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Abstract 10 

Background: The aim of the study was to determine the effect of simultaneous 11 

supplementation of β-hydroxy-β-methylbutyrate and L-arginine α-ketoglutarate on lower limb 12 

power and muscle damage in medium distance runners aged 15.3 (± 0.9) years old.  13 

Methods: The study group consisted of 40 volunteers (men and women) aged 14-17 (juniors 14 

and younger juniors) who have been practicing medium distance running for at least two years. 15 

The study followed a randomised, double-blind, placebo-controlled design. All subjects 16 

attended a familiarisation session on day 0 before the test commenced. The subjects were 17 

randomly divided into two groups: supplements group and placebo group. A similar training 18 

cycle protocol was used in both groups. Daily sRPE values, countermovement jump 19 

measurement as well as blood creatine kinase and lactate dehydrogenase were measured during 20 

12-day training period.    21 

Results: After the end of the training cycle, a significant (p = 0.002) decrease in the 22 

countermovement jump (CMJ) height was found in the placebo group when compared to the 23 

baseline measurement. In the supplements group, there was no decrease in the 24 

countermovement jump value, which was close to the baseline level after the end of the training 25 

cycle (p>0.05). During the 12-day training period, statistically significant changes in creatine 26 

kinase and lactate dehydrogenase levels were recorded between the supplements and placebo 27 

groups; its concentration increased during the training weeks similarly, and decreased on rest. 28 

All the changes were at a comparable level in both groups. The research results indicate that 29 

the supplement combination used in the supplements group prevented a reduction in the CMJ 30 

values. In contrast to supplements group, in the placebo group, the CMJ changes were 31 

statistically significant: a noticeable (p = 0.002) decrease in CMJ was noted between the 32 

baseline measurement and the 6th measurement. The well-being of the subjects from both 33 
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groups changed significantly during the training period, and the intergroup differences in the 34 

mood level were similar and not statistically significant. 35 

Conclusions: The results of this study indicate that the daily co-supplementation with  36 

β-hydroxy-β-methylbutyrate (6 g) and L-arginine α-ketoglutarate (8 g) during the 12-day 37 

intensive training camp may prevent deterioration of lower limb muscle power measured by the 38 

CMJ test in the well-trained youth track and field athletes. 39 

Keywords: training camp supplementation, medium distance runners, β-hydroxy-β-40 

methylbutyrate, HMB, L-arginine α-ketoglutarate, AAKG, countermovement jump,  41 

CK- creatine kinase, LDH – lactate dehydrogenase.  42 

 43 

Background 44 

Many athletes are still looking for methods which can significantly enhance their 45 

performance. Consequently, supplements, especially those taken before a workout, are 46 

becoming an increasingly popular class of dietary supplements among athletes. The prevalence 47 

of supplementation among athletes has been estimated at 37 to 89 % (1). Beta-hydroxy-beta-48 

methylbutyrate (HMB) and L-arginine α-ketoglutarate (AAKG) remain among the most 49 

popular dietary supplements on the market. 50 

β-hydroxy-β-methylbutyrate (HMB) is one of the best-tested compounds found in dietary 51 

supplements and ergogenic aids for physically active people. HMB is a derivative of leucine 52 

that has been extensively studied for protein metabolism, insulin activity or post-workout 53 

recovery.  54 

L-Arginine (ARG) is a conditionally essential amino acid whose primary function is the 55 

participation in protein synthesis and ammonia detoxification. It is also involved in several other 56 

functions related to its metabolism to biologically active particles, such as nitric oxide, creatine, 57 

agmatine, glutamine, ornithine, polyamines or citrulline (2).  58 
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When it comes to the effect of HMB on anaerobic capacity, several previous studies 59 

described the effectiveness of HMB-Ca (salt form) supplementation on muscular strength and 60 

body composition. Niessen and co-workers (3) showed that 1.5g/day and 3.0 g/per day of HMB 61 

taken by untrained males every day during a 3-week resistance training program caused that 62 

