW and FASL , respectively, than
for CaHMB administered in capsules (p<0.001). Despite the significant increase in peak plasma HMB and AUC, urinary HVIB losses were not
significantly greater for the free acid gel treatments; urinary HMB losses were 14.7+2.0, 17.84+2.9, and 17.212.5% of the initial dosage lost for
CaHMB, FASW and FASL, respectively. There was an approximately 25% increase in HMB clearance with the free acid gel form compared with
the CaHMB form (F < 0.003).

[0053] Blood chemistries measured during study 2 are shown in Table 6 and blood hematology measured in study 2 is shown in Table 7.

Statistical analysis of the change in parameters over the 24 h measurement period showed no significant statistical changes (p<0.05) for any of
the chemistry or hematology values measured. There was a strong trend for a difference with chloride (p<0.06). FASL showed a greater increase
over the period compared with FASW; however neither FASW nor FASL was significantly different from CaHMB. A trend was also seen with

sodium where FASW showed a larger increase over the measurement period than FASW or CaHMVB (p<0.07). Means for chloride and sodium
over the study period were well within normal values.

Discussion

[0054] It is clear from the present studies that oral or sublingual administration of HVB in free acid gel form resulted in more rapid and sustained
increases in plasma HMB than when compared HMB administered as the calcium salt (CaHMB) in a hard gelatin capsule. Free acid gel
administration of HMB resulted in significant increases (average +14.8%) in the AUC for plasma HMB without any major changes in plasma HVB
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half-lives or urinary losses. Combined this resulted in significantly increased clearance of HVIB and utilization by tissues that was 25% greater
than that of the CaHMB form. The data show the improved efficiency of this form of delivery of HVIB.

[0055] The findings from this study related to plasma kinetics of CaHVB delivery agree with those previously reported by Vukovich et al (52)
There is congruence of data related to peak plasma levels, time to peak and plasma half lives, occurred despite significant differences in mode
of delivery of CaHMB (four 250 mg capsules by Vukovich et al vs. 1 gram capsule in the present studies). Interestingly, the delivery of HVB as
free acid in a gel form resulted in faster peak levels (nearly 90 minutes earlier with the use of the free acid form) but similar half lives, despite
plasma levels reaching almost 2-fold those achieved with oral administration of CaHMB. Several studies have supported the use of HVB as a
nutritional supplement during exercise. HVB has been shown to decrease muscle protein and membrane breakdown (22; 23; 26) and to enhance
protein synthesis. (10) It would therefore be advantageous to have high levels of plasma HMB during the exercise period, and to have HVB
retention to be as good as or even better than those previously reported (26; 29; 52). In this regard, oral administration of CaHMB would need to
be administered at least 2 hours before any serious stressful bout of exercise, whereas HVB free acid gel may be administered before the
exercise bout and have an almost immediate effect.

[0056] Delivery of the free acid form of HVIB was also associated with significantly higher retention of HMB. Administration of the free acid gel
form resulted in a significant increase in AUC while not significantly increasing urinary excretion which would indicate more HVB retention and
utilization by the tissues compared with the CaHVB form. The estimated amount of HVB retained was 25% greater with the HMB-acid gel
compared with the CaHMB form based upon plasma clearance. Previous studies by Vukovich et al showed that the oral delivery of 3 grams of
CaHMB resulted in plasma peak levels that were 3 times higher than those achieved with a 1 gram dose (52). Nissen et al demonstrated a dose-
dependent response to oral administration of CaHMB given twice daily at either 1.5 or 3 grams per day. They demonstrated the optimal dose of
CaHMB to be 3.0 grams per day resulting in decreased release of creatine kinase (CK), an indicator of muscle damage, and 3-methylhistine, an
indicator of protein breakdown (28). Similar findings were reported by Gallagher who also showed that daily administration of 6 grams per day
would be more beneficial than 3 grams per day (14). Taken together, the above studies indicate a benefit to having more HVB available to the
muscles during exercise.

[0057] HMB delivery by free acid gel results in a faster and greater peak in HVIB blood levels as well as equally sustained levels when compared
with CaHMB administered in a capsule. This form of delivery is equally safe as those currently and previously (15; 25) found with oral
administration of CaHVIB.

Table 1. Subject Descriptors.

Treatment
CaHMB Capsule HMB-Acid Gel Swallow HMB-Acid Gel Sublingual
Study 1

Gender, male/ffemale 4/4 4/4 4/4
Age, y Body Weight, kg 23.8+1.3 23.8+13 23.8+1.3

All 68.5£3.9 68.5+3.8 68.614.0

Females 63.244 .5 63.5+45 63.514.9

Males 73.75.6 73.5£56 73.845.9

Study 2

Gender, maleffemale 4/4 4/4 4/4
Age, y Body Weight, kg 224410 22.4+10 224+1.0

All 72.0+4.2 724141 72341

Females 66.8+3.2 67.4+33 67.0+£3.5

Males 77.2+7 .2 774472 77.716.9
Table 2. Study 1 Area Under the Curve, Concentration peak (Cpeak) and Time to Reach Concentration Peak (tpeak). Study 1
Treatment!

CaHMB Free Acid Gel Swallow Free Acid Gel Sublingual p Value?

