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rat diaphragm muscle
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A B S T R A C T

Objective

To evaluate the b-hydroxy-b-methylbutyrate supplementation infl uence on the morphological and morphometric 
characteristics of the diaphragm muscle of rats and verify whether there are sex differences. 
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Methods

Experimental study with 48 Wistar rats (24 of each sex) divided into 3 groups: Control Group: in which a daily 
diet with saline solution was offered; Experimental Group: the same amount of food from the Control group 
consumed in the previous day and 0.3g/kg of β-hydroxy-β-methylbutyrate; Ad libitum Experimental Group: 
ad libitum feeding with the same dose of the supplement. The analysis consisted of histomorphometry and 
classification in diaphragm muscle fiber area bands. The procedures occurred 30 days after the start of the 
experiment. Data were analyzed using the one-way ANOVA and Tukey tests (p<0.05). 

Results

There was no increase in the cross-sectional area of the diaphragm muscle fibers with the supplementation 
protocol employed and a similar histological pattern in both sexes. No significant changes were observed in 
muscle fiber size ranges in the supplemented groups, suggesting that there was no hypertrophy of muscle fibers. 

Conclusion

This study suggests that β-hydroxy-β-methylbutyrate supplementation does not cause changes in the 
morphological and morphometric characteristics of the diaphragm muscle, regardless of sex.

Keywords: Diaphragm. Histology. Rats Wistar. Supplementary feeding.

R E S U M O 

Objetivo

Avaliar a influência da suplementação de β-hidroxi-β-metilbutirato sobre as características morfológicas e 
morfométricas do músculo diafragma de ratos e se existe diferenças entre os sexos.

Métodos

Estudo experimental com 48 ratos Wistar (24 de cada sexo) divididos em 3 grupos: Grupo Controle, no qual foi 
ofertada dieta diária com soro fisiológico; Grupo Experimental, ofertada 0,3g/kg de β-hidroxi-β-metilbutirato 
e mesma quantidade de alimentos do Grupo Controle consumida no dia anterior; Grupo Experimental Ad 
libitum com mesma dose do suplemento, porém com alimentação Ad libitum. A análise foi feita através da 
histomorfometria e classificação em faixas de área das fibras musculares após 30 dias do início do experimento. 
Os dados foram analisados pelos testes Anova one-way e Tukey (p<0,05). 

Resultados

Não foi observado aumento da área de secção transversal das fibras do músculo diafragma com o protocolo 
de suplementação utilizado e no padrão histológico em ambos os sexos. Não foram observadas mudanças 
significativas nas faixas de tamanho de fibras musculares nos grupos suplementados, sugerindo que não houve 
hipertrofia das fibras musculares. 

Conclusão

A suplementação com β-hidroxi-β-metilbutirato não provoca alterações nas características morfológicas e 
morfo-métricas do músculo diafragma, independente do sexo.

Palavras-chave: Diafragma. Histologia. Ratos Wistar. Suplementação alimentar.

I N T R O D U C T I O N

The use of dietary supplements by humans is growing in popularity [1] because it provides 
ergogenic benefits, especially to sportspersons and athletes that are seeking to improve their physical 
performance. Also, these substances may assist in the treatment of degenerative chronic diseases [2]. 
However, it is crucial to know the real effects of dietary supplements so that individual consumers 
can benefit from them, especially because the use of anabolic and dietary supplements can also be 
harmful to health [3]. 

Among several dietary supplements that promise positive gains, β-hydroxy-β-methylbutyrate 
(HMB) has been indicated as a promising substance [4]. This is a compound derived from amino 
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acid metabolism L-leucine and provides protein anabolic effects [5]. Positive evidence on muscle 
metabolism has been reported to act in decreasing muscle fiber catabolism [6]. Also, detailed 
knowledge of these substances’ effects on various human tissues is crucial. In a study of more than 
200 dietary supplements, only creatine and HMB provided the desired effects [7]. HMB suppresses the 
increase of creatine phosphokinase caused by exercise and affects plasma urea and urinary nitrogen 
[8]. There are changes even in cardiovascular markers, especially in cholesterol biosynthesis. HMB 
lowers total cholesterol (5.8%), increases low density lipoproteins cholesterol (7.3%), and lowers 
systolic blood pressure (4.4mmHg) [9]. There is evidence that HMB improves immune function. HMB 
supplementation is safe and the general hypothesis is that HMB is metabolized to HMG-CoA in 
muscle, mammary, and certain immune cells. This supplementation may provide a saturated source 
of cytosolic HMG-CoA by cholesterol synthesis and, in turn, it allows for maximum cell and functional 
growth [9,10].