they were more efficient in a 1-RM testing protocol when compared to the placebo group. Also, 63 

the total strength increased significantly by 13% (1.5 g HMB/d) and 18.4% (3.0 g HMB/d) in 64 

the subjects taking HMB when compared to placebo, and this dependency was HMB dose-65 

dependent. Asadi et al. (4) during the six-week study also demonstrated the positive influence 66 

of HMB-FA supplementation on strength and power performance compared to the placebo 67 

group.  68 

Panton et al. (5) demonstrated that a 4-week supplementation with 3 g of HMB per day 69 

during resistance training increased 1-RM strength (only in the HMB-group) in the upper-body 70 

exercises. No differences in the lower body strength between the placebo and the HMB groups 71 

were observed. In contrast to this research, Wilson et al. (6) during their 12-week study on 20 72 

trained male subjects who were given 3 g of HMB per day observed strength increases in the 73 

squat and bench press compared to the placebo group. Also some advantageous changes in body 74 

mass, FFM, BF, and quadriceps thickness were observed in the subjects supplemented with 75 

HMB. 76 

What is certainly not less interesting, some researchers have investigated the effectiveness 77 

of HMB supplementation on anaerobic power (i.e. Wingate test) and countermovement jump 78 

(CMJ) performance (6; 7). The study conducted by Wilson et al. (6) noticed an improvement 79 

in Wingate test results and CMJ performance, while Kreider et al. (2000) did not observe any 80 

enhancement in 12 x 6 cycle ergometer interval sprint tests..  81 

Durkalec-Michalski et al. (8) reported that after 12 weeks of supplementation with 3 g of 82 

HMB per day, in comparison to the placebo treatment, a significant increase in the anaerobic 83 
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peak power, average power, maximum speed, and post-exercise lactate concentration  was 84 

recorded during the Wingate test on a cycle ergometer. Moreover, taking into consideration the 85 

initial values, the supplementation of HMB increased the peak power output, average power, 86 

maximum speed and post-exercise lactate concentrations, with a simultaneous reduction of the 87 

time needed to achieve peak power, compared to the placebo group. 88 

There is also some evidence that ARG supplementation  could have a beneficial influence 89 

on anaerobic capacity. Yavuz et al. (9) examined the significance of a single dose of L-arginine 90 

(1.5 g ·10 kg-1 body weight) given to 9 male national and international level wrestlers after a 91 

12-hour (night) fast. The athletes performed an incremental bicycle ergometer test to exhaustion 92 

during which several parameters (oxygen consumption, heart rate and plasma lactate levels) 93 

were measured. The results showed that the significant difference was observed in time to 94 

exhaustion which was prolonged in the L-arginine group (1386.8±69.8 s) when compared to 95 

placebo (1313±90.8 s) (p<0.05).  96 

Bailey et al. (10) studied the effects of a 3-day supplementation with 6 g/d of L-arginine 97 

(dissolved in 500  ml of water) which was taken by 9 trained, healthy active men 60 min before 98 

exercise on a cycle ergometer. The participants were requested to complete 6-minute cycling 99 

bouts with a moderate intensity; the last cycle was continued until failure, and it was used as a 100 

measure of exercise tolerance. There was significant increase in plasma nitrite and time to task 101 

failure in the ARG group when compared to the placebo group. In both groups, there was also 102 

significantly lower oxygen consumption (VO2) during moderate-intensity cycle exercise; the 103 

VO2 slow component amplitude was reduced during severe-intensity exercise, favouring the 104 

ARG group. 105 

  Campbell et al. (11) reported significant increases in the 1-RM strength and anaerobic 106 

power (Wingate test) among 35 resistance-trained healthy males after supplementation of 12 g 107 
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of AAKG (6 g of L-arginine) per day for eight weeks. The authors observed a significant 108 

increase in the peak power in the AAKG group in comparison to the placebo group. 109 

Mor et al. (12) observed no statistically significant difference before and after 110 

supplementation between the experimental (6 g of ARG) and the placebo (6 g of wheat bran) 111 

groups consisting of 28 active male football players who played in amateur leagues during the 112 