Cpeak, nmol/imL 131.2+101 259.1423.9 231.24£21.0 0.0001
toeak, MiN 121.9+15.6 33.1+4.6 36.3+1.3 0.0001
AUC, nmol/180 min 13,997+1,534 27,532+1,742 26,778+1,980 0.0001
TMeantSEM.
2P value for treatment differences.

Table 3.Blood Chemistry Studyl.'I
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CaHMB Free Acid Gel Swallow Free Acid Gel Sublingual p
Value?
Before After % After % Before After %
Change Change Change
Glucose, mg/dL 726+16% 764+32{ 52%} 705417 733+41} 39%] 741+17{ 774+25} 4.4%}i{ 0.83
+

Uric Acid, mg/dL 45403 45+04] “1.4% 49104 49+04{ 0.8% 4.0+04 4.0:05{ -22%i 0.47

Blood Urea 12.121.0f 11.3+09§ -7.2%} 15441.6] 144+15{ -65%)] 144+08]{ 12.9+0.8;{-104%; 0.25

Nitrogen, mg/dL

Creatinine, mg/dL 0.940.1 0.9+0.1{ 0.5% 1.040.1 0.9£0.1{ -4.7% 1.0£0.1§ 1.0£0.04} 1.5%; 0.4

Sodium, mEg/L 139.1£0.5} 139.4+08] 02%} 138.5+1.1] 138.3£0.9] -0.2%j] 139.3+0.8; 137.8£0.9} -11%; 0.25

Potassium, 4.1+01 4.7+0.2{ 134% 42101 4.6+0.3] 11.4%3§ 4.0£0.03 45+0.1f 106%i 0.98

mEq/L

Chloride, mEg/L 103.310.6{ 103.1£0.7{ -01%} 103.6+0.8{ 103.3£0.5{ -0.4%} 102.9+0.6; 102.4+1.1} -05%; 0.98

CO2, mEq/L 2341067 24.8+05)( 59%] 224+0.7{ 243105 81%)] 24.0+05}{ 24306} 1.0%{ 0.17

Phosphorus. 3.9+0.2 3.5£0.3{ 10.8% 4.010.1 34+0.1{ 15.6%] 4.1£0.05 3.5£0.2{-13.2%; 0.71

mg/dL

Protein, g/dL 6.310.2 6.5£0.3] 3.2% 6.240.2 6.310.2{ 1.4% 6.3+0.2 6.4+0.2} 1.6%3i 0.77

Albumin, g/dL 4.0£0.1 4.1+0.1y 03% 4.010.2 4.1+0.2{ 1.9% 4.1+0.1 41+02¢{ 15%} 0.77

Globulin, g/dL 2.3+0.2 25+02{ 82% 22401 22401y 0.6% 2.310.2 2.3+0.1f 16%; 0.40

A:G Ratio2 1.8+0.1 1.7£0.1}{ -89% 1.940.1 1.9+0.1] 0.0% 1.940.1 1.8+0.1}{ -20%j 0.46

Total Bilirubin, 0.5+£0.07{ 0.5£0.08] 7.9%}{ 0.4+0.05] 0.5+0.07{ 23.3%§ 04+0.05{ 0.5£0.05{ 226%i 0.27

mg/dL

Direct Bilirubin, 0.1£0.02{ 0.1£001{ 58%; 0.1£0.01§ 0.1£0.01{ 79%) 0.1£0.01{ 0.1£0.01} 8.6%; 0.96

mg/dL

Alkaline 66.5+6.5] 68.4+84{ 28%) 63.9+58] 64.4+6.7{ 08%j] 66.0+6.3} 66.8t68} 1.1%}i 0.80

Phosphatase, IU/L

Lactate 160.9+9.5{165.6£10.7] 3.0%{168.8+10.4{166.3+t11.1] 1.5%§164.8+12.5}167.3+12.2{ 1.5%} 0.87

Dehydrogenase,

U/L

Aspartate 214215 224+18] 4.7%; 240+2.2] 23.1+2.0{ -3.6%)] 28.0+7.9{ 28.3+8.2}{ 09%i 0.15

Aminotransferase,

u/L

Alanine 141215} 156+2.0{ 106%;} 159+1.5] 156+1.3{ -1.6%§ 174+2.7{ 17.3x27} -0.7%i 0.25

Aminotransferase,

u/L

Gamma-glutamy! 13.8£0.9f 13.1209{ 45 %} 144+1.6] 135+1.1f 6.1%§ 13.3x1.2{ 134+1.2} 09%i 045

Iron Binding 330.4£32.9{342.8+35.9] 3.7 %{328.6+31.0§{333.4+35.2] 1.4%{328.0+32.8{339.5+30.8{ 3.5%{ 0.79

Capacity, ug/dL

UIBC, ug/dL 247 1+45.01249.8+47.7{ 11%{243.1£47 4{237.1249.2] -2.5%{244.8+42.3{2449+39.5} 01%; 0.83

Iron, pg/dL 83.3+16.7} 93.0£16.8] 11.7%; 85.5£19.2{ 96.3+17.3{ 12.6%] 83.3+t16.4} 94.6+16.6} 13.7%{ 0.79

Iron Saturation, % 29.9+95 31.1+89{ 4.2%} 306194} 335+84] 94%j 29.1+9.0{ 30.9+8.5; 6.0%; 0.53

