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SUMMARY: The aim was to investigate the effects of HMB supplementation on the physical performance and anthropometric
parameters of Wistar rats that underwent eight weeks of concurrent training. We used 22 male Wistar rats of approxinyatefy 60 da
age, And were divided into four groups: control (C), supplemented control (SC), exercise (E) and supplemented exercise (SE). Th
training consisted of 30 minutes of swimming with an overload corresponding to 70 % of the anaerobic threshold, a oneemaipte in
and four sets of ten jumps in water with a one minute interval between sets and a load of 50 % of body weight. Aftethin ¢l dsts,
and tTESTE were obtained and used to evaluate the performance of the animals, and anthropometric indices evaluated. The weight
increases during the treatment in the SC animals was significantly higher than the animals in groups C and E. The absoliueaveig
muscles, kidney and epididymal fat showed higher values for the SC and SE groups in relation to the others.
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INTRODUCTION

Physical training leads to different biologicalabilities (Mccarthyet al, 2002). The reason for performing
adaptations aimed at improving performance in a speciit@ncurrent training is that the benefits of strength training
activity. To obtain significant changes in performanceand endurance will be acquired simultaneously (Levetritt
knowledge of the physiological, metabolic and functionadl., 2003).
effects of exercises and combinations thereof is essential.

Associated with training, nutrition is an important

There is still controversy in the literature with regarchspect within sports practice, because, when well directed, it
to the effectiveness of concurrent training (CT). Thaelps reduce fatigue by allowing the athlete better recovery
difficulty entailed in establishing a precise relation in CT iand yield (Francat al, 2006). Many athletes seek ways to
due to the extensive range of training protocols studied, iasprove the physical performance provided by training and,
well as the various changes that have been underreportefbirthis, often turn to food supplements as a nutritional strategy.
the literature to date. The difference in results appears to be
related to the protocol used, which includes the volume, R-hydroxy R-methylbutyrate (HMB) has been
duration, frequency, intensity, population, initial level oiconsidered as an augmentation agent to elevate strength
fitness and statistical analysis used (Patl@l, 2005; levels, enhance gains in size and prevent muscle tissue
Guedes Junior, 2003). breakdown when combined with physical training. In

addition, it has been shown to reduce tumor mass by reducing

CT refers to a program that combines strength traininge protein involved in cell proliferation, resulting in a
(ST) and endurance training (ET) in the same period, as we#icrease in total cholesterol, LDL and diastolic (Nugtes
as possible changes resulting from these two antagonisiic, 2008; Nissett al, 2000).

Universidade Estadual de Campinas — UNICAMP, Brasil.

Universidade do Oeste Paulista - UNOESTE. Brasil.

Universidade Estadual Paulista "Julio de Mesquita Filho" - UNESP. Brasil.
Laboratério de Analise da Plasticidade Muscular — LAPMus. Brasil.

705



ARAUJO, R. G.; CASTOLDI, R. C.; DOS SANTOS, C. C.; MACHADO, J. H. L.; OZAKI, G. A. T.; GARCIA, T. A;; TEIXERIRA, G. R,; FLHO, J .C. S. C. & PAPOTI, M. Effects of HMB
supplementation on body composition of rats. J. Morphol., 35(2y05-710, 2017.

HMB is a by-product of the leucine metabolism Control (C): the animals remained in their cages with
and is synthesized from acetoisocaproato (KIC) in tHeod and water ad libitum and received no physical
liver, cytosol of hepatocytes, and muscle cells. First, it &imulation (n = 7);
converted into beta-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) and can follow two distinct metabolic - Supplemented Control (SC): the animals remained in
pathways: one through the action of the enzyme HMG@heir cages with food and water ad libitum, they did not
CoA reductase, which is a limiting factor for the synthesi®ceive any physical stimulation and were supplemented
of cholesterol, when there is a great demand for tlkily with HMB (n = 5);
formation of cell membranes (as occurs during periods of
muscle cell growth and repair), which converts HMG-CoA Exercised (E): the animals underwent the CT protocol
into cholesterol. The second by the enzyme HMG-Cof = 5);
synthetase which converts HMG-CoA into acetyl-CoA, a
substrate for the generation of energy (Alvares & Supplemented exercised (SE): the animals underwent
Meirelles, 2008). the CT protocol and were supplemented daily with HMB

(n=05).