14-day research. Nevertheless, the post supplementation recovery lactic acid levels showed a 113 

more rapid reduction in the experimental group when compared to the placebo one. A similar 114 

relationship was observed for the indicator of muscle injury expressed by a decreased level of 115 

LDH enzymes in the ARG group. All this suggests that the supplementation with L-arginine 116 

helps not only to excrete lactic acid from the body more effectively but also increases muscle 117 

recovery by lowering the level of LDH enzymes when compared to the placebo group.  118 

The use of L-arginine in post-workout recovery was also raised in the research of 119 

McConell et al. (13), who submitted 9 endurance-trained males to a steady-state cycle 120 

ergometer exercise for 120 minutes. During the last 60 minutes of cycling, the subjects were 121 

given either a placebo or L-arginine HCl (30 g at 0.5 g/min) intravenously. ARG infusion 122 

significantly increased skeletal muscle glucose clearance when compared to placebo, without 123 

increasing plasma insulin concentration. The authors suggested that L-arginine increased NO 124 

production, which then elevated muscle glucose uptake and might helped muscle recovery.  125 

Most ARG studies indicate that this amino acid has no or little effect on anaerobic capacity. 126 

However, some experiments show directional activity in this area, mainly due to the presence 127 

of NO (nitric oxide) deriving from ARG, which appears to be useful for protecting muscle from 128 

being injured and aids their recovery. Similar, though much better described results are 129 

associated with HMB and the enhancement of the sarcolemma integrity properties via higher 130 

availability of cytosolic cholesterol (14), inhibiting protein degradation (15), decreasing cell 131 

apoptosis (16), increasing protein synthesis (mTOR pathway;14, 15), stimulating the growth 132 
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hormone (GH)-insulin-like growth factor-1 (IGF-1) axis and enhancing muscle stem cells 133 

proliferation and differentiation (16).  134 

  It would be interesting to know whether these two popular dietary supplements used 135 

simultaneously would show an additive effect, especially noticeable during intense anaerobic 136 

workouts. Meanwhile, it should be emphasised that this combination of supplements has not 137 

been previously studied.  138 

Therefore, the purpose of this study was to check whether two popular supplements,  139 

β-hydroxy-β-methylbutyrate (HMB) and L-arginine α-ketoglutarate (AAKG), would have 140 

beneficial influence on blood biochemical parameters (creatine kinase- CK and lactate 141 

dehydrogenase-  LDH), lower limb strength and power and the subjective perception of the 142 

severity of effort and well-being in the group of young medium distance runners during a 12-143 

day intensive preparatory camp. We hypothesise that the combination of these two compounds 144 

can have an additive effect for examined factors, than that observed during consuming HMB 145 

and AAKG separately.  146 

 147 

Methods 148 

Study design 149 

Following an explanation of all procedures, risks, and benefits associated with the study, each 150 

subject gave his written consent before he participated in the study. The study was approved by 151 

the Ethical Committee of the Academy of Physical Education in Katowice (Katowice, Poland) 152 

and conformed to the ethical requirements of the 1975 Helsinki Declaration. The subjects were 153 

also required to refrain from taking any nutritional supplements or ergogenic aids for the two 154 

weeks preceding the study. They were also asked to not to take any additional supplements 155 

during the duration of the study. The volunteers gave their written consent to participate in the 156 

study. 157 
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The study followed a randomised, double-blind, placebo-controlled design. All subjects 158 

attended a familiarisation session on day 0 before the test commenced. The subjects were also 159 

requested not to eat or drink for 2 hours before each training session. During the familiarization 160 

session, the participants were shown and explained the rules for completing a well-being 161 

questionnaire and a session RPE (sRPE) protocol; they were also informed about planned tests 162 

during the entire12-day experiment (Table 1) as well as their order on day 1 (Table 2) and 163 

during the entire 12-day period (Table 1). 164 

 165 

 