Total Cholesterol, § 153.4£9.1} 153.9+9.7{ 0.3%; 153545.3] 153.3+5.6{ -0.2%{ 154.4+6.9; 155558} 0.7%3i 0.90

mg/dL

Triglycerides, 80.4+11.6} 71.6£11.2{-109% 91.3+17.0] 87.5+14.8{ 41%{ 91.8+16.1} 83.8+158} -8.7%} 0.62

mg/dL

HDL, mg/dL 51.3+3.2§ 53.1+3.8] 3.7%} 46.9+34{ 485+3.7{ 35%] 48.6+46%{ 493+43} 1.3%{ 0.69

LDL, mg/dL 86.1£5.37 86.5+57{ 04%} 884+3.0{ 85.6+4.1] -3.1%] 87.5+57{ 894+49} 21%}{ 0.48

Cholesterol Ratio 3.0+01 3.0+0.1§{ 25 % 34402 33+0.3{ -3.3% 33+0.2 3.3+02{ -04%3§ 0.72

TMeantStandard Error of the Mean.
2P value for treatment effect of the difference in starting and ending values indicated by % change for each treatment.

Table 4. Hematology Values Study 1.1
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CaHMB HMB-Acid Gel Swallow HMB-Acid Gel Sublingual
Before After % Before After % Before After % Saluez
Change Change Change

WBC, x103/uL 6.4+04% 6.4+0.7 0.3% 6.7+05} 6.1+0.3] -10.2% 6.610.4 6.3+0.4 4.2% 0.39
RBC, x103/uL 4.3+0.2} 4.3+0.2 1.0% 42+02% 4.2+02 0.1% 4.210.2 43102 1.7% 0.51
Hemoglobin, g/dL § 13.3£0.4{ 13.4+0.5 1.2%§{ 13.1£0.5f 13.0£t0.5{ -0.4%§ 13.1£0.6§ 13.3£0.6 1.4% 0.54
Hematocrit, % 38.3+1.1§ 38.7£1.3 12%] 37.6+1.6§ 37.6+1.5] -0.1%{ 37.8+1.6{ 38517 2.0% 0.44
MCV, fL 90.0£1.5§ 90.4+1.5 04%;§ 90.1+1.3} 90.0+1.5§ -0.1%{ 89.6+1.6{f 89.9+1.7 0.3% 0.57
MCH, pg 31.2+0.6§ 31.3£0.6 0.3%§ 31.2+0.7] 31.4+0.8 0.7%§ 31.0+£0.5§ 31.0+0.5 0.0% 0.76
MCHC, g/dL 34.7+0.1§ 34.7£0.2 01%{ 34.7+03§ 34.6+03] -0.3%] 34.7+0.2{ 345+0.2§ 0.5% 0.64
RDW, % 13.1+0.2§ 13.1£0.2 01%§ 13.2+02§ 13.2+0.3 04%§ 132+0.2§ 13.3+0.2 0.9% 0.73
Platelets, x103/uL {209.0£14{202.9+16] -2.9% {195.0+£31.5{202.4+25. 3.8%{221.3+20.8§213.9£19.1 3.3% 0.31
Neutrophils, % 50.3+3.3} 56.1+3.8{ 11.7%] 46.0+2.8} 52.9+22} 14.9%§ 474422} 554+2.9{ 16.9% 0.78
Lymphocytes, % § 39.6£2.8] 34.0+3.4] -14.2%§ 43.8+2.8} 37.4+1.9] -14.6%{ 430414} 355+2.1f -17.4% 0.55
Monocytes, % 7.1£0.9} 7.4+07 3.5% 7.6+£0.7} 7.0£06] -8.2% 7.0%1.0 7.1+0.7 1.8% 0.85
Eosinophils, % 2.5£04} 2.1+£0.6{ -15.0% 2.5t03} 24104 -5.0% 24104 1.8£0.3} -26.3% 0.41
Basophils, % 0.5+0.2} 0.4+0.2] -25.0% 0.1+£0.1ai 0.4+0.2§ 200.0% 0.3+0.2 0.3+0.2 0.0% 0.14
Neutrophils, 3.3t04} 3.8+0.7{ 14.5% 3.0£0.2§ 3.3t0.2] 10.9% 3.1£0.3 3540.3f 11.6% 0.85
x103/uL

Lymphocytes, 2.5+£0.1f 2.1£0.2{ -15.6% 3.1£0.3§ 2.2+0.1y -291% 2.840.2 2.2+0.2§ 221 % 0.04
x103/uL

Monocytes, 0.5£0.1} 0.5+0.1 8.3% 0.5+0.1} 05+0.04} -7.7% 0.5%0.1§ 0.5£0.05 0.0% 0.98
x103/uL

Eosinophils, 0.2+0.04{ 0.1+0.04} -21.4%§{ 0.2+0.04} 0.1+0.02} 41.2%j§ 0.2+0.03§ 0.1+0.02{ -28.6% 0.47
x103/uL

Basophils, 0.05+0.0} 0.04+0.0{ -25.0%§ 0.01+0.0130.04+0.02§ 200.0%} 0.03+0.02{ 0.03+0.02 0.0% 0.14
x103/uL a

1MeantStandard Error of the Mean.

2P value for treatment effect of the difference in starting and ending values indicated by % change for each treatment.
Table 5. Study 2 Plasma HMB Area Under the Curve, Concentration Peak (Cpeak), Time to Concentration Peak (tpeak), Half-life,
Urinary HMB Loss, and HMB Retention.