Thus, according to Nisseat al supplementation
would aid the ability to reduce the damage that physicllMB Supplementation. The commencement of oral
exercise can cause in the body, causing an anti-catabal@ministration of HMB (ARNOLD NUTRITION INC.,
effect, suppressing protein breakdown and preserving tHOLLYWOOD, FL) coincided with the start of training.
accumulation of amino acids in the muscles, exertingwas administered by gavage to the SC and SE groups
influence on strength and muscle mass. (30 minutes before the training protocol), in a single dosage

consisting of 76 mg/kg/day, this being equivalent to the

In this sense, the aim of this study was to investigatikbse used in studies involving humans with HMB
the effects of HMB supplementation on the physical pesupplementation (Gallagheat al., 2000), which
formance and anthropometric parameters of Wistar raterresponds to approximately 3-6 g/day of HMB for a
that underwent eight weeks of concurrent training. person weighing 80 kg.

Concurrent Training Protocol. The exercise sessions
MATERIAL AND METHOD were performed in sequence, with a one minute interval
between the ET and the ST, three days a week (Speaignol
al., 2012).
Animals. We used 22 male Wistar rats, of approximately
60 days of age, obtained from the Central Animal Facilitgndurance training (ET): composed of a swimming
of UNESP, Botucatu/SP. The animals remained isession lasting 30 minutes held in PVC cylindrical tanks,
collective cages lined with wood shavings, at a controlleglith each animal individually trained. We used a constant
room temperature (222 °C) and light/dark cycle of 12 h overload, referring to a percentage of the body weight
in the animal house of UNESP, Presidente Prudente/$BW) of each animal which had been previously
They had access to food (Labina-PURINAaNnd water established in a lactate minimum test corresponding to 70
ad libitum following the Standards and Ethical Principle$o of anaerobic threshold (AT).
of Animal Experimentation, after prior approval by the
Ethics Committee for Animal Research of the FCT $trength Training (ST): consisted of four sets of 10 jumps
UNESP - Presidente Prudente/SP, Protocol 03/2011. in a cylindrical PVC tank, specially modified for jumping
in the water (90 x 60 cm). Between each series was an
Adaptation to the Liquid Environment. In order tointerval of one minute. The overload was constant and
reduce stress before the physical exercise and to familianmaéative to 50 % of the BW of each animal. The overload
the animals with the equipment, they underwent a threeas accommodated in the anterior chest region by means
week adaption to the liquid environment in individual PV®f a vest specifically designed for this type of jump (De
cylindrical tanks (120 x 60 cm) with a controlledMello Malheiroet al, 2009).
temperature (3% 1°C) and sessions of 30 minutes, held
three times weekly. Figure 1 demonstrates how the experiment was
conducted, from the division of the groups, completion of
Design of GroupsAfter the adaptation period, the animald. MT and procedures each group was submitted to after
were randomly divided into four groups, namely: the test.
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Fig. 1

Determination of Aerobic and Anaerobic Performances - Total body weight using an electronic scale (Shimadzu®
and Prescription of Endurance Training. The aerobic and BL3200H, accurate to 0.01 g)

anaerobic performances were considered as the intensity éfercentage of Weight Gain for calculating the change in
AT and timeout of the lactate minimum test (tLIM). To debody weight (%) (Equation 1)

termine these variables, we used the lactate minimum teddasal-anal length (NAL)

(LM) validated in humans by, applied to rats by and improvedLee index (LI) for rats, which is the equivalent to BMI in
for these animals by (Tegtbat al, 1993; Voltarelliet al, humans, and takes into account the distribution of mass (g)
2002; de Araujeet al, 2007). by body surface area (cm) (Equation 2).

The performance evaluation procedure was used as Eq 1. D = [(BWF - BWI)/BWI] * 100
a method for anaerobic hyperlactacidemia induction with a
load corresponding to 13 % of BW for each animal. Th&/here: BWF is the final body weight; BWI is the initial
animals performed two efforts in this first phase of the triahody weight.
the first lasting 30 seconds and, after an interval of 30s, the
second effort, with the same load, until exhaustion (tLIM). Eq 2. LI = [(3/BW)/NAL]J*10
Blood samples (25 mL) were collected from the distal end
of the tail 1, 3, 5, 7 and 9 minutes after the tLIM to determiWhere: NAL is the nasal-anal length; BW is the body weight.
ne the lactate peak concentration.
After the measurements, the animals were
After nine minutes of passive recovery, the rateuthanized using an overdose of sodium pentobarbital (100

underwent an incremental test to determine the intensity mig/kg) applied intraperitoneally 48 hours after the last
AT, in which the same overload percentages as for theining session. The removal of the ventral portion of the
endurance training were used. The loads were equivalenbioeps, gastrocnemius, plantaris, soleus and triceps muscles,
4.0,4.5,5.0,5.5, 6.0 and 7.0 % of the BW of each animals well as the liver, kidney and epididymal fat was
each stage lasting for five minutes with a 30s interval fatandardized.
the purposes of collecting blood samples. After
electrochemical analysis in a lactate analyzer (YSI Mod8&iktatistical Analyses.To test the normality of data the
Sport Spring — 1500), the ratio between lactate concentratiomolgorov-Smirnov test was used, verifying that the data
and load (percentage of body weight) was adjusted byweere normally distributed we used one-way ANOVA for
polynomial equation of order 2, and the AT was consideredmparison of means between groups, with the post hoc
the zero derivative of this adjustment. Tukey. Statistical analysis was performed using