familiarisation

/ baseline 

values       
  day 0 day 1 day 2 day 3 day 4 day 5 day 6 

Blood samples   +   +   +   

CMJ + + + + + + + 

well-being 

questionnaire 
+ + + + + + + 

sessionRPE   + + + + + + 

    day 7 day 8 day 9 day 10 day 11 day 12 

Blood samples   +   +   +   

CMJ   + + + + + + 

well-being 

questionnaire 
  + + + + + + 

sessionRPE   + + + + + + 

Table 1. Daily schedule of tests performed during 12 days of the experiment. Day 0 was 166 

dedicated to familiarising with the research protocols, establishing the baseline values for CMJ 167 

and filling in the questionnaire of well-being. 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 
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 177 

Time Activity 
Supplements group 

(SUP) 

Placebo group 

(PL) 

6:00 - 6:15 

Blood sample 

collections 
+ + 

SUP/PL 
2 caps AAKG  

+ 2 caps HMB 
4 caps placebo 

Well-being 

questionnaire 
+ + 

6:15 - 6:45 Morning warm-up + + 

6:45 – 7:00 
Counter movement 

jump test 
+ + 

7:00 - 8:00 Breakfast   

9:00 SUP/PL 
3 caps AAKG + 

 2 caps HMB 
5 caps placebo 

10:00 - 12:00 Training 1 + + 

 sessionRPE 1 + + 

13:00 - 14:00 Lunch   

15:00 SUP/PL 
3 caps AAKG  

+ 2 caps HMB 
5 caps placebo 

16:00 - 18:00 Training 2 + + 

 sessionRPE 2 + + 

19:00 – 20:00 Dinner   

Table 2. Daily regimen of meals, supplementation and frequency of training as well as samples 178 

and data collection during the 12-day study period. 179 

 180 

Subjects 181 

The study group consisted of 40 volunteers (men and women) aged 14-17 (juniors and younger 182 

juniors) who have been practicing medium distance running for at least two years; the subjects 183 

were randomly assigned to the placebo (PL) or supplements (SUP) group. The study was 184 

completed by 15 subjects from the placebo group, including 7 men (15.1 ± 1.2 y; 64.6 ± 7.8 kg; 185 

171.4 ± 6.6 cm) and 8 women (15.0 ± 1.2 y; 52.6 ± 5.5 kg; 158.9 ± 5.8 cm). In the 186 

supplementation group (SUP), 19 subjects completed the study, including 7 men (15.0 ± 1.0 y; 187 

66.0 ± 3.9 kg; 173.0 ± 7.3 cm) and 12 women (15.3 ± 1.3 y; 50.6 ± 3.8 kg; 156.1 ± 7.2 cm). 188 

 189 
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 190 

Supplementation 191 

The participants were randomly divided into two groups. The placebo group (PL) was 192 

administered hard, gelatine capsules with microcrystalline cellulose. In contrast, the 193 

supplements group (SUP) was given a combination of two supplements which are commercially 194 

marketed as HMB 1250 Mega Caps® (Olimp Laboratories, Debica, Poland; HMB) of which 195 

one capsule contains 1250 mg of calcium salt of β-hydroxy-β-methylbutyrate which equals 196 

1000 mg of pure β-hydroxy-β-methylbutyrate and AAKG 1250 Extreme Mega Caps® (Olimp 197 

Laboratories, Debica, Poland; AAKG) of which one capsule contains 1250 mg of L-arginine α-198 

ketoglutarate which equals 813 mg of L-arginine. Each participant took them three times a day 199 

approximately 15 min before early morning warm-up and then 60 min before the first and the 200 

second training. A set dose of the supplements or placebo was administrated as described in 201 

Table 2 below. Each dose was taken with 200 ml of still water. No subjects reported any adverse 202 

events or side effects following the ingestion of the supplement or placebo.  203 