Study 2 Treatment!
CaHMB HMB-Acid Gel Swallow ; HMB-Acid Gel Sublingual p Value?

Cpeak. nmol/imL 131.246.0 238.6+16.0 247.6£19.8 0.0003
toeak, N 135.0£17.0 419458 38.8+2.6 0.0001
Half-life, h 3.17+£0.22 2.50+0.13 2.51+0.14 0.004
AUC, nmol/1440 min 46,281+2,717 53,395+2,862 52,886+2,729 0.001

24 h Urine HMB, mmol 1.00£0.13 1.21£0.19 1.16+£0.17 0.18
24 h Urire HMB, % 14.7+2.0 17.842.9 17.242.5 0.18
initial dose

Clearance (mL/min) 53.914.2 67.3£3.2 66.9+1.6 0.003

TMeantSEM.

2P value for treatment differences.
3At Cpeak total extracellular HMB was estimated using 20% body weight as the extracellular volume. It was assumed for this

calculation the plasma and extracellular HMB concentrations were equalized.

[0058] Amount retained was calculated by subtracting total amount of HMB excreted in the urine. Relative retention percentage indicated in the
table should remain unchanged even if this assumption is not met.

Table 6. Blood Che mistry Study 2.1
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CaHMB HMB-Acid Gel Swallow HMB-Acid Gel Sublingual VaIF:Jez
Before After % Before After % Before After %
Change Change Change

Glucose, mg/dL 70.8+08{ 803+24{ 134%;} 741+2.0] 799+19] 7.8% 73.0+18{ 80.8+2.1} 10.6% 0.62
Uric Acid, mg/dL 4.8+0.3 42405 12.0% 47401 4.8+0.3] 1.9% 4.740.3 47+03} 0.8% 0.50
Blood Urea 14.8+1.4 13.4+1.0{ 9.3% 14.5+1.4 13.9+1.4] -4.3% 15.3+1.7§ 15.4+1.1 0.8% 0.55
Nitrogen, mg/dL
Creatinine, mg/dL 1.0£0.1 1.0£0.1§ 1.5% 1.0£0.1 1.0£0.1§ -0.6% 1.0£0.1 1.0£0.1§ 7.9%3§ 0.12
Sodium, mEq/L 139.5¢0.8} 141.4+05{ 1.3%} 139.9+0.7{ 141.5+0.9] 1.2%] 138.5+0.6{ 142.1x1.1} 2.6%} 0.07
Potassium, 4.1+0.1 47+0.1] 148% 4.1+0.1 4.7+0.2{ 14.0% 4.0+0.1 4.9+0.1§ 21.7%4{ 0.51
mEq/L
Chloride, mEq/L 1024405} 103.0+0.5{ 06%; 103.1+0.8{ 102.8+0.7{ -04%] 102.1+0.5{ 104.3+0.9{ 2.1%i 0.06
COy, mEg/L 24.9+06§ 27.3+06] 95%;] 248+1.0] 27.8+0.9{ 121%{ 253108} 27.9+04}{ 104%; 0.85
Phosphorus, 4.0£0.1 4.4+0.1{ 10.6% 42140.2 45+02{ 6.2% 4101 46+02} 11.5%§ 0.44
mg/dL
Protein, g/dL 6.410.2 6.5+0.2] 28% 6.4+0.1 6.740.2] 51% 6.5+0.2 6.6+0.2{ 29%; 0.62
Albumin, g/dL 4.1£0.1 42401 06% 41101 43401} 4.5% 4.1+01 42401 27%i 0.08
Globulin, g/dL 22401 24401 6.7% 2.30.2 24+02] 6.0% 2.3+01 24+0.1} 32%; 0.93
A:G Ratio2 1.9£0.1 1.8+0.1] -34% 1.9+0.2 18+0.1f -2.6% 1.8+0.1 1.8£0.1{ -14%i 0.83
Total Bilirubin, 0.6+0.1 0.5+0.2{ 17.8% 0.520.1 0.5+0.1] 2.6% 0.6+0.1 0.5£0.1} -13.3%3{ 0.10
mg/dL
Direct Bilirubin, 0.24¢0.1{ 0.1£0.04{-374%}{ 0.1£+0.03}{ 0.1£004]{ 6.0%] 0.1+0.03{ 0.1+0.04} -128%i 0.21
mg/dL
Alkaline 65.547.3] 668169} 19%§ 648173} 74.117.6{ 145%] 665+7.3f 62.8+6.7} -56%; 0.18
Phosphatase, IU/L
Lactate 161.8+12.6§142.4+10.5{ 12.0% {155.9£13.9{136.6+11.6] -12.3% 163.8+11.9{ 151.8£5.2} -7.3%} 0.86
Dehydrogenase,
UL
Aspartate 226147 20.0+1.1{-116%] 233097 21.3+0.7{ -8.6%§ 239432} 248+23{ 37%; 0.23
Aminotransferase,
Alanine 154418} 14.9+22{ -33%} 16441.6] 164+1.7{ 0.0%] 153+1.5}{ 16.6+1.8} 9.0%j 0.18
Aminotransferase,
UL
Gamma-glutamyl 14.0¢1.9F 14.3+1.47 18%;} 133+1.2§ 14.0+1.0{ 57%{§ 13.9+1.2{ 13.9+1.0{ 0.0%i 0.50
Iron Binding 371.8+£28.6{377.5£30.3] 1.5%{378.6+32.1{395.1£34.7] 4.4%§371.9+31.4{385.0+29.8{ 35%; 0.68
Capacity, pg/dL
UIBC, ug/dL 272.8+39.5{317.6£38.3{ 16.5%{310.6£42.4{335.1£42.1{ 7.9%{264.3+33.31312.0+35.9{ 18.1%; 0.44
Iron, pg/dL 99.0+20.0{ 59.9+12.2{-39.5%; 68.0+13.4] 53.8+10.8{ -21.0%§107.6+13.7§ 65.0+12.1} -39.6%; 0.37
Iron Saturation, % § 284458} 17.5+42{-383%}{ 203+5.0f{ 169+46]-16.7%§ 30.1+51; 20.1+42}-332%; 0.38
Total Cholesterol, { 160.4+8.0f 162.9+7.1{ 1.6%{164.6+£10.5{176.9+11.8{ 7.4%} 161.6+94{ 163.3x9.3} 1.0%j 0.25
mg/dL
Triglycerides, 97.4£125{106.9£17.6] 9.8%{112.6£18.4{121.4+22.7{ 7.8%j§ 93.1£10.6{107.6+16.6{ 156%; 0.52
mg/dL
HDL, mg/dL 52.3+2.77 54.04£35] 33%] 514428] 5644297 97%{ 52.3+3.1} 51.3+2.8} -19%; 0.24
LDL, mg/dL 88.6+7.2] 88.6+59] 0.0%] 90817.0{ 96.1+8.1f 59%)§ 913459} 904468} -1.0%j 0.18
Cholesterol Ratio 3.110.2 3.1£0.2{ -0.8% 3.2+0.2 3.240.2{ -2.3% 3.140.2 3.240.2} 36%; 0.53