Also, HMB has been identified as an auxiliary agent in the treatment of diseases with 
exacerbated proteolytic activity, such as cancer [11], acquired immunodeficiency syndrome [12], 
chronic degenerative diseases [13], and atrophy caused by disuse [14]. This supplement can also 
increase muscle mass, strength, and endurance, factors that are explored by exercise practitioners 
[15]. However, studies investigating the effects of HMB supplementation on muscles that ate 
not directly related to physical exercises are rare. Even respiratory muscles may benefit from this 
supplementation, specifically the diaphragm, since there are reports of positive effects of HMB as an 
adjunctive treatment in sepsis and respiratory dysfunction [16].

Regarding the histological aspect, the effects of HMB on the area and the distribution of muscle 
fibers are still scarce, especially in a comparison between sexes. Thus, this analysis is significant, since 
the effect can show the differences between them. Female rats can present hormonal interference. 
Another study [17] found that female rats were more sensitive to steroid anabolic use because of 
lower endogenous levels compared to males.

Therefore, the objective of this study was to analyze the influence of HMB on morphological 
and morphometric characteristics of the diaphragm muscle and compare its effects between male 
and female animals. 

M E T H O D S

This study was approved by the Ethics Committee of the Universidade de São Paulo (USP, 
University of São Paulo), protocol nº 009/2011. The sample consisted of 48 Wistar rats (24 males and 
24 females), 60 days old, with no restrictions on movement, respecting 12-hour light cycles and the 
average temperature of 24°C. 

The animals were divided into three groups, two experimental and a control one. The 
Experimental Group (EG) received 0.3g/kg of HMB daily by gavage, in a controlled diet; the Ad 
libitum Experimental Group (AEG) received 0.3g/kg of HMB daily by gavage and ad libitum feeding; 
and the Control Group (CG) received the saline solution as a placebo. The EG consumed the same 
amount of food as the control group did the day before. The randomization was performed by the 
laboratory staff and the experimental procedure lasted 30 days.

Animals were euthanized with an excessive anesthetic injection (Xylazine Hydrochloride 
combined with Ketamine Hydrochloride) intraperitoneally, 30 days after the start of the experiment. 
The diaphragm muscles of all animals were removed through a horizontal incision in the abdomen, 
allowing total muscle dissection and vision.
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For the histological treatment, the tendon portion of the diaphragm muscle was removed and 
correctly arranged for a cross-section. 

After that, the muscle was wrapped in Tissue-Tek® (O.C.T., Sakura Finetek, Torrance, USA) 
inclusion medium that is suitable for a fast-freezing protocol in liquid nitrogen. Histological sections 
were performed on a cryostat at -20°C (Leica®, CM 1850, Nussloch, Germany) and subsequent 
histological slides were stained with Hematoxylin and Eosin (HE).

Observations and muscle morphometries were conducted using the Image Pro-Plus® 6.2, 
Image Capture and Analysis (Media Cybernetics, Bethesda, MD, USA) computer software programs, 
connected to an optical microscope (Olympus®, BX -50, Tokyo, Japan) with a photographic feature 
(Olympus® DP-71, Tokyo, Japan). Also, the cross-sectional morphometry of 220 fibers of each animal 
was performed. 

Another morphometric analysis was performed by examining the frequency of muscle fiber 
distribution in five increasing cross-sectional area size ranges. The smallest and the largest muscle 
fibers found among all groups were verified in the morphometric analysis of males and females. 
Then, the interval between these measurements was calculated and the resulting value was divided 
by five, thus making five ranges of muscle fiber size. Finally, the muscle fibers of all animals were 
analyzed and classified in their proper frequency range, respectively.

Figure 1 shows the skeletal striated musculature in a cross-section with the representation for 
the calculation of the morphometry of a muscle fiber. The values are automatically displayed by the 
software. 

Figure 1. Illustration of skeletal striated muscle fiber stained with Hematoxylin and Eosin (HE) - histological slide, cross-section.
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Data are presented as mean ± Standard Deviation. The one-way ANOVA test was applied for 
comparison. The Tukey’s test, a posteriori complementary one, with a significance level of p≤0.05 was 
also applied using the SPSS® Software version 20 (IBM®, NY, USA).

R E S U L T S 

This study aimed to identify a possible influence of HMB on diaphragm muscles and to verify 
whether there were sex differences.

Regarding histological observations, the cross-section of the muscle fibers of both male and 
female animals were similar and no morphological differences were observed between the groups.

Also, characteristics such as polygonal fibers, peripheral nuclei, normal fascicular pattern, and 
perimysium and endomysium delimiting each fascicle and muscle fiber, respectively, were evidenced 
in the groups, which demonstrated the normal morphology of the skeletal muscle tissue.