 204 

Training 205 

Early morning warm-up: 206 

Standard warm-up started with 10 min jogging at 60%–75% of maximal heart rate. After 207 

this task, the participants performed various dynamic exercises (arm swing, internal/external 208 

leg rotation, hip flexion/extension/ abduction/adduction/ hip rotation, knee rotation, and ankle 209 

rotation) followed by 15 min jogging.  210 

 211 

Main training units 212 

The training cycle comprised of general preparation units, including off-road running 213 

games, as well as specific units. 214 
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 Each training unit consisted of four parts: introduction (presenting the training goal and tasks, 215 

dividing into smaller training groups: 3-5 min), initial (warm-up jogging, dynamic stretching 216 

for 20-25 min), main (achieving the fundamental training goal for 75-80 min) and final (easy 217 

jog, flexibility exercises for 15 min).  218 

The training units were identically arranged for both groups and had the same volume. 219 

Each day, the selected training unit (morning or afternoon) was carried out with a greater load. 220 

Session RPE was used to describe the training load of each workout, as presented below. 221 

Similar levels of session RPE were observed in the athletes in both groups (SUP and PL). 222 

During the boot camp, both groups (PL and SUP) trained 36 times in total. The total training 223 

time was 54 hours per athlete from each group. The seventh day of the camp was partially a 224 

rest period — only one, low-intensity training took place then. 225 

 226 

Fatigue and well-being assessment  227 

The day before the camp began, as well as every morning during its duration, a 228 

psychometric survey was carried out before the start (17). The survey comprised of five 229 

questions related to perceived fatigue, sleep quality, general muscle soreness, stress levels and 230 

mood; each question was scored on a 5-point scale (with 1 and 5 representing poor and very 231 

good wellness ratings, respectively) (18). Using the questionnaire, the participants made a 232 

subjective assessment of overall fatigue and well-being.  233 

 234 

Training load assessment  235 

The session-RPE (sRPE) method takes into consideration the intensity and the duration 236 

of the training session to calculate the “training load” (TL; 19). The training load (arbitrary 237 

units) was calculated for all subjects as total training duration (min) × session rating of 238 
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perceived exertion (RPE, CR10 modified Borg’s scale), collected within 10 min of completing 239 

each training session (20). 240 

All athletes were familiarised with the CR-10 scale according to standard procedures (21) 241 

before beginning to collect reliable measurements. Immediately after the end of each training 242 

unit, each participant reported the subjective value of the session RPE, which was recorded by 243 

the coach. The mean value of the two daily sRPE values was used for statistical calculations. 244 

 245 

Countermovement jump 246 

The countermovement jump measurements were taken using the Optojump Next system 247 

(Microgate, Bolzano, Italy) — an optical measuring system used in time-based tests. For 248 

example, the vertical jump height is calculated from the value of this measurement. CMJ is used 249 

as an indirect measurement of lower limb power.  The measurement was taken daily after the 250 

morning warm-up. The starting position was standing upright with the arms placed on the hips 251 

to prevent them from swinging. The athletes were instructed to begin with the eccentric phase 252 

— make a preliminary downward movement by flexing at their knees and hips to the semi-253 

squatting position and immediately perform the highest jump possible (concentric phase). The 254 

landing was allowed with normal flexion and the standing still phase in the neutral position was 255 

obligatory for 1-2 seconds. Bending the lower limbs before performing the jump causes initial 256 

stretching of the muscles, thanks to which more work is done in the concentric phase. Each of 257 

the subjects made three countermovement jumps with 1-minute rest between them. The average 258 

value of the three jumps was used for calculations. 259 

 260 

Biochemical analyses 261 

Blood samples were taken by qualified medical personnel and used to assess the 262 

concentration of the creatine kinase (CK) and lactate dehydrogenase (LDH) enzymes as the 263 
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markers of the level of muscle tissue damage. CK and LDH tests were performed in a laboratory 264 

that validated methods for the determination of these particles using biochemical tests (i-265 

