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ABSTRACT. This study evaluated the influence of β-hydroxy-β-methylbutyrate (HMB) on the body 
weight and morphometry of white and red muscle fibers of sedentary rats. 29 male rats were divided in: 
initial control group (ICG ) (n = 5), euthanized at study onset, and three treated groups (n = 8 each): 
placebo control group (PCG) received saline for 4 weeks; experimental group (EG) received 0.3 g kg-1 of 
HMB daily and controlled diet; and experimental group ad libitum, (EGA) received 0.3g kg-1 of HMB daily, 
without food restriction. There was no difference in food intake and body weight between treated groups. 
For the EDL muscle, treated groups were different from ICG. Concerning the soleus muscle, no treated 
group was different from each other and only the EGA presented difference compared to the ICG. Data 
also did not reveal correlation between the variables food intake and body weight. HMB did not change the 
body weight or morphometry of EDL muscle fibers. However, the HMB combined with ad libitum feeding 
was able to change the morphometry of soleus muscle fibers.  
Keywords: leucine; supplementation; skeletal muscle; extensor digitorum longus; soleus.  

Influência do β-hidroxi-β-metilbutirato em músculos predominantemente branco e 
vermelho de ratos não submetidos ao exercício físico 

RESUMO. Este estudo avaliou a influência do β-hidroxi-β-metilbutirato (HMB) no peso corporal e na 
morfometria de fibras brancas e vermelhas dos músculos extensor digital longo e sóleo, respectivamente de ratos 
sedentários. 29 ratos machos divididos em: grupo de controle inicial (ICG) (n = 5), sem tratamento algum, 
eutanasiados no início do estudo; e grupos tratados (n = 8 cada): o grupo controle placebo (PCG) recebeu 
solução salina por 4 semanas sem restrição alimentar; o grupo experimental (EG) recebeu 0,3 g kg-1 de HMB 
diariamente e dieta controlada; e grupo experimental ad libitum, (EGA) recebeu 0,3 g kg-1 de HMB diariamente, 
sem restrição alimentar. Não houve diferença na ingestão alimentar e peso corporal entre grupos tratados. No 
músculo extensor digital longo, os grupos tratados foram diferentes do ICG. No músculo sóleo, nenhum dos 
grupos tratados foi diferente entre si e somente EGA apresentou diferença em relação ao ICG. Também não 
houve correlação entre as variáveis: ingestão alimentar e peso corporal. O HMB não alterou o peso corporal ou 
morfometria das fibras do músculo EDL. Contudo, HMB combinado com alimentação ad libitum foi capaz de 
alterar a morfometria das fibras brancas e vermelhas do músculo sóleo.  
Palavras-chave: leucina; suplementação; músculo esquelético; extensor digitorum longus; soleus. 

Introduction 

Leucine is an important branched-chain amino acid 
(BCAA) that plays a fundamental role in muscle 
metabolism, performing a regulatory function in both 
the synthesis and inhibition of protein degradation 
(Baxter, Carlos, Thurmond, Rehani, Bultman, & 
Frost, 2005). Some of these effects are partially assigned 
to its metabolite β-hydroxy-β-methylbutyrate (HMB) 
(Zanchi et al., 2010; Gerlinger-Romero, Guimarães-
Ferreira, Giannocco, & Nunes, 2011).  

The anti-catabolic effects of HMB on the 
skeletal muscle  have been  reported, reducing the 

protein degradation or increasing the rates of protein 
synthesis (Zanchi et al. 2010; Gerlinger-Romero  
et al., 2011; Pinheiro et al., 2012; Hasselgreen, 
2014). These beneficial effects have been used in 
different manners, including muscle mass gain, 
when associated with physical exercise (Di Luigi, 
2008; Portal, 2011); or reduction of muscle loss, in 
cases of sepsis (Kovarik, Muthny, Sispera, & 
Holecek, 2010; Supinski & Callahan, 2014); cancer-
induced cachexia (Smith, Wyke, & Tisdale, 2004; 
Smith, Mukerji, & Tisdale, 2005; Eley, Russell, Baxter, 
Mukerji, & Tisdale, 2007; Eley, Russell & Tisdale, 
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2008a, 2008b, Sonni et al., 2008; Aversa et al., 2011); 
sarcopenia (Flakoll et al., 2004; Fitschen, Wilson, 
Wilson, & Wilund 2013; Alway, Pereira, Edens, Hao, & 
Bennetti, 2013); and AIDS (Fitschen et al., 2013), in 
which the effects of HMB were positive. However, not 
all studies have found beneficial effects of HMB 
supplementation (Wu et al., 2015). 