1MeantStandard Error of the Mean.
2P value for treatment effect of the difference in starting and ending values indicated by % change for each treatment.

Table 7. Hematology Values Study 2.1

CaHMB HMB-Acid Gel Swallow HMB-Acid Gel Sublingual
Before After % Before After % Before After % Value?
Change Change Change
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CaHMB HMB-Acid Gel Swallow HMB-Acid Gel Sublingual
Before After % Before After % Before After % Value?
Change Change Change

WBC, x103/uL 7.3+0.3 6.5+0.3} -10.5% 6.4+0.3 7.110.3 9.7% 7.1£04 6.8+0.3}{ -3.5% 0.10
RBC, x103/uL 4.3+0.2 4.310.2 0.7% 4.2+0.1 4401 3.5% 4.3+0.1 4.3+0.1 0.1% 0.27
Hemoglobin, 13.2£0.7§ 13.3+0.6 0.7%4{ 13.0£04} 134104 3.2%} 13.24¢05} 13.2+05] 0.4% 0.31
g/dL
Hematocrit, % 38.1£1.8§ 38.3+1.7 0.7%4§ 374+10§ 389+1.1 4.2%;% 37514} 38.6+13] 29% 0.42
MCV, fL 88.411.5§ 885114 0.1%§ 88.1x1.5§ 88611.5 0.6%§ 88.4+15]{ 89.3+14 1.0% 0.21
MCH, pg 30.6+£0.5§ 30.7+0.6 0.2%4§ 30.6+06§ 30.520.6f -0.3%§ 30.4+05{ 30.5t05]{ 0.3% 0.52
MCHC, g/dL 34.7+0.2§ 34.7+0.2 0.0%§ 348+02} 345202}y -0.8%} 34.5+0.2}{ 34.5t+0.2 0.1% 0.14
RDW, % 13.4£0.2§ 134401} -0.1%} 13.3+02§ 132102}y -0.5%} 13.3x0.2{ 134402 0.7% 0.66
Platelets, 228.0£17.64235.9+10.9 3.5%4229.0£12.9§242 4+12.2 5.8%§233.8414.2{244 3+175{ 4.5% 0.92
x103/uL

Neutrophils, % 449+38; 456+3.3 1.7%}§ 456+2.7{ 46.0144 0.8%3 453152} 424+35] -6.4% 0.90

Lymphocytes, 448+3.2F 425+£35] -5.0%} 43.6+24} 4331397 -0.9%}] 43.1+42} 456+34} 58%}i 0.68
%

Monocytes, % 6.91£0.9 8.5+1.5] 23.6% 7.5£1.1 6.9+0.8y -8.3% 8.3+1.0 8.4+09 1.5% 0.24
Eosinophils, % 29105 26104} -8.7% 2.8+0.5 3.0+£0.5 9.1% 2.5+0.5 3.3t0.5{ 30.0% 0.57
Basophils, % 0.6+0.2 0.8+0.2] 20.0% 0.5£02 0.9+0.3y 75.0% 0.6+0.2 0.4+0.2] -40.0% 0.36
Neutrophils, 3.310.3 3.0£0.2§ -9.9% 2.9+0.2 3.310.4y 10.6% 3.3+0.5 2.9+0.3§ -121% 0.49
x103pL
Lymphocytes, 3.3+0.3 28+0.3} “13.5% 2.8+0.2 3.1+£0.3 9.4% 3.0+£0.3 3.1£0.3 5.0% 0.06
x103/uL
Monocytes, 0.5£0.1 0.5+0.1 5.0% 0.5+0.1§ 0.5+0.04} 2.6%j 0.610.05; 0.6+0.05{ 0.0%; 0.71
x103/uL