STATISTICA 7° (STATSOFT). For all analyzes the
Anthropometric Analysis.At the end of eight weeks of the significance level was set at 5 %. Theulés were expressed
experiment, the following measurements were taken:  as meart standard deviation
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RESULTS Values of tLIM obtained before and after eight weeks
of training. It was observed that there were no differences
between the two evaluations in any of the four groups of

Progressive weight gain was monitored throughowtnimals (Table III).

the treatment period. There were no significant differences

in the body mass of animals in any group until the fourtl ~=C .SC -4 E —e—SE

week (Fig. 2). However, it was possible to observi 5007

statistically significant differences in the total body mass c 400

the animals between the fourth and eighth weeks. The ¢ 460 - T

group showed higher mass gain during the treatme

compared to the other groups (Fig. 2).

440
420 4

Table | shows the average weight of the muscles aft > 4%

8 weeks of treatment, analyzed in the four experiment
groups, where significant differences were observed in tt
weight of the gastrocnemius, soleus, biceps and trice|
between the SC and C group.

380

360
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It was observed that both the weight of the liver, re
nal and epidydimal fat used as indirect markers in bod,
composition were significantly lower in the SE and E groups
than the C and SC groups (Table ).

T T T T
Before 4th Week 8th Week Sacrifice

Table I. Average weight of the muscles analyzed in the four experimental groups.

Variables C SC E SE
ABSOLUTE
Plantaris (g) 0.39 £0.06 0.40 £ 0.05 0.39+0.02 0.40+0.04
Gastrocnemius (g) 1.94£0.17 2.09+£0.21 2.05+0.07 2.05+0.17
Soleus (g) 0.21 +£0.03 0.23 +£0.04 0.21+£0.02 0.20+0.02
Biceps (g) 1.59 £ 0.24 1.87 £0.26 1.86+0.12 1.84+0.10
Triceps (g) 0.30£0.12 0.53 £0.03* 0.45+0.06* 0.49 + 0.06*
RELATIVE
Plantaris (g) 0.09 £ 0.01 0.09 +0.01 0.10+0.00 0.09+0.00
Gastrocnemius (g) 0.45+0.02¢ 0.47 £ 0.03¢ 0.51+£0.02 0.48 £ 0.01
Soleus (g) 0.05 +0.00 0.05+0.00 0.05+0.00 0.05+0.00
Biceps (g) 0.37 £ 0.05 0.42 +0.05 0.46 +0.02* 0.43 £ 0.02*
Triceps (g) 0.07 £0.02 0.12+0.01* 0.11+0.01* 0.12£0.01*

* Significant differences in the C group; ¥ Significant differences in the E group; p<0.05.

Table Il. Mean values of liver weight and body composition indices in the four experimental groups.

Variables C SC E SE
ABSOLUTE

Liver (g) 15.89 £3.48 16.94 £3.55 12.89+3.70 1595+2.14

Epidydimal fat (g) 4.84+1.23 5.18+£1.25 3.69 £0.51 3.40 + 0.46*

Renal fat (g) 4.54 + 1.48¥ 5.09 £2.21% 2.16 £0.53 2.90 +0.49

Lee Index (g) 2.96 +0.06* 3.08 +£0.06 2.99 +£0.06 3.06+0.08
RELATIVE

Liver (g) 370+ 0.74 3.76 +0.32 3.18 +£0.35 3.73+0.42

Epidydimal fat (g) 1.12 +0.25¢ 1.15+0.18¢ 0.91 +£0.09 0.81+0.14

Renal fat (g) 1.06 + 0.34¥ 1.12 + 0.45% 0.53 £0.12 0.69+0.15

* Significant differences in the SC group; ¥ Significant differences in the E group; ¥ £Significant differences in the
SE group; p<0.05.
Table III. tLIM average values before and after eight weeks of concurrent training.
Variables C SC E SE
tuim BEFORE (S)  63.86 +14.60 64.80 +£9.42 69.80+25.53 62.80 +13.22
tLIM AFTER (5) 50.29 +3.86 49.00 £9.43 54.00 +8.80 54.20 +£15.22
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DISCUSSION Health Organization (WHO, 1998) classifies people with a BMI
of less than 18.5 kg/as underweight, between 18.5 and 24.9
kg/n? as ideal weight, between 25 and 29.9 Kgisoverweight

The purpose of this study was to verify the effect odnd above 30kg/fras obese.