The utilization of HMB presents further 
advantages as the lack of reports of adverse effects 
when up to 5% of the daily diet is taken (Baxter et al. 
2005), as well as its classification as legal supplement by 
the Olympic Committee (Alvares & Meirelles, 2008). 

Many athletes are currently searching for dietary 
supplements to achieve better outcomes in their 
sports activities, yet other people search for such 
substances aiming at fat loss or body esthetics. 
However, little is known about their effects in 
individuals who do not exercise, and morphometric 
data on this aspect are still scarce. 

Considering these aspects, this study evaluated 
the influence of HMB on the body weight and 
morphometry of fibers on white (Extensor Digitorum 
Longus - EDL) and red (Soleus) muscles in rats not 
submitted to physical exercise. 

Material and methods 

Division of groups and animal care 

The study was conducted on 29 young Wistar 
rats at 60 days post birth. The animals were divided 
in the following groups: initial control group (ICG) 
n = 5; and treated groups – placebo control group 
(PCG) n = 8, experimental group (EG) n = 8, 
experimental group ad libitum (EGA) n = 8. The 
present study was approved by the local Institutional 
Review Board on Animal Research of University of 
São Paulo under the protocol of registry (CEEPA 
Proc. No. 009/2011 - University of São Paulo, 
Bauru, São Paulo, Brazil). 

The animals were initially weighed and grouped 
by similar weights. Thereafter, randomization was 
performed to identify in which study groups the 
animals would be included, so as all study groups 
had animals with similar weights. 

This methodology was followed because there is 
a known relationship between the weight of animals 
and the area of muscle fibers. This aimed to prevent 
the achievement of groups with significantly greater 
body weight at study onset, which might impair or 
confound the outcomes at study completion, 
concerning the possible change that might occur in 
some type of muscle fiber [22]. For effective dietary 
control, the animals were kept in individual cages 
with individual food and drink dispensers. The 
animals were also maintained in a room at 
temperature of 22°, respecting a light/dark cycle of 
12 hours controlled by a timer.  

Animals in the ICG were not submitted to any 
treatment and were killed at study onset. All other 
groups were treated for 4 weeks. 

Animal feeding 

The groups PCG and EGA received water ad 
libitum and a daily portion of 30 g of food (above the 
average daily ingestion of a normal rat). The food 
was served daily, so as the remaining food could be 
weighed to evaluate the quantity of food ingested by 
each animal on the previous day. Following, the 
mean food ingestion was calculated for each group. 
Animals in the EG individually received the mean 
quantity of food ingested by the PCG in the 
previous day. This method was maintained, so as 
animals in the EG would ingest only the same 
quantity of food ingested by animals in the PCG, 
allowing comparison of the actual effect of the drug, 
controlling both the diet (based on the PCG) and 
the combined effect of supplement and diet (EGA). 
Food was controlled and weighed daily until 
completion of the study period. Finally, the mean 
food intake was calculated for the four-week period. 

Supplementation with HMB 

Treatment with HMB was performed for the EG 
and EGA by gavage at a dose of 0.3 g kg-1 of body 
weight of HMB diluted in saline solution, for four 
weeks. Animals in the PCG received only saline in 
identical conditions as animals in the EG and EGA, 
following the method described by Gerlinger-
Romero et al. (2011), also used by our group in Daré 
et al. (2015). 

Weighing of animals 

The animals were weighed weekly during the 
study period. For statistical analysis, the weight gain 
of rats was calculated in percentage comparing the 
initial and final weight of the animals.   

Euthanasia and achievement of muscle specimens 

The animals were euthanized by anesthetic 
overdose, by intramuscular injection of xylazine 
hydrochloride (Anasedan®) associated with ketamine 
hydrochloride (Dopalen®). Following, the Soleus 
and EDL muscles were dissected from the right 
posterior limb of each animal. 