STAT® CK-MB (Abbott), and Lactate Dehydrogenase (LDH) ELISA Kit 266 

(MyBioSource.com). Blood samples were taken six times (every 48 hours) from a vein in the 267 

arm (4 ml of blood) in the morning — before a fasted morning warm-up. The participants were 268 

instructed to rest for a few minutes in a sitting or lying position and to avoid physical activity 269 

immediately before blood samples were to be taken.  270 

The first blood samples were taken in the morning on the first training day (baseline).  The 271 

results from 6 measurement points were collected.  272 

 273 

Statistical analysis 274 

The changes in the analysed indicators and intergroup differences in the level of the analysed 275 

indicators were determined using analysis of variance (ANOVA) with repeated measurements. 276 

In the case of significant changes for the main effect (p <0.05), post hoc analysis was performed 277 

using the Tukey test (HSD). Statistical analysis was conducted in the Statistica program (USA). 278 

The data in the charts presented is an average with a confidence interval of 0.95. Any changes 279 

in the indicators were considered significant when p <0.05. 280 

 281 

Results 282 

No subjects reported any adverse events or side effects following the ingestion of the 283 

supplement or placebo. The level of sRPE at the individual measuring points during the training 284 

period in both groups was similar (Fig. 1); it proved that the athletes from both experimental 285 

groups had comparable training load during their workout. During the 12-day training period, 286 

statistically significant changes in creatine kinase were noted; however, the changes in both 287 

groups were at a similar level (Fig. 2). Identical changes were also observed for LDH — the 288 
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differences in LDH levels in the individual measurements between the groups were not 289 

statistically significant (Fig. 3).  290 

 291 

 292 
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 293 

The changes in CMJ performance in the analysed period were particularly interesting. 294 

In the supplements group, no significant differences (p>0.05) were noted between the 295 

individual CMJ measurements. In contrast, in the placebo group, the CMJ changes were 296 

statistically significant: a noticeable (p = 0.002) decrease in CMJ was noted between the 297 

baseline measurement and the 6th measurement. At the same time, a considerable increase in 298 

CMJ (p = 0.02) between the 6th and the 7th measurement was also recorded. Finally, when the 299 

training period was completed (the last measurement), a significant (p = 0.002) decrease in the 300 

CMJ height was observed in the placebo group compared to the baseline measurement. There 301 

were no such changes registered in the SUP group; the post-workout CMJ performance was 302 

close (p>0.05) to baseline (Fig. 4). The well-being of the subjects from both groups changed 303 

significantly during the training period, and the intergroup mood differences were similar  304 

(Fig. 5). 305 
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 306 

 307 

 308 

 309 
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Discussion 310 

The purpose of this study was to check whether the intensive use of two popular 311 

supplements, β-hydroxy-β-methylbutyrate (HMB) and L-arginine α-ketoglutarate (AAKG), 312 

would reduce muscle damage, increase lower limb muscle power and affect the subjective 313 

perception of the effort severity and well-being, during an intensive 12-day preparatory camp 314 

in the group of young medium distance runners. Significant intergroup differences in lower 315 

limb power are the most important discovery of our research. In the supplements group, no 316 

significant fluctuations in muscle power were observed during the follow-up; in contrast, in the 317 

placebo group, power changes were statistically significant, and at the end of the boot camp 318 

unquestionably lower than before the boot camp started. Such power changes can adversely 319 

affect the implementation of the training plan and force the coach to change the training load. 320 

HMB and AAKG supplementation meant that the power level remained stable, which should 321 

be considered beneficial — it allows you to maintain your planned training loads. The placebo 322 

group showed a decrease in the CMJ height in the first days. This outcome could have been a 323 

result of increased fatigue due to the implementation of subsequent, intensive units of running 324 

training. At the same time, no such trend was observed in the SUP group. Although there were 325 

no statistical differences in the training program and the subjective assessment of the training 326 

load (similar sRPE), a statistically significant decrease in CMJ was shown only in the placebo 327 

group. This phenomenon (a reduction in the CMJ height) was not observed in the SUP group, 328 

in which CMJ performance remained relatively stable. The research results indicate that, despite 329 

the ineffectiveness of the training used, the combination of the two supplements used in the 330 