HMB supplementation on the body composition and physical

performance of Wistar rats that underwent eight weeks of According to this classification, from values obtained

concurrent training. HMB has been used for healthy individualssing the Lee index, the supplemented animals fall into obese

aiming to increase free-fat mass, however, the results ayeade 1, while the non-supplemented groups are excess weight.
controversial. However, this factor alone can lead to misinterpretation,
because it takes into account factors such as lean mass, bone
There was a significant reduction in the total BW irmass, age, and sex of the individual biotype (Lochatd,

the animals of the exercised group compared to the cont&f12). The classification can only rank a person within a healthy

group. This reduction can be explained by CT, since, accordirange of generalized values. In their studies show that obesity

to Carvalhoet al (2009), exercise requires the animals tés a public health problem, and that this matter should be
perform activities at higher intensities, providing greater energgvestigated (de Limat al). With the use of rats, one can
demands and the recruitment of different muscle groups thistter visualize the actual effect of training on anthropometric
inducing several biochemical adaptations in different organindices, which are directly linked to obesity. This study
levels (such as muscle tissues and liver) by facilitating trebserved a reduction in renal fat, demonstrating the
mobilization and oxidation of triacylglycerol and exerting aeffectiveness of CT in improving body composition.

conservative effect on lean body tissue (McArtlal, 2003).

This study evaluated the tLIM in the pre and post

However, the opposite was found between the HMBaining. There were no differences in the values for the tLIM.
supplemented groups with the SE group presenting a greaBiven that both groups showed similar responses (reduction),
weight gain than that found in the E Group (a 21% differenceith less of a decline in the supplemented group. A similar
in the acquisition of body weight). A contrary result to thatesult was described by Peredtaal (2002), in which training
found in this study was described by Nissgral, with a effects were observed at intensities of 85, 90 and 100 % of AT.
supplement of 3 g of HMB/day for three weeks in subjects was reported that training was not able to stimulate gains in
that underwent three sessions of ST per week, lasting 86robic capacity.

minutes, during which the supplement was able to increase

strength and lean mass measured by bioelectrical impedance. In another study, the high volume of training loads
provided a steady increase in CK values in groups at 80, 90

In their studies reported an increased activity of creatirend 100 % AT, showing more muscle damage than that found
kinase (CK) and reduction in plasma lactate dehydrogenasethe periodized training (de Araugt al). Furthermore, it

(LDH) in an HMB-supplemented group, as well as the decreasas concluded that continuous aerobic training showed a time

in urinary excretion of 3-methyl-histidine during training,limit for positive adaptations in aerobic capacity which occurred

which indicates lower rates of proteolysis, thus consolidatirafter four weeks for the group at 90 % AT, noting that a period
the hypothesis that supplementation helps prevent exercisé-12 weeks in rats may be excessive and does not cause
induced muscle damage (Knittral, 2000). In this sense, an physiological improvements.

increase in muscle weight was found when comparing the E

and C groups. This noticeable difference in the muscles These changes show that training with high volume is

involved in the exercise performed, suggests that the increasedre prone to negative adjustments in rats (de Aretug).

protein intake from the supplements was necessary for t@aly the average value of the CS group showed a significant
manifestation of better adaptive responses of the skeletal mugelduction in pre-and post-tLIM in the experiment, which can
working during the CT. be justified by the long period of inactivity in the cage, and
lack of training. Another important limitation may be the
It is known that the increase in muscle mass is due &mgometer. Increasing lean muscle mass results in a decrease
the increase in the number and diameter of myofibrils resultimg buoyancy, which may contribute to a reduced swimming

in an increase in the cross-sectional area (CSA). This respopseformance.

is a consequence of the accumulation of contractile proteins in

muscle fibers, when the rate of protein synthesis is greater than ~ Thus, this study contributes to the literature by looking

the degradation (Bodine, 2006; Souza, 2010). at the positive effects of HMB supplementation on rats.
However, important limitations should be taken into

We also evaluated the Lee index (LI) in rats. The Worldonsideration. One is the choice of ergometer used in this study,
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which may negatively influence aerobic performance. Anoth&ellagher, P. M.; Carrithers, J. A.; Godard, M. P.; Schulze, K. E. & Trappe, S.
point to note is the use of animal groups subjected only to W. Beta-hydroxy-beta-methylbutyrate ingestion, Part I: effects on strength