Histological processing 

After dissection, the muscles were frozen in 
liquid nitrogen and stored in a freezer at -80ºC. 
Subsequently, cross-sections of muscle fragments 
were performed with 10μm thickness in a cryostat. 
The histological sections obtained from the middle 
portion of each muscle belly were placed on 
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histological slides and stained with Hematoxylin-
Eosin (HE). 

Morphometric analysis of Soleus and EDL muscle fibers 

Images of central field of HE-stained sections were 
obtained using a trifocal microscope Olympus BX 50 
connected to a camera Olympus DP 71. The 
morphometry of sections was manually performed on 
the software Image ProPlus 6.5, measuring the 
transverse section area of 220 fibers per field of muscle. 

Statistical analysis  

Feeding - The mean food intake was calculated 
for the four-week period. The means were 
statistically compared by one-way ANOVA and the 
Tukey test.  

Body Weight Gain - The percent weight gain 
was considered for comparison of animal weight. 
These data were submitted to the Kruskal-Wallis 
test, because there was no homogeneity of variances 
between data when submitted to the Bartlett test. 

Morphometry - The mean transverse section areas 
of fibers of the Soleus and EDL muscles were 
compared using one-way ANOVA, followed by the 
Tukey test. 

Statistical correlations - Morphometric data of fiber 
area of the Soleus and EDL were also submitted to the 
Spearman correlation test, to analyze if there was 
correlation between the transverse section area of the 
fiber and food intake, and between body weight and 
the transverse section area of the fiber. 

Results 

Animal feeding 

Data did not reveal statistically significant difference 
between treated groups (Graph 1). Animals in the ICG 
were not included in this comparison, since they were 
killed before the treatment period. 

 

 
Graph 1. Graph of mean food intake. PCG, placebo control group; 
EG, experimental group; EGA experimental group ad libitum. Values 
are means ± SD, (p < 0.05, by analysis of variance (ANOVA), 
followed by Tukey test). 

Weight gain of animals 

There was no statistically significant difference in 
weight gain between animals in the treated groups 
(Table 1). 

Table 1. Mean weight of groups during the study period,  

 Initial (g) Final (g) Weight  
gain in g 

Weight 
gain in %

 Mean SD Mean SD Mean Sd  
PCG 230 ± 28.84 288 ± 30.49 57 ± 28.80 25.21 
EG 227 ± 37.55 275 ± 17.53 47 ± 42.46 21.14 
EGA 228 ± 30.54 290 ± 25.19 62 ± 16.57 27.19 
*PCG, placebo control group; EG, experimental group; EGA, experimental group ad 
libitum. Values are means ± SD. (p < 0.05 by Kruskal-Wallis test) 

Morphometry 

Concerning the EDL muscle, the groups PCG, 
EG and EGA did not present statistically significant 
difference from each other; however, they were 
statistically different from ICG. With regard to the 
Soleus muscle, the only statistically significant 
difference was observed between ICG and EGA 
(Table 2).  

Table 2. Values of muscle fiber areas of EDL and Soleus 
muscles. 

 EDL Soleus 
 Area (μm²) SD Area (μm²) SD 
ICG 1304.63a ± 81.13 2234.53a ± 308.08 
PCG 2027.87b ± 341.00 2357.66ab ± 436.21 
EG 2236.28b ± 309.89 2637.78ab ± 278.59 
EGA 1994.07b ± 285.74 2807.33b ± 363.48 
* ICG, initial control group; PCG, placebo control group; EG, experimental group; 
EGA, experimental group ad libitum. Values are means ± SD. Groups with the same 
letter do not present statistically significant difference (p < 0.05, by analysis of variance 
(ANOVA), followed by Tukey test). 

Statistical correlations 

Analysis of data by the Spearman correlation test 
did not indicate correlation between the fiber area 
and the quantity of food intake, nor between the 
body weight and the fiber area, for both muscles 
analyzed. 

Discussion 

Food intake 

According to Ward (2011), food has direct 
influence on body development and the 
maintenance of muscular mass. Conversely, 
Millward (2012) claims that food restriction or 
caloric surplus can determine loss or gain of 
muscular mass, respectively. Therefore, in this 
study, one group received food ad libitum (EGA) and 
the other received controlled food surplus (EG).   