Regarding the morphometric analyses, the results related to the cross-sectional area of the 
diaphragm muscle showed no significant differences between the non-supplemented group and 
the experimental groups supplemented with HMB, including in the comparison between sexes. This 
indicates there was no increase in the cross-sectional area of the diaphragm muscle fibers with the 
supplementation protocol used in the study. Likewise, no statistically significant differences were 
observed between the experimental groups, EG vs AEG (Table 1).

Figure 2. Frequency of muscle fiber area distribution according to sex.

Note: CG: Control Group; EG: Experimental Group; AEG: Ad libitium Experimental Group.

Table 1. Comparison of the cross-sectional area (µm2) of the diaphragm muscle between supplementation and sex groups.

Groups

Results

Male Female

M SD M SD

CG 1244.01 ± 115.17a 1226.76 ± 158.76a

EG 1381.45 ± 282.04a 1279.96 ± 170.82a

AEG 1289.93 ± 314.62a 1259.01 ± 82.01a

Note: Mean (M) and Standard Deviation (SD) values; aSignificant intra-group statistical difference (p>0.05), by Analysis of Variance (ANOVA), 

followed by Tukey’s Test; CG: Control Group; EG: Experimental Group; AEG: Ad libitium Experimental Group.

Female
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Regarding the muscle fibers frequency of distribution, it was possible to verify that males 
presented larger bands of muscle fiber area compared to females. There were no changes with 
significant differences in the frequency distribution of muscle fibers in the supplemented groups, 
which suggests no muscle fiber hypertrophy in the experimental groups. Only subtle changes were 
observed in both sexes (Figure 2). There was no replacement or loss of animals during the study.

D I S C U S S I O N

This study aimed to analyze the influence of HMB supplementation on the morphological 
and morphometric characteristics of rat diaphragm muscle under normal conditions and whether 
there was a similarity between males and females. Data analysis showed that HMB did not alter the 
histological and morphometric parameters of the muscle fiber area and frequency of distribution. 
Also, HMB did not have a considerable effect on males and females.

On the one hand, several studies have shown positive changes with the use of HMB in 
proteolytic situations mediated by decreased proteasome activity and protein degradation [18], 
as well as significant effects by protein synthesis pathway in stimulus situations, such as physical 
exercise [19].

On the other hand, data collected in this study suggests that under normal conditions, 
the HMB does not present a significant action in the morphological level.  In another study 
conducted by this group of researchers with animals under normal conditions, no significant 
morphological and morphometric changes caused by HMB were found in the masseter and 
digastric muscles [20]. 

Supinski and Callahan [16] evidenced that HMB did not alter the strength of the diaphragm 
muscle under normal conditions, but the sepsis muscle that was supplemented with HMB was able 
to significantly increase muscle strength capacity. Sepsis may induce diaphragmatic weakness and 
HMB administration significantly attenuated diaphragmatic weakness, preserving muscle strength. 
Thus, this finding corroborates the evidence that HMB acts in a significant way in specific situations. 
Especially in this clinical situation of infection, in which patients may be unable to maintain their 
ventilatory function and need invasive mechanical support that leads to increased mortality, systemic 
complications, and higher health expenses.

It was possible to observe, in both sexes of the group that received the controlled diet, a 
tendency to present larger areas of muscle fibers compared to the group that received food at 
will. A study conducted by Wheatley et al. [21] tested various HMB concentrations and the authors 
observed that under the condition of high HMB concentrations reaching high amino acid levels in 
the bloodstream, no additive effects were identified compared to lower concentrations, showing 
that high HMB doses may be ineffective. Dietary intake increases protein-independent synthesis in 
the muscle [22] and amino acid levels in the bloodstream. Thus, under conditions of ad libitum 
feeding, such as in the AEG group, the action of HMB may have been limited by high amino acid 
concentrations. In situations in which feeding was restricted, HMB could have shown more positive 

results, though. Few studies analyzed the effects of HMB on the diaphragm muscle under normal 

conditions, mainly investigating both sexes. Females are often scarcely used for experimental studies 

because of hormonal interference. In the case of the diaphragm muscle, this is the first experimental 

study investigating the effect of HMB on females and whether their test results are similar to their male 
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counterparts’. Under normal conditions, it was observed similar results between sexes, histological 

pattern, area, and distribution of muscle fibers.

It would be interesting to conduct future studies to analyze the effects on both sexes under 

proteolytic conditions, such as the use of invasive ventilatory support and protein synthesis in physical 

exercise. Also, to clarify whether there is a direct relationship between the amount of food intake and 

HMB performance.

C O N C L U S I O N

Thus, under normal conditions, HMB supplementation does not cause changes in the 
morphological and morphometric characteristics of the diaphragm muscle, regardless of sex, which 
suggests that its use does not influence diaphragm muscle activity.
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