.. . . . and fat free mas$/ed. Sci. Sports Exerc., 32(12)09-15, 2000.
strength training and aerobic endurance. Further studies Us{@es junior, D. Freinamento Concorrente: Uma Abordagem Atgsto

different models of training and isolated groups according to Paulo, Phorte Editora, 2003.

the specificity may Compiement the present research. Knitter, A. E.; Panton, L.; Rathmacher, J. A.; Petersen, A. & Sharp, R. Effects
of beta-hydroxy-beta-methylbutyrate on muscle damage after a prolonged

. . . run.J. Appl. Physiol. (1985), 89(4)340-4, 2000.
Itis concluded that supplementatlon with HMB Waieveritt, M.; Abernethy, P. J.; Barry, B. & Logan, P. A. Concurrent strength

capable of increasing muscle mass, but was ineffective inand endurance training: the influence of dependent variable selection.
promoting changes in aerobic capacity of rats after eight Strength Cond. Res., 17{3)3-8, 2003.

i McArdle, W. D.; Katch, F. I. & Katch, V. LFisiologia do Exercicio: Energia,

weeks of concurrent training.
9 Nutricdo e Desempenho HumaB®éed. Rio de Janeiro, Guanabara Koogan,
2003.

ARAUJO, R. G.; CASTOLDI, R. C.; DOS SANTOS, C. C.; MACHADO,  \cCarthy, J. P.; Pozniak, M. A. & Agre, J. C. Neuromuscular adaptations to
J.H.L.; OZAKI, G. A. T.; GARCIA, T. A, TEIXERIRA, G. R.; FLHO, J. concurrent strength and endurance traindgd. Sci. Sports Exerc.,
C.S. C. & PAPOTI, M. Efecto de la suplementacion con HMB sobre la com-  34(3y511-9, 2002.
posicion corporal en ratasit. J. Morphol., 35(2)705-710, 2017. Nissen, S.; Sharp, R. L.; Panton, L.; Vukovich, M.; Trappe, S. & Fuller, J. C

Jr. beta-hydroxy-beta-methylbutyrate (HMB) supplementation in humans

RESUMEN: Se investigaron los efectos de la suplementacion con s safe and may decrease cardiovascular risk fadtdistr., 130(&)1937-
HMB en el rendimiento fisico y los parametros antropométricos de ratas 45 2000.

Wistar sometidas a ocho semanas de entrenamiento concurrente. La M@ifes, E. A.: Kuczera, D.: Brito, G. A.: Bonatto, S. J.: Yamazaki, R. K.:
tra consistié en 22 ratas Wistar machos, aproximadamente de 60 dias dqanhoﬁer" R. A Mund,’ R. C.: Krycz’yk, M. & Fernaindes, L. C. Beta-’
edad, los que fueron divididos en cuatro grupos: control (C), control suple- hydroxy-beta-methylbutyrate supplementation reduces tumor growth and
mentado (CS), ejercicio (E) y ejercicio suplementado (ES). El entrena- ymor cell proliferation ex vivo and prevents cachexia in Walker 256 tu-
miento consistié en 30 minutos de natacién correspondiente a 70 % de |3mor-bearing rats by modifying nuclear factor-kappaB expreshlatr.
sobrecarga del umbral anaerébico, un intervalo de un minuto y cuatro se-Reg 28(7)187-93, 2008.

ries de diez saltos en el agua con intervalo de un minuto entre series y gRgjo, A. C.: Souza, E. O.: Laurentino, G.: Ugrinowitsch, C. & Tricoli, V.
carga del 50 % del peso del cuerpo. EI tLIM y tTESTE se utilizaron para Efeito do treinamento concorrente no desenvolvimento da forga motora e
evaluar el rendimiento de los animales, y los indices antropométricos. El 43 resisténcia aerébiev. Mackenzie Educ. Fis. Esporte, 2(4%-54,
aumento de peso durante el tratamiento CS fue significativamente mas altoyggs,

que las de los grupos C y E. El peso absoluto de los mUsculos, los rifiopggeira, R. R.: Papoti, M.; Zagatto, A. M.; & Gobatto, C. A. Validaco de dois
y la grasa del epididimo mostraron valores mas altos en los grupos CS Yprotocolos para determinago do limiar anaerébio em nategdidz J.

ES en relacion con los demas. Phys., 8(263-8, 2002.
Souza, E. OEfeitos do Treinamento Concorrente na Expressdo Génica e
PALABRAS CLAVE: Entrenamiento concurrente; Rendi- Protéica Associada a Hipertrofia Muscular. Dissertagéo de Mestr&do
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