In the present study, diet was controlled only for 
the EG, and data did not reveal significant difference 
between groups concerning this factor. This may 
explain the lack of change and/or variation in the 
weight of animals, during this treatment period.  



Page 4 of 7 Pereira et al. 

Acta Scientiarum. Health Sciences, v. 40, e38270, 2018 

Effect of HMB on body weight 

The difference between the mean final weights 
of groups did not reveal statistically significant 
difference, demonstrating that administration of 0.3 
g kg-1 HMB per day for four weeks, in rats not 
submitted to physical exercise, was unable to cause 
changes in the body weight of rats. These data 
corroborate the findings of Baxter et al. (Baxter et al. 
2005), in which the rats were supplemented for 90 
days with doses of 1, 3 and 5% of HMB in their 
daily diet, and no significant difference was found in 
the weight of animals between supplemented and 
non-supplemented groups. Both data reinforce the 
assumption that HMB does not increase the body 
mass when not associated with physical exercise. In 
their review, Szcześniak, Ostaszewski, Fuller, 
Ciecierska and Sadkowski (2015) reported three 
manuscripts, namely Tatara, Sliwa, & Krupski 
(2007), Tatara, Sliwa, Krupski, & Worzakowska 
(2008) and Tatara, Krupski, Tymczyna, & Studziński 
(2012), in which the offspring of pigs and sheep 
were supplemented with HMB, and similar final 
body weight was observed between the control and 
supplemented groups. However, it was observed 
that supplemented animals were born larger and 
reached the slaughter weight more quickly than the 
control groups. 

Effect of HMB on the skeletal muscle tissue 

Investigations relating the HMB and its 
hypertrophic gains when associated with resistance 
exercises in untrained individuals are well established, 
yet little is known on its effects in sedentary 
individuals. Some papers have reported its effects on 
the muscle fibers in the absence of exercise, as reported 
by Kornasio, Riederer, Butler-Browne, Mouly, Uni, & 
Halevy (2009), who analyzed the effect of HMB on 
myoblasts in cell culture and observed positive effect 
on the proliferation and myogenic differentiation in 
cell culture. 

Some authors in the literature, such as 
Gerlinger-Romero et al. (2011), Pimentel et al. 
(2011), Pinheiro et al. (2012), Yonamine et al. (2014) 
and Daré et al. (2015), presented results using the 
same study period and approximately the same dose 
of HMB. The three former papers did not report 
muscle atrophy when analyzing the muscle weight, 
corroborating the present results. Conversely, the 
study of Yonamine et al. (2014) revealed muscle 
atrophy based on the morphometry of the soleus 
muscle fibers, different from the present results. 
However, data obtained by Daré et al. (2015) are 
similar to the present findings, while Sciote, Horton, 
Rowlerson and Link (2003) stated that there are 

some differences between branchiomeric muscles 
(mastication) and somitic muscles (limbs and 
trunk). 

Gerlinger-Romero et al. (2011) analyzed the 
administration of HMB for 4 weeks at a dose of 320 
mg kg-1 of body weight per day, for four weeks in 
rats not submitted to physical exercise. At treatment 
completion, expression of the growth hormone 
(GH) in the pituitary gland and the serum level of 
insulin-like growth factor 1 (IGF-1) were increased. 
However, analysis of the muscle weight of the 
soleus and extensor Digitorum longus muscles of the 
control and supplemented groups did not reveal 
statistically significant difference, corroborating the 
present data. 

Following the same study design, Pinheiro et al. 
(2012) evaluated the white and red portions of the 
gastrocnemius muscle, assessing the glycogen and 
ATP content in both parts, and observed that HMB 
significantly increased both the glycogen and ATP 
levels in both portions. However, no difference was 
observed in muscle weight between the 
supplemented and placebo groups. 

Pimentel et al. (2011) followed the same 
methodology and, among studies using this design, 
this was the only reporting increase in muscle 
weight (EDL muscle). The authors also observed 
increase in the expression of mTOR and in 
phosphorylation of p70S6k, both regulators of 
protein synthesis in skeletal muscles. 