Eosinophils, x 0.2+0.04§ 0.2+0.03§ -12.5%§{ 0.2+0.03} 0.2+0.04§ 13.3%} 02+0.04{ 0.2+0.03} 35.7%] 0.42
103/ L
]

Basophils, 0.06+0.02§ 0.06+0.02 0.0%j 0.05+0.02§ 0.09+0.03} 75.0%3 0.06+0.02; 0.04+0.0{ -40.0% 0.29
x103/uL

1MeantStandard Error of the Mean.
2P value for treatment effect of the difference in starting and ending values indicated by % change for each treatment.

Example 2

[0059] In this example the effect of administration of HVIB-acid gel is compared to that of calcium HVIB on muscle damage after an eccentric bout
of exercise. As shown in Example 1, peak plasma HMB levels and HMB clearance rate are increased with HMB free acid gel administration
compared with CaHMB (13). This example shows that the quicker response of HVB administered as free acid gel prior to and following a bout of
extreme exercise protects the muscle from damage better than HMB administered as the calcium HVB salt.

[0060] Effects of HMB and exercise on markers of muscie damage and inflammatory factors: Strenuous exercise, such as resistance
training or maximal effort exercise, causes an increase in leakage of the enzyme creatine phosphokinase (CPK) from muscle cells (21; 31).
Human studies have shown that muscle damage following intense exercise, measured by elevated plasma CPK is reduced with calcium HVB
supplementation (14; 22; 26; 33). A study on muscle damage after a prolonged 20 km run on a collegiate cross country course with both inclines
and declines also showed chronic calcium HVB administration is effective in decreasing the rise in plasma CPK over a 4 day period following the
run (23). Nissen et al. (26) demonstrated a dosage effect of calcium HMB (with 3.0 gram per day being more effective than 1.5 grams per day) in
decreasing CPK as well as resulting in significant reductions in urinary 3-methylhistidine (3-MH, a well established indicator of myofibrillar protein
degradation (39)). Gallagher et al. supplemented dosages of HMB to 37 male college students, performing resistance exercise training,

corresponding to 3.0 (38 mg/kg body weight-d'1) and 6.0 g (76 mg/kg body weight-d'1) of calcium HMB per day. Both doses had similar effects
on improving lean mass and strength gains, however, the higher dosage resulted in significant improvements in minimizing CPK leakage
suggesting significant amelioration in muscle damage following exercise. These observations indicate that higher plasma levels of HMB appear to
more protective of muscle damage following exercise.

[0061] As shown in Example 1, HMB as a free acid (in a gel) is absorbed faster than calcium HMB, results in higher plasma levels of HVB, and is
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cleared more readily by muscle.

Methods:

[0062] Subjects: We conducted a study at the lowa State University Health and Human Performance Laboratory; this study was approved by
the lowa State University Institutional Review Board, and was registered at ClinicalTrials.gov (NCT01150526). We recruited 12 men and 13
women between the ages of 20 and 36 from the lowa State University community and surrounding area.

[0063] Treatments: The experimental design is depicted in Figure 8.

[0064] Five treatments were administered as follows:
Treatment 1: Placebo. This group received a placebo capsule and a placebo syringe dosage at each dosage administration.

Treatment 2: CaHVIB pre-exercise. This group received a CaHMB capsule and a placebo syringe dosage 30 min prior to the acute exercise bout.
The remaining additional dosages during the study consisted of one placebo capsule and one placebo syringe dosage.

Treatment 3: HVB-acid gel pre-exercise. This group received a placebo capsule and a syringe dosage of HVB-acid gel 30 min prior to the acute
exercise bout. The remaining additional dosages during the study consisted of one placebo capsule and one placebo syringe dosage.

Treatment 4: CaHMB pre- and post-exercise. This group received a CaHVB capsule and a placebo syringe dosage at all administration times
during the study.

Treatment 5: HMB-acid gel pre- and post-exercise. This group received a syringe dosage of HMB- acid gel and one placebo capsule at all
administration times during the study.

[0065] To blind the treatments to both the researchers and subjects, each subject took a capsule and syringe dosage of supplement at each
administration. The capsules contained either one gram of calcium lactate (Placebo) or one gram of calcium B-hydroxy-f-methylbutryate
(CaHMB). The syringe dosages were formulated to be similar in taste and appearance and contained either 0.8 g of corn syrup (Placebo) or 0.8
g of B-hydroxy-p-methylbutryate free acid, the same amount of HMB as in the capsule dosage. The 3 daily doses provided the same total HMB
dosage (2.4 g as calcium HMB in the capsules or 2.4 g as HVB free acid in the syringes).