SUP group prevented the deterioration of the CMJ results, which were observed in the placebo 331 

group. It should be emphasised that it was only after the camp ended that power 332 

supercompensation was to be expected. It can be then concluded that the supplementation 333 

allows us to stabilise the power level and carry out the planned training, without the need to 334 
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correct training loads. Research to date (22, 23, 24) indicates that during the training period, 335 

the CMJ height may either decrease or not undergo significant changes. The authors suggest 336 

that this may be a result of fatigue accumulation. The co-supplementation of HMB and AAKG 337 

could prevent fatigue accumulation and maintain lower limb strength. 338 

The chemical form of L-arginine used in the study, L-arginine α-ketoglutarate, as well 339 

as the calcium form of β-hydroxy-β-methylbutyrate (HMB), are often used in general foods, 340 

dietary supplements and special medical foods. This compound has a long history of use and 341 

an excellent safety profile and is a well-tolerated and popular ingredient in dietary supplements 342 

for athletes in many countries 343 

To this date, a few possible mechanisms of HMB activity in the human body were 344 

proposed. The positive effects of HMB supplementation include enhancing sarcolemma 345 

integrity via higher availability of cytosolic cholesterol (14), inhibiting protein degradation 346 

(ubiquitin pathway; 15), decreasing cell apoptosis (16), increasing protein synthesis (mTOR 347 

pathway; 15, 25), stimulating the growth hormone (GH)-insulin-like growth factor-1 (IGF-1) 348 

axis and enhancing muscle stem cells proliferation and differentiation (16).  349 

L-arginine (ARG) based products are used mainly before training, due to the potential 350 

mechanism of action of nitric oxide (NO) formed from ARG. NO in muscles is responsible for 351 

vascular smooth muscle relaxation, thus improving the supply of oxygen and nutrients to the 352 

working muscles, as well as for better drainage of anaerobic energy metabolism (26). Besides, 353 

nitric oxide is involved in generating the contraction strength of working muscles by affecting 354 

the excitatory-contraction coupling. It is also indicated that ARG supplementation reduces the 355 

aerobic cost of physical activity (27). This effect can also be caused by a decrease in the 356 

concentration of lactate and ammonia in the bloodstream (28) or an increase in the glucose 357 

absorption efficiency by muscle cells (13) to which ARG also contributes. 358 
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Based on previous studies, by co-administering AAKG (12) and Ca-HMB (14),  359 

a reduction in the muscle cell damage markers and thus indirectly faster post-workout 360 

regeneration were expected. The effect of supplementation on lower limb power and the well-361 

being and subjective assessment of the intensity of each training unit declared in the survey (an 362 

indirect parameter in the evaluation of muscle cell damage) were also examined. The effects of 363 

co-administration of only AAKG and HMB have not yet been described in the literature; 364 

however, adding L-glutamine to the mixture (3 g HMB, 14 g L-arginine, 14 g L-glutamine) 365 

administered for six months to healthy elderly increased their lean muscle mass (29). An 366 

important finding is a fact that between the SUP and PL groups, no statistically significant 367 

differences in the level of muscle cell damage markers, i.e. CK and LDH, were observed. The 368 

lack of statistically significant differences could be caused, among others, by individually 369 

variable myocyte stability and the ability to metabolise creatine kinase by the athletes in both 370 

groups. In addition, Kupiers (30) concluded that in some cases, serum CK might not directly 371 

reflect the extent of muscle cell damage. According to the author, this correlation depends, 372 

among others, on the level of sex hormones and individual variability, for example, in FFM 373 

(fat-free mass; 30). The possible reason for the lack of any changes in the level of muscle cell 374 

damage markers (CK and LDH) could be a short duration of the study and supplementation. 375 