The literature evidences that supplementation 
with HMB creates a favorable environment for 
muscle growth, concerning the hormonal levels 
(Gerlinger-Romero et al., 2011), energetic substrate 
(Pinheiro et al., 2012) and protein expression 
(Pimentel et al., 2011). Otherwise, from a practical 
point of view, it is observed that the absence of 
hypertrophic stimulus under exercise results in 
difficult muscle mass gain.      

Effect of HMB on the Soleus and Extensor Digitorum 
longus muscles 

Experimental studies on the skeletal muscles, in 
both animals and humans, greatly focus on the size 
and type of muscle fibers, including investigations 
on sports and neuromuscular diseases. 

The present study investigated the soleus muscle 
(also called red, gravitational, ankle plantar flexor 
with predominance of slow contraction fibers) (Eng 
et al., 2008), with frequency of 80.7 to 98.4% of type 
I fibers (Narusawa, 1985; Soukup, Smerdu, & 
Zachařová, 2009; respectively); and the EDL (called 
white, anti-gravitational, ankle dorsiflexor with 
predominance of fast contraction fibers) (Eng et al., 
2008), with 94.5 to 98% of type II fibers (Soukup, 
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Zachařová, & Smerdu, 2002; Armstrong & Phelps, 
1984; respectively). 

In the present study, in the EDL muscle, the 
muscle fiber morphometry did not present statistically 
significant difference between treated groups, 
demonstrating that HMB had no interference, despite 
the higher values compared to animals in the ICG. 
Comparison between the treated groups revealed that 
neither feeding nor supplementation induced 
statistically significant atrophy or hypertrophy in the 
transverse section area of fibers. 

Utilization of the HMB produced different 
effect in the soleus muscle compared to the EDL 
muscle. Only the transverse section area of EGA was 
significantly greater compared to ICG, 
demonstrating that administration of HMB 
associated with ad libitum feeding promoted 
significant growth, without physical activity, during 
this study period. Probably, since this is a postural 
muscle, it may have been under greater demand 
than the EDL during the treatment period. This 
difference might be assigned to stimulation due to 
gravity load, reminding that the Soleus muscle has 
postural and antigravity action, while the EDL 
presents phasic and gravity action (Eng et al., 2008). 
Kovarik et al. (2010) working on septic rats, also 
observed more pronounced effect of HMB 
treatment on the soleus muscle than on EDL. 

This fact is highlighted in the study of Hao, 
Jackson, Wang, Edens, Pereira, & Always (2011), 
who analyzed the effect of HMB on the limb muscle 
of suspended rats and observed that this substance 
was unable to prevent the atrophy in both red and 
white muscles, produced by reducing the body 
weight over the limbs of these animals. These data 
suggest that administration of HMB associated with 
ad libitum feeding would be able to promote 
significant growth in the transverse section area of 
the fiber in the soleus muscle, when compared to 
the ICG during the study period, which was not 
observed for the other groups. 

Daré et al. (2015) analyzed the masticatory 
muscles of rats and observed a tendency of greater 
areas of fibers in the masseter of animals in 
experimental groups receiving treatment with HMB 
and ad libitum feeding. In the same study, this was 
not observed for the fibers of the anterior belly of 
the digastric muscle. It should be considered that the 
masseter is the most powerful muscle for mandible 
elevation and may also be considered an 
antigravitational muscle. 

Within this context, the present results partly 
corroborate the current thinking and collaborate for 
the scientific basis, providing morphometric data on 
this aspect. However, further studies are necessary 

to elucidate other possible potentialities of HMB 
and its effects in other situations, such as reduction 
of fiber areas of mastication muscles submitted to 
soft diet (Vreeke, Langenbach, Korfage, Zentner, & 
Grünheid, 2011) with consequent change in 
craniofacial development (Kiliaridis, Engström, & 
Thilander, 1988). This concern is bases on several 
studies that demonstrated a tendency of increase in 
the number of children and adolescents who ingest 
easily chewable foods (Varrela, 1992). 

Conclusion 

In conclusion, in sedentary rats, the HMB did not 
promote change in body weight or in the 
morphometry of the EDL muscle fibers. However, 
when associated with ad libitum feeding and depending 
on the daily activity of the muscle (postural), it may 
provide positive changes, as observed for the soleus 
muscle. 
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