[0066] Eccentric Exercise Bout: Subjects refrained from vigorous exercise for three days before reporting to the laboratory. All subjects were
studied after an overnight fast. Subjects had a fasting blood sample taken and a spot urine sample was collected. Subjects then consumed their
assigned supplement and 30 minutes later the eccentric exercise session was performed. The exercise consisted of 50 maximal effort
contractions of knee extensors while attempting to resist the Biodex lever arm as it moves the knee joint from full extension to 90 degrees flexion;
this is similar to letting a heavy weight down slowly while in a seated position. Each contraction lasted about 2 seconds and 12 seconds were
allowed between contractions. This protocol was performed on the right leg followed by the left leg. The subjects received 2 more daily dosages
of treatment (placebo or HMB) with instructions to take the dosages at lunch and dinner. For the next 4 days the subjects returned to the
laboratory fasted each morning, had blood taken and urine collected and then consumed the morning dosage of their supplement. The subjects
were again given the 2 remaining daily supplement dosages with instructions to take them at lunch and dinner.

[0067] Serum and Urine Samples: A fasting blood sample was taken from a superficial forearm vein each morning when the subjects reported
to the laboratory for testing. Additionally a clean catch urine sample was collected at this time. Serum CPK was analyzed by a commercial
laboratory (Quest Diagnostics, Madison NJ). Urine 3-Methylhistidine (3MH) was analyzed by a previously published GC/MS method (9). Urinary
creatinine was analyzed by colorimetric assay (Cayman Chemical Company, Ann Arbor, MI). The urinary 3MH data was normalized to urinary
creatinine and expressed as 3MH.creatinine ratio, pmol:mg.

[0068] Statistics: Data were analyzed using the mixed model procedure in Statistical Analysis System for Windows (Release 9.1.3, SAS
Institute, Cary, NC). The change in each variable was analyzed at each measurement time point. The model included the baseline or time 0 value
as a covariate and included gender and treatment as main effects. CPK data were transformed using the Rank procedure in SAS before
analysis. Contrasts were used to compare the HVMB- acid gel pre- and post exercise mean to the other treatment means.

Results:

[0069] The subjects' demographics are shown in Table 8. The age, height, and weight of the subjects by treatment were similar.
Table 8. Subject Characteristics

Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
N 5 4 5 5 6
M/F 32 212 2/3 2/3 33
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Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
Age (y) 252+2.5 21.0£04 24014 25.8+2.6 22.2+1.0
Height (cm) 173+2.7 17315.5 170+6.0 17346.0 171+3.1
Weight (kg) 67.0+2.3 68.919.8 68.1£5.8 69.716.9 65.245.1
aData are presented as MeantSEM.

[0070] Treatments were: (Treatment 1): placebo capsule and placebo syringe dosage; (Treatment 2) Calcium HMB capsule and placebo syringe
dosage pre-exercise followed by placebo capsule and placebo syringe dosage post exercise; (Treatment 3): Placebo capsule and HVB- acid gel
syringe dosage given pre-exercise followed by placebo capsule and placebo syringe dosage post exercise; (Treatment 4): Calcium HMB capsule
and placebo syringe dosage pre- and post exercise; and (Treatment 5): Placebo capsule and HVB-acid gel syringe dosage given pre- and post
exercise. Treatments were administered 3 times daily, 30 min before the morning testing and then again at approximately noon and 6 PM.

[0071] Serum CPK and urinary 3MH:urinary creatinine ratios are shown in Table 9. There were no differences in baseline (time 0) values. The
eccentric exercise caused up to a four-fold increase in serum CPK, indicating muscle membrane damage. However, HVIB-acid gel administered
both pre-and post exercise (Treatment 5), blunted this increase by up to 64% (P < 0.03) at 24 h post exercise and 86% 48 h post exercise (P <
0.005). Continuing at 72 h the increase in CPK still tended to be less with the HMB-acid gel treatment. Figure 9 illustrates the rise and fall in CPK
values over the course of the study. Also shown in Table 2 is the effect of the treatments on 3MH:Cr ratio, a measure of protein degradation in
muscle. Although these data only are indicative of a trend, the data do show no increase and even a decrease in protein degradation in the
HMB-acid gel pre- and post exercise treatment. This would indicate a decrease in protein degradation resulting in more favorable protein
turnover and protein accretion in muscle.

Table 9. Serum Creatine Phosphokinase (CPK) and Urinary 3-Methylhistidine to Urinary Creatinine Ratio (3MH:Cr) After an Acute
Bout of Exercise

Treatment 1 Treatment 2 Treatment 3 § Treatment 4 Treatment 5 P-valueb

CPK, U/mL

Baseline 132+35 95+12 10717 127138 146143

at24h 3561108 375468 4341126 416+157 264175 0.03

at48h 25373 246138 275169 22873 170141 0.005

at72h 197148 231159 209454 223152 180134 0.09

at96 h 169136 281+105 18133 214452 187146 0.51
3MH:Cr, pmol/mg

Baseline 0.233+0.066 0.164+0.037 0.173+0.028 0.205+0.025 0.225+0.034

at24 h 0.211£0.035 0.190+0.027 0.213+0.037 0.203+0.039 0.2134£0.025 {0.88

at48h 0.238+0.033 0.240+0.052 0.190+0.014 0.220+0.027 0.208+0.012 {0.62

at72h 0.251+0.046 0.204+0.058 0.172+0.013 0.231+0.037 0.1754£0.013 {0.14

at96 h 0.231+0.044 0.187+0.029 0.202+0.020 0.269+0.038 0.186+0.043 {0.27
aData are presented as MeantSEM.
Treatments were: (Treatment 1): placebo capsule and placebo syringe dosage; (Treatment 2) Calcium HMB capsule and placebo
syringe dosage pre-exercise followed by placebo capsule and placebo syringe dosage post exercise; (Treatment 3). Placebo
capsule and HMB free acid gel syringe dosage given pre-exercise followed by placebo capsule and placebo syringe dosage post
exercise; (Treatment 4): Calcium HMB capsule and placebo syringe dosage pre- and post exercise; and (Treatment 5): Placebo
capsule and HMB free acid gel syringe dosage given pre- and post exercise. Treatments were administered 3 times daily, 30 min
before the morning testing and then again at approximately noon and 6 PM.
bP-value HMB Free acid gel (Treatment 5) contrasted with the other treatments.