Based on the research by Niessen et al. (3), it can be seen that Ca-HMB most effectively inhibits 376 

protein degradation in the first two weeks of its use, while a significant reduction in serum CK 377 

activity occurs only in the third week after commencing the supplementation. It seems that two 378 

weeks of Ca-HMB supplementation is the minimum period that is effective in reducing muscle 379 

damage. 380 

In this study, AAKG and Ca-HMB were co-administered in the SUP group. 6.5 g 381 

derived from 10 g AAKG (8 capsules) was the set optimal daily dose of L-arginine. The dosage 382 

of 6 g increased muscular blood flow which was correlated with nitric oxide production (31). 383 
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The highest absorption of L-arginine, approximately 70%, is observed at the dose of 6g (32); 384 

alas, further dose increments do not change its uptake. A dose of 6 g of L-arginine taken on an 385 

empty stomach may increase the concentration of this amino acid in the blood by more than 386 

330% within 1 hour. It is recommended in the literature to take products based on arginine and 387 

its forms within approx. 60 minutes before planned exercise, especially since the half-life tested 388 

at the optimal dose is about 80 minutes (32).   389 

Based on the scientific data, it has been observed that the effect of HMB is dose-390 

dependent (33; 34, 35). In scientific research, the most commonly used doses of HMB include 391 

1.5 g/d, 3 g/d or exceptionally 6 g/d (36). It is assumed that the optimal model for minimising 392 

the damage to the trained muscle is a supplementation protocol of 1 g of Ca-HMB taken three 393 

times a day with meals. For athletes who want to reduce the length of post-exercise recovery, 394 

it is recommended to consume 3 g Ca-HMB 60 min before exercise (33, 35).  395 

A study was carried out to check the effect of HMB supplementation on the level of 396 

muscle tissue damage markers after endurance exercise (20 km cross-country run). The 397 

participants were randomly assigned to a placebo group or a group supplemented with 3 g HMB 398 

per day for six weeks. After the end of the supplementation period, a 20 km run test was carried 399 

out, which showed statistically significant lower levels of both CK and LDH activity in the 400 

athletes regularly taking HMB. At the same time, in both groups, the peak CK level was 401 

recorded 24 hours after the 20 km run. (37). No similar results were obtained in our study. In 402 

the cited example, the supplementation period was three times longer. 403 

 The study protocol was based partly on the literature data. It was decided to use 6 g 404 

HMB to check if this dosage is sufficient to positively influence the analysed parameters in the 405 

limited period of the 12-day training camp. The fact that the plasma HMB half-life is 2.5h when 406 

administered as calcium salt (Ca-HMB) and that taking 3 g of Ca-HMB would result in the 407 

peak concentration of pure HMB in the bloodstream after 1 hour (38) contributed to Ca-HMB 408 



Page 21 of 25 

 

and AAKG being co-administered three times a day about 60 minutes before the physical 409 

activity. The use of higher doses than those most commonly found in the literature was aimed 410 

at optimising the rate at which the expected effects would appear (reduced level of the muscle 411 

cell damage markers, counteracted decrease in lower limb power, improved well-being and 412 

lower subjective feeling of effort intensity (sRPE)). Statistically significant differences were 413 

observed only for the countermovement jump. 414 

 415 

The limitations of the study 416 

In our opinion, it is also necessary to assess the effects of co-supplementation with HMB and 417 

AAKG after the end of the camp (training period), when after a period of complete rest, muscle 418 

power can significantly increase (supercompensation). Perhaps then other supplementation 419 

effects could also be observed. 420 

 421 

Conclusion 422 

The results of this study indicate that the daily co-supplementation with AAKG (8 g) and Ca-423 

HMB (6 g) during the 12-day intensive training camp may prevent deterioration of lower limb 424 

muscle power measured by the countermovement jump test in the well-trained youth track and 425 

field athletes.  426 

 427 
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Figures

Figure 1

Changes in sRPE during trening in the SUP and PL group.



Figure 2

Changes in CK during trening in the SUP and PL group.



Figure 3

Changes in LDH during trening in the SU and PL group.

Figure 4

Changes in CMJ during trening in the SUP and PL group.



Figure 5

Changes in mood during trening in the SUP and PL group.