Implications:

[0072] Based upon the observations in Example 1, muscle tissue was exposed to much higher levels of serum HMB when HMB free acid was
administered. Additionally, in Example 1 it was shown that clearance of HVB from serum to muscle and tissues was also much greater when HVIB-
acid was administered compared with CaHVB administration. Thus, in Example 2 it is shown that this additional utilization of HVB by muscle in the
free acid form is more protective of the muscle tissue after an acute bout of exercise than HMB administered in the calcium form.

[0073] The foregoing description and drawings comprise illustrative embodiments of the present invention. The foregoing embodiments and the
methods described herein may vary based on the ability, experience, and preference of those skilled in the art. Merely listing the steps of the
method in a certain order does not constitute any limitation on the order of the steps of the method. Those skilled in the art who have the
disclosure before them will be able to make modifications and variations therein without departing from the scope of the invention. Administration
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of the composition of the present invention will be in an amount sufficient to achieve a desired effect as recognized by one of ordinary skill in the
art.
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PATENTKRAV

1. Sammens®tning, der omfatter beta-hydroxy-beta-methylsmersyre (HMB) i fri syreform (HMB-
syre) til anvendelse til forbedring af effektiviteten af HMB ved administration, sammenlignet med
administration af en lignende dosis af en calciumsalt HMB-sammensatning, til mindskning af
muskelskade i en muskel udsat for stress, mindskning af muskelskade i en muskel udsat for skade,

forbedring af en persons immunrespons eller mindskning af sygdoms-associeret afmagring.

2. Sammensztning til anvendelse ifelge krav 1, hvor HMB-syren er formuleret som en gel eller en
vacske.

3. Sammensztning ifolge krav 1 eller krav 2 i form af en oral sammensatning.

4, Sammensztning ifelge et hvilket som helst af kravene 1 til 3 i form af en sublingual
sammensatning.

5. Sammensztning til anvendelse ifolge et hvilket som helst af de foregdende krav, hvor HMB-

syren er til stede i en maengde pé fra 0,5 gram til 30 gram.

6. Sammensztning til anvendelse ifolge krav 5, hvor HMB-syren administreres én gang pr. 24

timers periode.

7. Sammens®tning ifelge et hvilket som helst af kravene 1 til 6, hvor HMB-syren administreres i

en maengde pé fra 0,01 til 0,2 gram HMB-syre pr. kilogram kropsvagt hver 24. time.

8. Ikke-terapeutisk fremgangsmaéde til forbedring af nitrogenretention, forbedring af proteinsparing,
forbedring af mager kropsmasse, forbedring af muskelfunktion, forbedring af muskelydeevne, forbedring
af en persons lipidprofil eller forbedring af en persons emotionelle tilstand, der omfatter administration

af beta- hydroxy-beta-methylsmorsyre (HMB) i fri syreform (HMB-syre).

9. Fremgangsméde ifolge krav 8, hvor HMB-syren er formuleret som en gel eller en vaeske.

10. Fremgangsmade ifelge krav & eller krav 9, hvor HMB-syren er 1 form af en oral sammensatning

eller sublingual sammensatning.

11. Fremgangsmaéde ifelge et hvilket som helst af kravene § til 10, hvor HMB-syren er til stede i en

mangde pé fra 0,5 gram til 30 gram.
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12. Fremgangsmade ifelge krav 11, hvor HMB-syren administreres én gang pr. 24 timers periode.
13. Fremgangsmade ifolge et hvilket som helst af kravene 8 til 12, hvor HMB-syren administreres i

en maengde pa fra 0,01 til 0,2 gram af HMB-syre pr. kilogram kropsvagt hver 24. time.

14. Sammenszetning, der omfatter beta-hydroxy-beta-methylsmorsyre (HMB) i fri syreform (HMB-

syre) som en gelformulering.

15. Sammensetning, der omfatter beta-hydroxy-beta-methylsmersyre (HMB) i fri syreform (HMB-

syre) som en flydende formulering.

16. Sammensetning ifelge krav 14 eller 15 1 form af en oral sammensatning eller en sublingual

sammensatning.
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FIG 9. Change in serum creatine phosphokinase (CPK) after an acute bout of

eccentric exercise. -- W -- placebo, - A - Calcium HMB pre-, -X- HMB free acid gel
pre-, -¢- Calcium HMB pre- and post exercise, and -e- HMB free acid gel pre- and post
exercise. ™ P <0.03 contrasted to all other treatments; % P < 0,005 contrasted to all

other treatments and P < 0,06 contrasted with CaHMB alone and Placebo alone.
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